An Inexpensive and Simple Method to Demonstrate
Soil Water and Nutrient Flow
K. A. Nichols* and S. Samson-Liebig

ABSTRACT Soil quality, soil health, and soil sustainability are concepts that are being widely used but are difficult to
define and illustrate, especially to a non-technical audience. The objectives of this manuscript were to develop simple and
inexpensive methodologies to both qualitatively and quantitatively estimate water infiltration rates (IR), water-holding
capacity at saturation (WHC ), and potential nitrate-nitrogen (NO,-N) loss and to test the accuracy and precision of these
methods. Complete details for how to assemble the appropriate supplies and conduct the measurements are provided, but
for demonstrative purposes these methods do not need to be followed in detail, particularly using the various equations
to get quantitative values. In the field and classroom, these demonstrations have been well received by non-technical and
technical audiences and have been performed by request as well as incorporated into agronomy classes for high school
and college students and training for agriculture educators. In the laboratory, these methods were tested on 10 benchmark
soils and values were compared with each other and soil aggregation as measured by dry soil aggregate distribution and
water stability. In these benchmark soils, IR and WHC, increased with a reduction in soil disturbance and more continu-
ous plant cover due to diverse crop rotation and perennials while NO,-N loss was highest in soils with synthetic fertilizer
inputs, little plant cover, and more soil disturbance. These results indicate the methodologies outlined here may be used

to demonstrate agroecosystem management’s impact on soil health.

oils either directly or indirectly support all life on Earth,

but soil is the poorly understood “big black box” of
interacting biological, chemical, and physical processes. Soil
quality and soil health are used to describe how well these
processes function (Gregorich et al., 1994; Karlen et al.,
1992). Soil functions, such as water infiltration, water holding
capacity, water retention, gas exchange, and nutrient cycling
are impacted by soil structure, which is related to particle-size
distribution, mineralology, bulk density, and percent organic
matter. In turn, particle-size distribution, bulk density, and
percent organic matter are all impacted by the five soil-form-
ing factors (i.e., parent material, climate, time, topography,
and organisms; Jenny, 1941) and by soil management or
human use (Boyle et al., 1989; Gregorich et al., 1994; Karlen
et al., 1992). Demonstrating the interactions between soil
functions and forming factors, particularly to non-technical
audiences, is challenging.
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The USDA-NRCS/ARS Soil Quality Test Kit (USDA-NRCS,
1999), as well as other commercially available kits, con-
tains many useful and simple tests for measuring soil quality
parameters and comparing agricultural management systems.
However, these kits are costly, require specialized equip-
ment or supplies, or are not flexible enough to demonstrate
soil health outside of a field setting. In addition, methods to
demonstrate water holding capacity and potential nutrient loss
frequently are not measured in these kits.

OBJECTIVES

The objective for this study was to develop and test meth-
odology to demonstrate water IR, WHC_, and potential nutri-
ent leaching (as NO,-N loss) in surface soil using common
items available in either grocery or hardware stores. These
demonstrations may be made to technical and non-technical
audiences in either a field or classroom setting. The methodol-
ogy was designed to be flexible and resilient enough to use
a variety of similar supplies rather than very specific supplies
depending on availability. Also, if different soil types and/or
management treatments are being used, the methods need
to provide consistent results. In addition, audience knowl-
edge-level and size may vary, making it important to provide

Abbreviations: %CV, percentage of the coefficient of variation; CT,
conventional till; F, fallow; IG, idle grassland; MGP, moderately-
grazed pasture; MT, minimum till; NT, no-till; oz, ounce; R, rye;
S, safflower; SEM, standard error of the mean; SI, stability index;
SQM, soil quality management experiment; SW, spring wheat;
WSA, water stable aggregation

Copyright © 2011 by the American Society of Agronomy. All rights reserved. No part of this periodical may be reproduced or transmitted in
any form or by any means, electronic or mechanical, including photocopying, recording, or any information storage and retrieval system,

without permission in writing from the publisher.

