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ABSTRACT

Annual applications of 125, 90, and 50 cm of secondary-treated
municipal effluent were applied to a 0.76 cm/hr glaciated soil growing
alfalfa for 3 years. All treatments had weekly applications with the
depth of application varying from 1.5-3.2 cm for the low rate plot to
3.8-8 cm for the high plot. The amounts applied paralleled the evapo-
transpiration curve of the crop with weekly applications lowest in the
spring and fall and highest during the summer. Water quality varied
from 1500-3000 uSiemens/cm for the electrolyte concentration, from 5-11
for the sodium adsorption ratio, and from 0.1-12.4 ppm for nitrate
nitrogen.

A water table developed within 1.2 meters of the surface for the
90 cm plot (treatment 35G) and within 1.1 meters of the surface on the
125 cm plot (treatment 50) at the end of the second irrigation season.
Treatment 50 had lost 1-2% of the plant population at the end of the
second year and 15-207% by the end of the third year of irrigating.
Leaching fractions of 0.08-0.10 for total moisture should not be ex-
ceeded to prevent water table problems from developing near the surface.

Annual soil applications of gypsum were added to the 90 cm plot
(treatment 35G) to determine the efficiency in removing exchangeable
sodium from the soil colloid exchange sites. After two annual applica-
tions of powdered gypsum, no significant difference between the gypsum
plot (treatment 35G) and the non-gypsum plot (treatment 35) was detected
in the top 1.2 meters. However, the sodium level for 35G in observa-

tion wells at the center of the plot were 2-5 times higher than the



non-gypsum plot (35) with the same annual rate of effluent. Sulphate
levels were 4-8 times higher on 35G versus 35 and magnesium was 4 times
higher. Calcium was replacing magnesium and sodium on the exchange com-
plex at depths below 1.2 meters.

Nitrate levels in the soil varied according to the nitrate levels
in the effluent. In situ soil water extracts were monitored with depth
and time across treatments. There was no difference in the nitrate
levels in the soil according to treatment. Nitrate nitrogen levels
were the highest in the ground waters beneath the plot with the thickest
sand layer in the subsoil.

Soil dispersion caused by sodic irrigation water for the top 3 cm
of soil was evident at the end of the three-year project on the 50 cm
annual application plot (treatment 20). Concentrating effects of ET
and low leaching caused high sodium adsorption ratios of the soil solu-
tion (SARgs) during the irrigation season on treatment 20. Treatments

50, 35, and 35G did not show signs of soil dispersion on the top 3 cm.
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INTRODUCTION

Municipal wastewater disposal has been a concern and a problem for
mankind since community sewage systems were first developed. Surface
waters were extremely convenient for disposing of raw wastes because of
their ability '"to dilute" the pollutants to make them less hazardous.
Eventually, however, as the pollutant volumes exceeded the dilution
volumes the water quality deteriorated rapidly. Thus, came the need for
treatment of wastes to prevent point-source pollution of streams and
lakes.

Sanitary engineers have been familiar with land treatment of wastes
for centuries. Ancient Greek and European ''sewage farms'" have been
reported as very successful and still in existence today (1). As modern
technology developed methods of wastewater treatment which met the
discharge requirements of the times, and public acceptance of ''sewage
farming" dwindled, the soil, as a means of wastewater treatment, became
a minority alternative among engineering consulting firms.

It wasn't until 1972, when more stringent regulations formulated
from the Federal Water Pollution Control Act Amendments (Public law 92-
500) were finalized, that land application regained popularity due to
economic considerations for smaller communities. Amid the regulations a
statement that said any community who chose land application as a cost-
effective viable alternative for wastewater treatment and disposal was
eligible for 75% of the cost of that system pald for by federal funds.
In South Dakota, 175 communities utilize lagoons for wastewater treat-

ment and stabilization (2). Of those 175 communities, approximately 50



are considered suitable for irrigation based on an empirical formula
developed from one season's sampling (2). Approximately 45 of the
communities had water quality in the range of 2000-3500 uS/cm and/or
SAR's in the range of 5-10 which classified them as marginally suitable
for irrigation. These marginally suited lagoons amount to approximately
400 hectares serving 50,000 people. Because most of those communities
are small, tertiary treatment facility costs loom like an ominous black
cloud. Consequently, land application systems may provide an alterna-
tive for wastewater disposal not only for cost-effective treatment but
also as a resource for increased agricultural crop production.

If irrigation is a possible alternative for wastewater disposal,
one of the main considerations is to minimize capital and annual costs
which include land, water spreading equipment, maintenance, and energy.
Therefore, the objective is to provide a maximum amount of water on a
minimum amount of land area while maintaining a productive agronomic
resource. This is especially important where soils which have adequate
internal drainage are scarce. This type of management is contrary to
conventional irrigation practices. Little information is available in
regard to high hydraulic loading rates on fine-textured glaciated soils
for this particular application.

In addition to the hydraulic loading aspect, many lagoons are poor
in terms of water quality for conventional irrigation because of the
high sodium content contributed by water softening brine, street run-
off, and human wastes. When sodic waters are applied to montmorillon-
itic soils, studies have demonstrated that the saturated hydraulic

conductivity decreases with decreasing electrolyte concentrations



for a given SAR of the applied water (4,5,6). It is a well-established
fact that soil salinity, and, to some extent, sodicity can be reduced by
increased leaching fractions if the soil will accept the increased
hydraulic load (3). Usually, calcium and magnesium are accordingly

high when the sodium level is high for many irrigation wells in South
Dakota. However, this may not be so in the case of many municipal
effluents because of the additional sodium added for water softening.
Consequently, the potential for using these effluents for irrigation may
be feasible only if applications of soil amendments are made either in
the irrigation water or on the soil to maintain soil permeabilities.
Nevertheless, the added costs of these amendments and the limitation to
moderately salt tolerant to salt tolerant crops may prove to be less
costly than a tertiary treatment facility. High level soil-crop manage-
ment and monitoring would have to be included for such a system to be

feasible, however.



LITERATURE REVIEW AND OBJECTIVES

The University of Minnesota and Agricultural Research Service did
extensive studies using wastewaters for irrigation at Apple Valley
1972 through 1977 (7, 8, 9, 10). Their main concerns dealt with nitro-
gen removals and differences in crop yields and persistence of forage
crops with different cutting regimes. They worked with a constant
weekly application (5, 10, and 13 cm/wk) from April through October with
annual amounts of 137 and 240 cm on forage and 109 and 197 cm on corn.
They also were working on a well-drained silt loam soil with gravel
outwash at 60 cm with a water table at approximately 150 cm. The
secondary treated effluent had an average EC of 1695 uS/cm and an SAR of
5.7. They concluded that most nitrogen removal was by crop uptake and
that forage removed considerably more than corn.

Karlen, et al. (11) used simulated municipal effluent of annual
hydraulic loading rates of 25, 50, 100, and 200 cm on corn to determine
optimum yields and hydraulic loading rates on a tiled, loamy, calcareous
till. The application rate was .78 cm/hr, but the water quality was
excellent in terms of lagoon effluent (EC=1800 uS/cm, SAR=2-3). They
concluded that tile drained Conover loam should not receive over 100 cm
annual loading to derive beneficial nutrient uptake by plants.

Adriano et al. (12) evaluated the long term renovating capacities
of land treatment systems under sprinkler irrigation and looked at the
soil profile distributions of N, PO4, and organic C. They looked at
average daily applications of 5 and 10 cm on sand and loamy sands with

gravel outwash subsoil. Again, the wastewater quality used of 1350 uS/cm



total salinity and an SAR of 4.3 is considered good in a semi-arid
climate.

Bole and Bell (13) worked with yield differences and chemical
composition of forage crops with lagooned municipal wastewater on a
loamy sand with an infiltration rate of 15 cm/hr. Application rates
were 1.7 and 3.4 cm/hr with annual loading rates of 50 through 150 cm.

