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Extractable Potassium and Soluble Calcium, Magnesium, Sodium, and Potassium
in Two Whey-Treated Calcareous Soils

M. F. Roginske, and D. L. Sorensen

cally and environmentally acceptable whey disposal
choices, the various environmental and health regulatory
agencies need better information on the fate of whey
components as it is treated, or used by land application
on calcareous soils. Cheese whey contains considerable
quantities of Ca, Mg, Na, and especially K (Table 1)
(Jones et al., 1993b; Robbins and Lehrsch, 1992). These
high salt concentrations can be beneficial or detrimental
to soils, depending on application rates and soil types.

Properly applied whey of all kinds can improve soil
physical and chemical properties. Aggregate stability and
infiltration rates were increased when whey was applied
to acid (Kelling and Peterson, 1981; Watson et al. , 1977),
calcareous (Lehrsch et al., 1994) and sodic (Jones et
al., 1993a) soils. Acid whey from cottage cheese manu-
factured using phosphoric acid (acid whey) was shown
to be beneficial in reclaiming unproductive sodic soils
by lowering the soil pH, exchangeable sodium percentage
(ESP), and sodium adsorption ratio (SAR), without in-
creasing the soluble salt levels (Jones et al., 1993b;
Robbins and Lehrsch, 1992). Bicarbonate-extractable K,
a method for estimating plant-available K (Gavlak et al.,
1994, p. 31-32) was not measured in those studies.

The salt added to the soil by land application of whey
is a concern to regulatory agencies and by application
site managers. The effects of high K application and
movement of added salts (Table 1) have not been ade-
quately documented for whey applied to calcareous soils.
The K would not be expected to move below the crop
root zone from reasonable to high whey application rates
(Robbins and Carter, 1983) but this has not been verified.
When ruminants graze grasses grown on soils with molar
exchangeable soil K/Mg ratios in excess of 0.5:1 to
1:1, grass tetany (hypomagnesemia) a metabolic disor-
der, livestock deaths become a potential threat (Mayland
and Grunes, 1979). High K applications to grass pastures
or range lands could aggravate this imbalance, increasing
livestock nutrition problems (Robbins and Mayland,
1993) in an area that already has high K/Mg pasture
and rangeland soils (Robbins, 1984).

This paper describes the changes in saturation paste
pH, saturation paste extract Ca, Mg, Na, and K concen-
tration, EC, and SAR (Robbins and Wiegand, 1990) and
bicarbonate-extractable K (Gavlak et al., 1994, p. 31-
32) in two calcareous soils from three studies. Whey
application rates and times of year were the study vari-
ables.
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ABSTRACT

Cheese whey contains 1.0 to 1.4 g K kg -' and 5.0 to 10.0 g total
salts kg (electrical conductivity [EC] of 7 to 15 dS m ') and has a
pH of 3.3 to 4.6. Much of the 38 x 109 L of whey produced in the
USA each year is applied to soils. Whey application effect on the K and
salinity status of irrigated calcareous soils has not been documented.
Objectives of this study were to measure soil pH, sodium adsorption
ratio (SAR), saturation paste extract (EC,), and extractable Ca, Mg,
Na, and K changes due to whey application to irrigated calcareous
soils at different whey rates and different times of the year. Whey
was applied to two calcareous Portneuf silt loam (coarse-silty, mixed,
mesic, Durixerollic Calciorthids) soils and a calcareous Nibley silty
clay loam (fine, mixes, mesic Aquic Argiustolls) soil at rates up to
2200 m 3 ha- These treatments added up to 1050 kg Ca, 200 kg Mg,
790 kg Na, and 2200 kg K ha-' during winter-time, growing season,
or year-round whey application. Soil bicarbonate-extractable K in-
creased to more than 500 mg K kg - in the surface 0.3 m at the
highest whey rates and may induce grass tetany in livestock grazed
on high whey-treated pastures. Soil K did not increase below 0.6 m
in any treatment. Soil pH and SAR were not affected sufficiently to
be of concern under these conditions. The EC, increased to nearly
2.0 dS m ' in the surface 0.3 m under the highest whey rates and would
likely affect salt-sensitive crop yields. After a 1-yr whey application rest
period under irrigated alfalfa (Medicago saliva L.), the EC, levels
returned to background levels.