Journal of Natural Resources & Life Sciences Education ¢ Volume 40 « 2011 51



high-quality demonstrations where the focus may be upon

a specific objective, such as water movement (i.e., IR and
WHC,), or to conduct the methods with larger containers and
more soil. This means that although equations are provided
to precisely calculate the volume of water to add to equal
1inch or 2.54 cm, IR, WHC,, and potential NO,-N loss, the
demonstrations may be performed strictly for demonstrative
purposes and to compare agroecosystem treatments without
conducting the calculations. The reproducibility (i.e., precision)
of these methods was analyzed on 10 benchmark soils by
testing if the data had a normal distribution and by examining
the percentage of the coefficient of variation (%CV) (Liebig et
al., 1994). The veracity (i.e., accuracy) of the methods was
examined by comparing means to each other, to expected
results, and to soil aggregation.

MATERIALS AND METHODS

Demonstration Methodology

Two sizes of paper cups [147.8 mL (5 o0z) and 88.7 mL
(3 0z)] are used. The 5-0z cups were prepared by poking 50
holes in the bottom with an 18G needle (Fig. 1A). This cup
was rested inside the 3-0z paper cup, which is used to collect
the effluent (Fig. 1B). Soil placed in the 5-0z cup was evenly
distributed by gentle shaking. A volume of water (calculated
using the equation for measuring the volume of a cylinder,
Eq. [1]) equivalent to a 2.54 cm or 1 inch height above the
surface of the soil was gently poured over the soil (Fig. 2).

V, =nXtXhXT (1]

where V, = volume of water added; r, = the radius of the
bottom of a cylinder placed above the soil; r, = the radius of
the top of a cylinder placed above the soil, which is 2.54 cm
high; and h = the height of the cylinder. The water may be
either Millipore (i.e., research grade), distilled (available at
most grocery stores), or tap water depending upon availabil-
ity. Infiltration rate (IR) (cm h!) was measured as:

IR ==+ (T +3600) [2]

where IR = infiltration rate; h = height in cm of water added;
T = time measured in seconds from when the water was
added until all of it had completely infiltrated the soil (i.e., the
surface of the soil was just glistening); and 3600 = sec h-!
conversion.

The water holding capacity near soil saturation (WHC_) was
calculated by comparing the amount of water added to the
surface to the amount collected in the bottom cup.

WHC, = (Vy, — 1) [3]

where WHC_ = water holding capacity near saturation; V,, =
the volume of water added; and V, = volume of effluent or
water collected in the bottom (3 oz) cup (Fig. 3).

Nutrient loss and erosivity was shown qualitatively by
looking at the color and amount of debris in the effluent.
Nitrate leaching was estimated as NO,-N in the effluent using

WaterWorks Sensafe Nitrate/Nitrite test strips (Industrial Test
Systems, Inc., Rock Hill, SC) by matching the pink color on
the end pad to a color chart on the bottle. The value taken
from the color chart was then converted into pg NO,-N mL™*
soil by:

NO,-N = (N_xV,)/V, [4]

where NO,-N = pg NO,-N lost mL* soil; N__ is the value from
the color chart converted from mg L* to pg mL* by multi-
plying by 1000 pg mg™ and dividing by 1000 mL L*; V, =

N o -

Fig. 1. A 5-0z cup with a perforated bottom (A) is placed in a
3-o0z cup (B).
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volume of effluent or water collected in the bottom (3 0z) cup;
and V, = volume of soil added to the top (5 oz) cup. If there
is a large amount of debris in the effluent, let the debris settle
for about 1 hour before making the test strip measurements.
If tap water is used rather than distilled or Millipore water, the
water needs to be tested prior to soil application to measure
any background NO,-N levels.

The methods outlined above should be conducted on
one to three samples per site, if it is strictly for demonstra-
tive purposes. However, if quantitative results are going to
be measured and the calculations performed, three to seven
samples per site should be used.

Demonstration Methodology Analysis

The precision and accuracy of the demonstration meth-
odologies described above were tested on 10 benchmark soil
samples. Precision was measured by testing the data for a
normal distribution and by examining the standard error of
the mean (SEM) and the percentages of the coefficients of
variation (%CV) for IR, WHC,, and nitrate-N from duplicate
samples from each treatment. Accuracy was measured by
comparing the mean values for each treatment to each other
and expected results (i.e., rank of each treatment based on
level of soil disturbance and length of time of living plant
cover) as well as to measurements of dry sieved aggregate-
size distribution and water stable aggregation (Kemper and
Rosenau, 1986; Nichols and Toro, 2011).