Ellis et al. (14) concluded that applying more than 88 to 100 cm of
annual effluent to a .5 cm/hr loam would hydraulically overload the
soil, causing the biosystem to lose its renovation capacity.

Our approach was to work with weekly applications which paralleled
the ET curve of alfalfa over the season and to allow for some relief
after a substantial rain. A moisture tolerant alfalfa was selected as
the forage because of its agronomic value and its ability to use high
amounts of N and water. A water quality of 2000 to 3000 uS/cm and an
SAR of 7-9 was desired to test the marginally suited lagoon waters. A
soil type was selected which represented an extensive soil series
throughout eastern South Dakota which was classified in the 0.75 cm/hr
intake family by the Soil Conservation Service. The site selection was
based not only on water quality and soil parameters but also on the fact
that the city of 15,000 was looking for possible alternatives to efflu-
ent disposal in the James River. Therefore, this three-year study was
undertaken to explore the possibility of using marginally suited lagoon
effluents for irrigation and feasible forage crop production in a semi-
arid climate on marginally suited soils. The main objectives were:

(1) to determine the annual rate of hydraulic loading for a rela-

tively fine textured montmorillonitic soil that will allow



sustained crop production, maintain acceptable soil structural
and chemical characteristics, while providing for a cost-
effective municipal waste disposal system;

(2) to determine the quantity and quality of the drainage water
passing below the root zone under different hydraulic loading
rates;

(3) to determine the effect of gypsum amendments upon soil ex-
changeable sodium percentages and physical characteristics, and

crop production.



MATERIALS AND METHODS

Experimental Procedure and Site Characteristics

The study was conducted on a Houdek loam (subgroup=Typic Argiustoll;
family=fine-loamy; mixed, mesic) located adjacent to the city of Huron's
130 ha stabilization ponds. The soil which developed from loamy, calcar-
eous till is nearly level with slopes from 0-27% (Figure 1), has slow sur-
face run-off, has moderate permeability for the solum for moderately slow
permeability for the underlying till, and received approximately 45-52 cm
(17-20 inches) of annual precipitation. The soil below 30 cm is mostly
clay loam and, occasionally, silt loam; however, boring logs of the obser-
vation wells show scattering of sand lenses at various depths and sites
(Figure 2). Clay mineralogy and bulk density are quite significant in
determining hydraulic conductivities of soils. Tables 1 and 2 show the
clay mineralogy and texture of a 0-30 cm composite sample. There were
only small amounts of montmorillonite and mica and traces of kaolinite
detected by X-ray diffraction. This indicates that probably some of the
clay is amorphous and/or poor crystalline structure which caused low rel-
ative amounts in the diffraction analysis. Table 3 lists the average
bulk densities of the different treatments. They range from a low of
1.34 to 1.61 with an average bulk density of 1.47. Table 4 shows the
analysis of variance of the bulk densities compared to the check. The
bulk density for treatments 50, 35, and 20G are significantly higher than
the check at the .05 level. The bulk density for treatment 35 is signifi-
cantly different at the .0l level.

Approximately 1/3 hectare plots were established with three basic

annual effluent loading rates of 125, 90 and 50 cm, hereafter designated
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Figure 2. Observation well boring logs for the different treatments. Depths are in meters.



Table 1. Clay mineralogy of the 30 cm depth sample (courtesy of Mid-
west Technical Service Center, Soil Conservation Service,
U.S. Dept. of Agriculture, Lincoln, Nebraska).
Soil Clay mineralogy
Houdek MT2 MI 2 KK 1

MT--montmorillonite
MI--mica

KK--kaolinite

Relative amount:

2--small, l--trace

Table 2. Soil mechanical analysis of a sample taken from the top
30 cm.
Total
Clay Silt Sand
Order Subgroup Series Depth <, 002mm .002-, 05mm . 05-2mm
Mollisol Typic Houdek 0-30cm 22.1Z 32.92 45.02
argiustoll loam
Clay Silt
Fine clay Fine silt Coarse silt
<.0002mm .002-.02 .02-.05
14.22 17.92 15.0%
Sand
Very
Very fine Fine Medium Coarse coarse

.05-.10mm .10-.25mm .25-.50mm .5-lmm 1-2mm

3.82 12.32 18.92 9.12 0.92

10
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“able 3. Terminal average bulk densities of treatments.

Depth (cm) 50 356 35 20 206 Check

0-3 1.39 1.39 1.53 1.34 1.53 1.25
15-30 1.42 1.46
30-45 1.47 1.45
45-60 1.49 1.45
60-75 1.46 1.46
75-90 1.61 1.40
90-105 1.56 1.41
105-120 1.56 1.47
120-135 1.60 1.51
135-150 1.53 1.56

Table 4. Analysis of variance of bulk densities between treatments
for the 0-3 cm using Dunnett's test.

Check vs 50 2.71 %
Check vs 35G 2.61
Check vs 35 5.41 **
Check vs 20 1.03
Check vs 20G 3.17 *

Critical value of d,gs5 (5,33) =»2.65; d,01 (5,33) >3.31.
*Significant at the .05 level.
**Significant at the .01 level.
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as treatment 50, 35, and 20, respectively (Table 5). Another plot (35G)
was established identical to the 90 cm plot with the only difference
being the annual application of gypsum.

Table 5. Treatments, annual effluent rates and soil amendments for the

project.
Annual amendment rates
Annual effluent CaS04° 2H20

Treatment cm (in.) kg/ha (tons/acre)
- 1980 1981 1982

50 127 (50)

35 90 (35)

35G 90 (35) 2422 3660

(1.17). (1.63)

20 50 (20)

20G 50 (20) 9000
('82 only) (4.0)

Check 0 (0)

In 1982, treatment 20 was split in half with the east half receiving

9000 kg/ha of gypsum in the spring. This was a test to see if a heavy,
unincorporated one-time application of gypsum would cause any signifi-
cant change in the ESP levels at the end of the irrigation season.

The four plots were then irrigated with unchlorinated secondary
treated wastewater from the last stage of stabilization ponds. The
water was applied to all plots at 1.0 cm/hr with a solid set impulse
sprinkler system (Figure 1). The water was pumped from the last stage
of the 130 ha stabilization ponds to the plots approximately .8 km
(.5 mile) away. A 22 kw (30 hp) electric motor and centrifugal pump
was used to deliver approximately 454 liters/min (120 gpm) per plot
at 380 KPascals (55 psi). The nozzle size was 4.36 mm (11/64 inch)
diameter which delivered approximately 23.8 liters/min (6.3 gpm) for

the full circles and 3.175 mm (1/8 inch) diameter for the part circles
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delivering 12.9 liters/min (3.4 gpm). The frequency of application was
the same for all plots, usually weekly; however the depth of application
varied among plots according to the ratio among the different annual
loading rates. All plots then received a specific amount at each irri-
gation (Appendix I lists the rainfall and irrigation amounts for the
project treatments by year). A water meter was used to determine the
amount for each plot assuming average irrigation efficiencies of .8.

The water was applied parallel to the ET curve of the alfalfa crop,

with consideration given to recent precipitation patterns. Consequently,
weekly applications varied from 1.5 to 3.2 cm on the 20 plot and 3.8 to
8 cm on the 50 plot.

Because of the lack of penetration of water into the root zone on
the 20 plot from the shallow frequent applications of water during
1981, water was applied every third week with the application depth
three times as great for 1982. This assured better distribution of
water and salts throughout the root zone.

Neutron probe access tubes were installed to 1.7 m at the center
of each plot to monitor changes in soil moisture. A neutron radiating
moisture meter was used to determine volumetric moisture contents at
different levels. Readings were taken before each irrigation to deter-
mine the soil's capacity to accept more water.