D
URING THE MANUFACTURING of cheese and cottage
cheese from milk, about 9 kg of whey is produced

with each kilogram of cheese. Total whey production in
the USA was about 38 x 10 9 L (10 x 109 gal) in 1993
(National Agricultural Statistics Service, 1994, p. 308-
309). In Idaho, whey production increased from 0.48
x 109 L (0.13 x 109 gal) in 1989 to 1.1 x 109 L (0.29
x 109 gal) in 1993, and is expected to continue to
increase (Idaho Agricultural Statistics Service, 1994, p.
31-32).

A considerable fraction of the whey produced is bene-
ficially used directly as animal feed and fertilizer replace-
ment, or dehydrated for use as animal and human food.
Not all whey produced by the cheese manufacturing
industry can be beneficially used. For economic and
logistic reasons it is often necessary to waste the whey
for short periods, and land application is usually the
most practical treatment method when the wastewater
treatment site is properly managed. Due to current and
projected cheese and butter production increases in south-
ern Idaho and northern Utah, plus the need for economi-
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MATERIALS AND METHODS

The bicarbonate-extractable K and soil salinity data reported
in this paper are from three studies where two kinds of whey
were applied to two calcareous soils at different times of the

Abbreviations: EC, electrical conductivity; EC,, saturation paste extract
electrical conductivity; SAR, sodium adsorption ratio; ESP, exchangeable
sodium percentage; COD, chemical oxygen demand.
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Table 1. Typical whey composition.

"Sweet" whey

Water 92%
Total solids 8%
CODt 5%
pH 3.8-4.6
Electrical conductivity 7-12 dS m - 1

Total N 900-2200
Total P 300-600
Calcium 430-1100
Magnesium 90-120
Sodium 360-1900
Potassium 1000-1400
SAR 4-16

t COD is the Chemical Oxygen Demand.
The sodium concentration and the sodium adsorption ratio (SAR) vary
with the amount of salt used in the various cheese manufacturing processes
and the fraction that ends up in the whey.

year. Studies 1 and 2 were conducted in south central Idaho.
Study three was conducted north of Logan, UT.

Studies 1 and 2 each consisted of two annual applications
of 0, 20, 40, and 80 mm (0, 200, 400, and 800 m 3 ha- ') of a
creamed cheese and mozzarella cheese whey mix to calcareous
Portneuf silt loam (coarse-silty, mixed, mesic, Durixerollic
Calciorthids) soils. Each set of treatments was applied in a
randomized block design, replicated three times. The creamed
cheese process uses H 3 PO4 (to coagulate the milk proteins)
that ends up in the whey while the mozzarella whey is produced
by a biological culture process. Whey application dates and
rates and total K applied are shown in Table 2. The K concentra-
tions in this whey source were quite variable from one load
to the next. The whey Ca and Mg concentrations were more
consistent from one load to the next. Each whey application
applied 131 ± 23 kg Ca ha - ' and 19 ± 4 kg Mg ha-' for a
total of 0, 262, 524, and 1048 kg Ca ha- and 0, 38, 76, and
152 kg Mg ha-' for the study period. Sodium applications
were 310 ± 51 kg Na ha ' the first year and 238 ± 23 kg
Na ha-' the second. This change in Na was probably due to
a change in the cheese plant operation. The final total Na
application rate for the two studies was 0, 548, 1096, and
2192 kg Na ha- 1 . The average whey SAR for the first year
was 12 and dropped to 7 the second year. Whey SAR was
calculated on the total cation analysis since whey rapidly de-
composes in the soil (Jones et al., 1993a).