Soil Samples. Soil samples were collected from 0- to
10-cm depths using a hand trowel from 10 cropland and
rangeland treatment plots located at the Northern Great
Plains Research Laboratory in Mandan, ND (Nichols and Toro,
2011). Plots were established on gently rolling uplands with 0
to 3% slope on fine-silty, mixed, superactive, frigid Typic and
Pachic Haplustolls in the Missouri Plateau region of north cen-
tral United States. Soil was air-dried at 27°C with large clods

5 oz. cup

2.54 cm H.0

Fig. 2. Soil is placed in the 5-0z cup to a height of 3 to 5 cm,
depending on the diameter (D) of the cup and a volume of
water equivalent to a height of 2.54 cm is added. The volume
(V) of water is calculated as V = [ x (r, x r, X h)]. This
water will infiltrate into the soil with some flowing through
the soil and holes into the bottom cup.

gently broken up along natural fracture lines during drying,
and dried soil passed through a 9.5-mm screen.

The first four sites were sampled after the first hard frost
in 2005. Site one was a tilled, chemical fallow (Fallow) buffer
strip surrounding 15-year-old grass breeding plots. The
second site was a chemical fallow-spring wheat (Triticum
aestivum L.) (F-SW) rotation maintained for 15 years under
conventional till (CT) before being converted to no-till (NT) in
1999. The third site was a moderately grazed pasture (MGP),
which has been in continuous management since 1916, and
the fourth site was idle grassland (IG), which had not been
hayed or grazed for at least 20 years. The final experimental
site was sampled after spring thaw in 2006. This site was
part of a long-term soil quality management (SQM) experi-
ment, which had been in continuous management for 12
years (Liebig et al., 2004). Six management treatments were
sampled: (1) minimum till, spring wheat-safflower (Cartha-
mus tinctorius L.)-rye (Secale cereale L.) rotation (MT, SW-S-
R); (2) minimum till, safflower-rye-spring wheat rotation
(MT, S-R-SW); (3) minimum till, rye-spring wheat-safflower
rotation (MT, R-SW-S); (4) no-till, spring wheat-safflower-rye
rotation (NT, SW-S-R); (5) no-till, safflower-rye-spring wheat
rotation (NT, S-R-SW); and (6) no-till, rye-spring wheat-saf-
flower rotation (NT, R-SW-S). At the SQM site, the crop listed
first was the crop planted in the 2005 season. Fertilization at
the SQM site included application at planting of 67 kg N ha!
(as NH,NO,) and triple superphosphate at 11 kg P ha™.
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Fig. 3. Water collected in the bottom cup from moderately
grazed pasture or continuous fallow samples measured to
the same weight (A and C, respectively) or volume (B and D,
respectively).
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Laboratory Analysis. From each Table 1. Infiltration rate (IR), water-holding capacity near saturation (WHC)),
treatment, duplicate soil samples were and nitrate-nitrogen (NO,—N) were measured on soil samples of same volume
(50 mL) from the following treatments: continuous chemical till fallow (Fallow);
measured to the same volume (50 mL) spring wheat-safflower-rye minimum till (SW-S-R MT); S-R-SW MT; R-SW-S MT;

and placed in the 5-0z cups with per- SW-S-R no till (NT); S-R-SW NT; R-SW-S NT; spring wheat-fallow no till (SW-F);
forated bottoms. To test what would moderately grazed pasture (MGP); or idle grassland (IG). First the treatments
happen if the samples were measured to were rank based on level of disturbance, rotation, and plant cover and then the
the same weight rather than the same distribution of the data collected for each measurement was analyzed by the

Shapiro-Wilk test of normality (Prob < W), treatment mean; standard error of

volume, 44 g from duplicate samples the mean (SEM), and percentage of coefficient of variation (%CV).