Ten cm diameter observation wells were installed ath the center of
each plot (Figure 1) for the purpose of monitoring groundwater levels
and quality. Medium sand was packed around the casing with bentonite
grouted near the surface to guard against short-circuiting. Water level
recording meters were housed and situated over the wells with floats

SOUTH DAKOTA STATE UNIVERSITY 1 IRDADY
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inside the well casing (Figure 3). Water quality samples were taken
approximately once a month and analyzed for EC, Na, NO3, HCO3, pH, Cl,
and NH3.

Soil samples were taken initially before irrigation started to a
depth of 120 cm and every year thereafter at the end of the irrigation
' season. Four to six sub-samples were composited from each site/depth
at 30 cm intervals with 3 sites per treatment. The soils were air
dried, ground and sieved and checked for exchangeable Na, Ca, and Mg,
EC of the saturation extract, cation exchange capacity (CEC), SAR of
soil solution, and pH, using the methods described in U.S. Agricultural
Handbook 60 (15). At the end of 1981, the exchangeable sodium percen-
tage (ESP) on treatment 20 was reported higher than expected. There-
fore, the top 30 cm was sampled at 6 additional sites per treatment in
the spring of 1982 to check this and to see if changes occur over the
winter. 1In total, five sampling periods were made: spring 1980, fall
1980, fall 1981, spring 1982, and fall 1982.

Suction tensiometers were also installed near the center of each
plot to a depth of 150 .cm (-5 ft) at 30 cm (1 ft) intervals for the
purpose of evaluating the leaching water with depth under different
loading rates (Figure 4). Each tensiometer was equipped with a small
nylon tube which led to a 4 liter glass jug which was evacuated weekly
prior to an irrigation. Any moisture in the soil held at less than
.67-.80 bar could then move into the ceramic cup at the bottom of
the tensiometer. At this point, one important aspect of suction
tensiometer construction should be mentioned. Figure 5 shows a sim-

plified version of the correct way and the wrong way to build a
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Figure 3. A strip chart recorder logging water fluctuations with
time from observation wells near the center of each plot.



Figure 4.

A station of suction tensiometers and evacuated jugs
each plot.

at
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suction tensiometer for the purpose of extracting soil water.

During an irrigation or a rainfall, a downward moving wetting
front exists from the beginning of the event when the soil surface
usually is near saturation until equilibrium soil tension is reached
at a particular depth long after the event has stopped. The rate of
movement and the depth of penetration of the water is dependent upon
many things such as texture, structure, bulk density, organic matter
content, and exchangeable sodium percentage. By using the tensionmeter
on the left in Figure 5 during a wetting event water could conceivably
move into the ceramic cup with the water level increasing to the point
of touching the end of the nylon tube and then move back into the soil
through the cup as the soil matrix potential increases during evapo-
transpiration. While the water level inside the tensiometer is rising,

the potential inside the tube is decreasing thereby reducing the pulling
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power on the soil across the ceramic tip. Consequently, no water is ob-
tained in the jug. However, if the small nylon 'sphaghetti' tube were
placed to the bottom of the ceramic cup, any water which was pulled into
the cup would begin to move immediately to the jug. The two limiting
factors for obtaining a water sample under these conditions would be
'(l) the extent of tension exerted on the tensiometer without pulling
in air through the cup and, (2) the depth of the tip relative to the
top of the jug.

Because of the configuration used at the left in Figure 5, in situ
soil extracts from plot 20 were not obtained simply because of the
lower moisture contents and higher soil matrix potentials moving the
water out of the tube before it went into the jug. Samples taken on
plot 35, 35G, and 50 may have had some diluting occurring from sampling
to sampling thereby causing some delay in response to a particularly
significant event, however, it did not appear to be a significant
problem. Sufficient samples were consistently collected from the
other plots. The samples which were collected were collected prior to
an irrigation and analyzed in the laboratory for EC, Cl, NO3, Na,
total PO4, pH, HCO3 and NH3.

Wastewater Characteristics

The city of Huron derives its water from the James River.
Appendix E shows the James River water quality taken below the dam for
the time period of 1980-1982. The water quality fluctuates with pre-
cipitation cycles which occur 100-500 km north. The city does partial
softening of the water with the addition of unslaked lime (Ca0) necessary

for the removal of iron and manganese. This contributes to the sodium
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hazard associated with applying the water to the soil by reducing the
concentration of divalent cations thus increasing the SAR. The specific
conductance (EC) of the water varied from 1500 to 3000 uS/cm as a dry
year (1981) followed a normal year and the sodium adsorption ratio (SAR)
varied from 5.0 to 11.5. Appendix F shows the numerical values of the
various parameters tested in the effluent. Total Kjeldahl nitrogen
(TKN) values were 20-24 ppm in the spring dropping to 3-6 ppm in the
summer and fall. The nitrate levels peaked out at 3-4.5 ppm about

July 1 as the organic and ammonium nitrogen were broken down and vola-
tilized by rising temperatures and increased biological activity.
Figures 6, 7 and 8 graphically show the fluctuations with time of the
various water quality parameters of EC, Na, sodium adsorption ratio
(SAR), adjusted SAR (adjusts for the precipitation of CaC03), TKN

(total Kjeldahl nitrogen), NO3, Cl, alkalinity (MO), alkalinity (P),

Ca, Mg, and SO4.

Organic and inorganic chemicals were looked at the first year to
determine the levels in the lagoon and, if any were found to be high,
they would be looked at in the ground water beneath the plots. Table 6
lists the constituents in the water on August 14, 1980. They all were
below the maximum EPA contaminant levels for ground water. Because
of the high cost involved for analysis of these constituents and the
low levels found, it was decided not to look at that aspect of the
study.

Agronomic Information

Before the experiment began, the site had a 6-year old established

sparse stand of alfalfa. Twenty cm (8 in) of water was applied to all
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Table 6. Huron effluent organic and inorganic chemical

levels as compared to EPA maximum contaminant
levels 1980.

EPA MAXTMUM CONTAMINANT LEVELS
FOR ORGANIC CHEMICALS FOR GROUNDWATER

HURON EFFLUENT

Maximum LimMiTs  yarues (8/14/80)
ENDRIN .0002 ppPM <.0001*
LINDANE .004 ppM <.00002*
METHOXYCHLOR .1 pPM <.0005*
TOXAPHENE .005 pPM . <.001*
2,4-D .1 pPM <1
SILVEX .01 ppPM <.01

*MINIMUM DETECTABLE LIMIT

EPA MAXIMUM CONTAMINANT LEVELS
FOR INORGANIC CHEMICALS FOR GROUNDWATER

HURON EFFLUENT

Maximum LiMits  vALues (8/14/30)
ARseNIC 50 ppB 13
BARIUM 1000 ppB 92
CADMIUM 10 rPB < 0.1
CHROMIUM 50 ppPB 21
LeaD 50 ppB <1
MERCURY 2 pPB < 0.5
SELENIUM 10 ppB 2
SILVER 50 ppB <1
IRON e 10

NITRATE (N) 10 ppm 0.02
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plots the first two days. This was done to bring the extremely dry
soil to normal moisture levels and to possibly stimulate growth of
dormant plants. The stand remained unacceptable so after the first
harvest a more moisture tolerant variety of alfalfa (Agate) was seeded
and quickly established. Irrigations were applied at equal depths across
freatments to establish an even stand (Figure 9). Four cuttings were
approximately 5 weeks apart with only 3 cuttings in 1981 due to the
seeding setback. Table 7 lists the seeding and harvest dates, fer-
tilizers, insecticide, and herbicide for the entire project. A 10-
12.5 cm (4-5 in) stubble was left after harvest and a 6.1 meter (20 ft)
row sample was weighed and tested for moisture content. Three sites
were selected at each harvest on each plot for yield determinationms.
Soil fertility samples were taken in the fall of 1981 because of in-
creased lodging of plants on the fourth cutting. One hundred fifteen
kg/ha of 0-46-0 was recommended and applied in the spring of 1982.

