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ABSTRACT

Soil-coring and solution-extraction sampling techniques were com-
pared for determining the content of NO3-N in the soil profile of a
Monona silt loam (Typic Hapludoll) in southwestern Iowa. The NO3-N
content of the 3.05-m profile, determined by solution extraction, was
28% lower in 1972, 8% higher in 1973, and 13% lower in 1974 than
that determined by soil coring. The profile difference in NO3-N content
between the two sampling techniques was insignificant in 1973 and
1974 but was highly significant (1%) in 1972.

Additional Index Words: inorganic N, ceramic cups, leaching.

A GRICULTURAL RESEARCH in recent years has focused on
zv the fate of fertilizer nitrogen (N) in the environment.
The movement of the NO3~ ion in soils has been inves-
tigated extensively because accumulations in ground water
supplies can be hazardous to human health (Gruener and
Schuval, 1970). Soil core sampling has been the standard
sampling technique ordinarily used to follow N movement
in the soil. However, soil coring is time consuming, and
each set of samples represents a different physical location
in the soil. Recently, porous ceramic cups have been used to
study the behavior and movement of N in the soil (Wagner,
1965; Elliott et al., 1972). Once installed, ceramic cups are
versatile and easily usable and provide for in situ sampling
of the soil profile. England (1974) discussed some of the
basic problems in interpreting data collected from ceramic
cups. Hansen and Harris (1975) found, under rapid drainage
conditions, considerable variation in NO3~ concentrations
among samples collected from ceramic cups. The suitability
of ceramic cups for collecting NO3~ data needs to be evalu-
ated under stable soil moisture conditions. The objective of
our study was to compare the soil core sampling technique
with the solution extraction sampling technique for deter-
mining NO3~ in the soil profile. These comparisons were
made between significant infiltration events when soil mois-
ture was near field capacity.

MATERIALS AND METHODS

Six plots were established on a well-drained, deep loess Mon-
ona silt loam soil (Typic Hapludoll fine, silty mixed mesic) near
Treynor, Iowa. This soil is quite uniform and varies little in tex-
tural composition with depth. The plots, each 4.1-m square with a
2.5-m square sample area centered inside, were leveled to insure
near uniform infiltration. Aluminum strips were inserted around
the plots to prevent surface water movement across plot borders.
The plots were maintained in a continuous fallow condition.

The ceramic cups used in the study were 15-mm outside diame-
ter by 155 mm long, with a pore diameter of 1.5 to 2.5 /am
(purchased from the Coors Porcelain Company, Golden, Colora-
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do3). Soil solution moves into the ceramic cup in response to a suc-
tion gradient across the ceramic wall. Therefore, a ceramic cup
samples a cylinderical volume in the soil, draining water held at
suctions of < 1 bar. Wagner (1962) and Reeve and Doering (1965)
described the operating procedures of similar extraction apparatus.
New cups can yield several milligrams of Ca and Mg after they are
flushed with a dilute acid. To remove these cations, all cups were
successively flushed with 0. IN HC1 and distilled water before field
installation. The ceramic cups were installed at depths of 8, 22,
38, 54, 68, 84, 100, 114, 136, 168, 214, and 274 cm on 50.8-cm
horizontal spacings in the sample area of each plot.

The initial comparison of the two sampling techniques was
made late in the summer of 1972 during the installation of the ce-
ramic cups. A 2.5-cm diameter vertical hole was hand augered to a
point directly above the placement depth of the ceramic cup. The
soil augered from the hole was placed in plastic sacks and labeled
as to removal depth. To facilitate placement of the ceramic cup,
we extracted a soil core from this hole using a 15-mm by 155-mm
cutaway tube. This sample was placed in a plastic vial and frozen
for chemical analysis. The ceramic cup was inserted into position
and the hole backfilled using the original soil material. A 0.8-bar
vacuum was immediately applied to the ceramic cup. Because the
soil was near field capacity, a 15- to 20-ml sample of the soil solu-
tion was usually obtained within 48 hours after the vacuum was
applied. The soil solution samples were refrigerated in the field
with ice. After collection, the samples were stored at a temperature
of 4°C until NO3~ could be analyzed.

Second and third comparisons of the sampling techniques were
made in August 1973 and June 1974. Nitrogen fertilizer, as granu-
lar KNO3 (13.5% N), was applied to the plots at rates of 168 and
448 kg/ha in May 1973 and 1974. The experiment was a com-
pletely randomized design with three replications. To insure nearly
uniform fertilizer application, each plot was subdivided into
smaller areas where fertilizer was applied on each subdivided area.
The fertilizer was then incorporated to a 5-cm depth by rotary
tilling. The soil core samples collected in 1973 and 1974 were
about 8 cm long and were obtained at the described sample depths
in a continuous vertical profile near the center of the plots. Soil
solution samples were obtained from the ceramic cups installed in
1972.