Winter wheat (Triticum aestivum L. cv. Malcolm) was
planted on 15 Sept. 1992 and again on 20 Sept. 1993. After
planting, the plots were furrowed for the whey application
and then dikes were made around each plot to contain the
whey, irrigation water, and precipitation. Study one treatments
were applied during the winters and study two treatments were

applied during the wheat growing seasons in 20 mm (200
m' ha - ') depth increments (Table 2). The total precipitation
between 1 Sept. 1992 and 1 Sept. 1993 was 345 mm (13.6
in) and from 1 Sept. 1993 to 1 Sept. 1994 was 185 mm (7.3
in). The plots were sprinkler irrigated twice in 1993 (for a
total of 130 mm or 5.2 in) and three times in 1994 (for a total
of 220 mm or 8.7 in) as needed for maximum crop production.
On 10 Apr. 1995, the plots were lightly cultivated, planted
to alfalfa, and furrowed for surface irrigation. No additional
whey treatments were applied. The alfalfa was harvested on
27 June, 3 August, and 26 September. Each alfalfa crop was
irrigated once.

On 2 Sept. 1994, and again on 28 Sept. 1995, four 75 mm
diam. soil samples were taken from each plot at 0 to 0.3, 0.3
to 0.6, and 0.6 to 0.9 m and the four samples from each depth
were mixed and a 5-kg subsample was saved and analyzed.
Soil pH was measured in the saturation pastes, EC„ Ca, Mg,
Na, and K were measured in the saturation paste extracts
(Robbins and Wiegand, 1990), and plant-available K was esti-
mated using 1:20 sodium bicarbonate extracts (Gavlak et al.,
1994, p. 31-32).

Study three consisted of applying swiss cheese whey to a
calcareous Nibley silty clay loam (fine, mixed, mesic Aquic
Argiustolls) soil. The plots were established in an existing
alfalfa field north of Logan, UT. The treatments were applied
in a completely randomized design, replicated three times.
The whey was surface applied over a 15-mo period in 20 mm
(200 m 3 ha- ') increments on the dates shown in Table 3. The
whey contained 955 ± 50 mg K kg- 1 , for total applications
of 0, 600, 1200, and 2200 kg K ha- '. The Ca concentration
was 437 ± 62 mg Ca kg-' whey, and added 0, 261, 522, and
975 kg Ca ha- '. The Mg concentration was 89 ± 5 mg Mg
kg -' whey, adding 0, 53, 107, and 196 kg Mg ha- '. The Na
concentration was 360 ± 43 mg Na kg - ' whey, which resulted
in applications of 0, 216, 432, and 792 kg Na ha - '. The
average whey SAR was 4.1 for this study.

Irrigation water (about 500 mm) was applied by surface
flood irrigation during the 1993 growing season. No irrigation
water was applied in 1994 prior to sampling on 7 June 1994.
A total of 735 mm of precipitation was measured by the Utah
Climate Center on the Utah State University campus, Logan,
UT, for the period of the study. The Climate Center data
collection site is 0.6 km northeast of the study site. The
irrigation plus precipitation for the study period was approxi-
mately 1250 mm.

On 7 June 1994, all plots were sampled from 0 to 0.30 and
0.30 to 0.60 m. Four 75 mm diam. soil samples were taken
from each depth in each plot, mixed and 5-kg subsamples
were saved and analyzed as described for Studies 1 and 2.

"Acid" whey

92%
8%
5%

3.3-3.8
7-8 dS m

mg kg- 1
900-2200

1100
840
100
600

1000-1400
3-4

Table 2. Whey application dates and whey and K application rates for Studies 1 and 2.

Study 1, winter-time application

Whey depth 8 Dec. 1992 19Jan. 1993 2 Mar. 1993 20 Apr. 1993 30 Nov. 1993 28 Dec. 1993 27 Jan. 1994 22 Feb. 1994 Total

MID

0
kg K ha-'

40 290 195 485
80 255 333 177 248 1013
160 310 255 290 333 177 195 248 282 2090

Study 2, growing season application

18 May 1993 8 June 1993 28 June 1993 21 July 1993 10 May 1994 31 May 1994 22 June 1994 12 July 1994

0 0
40 241 213 454
80 195 250 252 284 981
160 195 241 250 219 252 213 284 255 1909
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Table 3. Whey application dates and depths and total K added for Study 3.