Soil Amendment Rates

Near the end of the 1980 irrigation season, bagged powdered gypsum
was obtained from Iowa and applied to the 35G plot. An estimate had
to be made of the application rate since soil samples were to be taken
after the last irrigation. Therefore, the water analysis and depth
of application at each irrigation were used to total up the weight of
calcium needed to maintain an SARjy of less than 5 throughout the season.
If the ESP (exchangeable sodium percentage) levels equal the SAR of
the irrigation water (SARiw) near the soil surface when the soil solu-
tion is in equilibrium with exchangeable cations, then an SAR, or ESP,

of 5 should be an acceptable level to allow in the soil without causing
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Figure 9.

The experimental plot irrigation system on 35G with new
seeding of alfalfa June 1980.



Table 7. Agronomic crop information, 1980-1982.

Variety Seeding date

Harvest dates
(11 cm stubble)

Commercial
fertilization

Insecticide

1980 Agate June 11, '80

1981

1982

June 2
July 16
Aug. 28

May 26
July 1
July 27
Sept. 3

June 2
July 8
Aug. 5
Sept. 20

6/8/82 0-46-0
(20 kg/ha)

Furadan 4F
(1.17 1/ha)

Herbicide

6/10/80 Eptam(6E)
(4.5 1/ha)

9¢
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any deterioration of structure or tilth. However, cation exchange
capacity, clay mineralogy, organic matter content, structure and irriga-
tion management all play major roles in mitigating the extent of soil
dispersion at various ESP levels.

Tables 8, 9, and 10 show the amount of calcium needed to add to
tﬁe soil to bring the SAR to either 3 or 5. The seasonal calcium
requirement was added to the soil near the end of the irrigation season,
however, and was not mixed with the water prior to application. This
method was tested to determine if removal of potential exchangeable
sodium was feasible and effective under this type of annual hydraulic
loading.

Based on the seasonal total of calcium required each year from
Table 8, gypsum (CaSO4:2H20) rates were determined by the following method:

Total kg Ca required _ CaS04°2H20(formula wt) Total kg CaSO4-2H20

1 season X Ca(atomic wt) required

For 1980,

153.7 kg Ca x 172.2 gms (CaSO4:2H20) _ 660 kg CaSO4° 2H20
40.1 gms (Ca)

Then, assuming a standard '"rule of thumb" of 25% loss of calcium in
the replacement reaction for exchangeable sodium below 10%, an efficiency
factor must be used to calculate the total weight of pure CaSO04-2H20
needed for sodium removal. Thus,

660 kg CaS04°2H20 x 1.25 = 825 kg
Approximately 900 kg of pure CaSO4°2H20 was applied to the plot with a drop
fertilizer spreader on September 4th, 1980. A total of six passes were
made with three each direction.

In 1981, the water quality worsened and the SAR increased because
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Table 8. Treatment 35G calcium requirements (1980) needed to main-
tain the SARj, at 3 or 5 based upon the water analysis
and depth of water applied at each irrigation during the
season. Total calcium requirements for the season are
given at the bottom.

SAR=3 SAR=5
kg Ca kg Ca
Effluent me/1 Ca kg Ca per plot me/l Ca kg Ca per plot

Aoplied to be nper ha per to be per ha per

DATE (cm) added per am irrig added per cm irrig
800513 12.70 13.21 26.55 125.28 -0.04 -0.09 -0.40
800519 9.14 13.21 26.55 90.20 -0.04 -0.09 -0.29
800528 4,32 16.96 34.08 54.69 0.29 0.53 0.93
800612 2.72 16.96 34.08 34.42 0.29 0.58 0.58
800616 2.82 16.96 34.08 35.71 0.29 0.58 0.61
800620 1.78 16.96 34.03 22.52 0.29 0.58 0.38
800702 4.57 16.95 34.08 57.91 0.29 0.58 0.98
800710 3.91  17.19 34.54 50.21 1.31 2.63 3.83
800722 5.33 16.13 32.43 64.28 1.29 2.59 5.12
800725 3.66 16.13 32.43 44.08 1.29 2.59 3.51
800731 4,37 25.70 51.66 83.87 4.17 8.38 13.61
800805 4,01 25.70 51.66 77.05 4.17 8.38 12.50
800808 3.66 25.70 51.66 70.22 4.17 8.38 11.40
800813 5.33 27.68 55.64 110.29 4.29 8.61 17.07
800822 5.69 27.68 55.64 117.64 4.29 8.61 18.21
800911 5.66 31.54 63.39 133.42 4.86 9.77 20.56
800916 5.66 31.54 63.39 133.42 4.86 9.77 20.56
800925 3.71 31.26 62.84 86.59 4.92 9.90 13.64
800930 2.90 29.26 53.81 63.29 4.09 8.21 8.84
801007 2.72 21.78 43.78 44.22 1.01 2.02 2.04

TOTALS 94.67 1499.3 153.7
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Table 9. Treatment 35G calcium requirments (1981) needed to main-
tain an SARjy at 3 or 5 based upon the water analysis
and depth of water applied at each irrigation during
the season. Total calcium requirements are given at
the bottom.

SAR=3 SAR=5
kg Ca kg Ca
Effluent me/l1 Ca kg Ca per plot me/l Ca kg Ca oer plot
Applied to be nper ha per to be per ha per

DATE (cm) added per an irrig added per cm irrig

810505 5.84 28.41 57.09 123.95 3.40 6.82 14.82

810513 4.50 28.41 57.09 95.38 3.40 6.82 11.40

810519 5.87 32.58 65.48 142.77 4.87 9.80 21.36

810601 4.47 36.54 73.44 121.99 6.54 13.15 21.85

810608 3.86 36.54 73.44 105.36 6.54 13.15 18.87

810612 1.24 45.62 91.69 42.41 9.60 19.30 8.93

810619 4.67 66.92 134.52 233.61 17.21 34.60 60.09

810626 6.78 66.92 134.52 339.00 17.21 34.60 87.19

810706 5.87 62.89 126.41 275.62 16.59 33.34 72.70

810714 5.59 61.51 123.64 256.74 16.32 32.80 68.11

810811 5.28 123.03 247.30 485.51 38.72 77.83 152.80

810818 5.46 79.54 159.88 324.44 22.65 45,53 92.40

810826 3.40 79.54 159.88 202.21 22.65 45.53 57.59

810917 3.66 74.39 149.53 203.24 19.95 40.10 54.50

810929 3.56 74.39 149.53 197.59 19.95 40.10 52.99

TOTALS 78.11 3402.6 859.4
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10. Treatment 35G calcium requirements (1982) needed to
maintain an SARjy at 3 or 5 based upon the water
analysis and depth of water applied at each irriga-
tion during the season. Total calcium requirements
are given at the bottom.

SAR=3 SAR=5
kg Ca kg Ca
Gffluent me/l Ca kg Ca per nlot me/l Ca kg Ca per plot
Apolied to be ver ha per to be per ha per
DATE (cm) added per an irrig added per am irrig
820608 3.20 21.10 42.40 50.43 2.22 4.46 5.30
820617 1.91 21.10 42.40 30.02 2.22 4.46 3.15
820624 2.46 12.10 24.32 22,27 -2.00 -4.02 -3.68
820630 6.38 17.57 35.32 83.68 0.23 0.46 1.08
820707 2.64 30.15 60.61 59.50 5.47 11.00 10.80
820713 1.85 30.15 60.61 41.76 5.47 11.00 7.58
820723 0.79 26.57 53.40 15.62 4.73 9.50 2.78
820727 2.18 26.57 53.40 43.34 4.73 9.50 7.71
820803 4.14 23.87 47.98 73.82 2.49 5.01 7.71
820810 5.33 23.38 46.99 93.14 2.90 5.83 11.55
820819 5.31 24.34 48.92 96.50 2.19 4.41 8.69
820825 3.38 23.53 47.29 59.37 2.15 4.32 5.42
820903 2.18 23.53 47.29 38.39 2.15 4.32 3.50
820909 3.56 39.02 78.44 103.65 7.21 14.49 19.15
TOTALS 48.69 870.9 95.2
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of low precipitation amounts during the winter and through the summer.
Concentrating effects were evident both in the James River and in the
stabilization ponds and the calcium requirements accordingly were in-
creased. Table 9 indicates that 860 kg of calcium was needed to counter-
act the sodium amounts applied. By going through the same calculations
aBove, a season gypsum requirement for the 35G plot was 4600 kg gypsum,
much higher than the first year. This "drought'" year was not accounted
for in the gypsum supply, consequently only 1360 kg gypsum was applied
on September 15, 1982 to that plot.