The NO3-N content of the soil solution was determined by con-
tinuous-flow colorimetric procedures (Henriksen and Selmer-Ol-
sen, 1970). Nitrate-nitrogen was determined on a 1:10 1W KC1 ex-
tract of the thawed soil, using the same colorimetric procedure.
The soil samples were dried at 65°C to determine moisture per-
centage. Nitrate-nitrogen concentrations determined by these two
sampling techniques are reported on a dry-weight soil basis. The
soil core sampling technique and the solution extraction sampling
technique will be referred to hereafter as soil sampling and solu-
tion sampling, respectively.

RESULTS AND DISCUSSION

The 1972 comparison between the two sampling tech-
niques is shown in Fig. la. The concentration of NO3-N de-
termined by solution sampling was lower than that for soil
sampling at all sample depths and ranged from 6 to 57%
lower for the 68- and 168-cm depths, respectively. Also
shown is the total NO3-N content in the 305-cm profile de-
termined by solution and soil sampling. Analysis of
variance showed the difference in total profile content to be
highly significant (p < 0.01). Because a vacuum was ap-
plied to the ceramic cups immediately after installation, in-
sufficient time was allowed for the distilled water in the cup
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Fig. 1—Nitrate-nitrogen concentrations determined by soil coring and solution extraction sampling techniques.

walls to equilibrate with the surrounding soil solution. The
distilled water should have been removed after installation
by flushing with several pore volumes of soil solution.
However, since it was not removed, there was some dilu-
tion of the incoming soil solution. Later we found that the
ceramic wall retained about 7 ml of distilled water immedi-
ately after laboratory flushing. However, we could not de-
termine the amount of dilution because the initial sample
volumes were not recorded.

The 1973 comparisons for the 168- and 448-kg/ha N
treatments are shown in Fig. Ib and Ic, respectively. For
both treatments, the NO3-N bulge determined by solution
sampling peaked 32 cm shallower in the soil profile than
that for soil sampling. The volume of soil sampled during
the collection of a 20-ml sample of the soil solution could be
estimated readily if soil moisture-tension relationships were
known. We determined moisture-tension relationships on
undisturbed soil core samples using pressure plate appara-
tus. The moisture values determined for 0.33- and 0.8-bar
suctions were 31 and 26% by volume, respectively. Assum-
ing 0.33-bar as field capacity, 1.0 cm3 of soil at field capac-
ity contains 0.31 cm3 of water. At a suction of 0.8-bar,
then, 0.05 cm3 of water would be available for extraction.
Therefore, apparently about 400 cm3 of soil would be
drained during the collection of a 20-ml solution sample.
The moisture content of the soil profile in 1973 was near
field capacity. Seemingly, the soil solution would not have
been extracted from depths of more than about 3 cm below

the bottom of the ceramic cup. We cannot explain why the
two NO3-N bulges peaked 32 cm shallower in the profile for
solution sampling.

Below 54 cm, NO3-N concentrations were similar for the
two sampling techniques. However, the concentrations de-
termined by solution sampling were generally lower at most
sample depths, de Haan and Bolt (1963) showed that anions
could be excluded from a portion of the soil solution due to
electrical repulsion of negatively charged clay surfaces.
Smith and Davis (1974) found exclusion volumes ranging
from 5 to 39% of the soil solution for a wide variety of soils.
The net result is that anion concentration of the soil solution
held at lower suctions is usually higher than the average of
the entire soil solution. Because ceramic cups sample the
soil solution held at suctions of < 1 bar, the literature
suggests that the solution samples should have had a higher
NO3-N concentration. However, we ascribed no fundamen-
tal significance to the fact that they did not because, under
field conditions, many factors affect the concentration of
anions in the soil solution.

The distribution of NO3-N within the soil profile was
quite different for the two sampling techniques in 1973.
However, the difference in the total NO3-N content in the
305-cm profile was not statistically significant (p < 0.05)
for these techniques.

Horizontal spatial variation in NO3-N is often high in
field soils (Prince, 1923; Schuman et al., 1975). Table 1
gives the mean, standard deviation, and coefficient of varia-
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Table 1—1974 comparison of soil NO3-N determined by coring and mean would be within 10% of the true mean if we used 64
______solution extraction sampling techniques._______ replications. Sample size rapidly decreased as the require-

Soii sampling Solution sampling ments were relaxed. However, 10 replications would still be
standard standard significance required to obtain an estimate within 30% of the true mean.