from eight selected treatments were

: s Treatment
placed in another set Of_5 0z cups. Mill Test Treatment rank n Prob < W Mean SEM %CV
pore water (50 mL, equivalent to 2.54 cm
above the soil surface) was gently poured IR MGP 1 6 0.7667 59.519AT  7.121  29.307
over the soil. Infiltration rate, WHC_, and IG 2 6 0.6033 59.409A  8.305 32.244
NO,-N in the effluent were measured as R-SW-S NT 3 3 0.2593  63.096A  5.473 15.023
described above. However, NO,-N was S-R-SW NT 3 3 0.4579  58.174AB  4.920 14.650
only measured in samples of the same
.y P K SW-S-R NT 3 2 1.000 79.829A 7.257 12.856
soil volume and not of the same soil
weight since soil volume differed among R-SW-S MT 4 3 0.5743 21.046BC 1.759 14.473
treatments of the same weight. S-R-SW MT 4 3 0.1656 34.854ABC 3.273 16.266
A separate subsample from each SW-S-R MT 4 3 0.8662 61.968AB  4.725 12.207
soil sample was dry sieved to separate SW-F 5 3 0.4417  15.731C  0.393  4.331
four soil aggregate size classes (>2, Fallow 6 6 0.5258  13.726C  0.690 12.312
2-1, 1-0.25, and 0.25-0.053 mm). Soil
aggregate distribution by dry weight and WHC, MGP 1 6 0.4800 31.667AB  0.333 2.578
water stable aggregation (WSA) were IG 2 6 0.4248  33.083A  0.327  2.421
measured using a modification of the R-SW-S NT 3 3 0.6369 31.333AB 0.882  4.875
Kemper and Rosenau (1986) methodol- S-R-SW NT 3 3 <0.0001  31.000ABC 1.500  8.381
ogy as described in detail in Nichols and SW-S-R NT 3 5 nat 31.500ABC 0.000  0.000
Toro (2011).
. R-SW-S MT 4 3 0.4633 30.667ABC 0.601 3.394
Statistical Analyses. Manage-
ment systems were ranked as a way of S-R-SW MT 4 3 0.3631 32.000AB 0.764 4.134
identifying which systems were expected SW-S-R MT 4 3 0.2983 32.167AB  0.928  4.997
to perform better than others (Nichols SW-F 5 3 <0.0001 28.000BC  0.500 3.093
and Toro, 2011) where treatments were Fallow 6 6 0.1483 27.417C 0.539 4.814
ranked higher if they had no soil dis-
L NO,-N IG 1 6 0.4248 0.085E 0.002 4.735
turbance, were covered by living plants 3
during the frost-free period, and had no MGP 2 6  0.0051 0.3238  0.099 75.357
application of synthetic nutrients. In other Fallow 3 6 0.2929 8.667BC  0.464 13.109
words, the treatment rank was one for SW-F 4 3 <0.0001 8.800BC  0.200 3.936
the MGP treatment and six for th.e.fallow R-SW-S NT 5 2 0.8849 16.767A 1938 20.016
treatment (Tables 1 and 2). Precision, or
reproducibility, of the methodology was S-R-SW NT 5 3 <0.0001 7.600CD 0.600 13.674
assessed by examining the IR, WHC, SW-S-R NT 5 2 na 12.950AB 0.000 0.000
and NO,-N data for each treatment by R-SW-S MT 6 3 0.4633 19.333A 0.601 5.384
either the same volume or Welght Each S-R-SW MT 6 3 0.5883 5.333D 0.857 27.832

data set (i.e., set of data for each test, SW-S-R MT 6 3 0.2983 17.833A 0928  9.013

soil amount, and treatment) was tested - - — — -
. . . % of 1 Different letters following mean values indicate significant differences between samples at
for normal distribution (meaning 95% o a < 0.05 for each test.

the data fell within two SEM of the mean)  # na, not available.
using PROC UNIVARIATE, and the mean,

standard error (SEM), and percentage of the coefficient of
variation (%CV) were calculated. This was similar to how
Liebig et al. (1994) tested the precision of data collected using
the Soil Quality Test Kit. Aggregate distribution, mean WSA,
and treatment rank were correlated with IR, WHC, and nitrate
mean values using PROC CORR to test method accuracy,

or validity. Means comparisons at the a < 0.05 level were
performed using PROC ANOVA (analysis of variance) and also
give an indication of accuracy. When needed, the appropriate
log or sine transformation was made to meet the assumptions

of normality and homogeneity of variance of the residuals
prior to performing ANOVA. All statistical analyses were per-
formed using SAS software, ver. 9.1 (SAS Institute, 2005).