After soil samples were taken in the fall of 1981, results showed
quite high exchangeable sodium levels on treatment 20 for all three
sites. Consequently, the 20 plot was split in half with the calcium
requirements applied to the east half of the plot. Table 11 shows the
total calcium requirements per plot for the total season for each year.
The amount of CaSO4°2H70 needed is calculated as follows from Table 11:

1980 + 1981 Ca requirements (kg) x 172.2 x 1.25 x 1 (half a plot)
40.1 2

= total kg CaSO4-2H20[% plot

Then,

(572.6+88.6) x 172.2 x 1.25 x 1 = 1775 kg CaS04- 2H20
40.1 2

The amount applied to the split 20 plot amounted to 1680 kg CaSO4-2H,0
which was somewhat short. However, it was desirable to see how effective
a heavier one time application was in lowering the ESP below 157% which

was present at the top 30 cm.
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Table 11. Treatment 20 calcium requirements (1980 and 1981)
to maintain the SARjy at 3 or 5 based upon the water
analysis and depth of water applied at each irrigation
during the season. Total calcium requirements for the
season are given at the bottom of each year.
SAR=3 SAR=5
kg Ca kg Ca
Effluent me/l Ca kg Ca per plot me/l Ca kg Ca per plot
Applied to be per ha per to be per ha per
DATE (cm) added per an irrig added per cm irrig
800513 12.70 13.21 26.55 125.28 -0.04 -0.09 -0.40
800519 8.13 13.21 26.55 80.18 -0.04 -0.09 -0.26
800528 2.03 16.96 34.08 25.74 0.29 0.58 0.44
800612 2.72 16.96 34.08 34.42 0.29 0.53 0.58
800616 2.82 16.96 34.08 35.71 0.29 0.58 0.61
800620 1.78 16.96 34.08 22.52 0.29 0.58 0.38
800702 3.05 16.96 34.08 38.60 0.29 0.58 0.65
800710 2.39 17.19 34.54 30.65 1.31 2.63 2.34
800722 3.05 16.13 32.43 36.73 1.29 2.59 2.93
800725 2.39 16.13 32.43 28.77 1.29 2.59 2.29
800731 2.54 25.70 51.66 48.76 4.17 8.38 7.91
800805 2.44 25.70 51.66 46.81 4.17 8.38 7.60
800808 2.13 25.70 51.66 40.95 4.17 8.38 6.65
800813 3.05 27.68 55.64 63.02 4.29 8.61 9.76
800822 3.28 27.68 55.64 67.75 4,29 8.61 10.49
800911 3.05 31.54 63.39 71.79 4.86 9.77 11.06
800916 3.15 31.54 63.39 74.19 4.86 9.77 11.43
800925 2.18 31.26 62.84 51.01 4.92 9.90 8.03
800930 1.60 29.26 58.81 34.97 4.09 8.21 4,88
801007 1.57 21.78 43.78 25.62 1.01 2.02 1.18
TOTALS 66.04 983.5 88.6
810505 3.45 28.41 57.09 73.29 3.40 6.82 8.76
810513 2.34 28.41 57.09 49.58 3.40 6.82 5.93
810519 3.56 32.58 65.48 86.53 4.87 9.80 12.95
810601 2.59 36.54 73.44 70.70 6.54 13.15 12.66
810608 2.92 36.54 73.44 79.71 6.54 13.15 14.28
810619 2.77 66.92 134.52 138.39 17.21 34.60 35.59
810626 3.05 66.92 134.52 152.36 17.21 34.60 39.19
810706 3.58 62.89 126.41 168.24 16.59 33.34 44,38
810714 3.30 61.51 123.64 151.71 16.32 32.80 40.25
810721 3.05 63.45 127.53 144.45 16.02 32.21 36.48
810811 3.00 123.03 247.30 275.43 38.72 77.83 86.69
810818 3.18 79.54 159.88 188.63 22.65 45,53 53.72
810826 1.88 79.54 159.88 111.67 22.65 45.53 31.80
810917 2.21 74.39 149.53 122.79 19.95 40.10 32.93
810929 2.03 74.39 149.53 112.91 19.95 40.10 30.28
TOTALS 45.90 2201.8 572.6



33

At the same time, past irrigation management on the 20 plot was
limited to weekly applications of 1.7-3.4 cm (.7-1.4 in) per irrigation
with the depth dependent upon ET demands. This was contrary to the
most efficient use of the water and apparently concentrated much of
the sodium applied in the top foot of soil. Therefore, the irrigation
échedule on the 20 and 20G plot for 1982 was changed to irrigate every
third week with three times the depth of application. This regime was
more desirable for prevention of sodium accumulations near the surface,
however, it was contrary to the best management for sodium reclamation
(18). During this type of experiment, water has to be disposed of
yet sodium has to be removed from the exchange complex while trying
to minimize ex;hangeable sodium.

Upon project completion, numerous undisturbed soil cores at the
0-3 cm depth were collected from all treatments including surrounding
checks on unirrigated areas to determine if ESP (exchangeable sodium
percentages) correlated with reduced saturated hydraulic conductivities.
A Eulen core sampler (with brass ring inserts), which uses 3 cm by
5.4 cm ID brass sleeves, was used to take the samples within the boun-
daries of the sprinkler heads. A petroleum jelly was used to coat the
inside of the rings prior to sampling to prevent compaction during
sampling and channeling during testing.

A constant rate peristaltic pump was used to move deionized water
through the cores which were placed inside acrylic Tempe cells similar
to the one shown in Figure 10. Polyethylene filters with 35 micron
openings were used in place of the ceramic plates. Twenty-four cores

were tested at the same time with each channel of the pump delivering
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water simultaneously to six cores (Figure 11). Piezoresistive pressure
transducers were used to monitor the pressure head while the delivery
rate was kept constant by the pump. Graduated cylinders were used to
measure hourly volumes and a subsequent K(Og) value.was calculated. The
test was conducted for six hours and the six K(@S) values were averaged

for each core. Darcy's law,

— h
vV = —KE
where V = velocity of flow, cm/hr
K = hydraulic conductivity, cm/hr

h/L = potential gradient, cm/cm

was used to calculate the K value. By rearranging the above terms

K:-QL
ah
where q = volume collected in time t, cm3

a = cross-sectional area of core, cm?
h = pressure head, cm
L = length of core, cm

and the hydraulic conductivity could then be calculated.
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RESULTS AND DISCUSSION

Forage Yields

The dry matter alfalfa yields for the treatments by year and repli-
cation are given in Appendix H. The average treatment yields per cut-
ting are given in Table 12. There was a significant difference in yield
every year among the treatments at the .0l level. However, this was
contributed entirely by the check plot as is evident in Table 13.

Single degree of freedom comparisons were used to identify differences
in mean yields. However, only the 20 plot in 1981 showed any signifi-
cant (.05 level) difference from the other treatments. This was due to
the shortage of rainfall throughout the season and total moisture fell
below ET demands. Statistically, there were no significant yield dif-
ferences caused by varying the annual hydraulic loading from 50 cm to
127 cm except during an exceptionally dry year (1981).