Depth Mean deviation CV Mean deviation CV level The 19?4 comparisons for the 168- and 448-kg/ha N
cm ——PP™—— % ——PP™—— ———%———- treatments are shown in Fig. Id and Ie, respectively. The

iss kg/ha difference in the total NO3-N content in the 305-cm profile
8 52.6 24.7 47 22.8 3.5 is n.s. was not statistically significant (p <0.05). However, dif-

22 10.7 0.6 6 19.0 3.3 17 5 - ,,.-. XT • ,38 20.7 5.8 28 9.1 i.s 16 5 Terences in NO3-N concentrations were quite large at some
54 17.0 6.8 40 12.6 3.9 si n.s. sample depths. Table 1 shows the results of Mests that de-
68 21.0 9.8 47 13.7 5.5 40 n.s. . , *, . .„ ,. ., ..-, „, ,.84 23.2 12.0 52 15.2 17.7 116 n.s. termincd the significance or these differences. The results

100 19.2 4.9 25 48.6 io.i 21 5 suggest that, at some sample depths, the NO3-N concentra-
114 29.0 7.5 26 18.9 13.4 71 n.s. • r i - i i • i. ij • r> o i136 15.0 11.1 74 ss.o 12.1 32 10 tion ot the soil solution held at a suction ^ 0.8 bar was not
168 11.1 12.0 108 so.o 21.2 '71 n.s. representative of the NO3-N concentration in the overall soil
214 15.9 4.5 28 7.8 3.7 47 10 \ . _,, ,.rr J . XTJ_ ... , .274 9.4 2.4 26 4.5 0.6 is 5 solution. The differences in NO3-N concentration between

448 kg/ha tne two sampling techniques probably would have been
8 114 7.1 62 3^5 14.0 41 10 smaller if the soil core samples could have been obtained a

22 18.8 o.i 0.5 15.8 4.8 30 n.s. few cm from each ceramic cup. However, the resulting soil
54 «i sei 83 2ii HA 72 n'*. disturbance would not have been compatible with other ob-
68 33.6 13.9 41 53.1 55.4 104 n.s. jectives of the Study.

100 54 o slo 59 ll'°s 111 "s n£ A comparison of the soil coring and solution extraction
114 59.9 37.4 62 88.1 23.2 26 n.s. sampling techniques for determining the total NO3-N con-
168 470 22's 47 2^0 2s'2 118 ms! tent in the 305-cm profile was very similar in 1973 and
214 21.1 13^9 64 7.6 2.4 32 n.s. 1974. However, large differences in NO3-N were found at
274 7'6 6'5 86 5'2 °'3 6 n's- some sample depths. Spatial variation makes it difficult to

interpret NO3-N data collected by either sampling tech-
tion (C. V.) for the 1974 comparisons. Spatial variation in nique, especially when the sample depths can only be repli-
NO3-N concentrations was found to be high for both sam- cated a few times. The sampling technique to use depends
pling techniques. Due to the limited number of replications, upon the objectives and other circumstances surrounding
the precision with which the population means and standard the study. Ceramic cups are about the only practical way to
deviations were estimated is undoubtedly low. However, obtain in situ samples of the soil solution under field condi-
additional samples from increased replication would have tions.
quickly exceeded our manpower and laboratory capabili-
ties. We were interested in determining the sample sizes
necessary for different precision requirements. Wide fluctu-
ations occurred in the estimates for the standard deviations,
and any single estimate of the standard deviation would
have been inappropriate. However, a correlation between
the means and standard deviations was observed, and this
relationship was used to determine the number of replica-
tions necessary. A linear relationshirjjhrough the origin fit-
ted the data rather well with 5 = 0.4X, where s was the sam-
ple standard deviation and X was the sample mean. The
1974 results for both sampling techniques (168 kg/ha) were
used in determining this relationship. Snedecor and
Cochran's (1967) equation for determining sample size is <*
= t<r//rc~, where oc is the precision requirement (and here a
proportion of the mean), and t is the ordinary r-value (p =
0.05). We simply specified the precision requirements, sub-
stituted 0.4 fji for cr, and solved for n in the equation & =
t(Q.4(Ji)/jn. Because °c is a proportion of the mean (e.g. oc =
0.05 (J.), the values for fj. cancel out. Some examples
follow:

_____Requirement («) Number of Replications
0.05 fj. 246
0.10 jit 64
0.20/i 18
0.25 (U, 12

_______0.30^___________________10_________

Thus, we are confident (p < 0.05) that our estimate of the