RESULTS AND DISCUSSION

Demonstration Methodology Usage
The demonstrations have been used successfully to illus-
trate soil water movement and NO,-N loss to a wide vari-
ety of audiences including farmers, agricultural educators,
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students, agribusiness professionals, and
so forth, both in the classroom and out in
the field. Although no formal surveys have
been conducted to determine how well
these demonstrations work, evaluations of
presentations where these demonstrations
were included have been favorable. In addi-
tion, the demonstrations have been per-
formed by request at other presentations,
and the methods have been incorporated
into training classes for agricultural educa-
tors and as classroom activities for high
school and college students. For example,
they have been included in a packet of
“Building a Sustainable Soil” soil quality
demonstrations, which were included in
homemade soil quality test kits handed out
to more than 100 vocational agriculture
educators at recent professional develop-
ment conferences in North Dakota and Min-
nesota. The packet was also part of a news
article written for Successful Farming titled
“From the Ground Up,” which may be found
at http://www.agriculture.com/crops/from-
ground-up_135-ar131687?print (verified 18
Mar. 2011).

These demonstrations stimulate discus-
sion, not only on the particular soil quality
parameters that they illustrate, but also on
the roles of compaction, residue manage-
ment, soil aggregation, and porosity in

Table 2. Infiltration rate (IR) and water-holding capacity near saturation
(WHCs) were measured on the soil samples of the same weight (44 g) from the
following treatments: continuous chemical till fallow (Fallow); spring wheat-
safflower-rye minimum till (SW-S-R MT); S-R-SW MT; R-SW-S MT; SW-S-R no
till (NT); S-R-SW NT; R-SW-S NT; spring wheat-fallow no till (SW-F); moderately
grazed pasture (MGP); or idle grassland (IG). First the treatments were rank
based on level of disturbance, rotation, and plant cover and then the distribu-
tion of the data collected for each measurement was analyzed by the Shapiro-
Wilk test of normality (Prob < W), treatment mean, standard error of the mean
(SEM), and percentage of coefficient of variation (%CV).

Treatment
Test Treatment rank n Prob < W Mean SEM %CV
IR MGP 1 5 0.2230 132.480At 15.020 25.351
R-SW-S NT 2 4 0.0376 59.473AB 9.014 30.312
S-R-SW NT 2 3 0.5565 60.230ABC 11.178 32.144
SW-S-R NT 2 3 0.9215 67.422AB  19.935 51.213
R-SW-S MT 3 3 0.1427 12.637DE 2.170 27.563
S-R-SW MT 3 3 0.7969 30.115BCD 1.718 9.883
SW-S-R MT 3 3 0.6891 22.320CD  4.307 33.419
Fallow 4 5 0.0093 7.408E 0.539 16.268
WHCs MGP 1 5 0.0793 35.500A 0.922 5.807
R-SW-S NT 2 4 0.2242 29.500B 0.577 2.490
S-R-SW NT 2 3 <0.0001 32.333AB 1.833 9.821
SW-S-R NT 2 3 <0.0001 32.167AB  0.333 1.795
R-SW-S MT 3 3 <0.0001 27.667B 0.167 1.043
S-R-SW MT 3 3 1.000 29.500B 0.577 3.390
SW-S-R MT 3 3 0.6369 30.000B 1.323 7.638
Fallow 4 5 0.8989 18.400C 0.534  6.488

1 Different letters following mean values indicate significant differences between samples at
a < 0.05 for each test.

Table 3. Correlation coefficients for infiltration rates (IR), water-holding capacity near saturation (WHC_), potential ni-
trate leaching (NO,—-N ), treatment rank for IR and WHC_ (Trt rank), treatment rank for NO,—N (NO,—N Trt rank), and the
aggregate-size distribution (AD) and water-stable aggregation (WSA) levels for the different aggregate size classes (>2,
1-2, 0.25-1, 0.053-0.25, and <0.053 mm) in soil samples of either the same volume or same weight. Treatment ranking was
determined by how based on level of disturbance, rotation, and plant cover may impact the parameters being measured.