The extra increase in dry matter yield over the check due to irri-
gation varied from 1615 kg/ha (.72 ton/acre) per cutting for the 20 plot
average to 1856 kg/ha (.83 tons/acre) per cutting for the 35 and 35G
plot averages. Assuming four cuttings per year that relates to a range
of 6460 kg/ha-7424 kg/ha (2.88-3.31 tons/acre) for alfalfa dry matter
yield increases. At $55/1000 kg ($50/ton) that would amount to $355-
$408/ha ($144-$165/acre) increase in gross revenues.

Water table problems showed up at the end of the second year in
both the 50 and 35G plots. Loss of alfalfa plants began at that time
on the 50 plot. By the end of the third year a 15-20% reduction in

alfalfa plants had occurred near the east lower end of the plot



Table 12. Moisture and yield data of alfalfa plots 1980-1982, dry matter.
Cumulative Cumulative AStorage plus  Average per
rainfall irrigation Total Seasonal leaching+RO cutting yield
Treatment Year cm(in)* cm(in) cm(in) ET, cm(in) cm(in) kg/ha(tons/A)
50 1980 40 (15.6) 120 (47.1) 160 (62.7) 77 (50.3) 82 ( 32.3) 2179 (0.97)
1981 27 (10.5) 108 (42.5) 135 (53.0) 76 (29.8) 59 ( 23.1) 2696 (1.20)
1982 48 (19.0) 78 (30.9) 126 (49.9) 76 (29.9) 51 ( 19.9) 2606 (1.16)
Avg. 38 (15.0) 102 (40.2) 140 (55.2) 76 (30.0) - - 2516 (1.12)
356G 1980 40 (15.6) 95 (37.3) 135 (52.9) 77 (30.3) 57 ( 22.5) 2471 (1.10)
1981 27 (10.5) 75 (29.7) 102 (40.2) 76 (29.8) 26 ( 10.3) 2471 (1.10)
1982 48 (19.0) 45 (17.8) 93 (36.8) 76 (29.9) 18 ( 6.9) 2808 (1.25)
Avg. 36 (15.0) 72 (28.3) 110 (43.3) 76 (30.0) - - 2577 (1.15)
35 1980 40 (15.6) 94 (36.9) 134 (52.5) 77 (30.3) 56 ( 22.2) 2224 (0.99)
1981 27 (10.5) 75 (29.7) 102 (40.2) 76 (29.8) 26 ( 10.3) 2696 (1.20)
1982 48 (19.0) 45 (17.8) 93 (36.8) 76 (29.9) 18 ( 6.9) 2741 (1.22)
Avg. 38 (15.0) 71 (28.1) 110 (43.2) 76 (30.0) - - 2579 (1.15)
20 1980 40 (15.6) 66 (26.0) 106 (41.6) 77 (30.3) 29 ( 11.3) 2134 (0.95)
1981 27 (10.5) 43 (16.9) 70 (27.4) 76 (29.8) -6 ( -2.5) 2246 (1.00)
1982 48 (19.0) 27 (10.5) 75 (29.5) 76 (29.9) -1 ( -0.4) 2673 (1.19)
Avg. 38 (15.0) 45 (17.8) 84 (32.8) 76 (30.0) - -- 2338 (1.04)
Check 1980 40 (15.6) 0 ( 0.0) -— -- 77 (30.3) =37 (-14.8) 1235 (0.55)
1981 27 (10.5) 0 ( 0.0) -— - 76 (29.8) =49 (-19.4) 0 (0.00)
1982 48 (19.0) 0 (0.0 -— - 76 (29.9) -28 (-10.9) 899 (0.40)
Avg. 38 (15.0) 0 ( 0.0) -— - 76 (30.0) - -- 723 (0.32)
206G 1982 48 (19.0) 27 (10.5) 75 (29.5) 76 (29.9) -1 ( -0.4) 2336 (1.04)+

*May 1 + October 31

tBased on last three cuttings, 1982.
RO=run-off

8¢



Table 13. Single degree of freedom partitions of treatment sum of
squares for alfalfa yields (kg/ha), 1980-1982.

39

1980
(3 cuttings)

1981
(4 cuttings)

1982
(4 cuttings)

TOTAL
(Based on
first 3
cuttings)

Partition

TREATMENT

50 vs (35+35G+20)

35 vs (35G+20+50)

35G vs (20+35+50)

20 vs (35+50+35G)

Check vs (35+50+35G+20)
ERROR

TREATMENT
50 vs (35+35G+20)
35 vs (35G+20+50)
35G vs (20+50+35)
20 va (50+35+35G)
‘Check vs (50+35+35G+20)
ERROR

TREATMENT
50 vs (35+35G+20)
35 va (35G+20+50)
35G vs (20+50+35)
20 vs (50+35+35G)
Check vs (50+35+35G+20)
20G vs (50+35+35G6+20)*
ERROR

TREATMENT
50 vs (35+35G+20)
35 vs (35G+20+50)
35G vs (20+50+35)
20 vs (50+35+35G)
Check vs (50+35+35G+20)
ERROR

[
oA

DF

O KFRKFRKFKFH

w w =~
VR HRRHRHHES: UREFEFRERFES

OHMKFKFHRF &

SS
3661.0
38.0
2.2
276.0
78.0
3369.0
5346.0

27944.0
193.0
225.0

25.0
571.0
27183.0
5436.0

MS

921.

2
3

N 00 =
NOO

276.
78.0
3369.0
133.7

6986.0
193.0
225.0

25.0
571.0
27183.0
98.8

3565.0
61.0

~
.

£

6.87 **
0.29
0.02
2.07
0.59
25,21 %%

70.56 **
1.95
2.27
0.25
5.77 %

275.02 **

25.69 **
0.82
0.09
0.91
0.12

190.91 **
0.98

66.04 **
0.001
0.61
0.74
2.80

261.15 #**

*Significant at the .05 level.
**Significant at the .01 level.
tBased on last three cuttings of 1982.
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(Figure 12). This was caused by either reduced aeration caused by
saturation or disease brought about by saturation or both. It was
evident on all plots that as local surface water movement increased
due to reduced infiltration and/or saturated soils, depressional areas
.and border soils received increased water amounts. If the project
weré to be continued with the same hydraulic loading rates, the 50
plot would certainly further decline in yield because of continued
alfalfa plant losses. In 1982, treatment 50 was the only plot which
showed a decline in yield; however, it was not significant. All other
treatments increased in yield from the previous year.

Treatment 35G did show signs of potential alfalfa plant reductions
with yellowing of plants in a plow furrow the length of the plot
(Figure 13.). Local water movement caused increased amounts of moisture
applied to the lower area. The water table was within .9 meters
(2.9 ft) of the surface at that time according to the neutron access tube.

Effects of Gypsum Amendments

As mentioned earlier, the amendment required for treatment 35G
in 1980 was applied in September 1980. The effects of that application
would be seen at the following soil sampling and analysis (fall 1981),
if one were to look at annual effects only. However, suction ten-
siometers were used throughout the irrigation season to extract soil
water samples in addition to soil sampling. Figure 14 is a graphical
representation of the concentrations of soluble sodium for 1981 on
plot 35G. If gypsum is effective in removing sodium from the exchange
complex over the winter and spring months, an increase in the soluble

sodium concentration sHould occur and be evident in the early part of
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Figure 12. Depiction of the alfalfa population reduction at the low
end of the 50 plot August 1982,



Figure 13.