Total whey 14 Jan. 1993 18 Feb. 1993 29 Mar. 1993 22 July 1993 16 Aug. 1993 30 Sept. 1993

mm

0
60 20 20
120 20 20 20 20
220 20 40 20 20 20 20

18 Nov. 1993 27 Jan. 1994 25 Feb. 1994 25 Mar. 1994 Total K added

RIM kg ha- 1
0 0
60 20 600
120 20 20 1200
220 20 20 20 20 2200

RESULTS

Potassium is usually considered a fertilizer element
and will be discussed separately from the data used to
evaluate the salinity hazards of land applied whey.

Potassium
Bicarbonate-extractable K levels for most field crops

in the northwestern USA are considered low below 100,
marginal between 100 and 120 and adequate above 120
mg K kg soil. Comparable potato (Solanum tuberosum
L.) K values are 1.5 to 2 times higher (Lamborn, 1975).

Study 1

The bicarbonate-extractable K in the untreated soil
surface 0.3 m was marginal for crop production, but the
40 mm (485 kg K ha-') treatment increased K to accept-
able concentrations for most crops even though it was
not significantly different from the untreated plots (Table
4). The 80 and 160 mm (1013 and 2090 kg K ha')
treatments significantly increased the bicarbonate-
extractable K levels in the surface 0.3 m. Only the highest
whey rate significantly increased the bicarbonate-extract-
able K in the 0.3 to 0.6 depth. There was not a significant
increase in bicarbonate-extractable K in the 0.6 to 0.9 m
depth. Saturation paste extract K was increased in only
the surface 0.3 m and only by the two highest whey
applications. Recovery of the applied K from the top

0.9 m of soil by the bicarbonate extractant varied from
32 % for the low K application treatment to 80% in the
highest K application treatment.

Study 2

The untreated, growing season applied whey plots
were low in plant-available K (lower than the winter-time
applied plots) in the 0.0 to 0.3 m depth and the total
amount of K applied to the growing season plots was
slightly less (Tables 2 and 4). The 40 mm (454 kg K
ha-') treatment increased K to acceptable concentrations
for most crops even though it was not significantly differ-
ent from the untreated plots (Table 4). The 80 and 160
mm (981 and 1909 kg K ha') treatments significantly
increased the bicarbonate-extractable K levels in the
surface 0.3 m. Only the highest whey rate significantly
increased the bicarbonate-extractable K in the 0.3 to 0.6
depth. There was not a significant increase in bicarbonate-
extractable K in the 0.6 to 0.9 m depth. Recovery of
the applied K from the top 0.9 m of soil by the bicarbonate
extractant varied from 73 to 86% .

Saturation extract K concentrations were increased in
the surface 0.3 m by the 80 and 160 mm whey treatments
and the 160 mm treatment increased the K in the 0.3 to
0.6 m depth. There was not a significant increase in
the saturation extract K concentration in the 0.6 to 0.9
sampling depth.

The initial bicarbonate-extractable levels in the second

Table 4. Study 1 (winter-time whey application) and Study 2 (growing season whey application) bicarbonate and saturation paste-extractable
K concentrations by depth and treatments and percentage applied K recovered in the bicarbonate extracts.

Total K
applied

Winter-time application

Bicarbonate-extractable K Saturation paste-extractable K
Bicarb K
recovery0.0-0.3 m 0.3-0.6 m 0.6-0.9 m 0.0-0.3 m 0.3-0.6 m 0.6-0.9 m

kg ha- 1 kg - ' Lmmol
101 a*

mg
17 a 22 a 0.13 a 0.06 a 0.01 a0

485 141 a 18 a 27 a 0.20 a 0.05 a 0.01 a 32
1013 302 b 24 ab 26 a 0.61 b 0.05 a 0.01 a 68
2090 551 c 39 b 38 a 1.22 b 0.11 a 0.02 a 80