Same volume Same weight

NO.-N Trt
Parameter IR WHC, NO.,-N Trt rank rank IR WHC, Trt rank
AD
% >2 0.6364* 0.0424 0.1152 -0.5530 -0.1429 0.9048** 0.9048** -0.9512%*
% 1-2 0.7939%** 0.3697 -0.0788 -0.8512%* -0.1305 0.7619* 0.6905t -0.8511%*
% 0.25-1 -0.0303 0.4788 -0.3091 0.1678 0.142 -0.4286 -0.4286 0.6258t
% 0.053-0.25 -0.8667** -0.4424 0.1515 0.8263** 0.0683 -0.8810** -0.7857* 0.8511**
% <0.053 -0.0546 0.2242 0.1152 -0.1926 0.4411 0.000 0.1667 -0.1252
WSA

% >2 0.4061 0.5394 -0.3576 -0.7891** -0.1678 0.5476 0.5476 -0.5757
% 1-2 0.6606* 0.6727* -0.3576 -0.8512%* -0.2547 -0.6191t -0.6191t 0.7009t
% 0.25-1 0.4303 0.5515t -0.6121% -0.8263** -0.1802 0.7857* 0.8095* -0.7509*
% 0.053-0.25 0.62421 0.1273 0.6727* -0.0435 0.6772* 0.0238 0.0238 -0.0250
IR 1 0.6000t 0.1272 -0.6773t1 0.0932 1 0.9524** -0.9512**
WHC, 0.6000t 1 -0.3455 -0.5902t 0.0311 0.9524** 1 -0.9512%*
NO,-N 0.1272 -0.3455 1 0.4411 0.6648* na¥ na na
Trt rank -0.6773*1 -0.5902t 0.4411 1 03631 -0.9512** -0.9512%* 1
* Significant at the <0.05 level.
** Significant at the <0.01 level.
T Significant at the <0.1 level.
+ na, not available.
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water infiltration and water and nutrient retention. These
concepts may then be discussed in regard to agroecosystem
management by comparing soil collected from different man-
agement systems.

Demonstration Methodology Contingencies

The demonstrations outlined here were designed to be
flexible, simple, and inexpensive. For illustrative or qualitative
purposes, comparisons may be made without performing any
of the calculations in Eq. [1] to [4]; however, an effort should
be made to use similar soil and water volumes. For quantita-
tive purposes, one or more of the calculations should be per-
formed to provide numerical values to impress the points that
are trying to be made by the demonstrations. In addition, not
all of the demonstrations need to be performed, but individual
demonstrations may be selected based upon particular con-
cepts, such as water infiltration (e.g., IR test), water retention
(e.g., WHC, test), or nitrate leaching (e.g., NO,-N test), which
are being discussed.

The equations, particularly those used to calculate the
volume of water added, were provided for altering the meth-
odology based on the availability of supplies, objectives, and
conditions such as physical location and audience size. For
example, rather than paper cups, plastic cups or plastic soda/
water bottles of various sizes may be used. In addition to
varying the containers, the soil volume or weight may also be
changed. However, if alterations are made to the container
size or soil amount, the amount of water added needs to be
recalculated based on Eq. [1]. In addition, if the soil is high in
organic matter or the height of soil in the container is greater
than 5 cm, adjustments in water volume, such as adding the
equivalent of 5 cm or 2 inches, may have to be made to get
measurable amounts of effluent. Caution is advised when
using soil that is too wet, contains large soil clods, or is not
well distributed in the top cup as these factors may impact
the precision and accuracy of the tests. Finally, holes may be
poked using a standard needle (particularly a quilting needle),
small finishing nail, or drill bit, and more than 50 holes may
be poked. As long as the modifications are consistent across
all samples being tested, these suggested changes may be
used and have been tested successfully in classroom and field
demonstrations.

During the IR and WHC_ tests, the water was gently poured
over the surface to illustrate what may occur under field con-
ditions and how surface disturbance and sealing occurs with
the impact of raindrops (Boyle et al., 1989). For a comparison
that would reduce surface sealing, the plastic film technique
may be used to add the water to the soil. In this technique, a
plastic film such as plastic wrap is placed on top of the soil to
create a “bowl” for the water to be added followed by rapidly
removing the plastic film to expose the soil to water in one
rapid motion (USDA-NRCS, 1999). Although this will mini-
mize variation between the rates at which the water may be
added to the sail, it will not demonstrate to the same level the
impact of raindrops on the soil surface.

Nitrate-N loss or other nutrient losses may be measured
using other water quality or fertility test strips than the Water-
Works Sensafe Nitrate/Nitrite test strips. These test strips are
available in many garden centers or in the aquatic section of

pet stores. Other test strips may measure different nutrients
including phosphate, iron, or copper, as well as pH level in
the effluent. These other test strips may be used instead of
or in addition to the nitrate/nitrite strips. If tap water is used,
a control sample with no soil needs to be tested with the test
strips to determine any background concentration and sub-
tract this value from the effluent values to obtain the treat-
ment values. In addition, because these strips depend on the
interpretation of the user, and the variation between values
is wide, it is difficult to precisely quantify the values. An ion
chromatograph or some other piece of analytical equipment
may be used to obtain exact values.