42

A 1982 picture of 35G plot before harvest. A plow furrow
running the length of the plot accumulated localized
run-off and created the yellowing of the alfalfa. The
water table was approximately 1.3 meters below the sur-
face according to the observation well.
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the following season. July 6, 1981 was the earliest date that soil
extract samples were obtained from the 30 and 45 cm depths and they

both show sodium levels higher than in the other treatments on that

date (Figures 14 and 15). As irrigation amounts increased over the
season, sodium levels at the 30, 45, and 60 cm depths decreased while

the sodium at the 90 cm depth increased. There appeared to be no change
in the sodium level at the 120 and 150 cm depth for 1981. It would
appear that as the SARjy increased and the cumulative irrigations in-
creased, the soluble sodium moved from the upper layers and was deposited
into the 90 cm depth. Numerical values of the concentrations are pre-
sented in Appendixes A, B and C for the 3 years.

Soluble sodium concentrations gradually increased at the 30, 45,
and 60 cm depths for all treatments in 1980. However, the concentra-
tions at the deeper depths all remained fairly low and constant for the
first year (Figure 16 ). Apparently most of the sodium is staying in
the top meter, at least for the first two seasons.

Plot 20 for 1980 displayed an exception to this at the 150 cm
depth with 690-2360 ppm sodium near the end of the irrigation season.

A one-time sample in November from the 20 plot showed 12,200 ppm soluble
sodium in the top 30 cm. This small amount of evidence indicates that
light infrequent irrigation amounts can be devastating to soil structure
by concentrating the applied sodium near the surface.

For 1981, on treatment 35G, EC, chloride, and sodium trends show
much the same pattern for the 30, 45, and 60 cm depths. This indicates
that a large portion of the cations and anions contributing to the salt

load are sodium and chloride. However, for the 90, 120, and 150 cm
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depth, it's another story. Chloride seems to be the major anion, but
sodium is not the dominant cation. Calcium from the gypsum and magne-
sium (exchanged for calcium on the soil complex) must be the dominant
cations. In observation well analyses, magnesium is 4-9 times higher
in the 35G over the other treatments but calcium seems to be similar
to the other plots (Appendix G).

Soil sampling analyses for the various years on the different
plots are averaged for three sites per treatment and presented in
Table 14. 1In determining the effectiveness of gypsum applications,
the exchangeable sodium percentage (ESP) is used as a guide. Usually,
increasing the ESP will cause decreasing soil permeabilities; however,
more research is needed to determine what effect other parameters have
on causing a significant realistic change of soil permeability.

It must be understood that annual or semi-annual soil samplings
may not be sufficient to determine a critical situation which may occur
in the soil during an irrigation season. Let's go through an example.
Suppose soil samples were taken in the fall of 1980 and ESP's on the
20 plot at the 30 cm depth were 6.7% (Table 14). Then samples were again
taken in the spring of 1982 and ESP's were 11.17%. According to the
soil samples taken in the fall of 1982 the ESP's were almost 167 and
they may have been higher yet after a particular hot spell during the
wetting and drying cycle of that summer, something I will call a "crit-
ical period". Soil dispersion may have occurred during this critical
period with soil clay particles moving downward to eventually clog pore
spaces and reduce permeabilities. The ESP may have approached 20 or

even 40 for that interval which caused the damage, however, the only



Average of 2-3 sites per plot per depth.

Chemical s0il analysis 1980-1982.
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Table 14 (continued).
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data available to justify the dispersion damage is an ESP level between
6.7 and 11.1%.

A possible reasoning for the potentially higher ESP assumption
is: If a farmer is applying irrigation water to the soil during a
season to supply the crop with its moisture demands, usually very little
leéching, if any, is taking place over a 3 or 5 month period. In some
cases, new irrigators may be wetting only the top 30-45 cm of soil with
each irrigation. After an irrigation event, suppose the top was wet
to field capacity and ET began to draw moisture back out to the surface.
As the water volume decreases in the soil, the concentration of each
ion increases. The first ions which tend to precipitate are the least
soluble inorganic compounds such as CaCO3 and MgCO3 (high bicarbonates
are reduced to carbonates as concentration increases) and the last
ions to precipitate during drying are the Na, Cl, and SO4. During
this process, the SAR of the soil solution increases with decreasing
soil moisture volumes. Therefore, it is quite important to thoroughly
wet the soil to greater depths to distribute salts more evenly and
then try to keep the soil from completely drying out near the soil
surface. If the soil surface does dry out and the soluble calcium is
precipitated in the form of CaCOj3, unless soil pH values are below
7.8 (Table 15), very little calcium will come back into solution upon
rewetting. It's important to remember that at each irrigation additional
amounts of Ca, Mg, and Na are moved into the soil solution and that the

above potential exists throughout the irrigation season.
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Table 15. Solubilities of CaCO3 at various pH's. (Taken from the
U.S.D.A. Handbook No. 60.) (Atmospheric pC02).

pH value of CaCO3 saturated solution Solubility of CaCO3 (me/1l)
6.21 19.30
6.50 14.40
7.12 7.10
7.85 2.70
8.60 1.10
9.20 0.82
10.12 0.36

By looking at the ESP levels of the several treatments from
Table 14, it appears that the plot with the least amount of water or
sodium applied to it, had the highest levels of exchangeable sodium
in the soil profile. 1In the first year of irrigation, penetration of
the water on plots 50, 35, and 35G was sufficient to move some sodium
deeper in the soil profile. The soil was very dry prior to initiation
of the project, consequently, the soil readily accepted and moved water
quickly deeper in the soil profile. Near the end of the second year,
water movement downward became less and run-off increased on the 50
treatment. For these two circumstances, there are two different results
in ESP values.

Each of the plots received the same frequency of irrigation but
different amounts each time. At the end of the first and second year,
plot 20 had more exchangeable sodium in the top 120 cm than the other
treatments. In 1982, water table problems were evident on the 35G
and 50 plots. This caused a restriction in downward water movement
when irrigation and higher rainfall amounts came. Thus, plot 20 total

soil exchangeable sodium dropped and the other treatments increased.
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It was evident that the exchangeable sodium levels at the surface 30 cm
dropped on all treatments from 1981-1982, probably due to the dilution
of increased rainfall.

According to the ESP values, no differences were evident between
the gypsum and non-gypsum plots either for two annual applications or a
one-time heavy application. Keren and O'Connor in 1982 (18) concluded
that for sodic soil reclamation (exchangeable sodium removal), by in-
creasing the soil water velocity, the gypsum dissolution rate is de-
creased. Also, they said that the calcium concentration in solution is
dependent on both the dissolution rate coefficient and the contact time
between an elemental volume of water (soil water velocity) and a unit of
surface area of gypsum fragments. Non-incorporated large fragments of
gypsum, then, would not be as effective in sodium removal as well-
incorporated powdered gypsum. They also found that the efficiency of
replacing Na by Ca in soil of ESP = 20 was a function of soil water
velocity and that realistic values for Na removal were between 52 and
81% for various soil water velocities. The water velocities they were
working with were 13.5, 2.9, and 1.16 cm/hr.

This reclamation study would certainly indicate that trying to
remove exchangeable sodium with high annual rates of wastewater would be
quite inefficient for gypsum utilization in addition to adding heavy
amounts of magnesium sulfate to the ground waters (refer to observation
well water quality, Appendix G). The obvious answer to this type of
problem would be to mix the gypsum into the irrigation water prior to

application and prevent sodium attachment. Ground waters would still
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be receiving magnesium sulfates but because gypsum utilization effi-
ciencies would be higher, the amount necessary to add would be less
to accomplish the same effects.

One significant point that should be mentioned is the difference

in SAR of the soil solution between the 20 and 20G plot for the 0-15 cm

depth (Table 14). The Ca'H'/Na+ ratio for that depth on the 20G plot
is 3.7 times higher than for the same treatment without gypsum (plot
20) in September 1982. The SAR's for that same depth in the spring
1982 (before gypsum) were 6.1 for the 20 and 6.3 for the 20G plot.
This indicates that a non-equilibrium condition exists. When the
ESP>SAR, there is a gradient and a tendency for the ESP to drop and
for the SAR to increase. Consequently, in time, one would expect the
exchangeable sodium to be reduced. This condition 1is caused by the
increased concentration of Catt due to the dissolution of the gypsum.