Growing season application

0.0-0.3 m 0.3-0.6 m 0.6.0-0.9 m 0.0-0.3 m 0.3-0.6 m 0.6-0.9 m

kg-' L- 1mmol
76 a

mg
36 a 19 a 0.06 a 0.06 a 0.01 a0

454 159 a 63 ab 20 a 0.23 a 0.04 a 0.01 a 83
981 313 b 59 ab 20 a 1.14 b 0.11 ab 0.01 a 73
1909 506 c 84 b 27 a 1.53 b 0.25 b 0.01 a 86

* Numbers in a column of four values followed by the same letter are not different at the P	 0.05 level.
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Table 5. Study 3 bicarbonate and saturation paste-extract K con-
centration by depths and treatments and percent applied K
recovered in the bicarbonate extracts.

Bicarbonate-
extractable K

Total K	 	  	  Bicarb K
applied	 0.0-0.3 m 0.3-0.6 m 0.0-0.3 m 0.3-0.6 m 	 recovery

kg ha -' 	 mg kg - 1 soil 	  	  m mol L- 1 	 	 %
0 232 a* 176 a 0.14 a 0.23 a
600 281 ab 180 a 0.21 ab 0.17 a 30
1200 340 b 220 a 0.39 ab 0.13 a 42
2200 539 c 222 a 0.67 b 0.26 a 53

* Numbers in a column followed by the same letter are not different at the
P s 0.05 level.

depth increment for the growing season were initially
higher than the winter-time plots, and the increases in
the second depth were greater for the growing season
treated plots. Other than this exception, there did not
appear to be a seasonal application difference effect be-
tween these two studies.

Study 3
The lowest whey application rate did not increase the

bicarbonate-extractable K significantly in the 0.0 to 0.3
m depth of this soil that contained adequate plant-
available K (Table 5). The 120 and 220 mm (1200 and
2200 kg K ha') whey application rates increased the
bicarbonate-extractable K in the surface 0.3 m depth
increment. Bicarbonate-extractable K did not increase
significantly in the 0.3 to 0.6 m soil depth. Recovery
of the applied K from the top 0.9 m of soil by the
bicarbonate extractant varied from 30% for the low K
application treatment to 53% in the highest K application
treatment. Even though higher K application rates were
applied in Study 3, the final bicarbonate extractable
values for the two higher rates were about the same as
those found in Studies 1 and 2.

Saturation-extract K concentrations were significantly
increased only in the 0.0 to 0.3 depth by the highest K
application rate.

Table 6. Study 1 (winter-time whey application) 1994 saturation
paste pH; EC, and saturation extract cations and 1995 EC,
values by depth as affected by whey application rates.

Whey
application pH 1994 EC,	 1995 EC, Ca Mg Na SAR

mm dS m- 1 mmol L
0.0-0.3 m

0 8.0 a 0.7 a 0.7 a 2.0 a 0.9 a 1.9 a 1.1 a
40 7.9 ab 0.8 a 0.7 a 2.0 a 0.9 a 2.3 ab 1.3 a
80 7.9 ab 1.1 ab 0.8 ab 2.6 a 1.2 a 3.5 ab 1.8 a
160 7.8 b 1.8 b 0.9 b 3.9 b 1.6 a 6.0 b 2.5 b

0.3-0.6 m

0 8.2 a 0.7 a 0.7 a 1.5 a 0.9 ab 2.0 a 1.3 a
40 8.1 a 0.7 a 0.7 a 1.4 a 0.9 ab 2.8 ab 1.9 ab
80 8.1 a 0.9 a 0.7 a 1.6 a 0.7 b 3.9 b 2.6 b
160 8.0 a 1.3 b 0.8 a 1.9 a 1.1 a 6.5 c 3.7 c

0.6-0.9 m

0 8.1 a 0.4 a 0.5 a 1.0 a 0.9 a 1.5 a 1.1 a
40 8.0 a 0.4 a 0.5 a 1.2 a 1.1 a 1.8 a 1.2 a
80 8.0 a 0.5 a 0.5 a 0.9 a 0.6 b 2.0 a 1.7 ab
160 8.0 a 0.6 a 0.6 a 0.8 a 0.6 b 2.9 b 2.4 b

Table 7. Study 2 (growing season whey application) 1994 satura-
tion paste pH, EC., and saturation-extract cations and 1995
EC, values by depth as affected by whey application rates.