Methodology Testing Analysis

Laboratory analyses of soils from 10 different management
systems were used to test the precision and accuracy of the
demonstration methods. Precision was measured by examin-
ing the distribution of the data and CV values (Liebig et al.,
1994). For all of the tests, about 80% of the data sets (i.e.,
set of data for each test, soil amount, and treatment) had a
normal distribution (Prob < W > 0.05) and %CV values <25%
(Tables 1 and 2). This indicated good precision in the data.
The highest levels of variation occurred in the IR data for
samples of the same weight, which indicates that using sam-
ples of the same weight may not be the best when attempting
to illustrate and quantify water infiltration (Table 2). Accuracy
was tested by examining correlation coefficients between the
IR, WHC,, NO,-N, treatment rank, aggregate size distribution,
and WSA values (Table 3). Samples of the same weight had
more statistically significant and higher correlation values than
samples with the same volume (Table 3). This was especially
true for the WHC, relationships. In both samples of the same
volume and same weight, the IR and WHC_ significantly and
negatively related to treatment rank. However, these values
were positively related to large macroaggregates (=1 mm)
and negatively related to microaggregates (<0.25 mm). Mean
comparisons followed the same trends as treatment rank
with the highest ranked treatments having the highest IR and
WHC, values. For the NO3-N values, the opposite was true
with the highest ranked treatments having the lowest values.
This negative relationship was expected because nitrate leach-
ing was not desired. For both the same weight and same
volume samples, the correlation analysis and mean compari-
sons of the data support the accuracy of the methodology
to demonstrate the impact of management on soil quality
parameters. Although neither the accuracy nor precision of
this demonstration methodology were perfect, the demonstra-
tions will show the results intended in most cases.

Relationships with Other Soil Quality
Parameters

Water infiltration rate and water and nutrient retention are
impacted by pore size and continuity as well as the amount
of pore space (i.e., porosity). Porosity also is exhibited when
comparing soil volumes for samples of the same weight
from different treatments because an increase in poros-
ity results in an increase is soil volume or a decrease in soil
density. Therefore, some management systems may make it
appear as though the soil is shrinking as density increases.
Soils with higher concentrations of large macroaggregates
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have larger pore spaces than in soils with more microaggre-
gates. The results of the tests on 10 benchmark soils showed
that undisturbed samples with more continuous plant cover
(i.e., grassland rather than cropland) had more larger-sized
aggregates and better porosity than tilled fallow and MT treat-
ments. These results are similar to others in the literature,
which showed reduced tillage (Kennedy and Schillinger, 2006)
plus residue management (Singh and Malhi, 2006) or more
intensive crop rotation (Campbell et al., 2007) had positive
impacts on soil aggregation and water use efficiency.

Because these demonstrations illustrate water movement
(i.e., infiltration and retention) in soils, they also may provide
some indication of potential soil biological activity and crop
productivity. Microorganisms and small fauna require water
films to decompose organic matter and cycle nutrients (Juma,
1993), and without good porosity, the amount of water films
will decrease. In regard to crop yields, available water is the
most important constraint to crop production, particularly in
semi-arid environments (Campbell et al., 2007). To maximize
available water potential, the size and continuity of pore space
needs to be optimized.

CONCLUSIONS

Methods for demonstrating IR, WCH,, and potential NO,-N
leaching in the classroom and field were presented. These
methods are advantageous because they utilize readily avail-
able and inexpensive items, and are flexible enough not to
require specific materials but may be modified as needed. Tests
of the accuracy and precision of this methodology showed it to
be adequate for demonstrating IR, WHC_, and potential nutrient
loss. These demonstrations work best when comparing treat-
ments, especially those with a wide variation. The most critical
element is to add the same amount of water to all samples.
Future studies will test this demonstration methodology under
different soil types, more treatments, and greater replication
and compare results to other soil quality parameters such as
soil aggregation, soil carbon levels, and mycorrhizal hyphal
length, root colonization, and glomalin production.
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