Whey
application pH 1994 EC, 1995 EC, Ca Mg Na SAR

mm dS mmol
0.0-0.3 m

0 7.9 a* 0.9 a 0.9 a 2.2 a 1.2 a 3.5 a 1.9 a
40 7.8 a 1.1 a 0.9 a 3.0 ab 1.4 a 3.7 a 1.8 a
80 7.7 ab 1.7 b 1.0 ab 4.3 b 2.0 b 5.1 ab 2.0 a
160 7.6 b 1.9 b 1.1 b 4.4 b 2.1 b 6.8 b 2.6 a

0.3-0.6 m

0 8.0 a 0.8 a 0.8 a 2.1 a 1.1 a 2.4 a 1.4 a
40 7.9 a 1.1 ab 0.9 a 2.1 a 1.5 a 4.3 ab 2.2 b
80 7.8 a 1.6 b 1.0 a 3.1 b 2.1 ab 5.8 b 2.4 be
160 7.7 a 2.5 c 0.9 a 5.4 c 3.6 b 8.8 c 2.9 c

0.6-0.9 m

0 8.2 a 0.6 a 0.6 a 0.9 a 0.8 a 2.2 a 1.7 a
40 8.0 a 0.6 a 0.7 a 1.0 a 0.8 a 2.4 ab 1.6 a
80 8.0 a 0.8 ab 1.0 b 1.2 ab 1.0 a 3.4 be 2.5 a
160 8.0 a 1.1 b 1.0 b 1.8 b 1.4 b 4.2 c 2.3 a

* Numbers in a column of four values followed by the same letter are not
different at the P	 0.05 level.

pH, Soil Salinity, and SAR
Saturation paste pH values were decreased very

slightly in the surface 0.3 m of both Portneuf soils by
the highest whey treatment (Tables 6 and 7), but pH
values in the Nibley soil were not significantly affected
by the acidic nature of the whey (Table 8). Both soils
contain calcium carbonate (lime).

The ECe values were increased in the surface 0.3 m
by the highest rate in Study 1 (Table 6), the two highest
rates in Study 2 (Table 7), and by all three treatments
in Study 3 (Table 8). Those treatments that increase the
ECe above 1.0, add sufficient salt to cause yield reductions
in salt-sensitive crops during the application period grow-
ing season, but for crops such as barley (Hordeum vulgare
L.), sugarbeet (Beta vulgaris L.), or alfalfa, yield reduc-
tions would not be expected (Bresler et al., 1982). The
added soluble salts were essentially leached out of Studies
1 and 2 profiles over the next year by winter precipitation
and the irrigation water applied to the alfalfa in 1995
(Tables 6 and 7). Saturation-extract Ca, Mg, and Na
concentrations essentially followed the EC e trends (Ta-
bles 6, 7, and 8).

The saturation-extract SAR values were increased

Table 8. Study 3 saturation paste pH, EC„ and saturation extract
cations by depth as affected by whey application rates.

Whey
application PH EC, Ca Mg Na SAR

mm dS m-'
0.0-0.3

mmol
m

0 8.1 a* 0.6 a 1.5 a 1.7 a 0.4 a 0.2 a
60 8.2 a 0.7 b 1.6 a 2.0 b 0.9 b 0.5 b
120 8.1 a 0.8 c 1.8 ab 2.0 b 1.4 c 0.7 c
220 8.0 a 1.1 d 2.1 b 2.2 b 1.9 d 0.9 c

0.3-0.6 m

0 8.1 a 0.7 a 1.7 a 2.3 a 1.1 a 0.5 a
60 8.2 a 0.7 a 1.5 a 2.2 a 0.9 a 0.5 a
120 8.1 a 0.9 a 1.8 a 2.3 a 1.4 a 0.7 a
220 8.1 a 0.8 a 1.9 a 2.2 a 1.4 a 0.7 a

Saturation
paste-extractable K

Numbers in a column of four values followed by the same letter are not	 * Numbers in a column of four values followed by the same letter are not
different at the P	 0.05 level.	 different at the P s 0.05 level.
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slightly, but significant by the highest whey rate down
to 0.9 m and the 80-mm treatment in the 0.3 to 0.6 mm
increment of Study 1 (Table 6). All three application
rates increased the SAR in the 0.3 to 0.6 m depth in
Study 2 (Table 7). All whey application rates increased
Study 3 0.0 to 0.3 m depth SAR values (Table 8). From
a practical standpoint, the limited SAR increases were
not a concern. Saturation-extract SAR values of <10
nearly always indicate that Na is not adversely affecting
soil physical conditions (Bresler et al., 1982).

CONCLUSIONS
Bicarbonate-extractable K data from these studies sug-

gests that a 40 to 80 mm whey application to these soils
increases K to a satisfactory K fertility level for most
crops (Lamborn, 1975). If whey is to be applied to grass
pastures or range sites with low available Mg, managers
should be aware that the high K/Mg ratios in whey
present a potential grass tetany threat. The high whey
treatments increased the saturation-extract K/Mg in Study
1 from 0.14 to 0.76, in Study 2 from 0.05 to 0.73 and
Study 3 from 0.08 to 0.30. If these high saturation-extract
K/Mg ratios are converted to exchangeable ratios (Rob-
bins and Carter, 1983), they will exceed the suggested
0.5 to 1.0 values (Mayland and Grunes, 1979) by a
factor of 5 to 10.

The whey-applied K does not appear to leach as do
the other cations. This is not surprising since on a molar
basis K makes up 28 % of the cations in the Study 1 and
2 whey and 45 % of the cations in the Study 3 whey,
while K constitutes only 1.2% of the saturation-extract
cations in the Portneuf soil and 2.8 % in the Nibley soil.
This coupled with the fact that in the Portneuf soil, the
selectivity coefficient preference for K over Ca is 10:1,
over Mg is 32:1 and over Na is 21:1, calculated on
cation concentrations (Robbins and Carter, 1983; Rob-
bins, 1984), would drastically change the solution cation-
cation exchange equilibrium. The high K applications
would also upset the soil solution-cation exchange-K
fixation equilibrium. These three factors act together to
retain K in the soil surface at the expense of the other
cations until new equilibriums are established. This
shows up as substantial but incomplete bicarbonate-
extractable K recovery as whey application rates increase
(Tables 4 and 5). Unfortunately, similar cation exchange
selectivity coefficient data are not available for the Nibley
soil, but similar reactions are expected.

Even with the high salt concentration in the whey (EC
of 7-12 dS m I ), the dilution and leaching from irrigation
water was sufficient to avoid excessive salt build-up in
the root zone for the more salt-tolerant crops. Applying
undiluted whey to crops by sprinkler irrigation will,
however, usually cause foliar burn during hot weather.
Yields of salt-sensitive crops such as most vegetables
and fruits would probably be decreased by more than
about 50 mm per year whey applications (Bresler et al.,
1982). After a 1-yr rest period from whey application
under irrigated alfalfa, the ECe levels returned to back-
ground levels.

Saturation paste p1-1 values were lowered slightly by
the highest whey rates on the Portneuf soil, but not on

the Nibley soil. The measured decrease was not sufficient
to be of practical importance.

The highest whey rates used here did not produce a
sodium hazard (high SAR). Previous work on soils with
similar textures and mineralogy to the Portneuf soil
suggests that in the presence of high K/Na ratios in the
soil solution or added water, Na will be replaced or
excluded from the exchange sites and will be less of a
concern than in the absence of high K/Na ratios (Robbins
and Carter, 1983; Robbins, 1984).

Winter-time whey application effects were not different
than growing season applied whey effects with respect
to K, pH, salinity, or SAR.
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