Saturated Hydraulic Conductivity

Usually, the soil ESP and electrolyte concentration are used as
a measure to indicate soil permeability. The relationship between
these two parameters and saturated hydraulic conductivity (KOg) on
South Dakota soils 1is currently being studied.

The basic concern in using this type of wastewater for irrigation
is to maintain soil permeability and infiltration capacity for perhaps
20-25 years. This 1is an absolute necessity for wastewater acceptance
and subsequent treatment. Consequently, it became necessary to try to
evaluate the permeability differences between the soils in each treat-

ment and the check.

First of all, sprinkler or double-ring infiltrometers were suggested
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to obtain the results desired. However, a water table was present
within .67 meters (2.2 ft) of the surface on the 50 plot and 1.2 meters
(4 ft) on the 35G plot. Because of this, it was felt that the satu-
rated conditions would quickly slow down the infiltration curve on
those plots and a comparison of that data to the data on the other
plots would be difficult. In addition to this, a check on the per-
meability of the soil surface was desired without the presence of a
restricting boundary beneath. Therefore, it was decided to use small
undisturbed surface cores to test in the laboratory under similar
environments.

A shortage of brass sleeves and time prevented the collection of
12 replications from every treatment; however, a sufficient number of
samples was obtained for comparison purposes. The K(Og) data on all
the cores is presented in Table 16. (Refer to Figures 10 and 11 for
the equipment used to obtain the values.) Deionized water was used
to pump through the cores from the bottom to the top to reduce air
entrapment in the cores. Mercuric chloride was put in the water to

inhibit bacterial growth during the test.

The variability within a treatment among observations was very
high. In fact in almost every case, the standard deviation exceeded
the mean. The analysis of variance, presented in Table 17,
basically says that there is no difference between treatment means
at the .05 level of significance. However, there is an algebraic
difference in the means with the check the fastest and 20G the slowest.
Dunnett's test (Table 18) was used to compare the check mean against

the treatment mean for K(Og); however, no significant difference at
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Table 16. Replications of saturated hydraulic conductivity measure-
ments for the top 3 cm for the various treatments. Values
are averages for the first six hours (units are cm/hr).

Treatment
Check 30 35G 35 20 20G
0.0254 0.5801 0.0758 0.2043 .5070 . 1608
0.1858 0.2865 0.0198 0.0118 0078 .0031
0.1461 0.0001 0.1602 -— 0336 .0113
0.2371 0.1905 0.1504 0.0079 .0239 .0285
0.2272 0.0069 0.3761 0.0129 —-— .0134
1.0517 0.0547 0.3309 0.0708 —-— .0015
0.0239 0.0108 0.3503 0.0490 -— -—
0.2452 0.0671 0.1570 0.0935 -— -—
0.0983 0.0218 0.0043 0.2387 - —-—
0.1374 0.0172 0.1844 0.0023 —-— -—
0.2905 0.6363 0.1738 0.0113 -— -
0.6427 0.0905 0.0226 0.0212 -—= ———

Total 3.3110 1.9625 2.0056 0.7237 .5723 .2186

Mean 0.2759 0.1635 0.1671 0.0658 L1431 .0364

SHDE 0.2929 0.2247 0.1287 0.0826 .2428 .0617

N 12 12 12 11 4 6

Std error 0.0564 0.0564 0.0564 0.0589 .0976 .0797




56

Table 17. Analysis of variance for laboratory saturated hydraulic
conductivity measurements of the surface 3 cm at the com-
pletion of the project.

Total

Treatments

Error

51

SS
2.2958
0.3506

1.9452

MS

.N410

.0701

.0381

F*

1.84

*Critical value for F, g5 (5,51) >2.40.

Table 18. Dunnett's test of the check mean vs.

treatment means for

saturated hydraulic conductivities of the top 3 cm of

soil.
Check vs 50 1.41
Check vs 35G 1.36
Check vs 35 2.52
Check vs 20 0.96
Check vs 20G 2.12

*Critical value for a =

.05 is d, g25 (5,51) = 2.60.
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the .05 level was determined. There appeared to be too much variability
within each treatment for differences in K(@S) to be significant.

Some of the differences may be significant, however, because of two
important factors. First, in determining the K(Og) values, pressure
- heads between treatments were not constant. Table 19 shows the varia-
tion in head between treatments and between groups of tests.

Table 19. Variation in pressure heads (cm) used to calculate K(Og)
according to Darcy's law.

Treatments
Check 50 35G 35 gg 20G

1lst set 20-25 45-60 104-122 45-50 25-35 200-1000%*

2nd set 20-25 40-45 37-40 30-35

*One core on the channel of six dropped drastically in volume during
the 6 hour test causing the marked increase in pressure.

They vary from 20-25 cm for the check plot to 200-1000 cm for the 20G
plot. Darcy's law, when pressure heads change, does not hold to be
linear using these cores with this type of apparatus. There are other
factors which cause hysteresis in the theory. Figure 17 shows two
treatments with 6 replications each and the subsequent K(Og) values
every 15 minutes for 6 hours. All six cores were on one channel with
the pump delivering a constant flow rate. When one or two channels were
clamped off because of blow-outs or severe channeling, the pressure head
went up on the remaining cores. All precautions were taken to insure
similar pressures to all cores throughout the test, however, channeling
or blow-out's could not be predicted.

Second, the 20 and 20G plot showed severe dispersion when water was

delivered to the cores. The first few drops of effluent were totally
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black indicating that the particles were dispersed prior to wetting by
the water. This occurred on every core tested in the 20 and 20G plots,
but no more than slight amber discoloration of the effluent was evident
on the other treatment cores tested. Table 19 shows the amount of

. dispersed residue which was lost from each core during the test as the
por'volumes increased. In all replications, dispersed residue decreased
with increasing pore volumes. Table 14 gives the soil chemical analysis
for the 0-3 cm depth for each treatment.

Two theories are offered to explain the difference in dispersion
between treatments. First, perhaps only the 20 plot had ESP's high
enough to cause the release of dispersed soil particles (they had ESP's
which approached 16 at the 0-30 cm depth).

Second, the dispersed soil particles, if any were present, on the
other treatments may have been washed below the 3 cm level, whereas the
20 plot, with its lower leaching and applications of wastewater, may
have dispersed soil particles still remaining in the top 3 cm. If
the first theory is true, clay particles must have become dispersed
during the 1981 season when little rainfall came and ESP's were 16 or
higher. The K(Og) tests on that soil after one year indicate dispersed
soil particles with ESP's ranging from 3-4.8 on the test cores. This

"critical period" (ESP levels equal soil dispersion)

may mean that if a
occurs in the field perhaps in a dry, hot spell, dispersed surface soil
particles may stay dispersed for long periods of time even though the
subsequent ESP levels would indicate that there is no danger of soil

dispersion. This theory should be investigated further to determine

if this kind of thing occurs often. If it does, many irrigators may



Table 19. Dispersed residue lost through a 35 micron plastic filter during a six hour hydraulic conductivity
test in a 3 cm x 5.4 cm ID tempe cell using distilled water for various treatments and pore
volumes, 1982.

effluent Total Specific pore # of pore Dispersed residue
Treatment Rep. collected(ml) residue(g) volume (ml) vol collected (g/cmz/Rore volume)
20G" 1 500 .2123 29 17.2 .159
(ESP=3.22) 500 .0418 " 17.2 .031
160 .0226 " 5.5 . 005
2 93 .0783 " 3.2 .011
3 160 . 4848 " 5.5 .116
4 436 . 1435 " 16.7 .105
5 256 .1696 " 8.8 .065
6 41 . 0435 " 1.4 .003
20" 1 500 .1729 34 14.7 111
(ESP=4.55) 101 .0092 " 3.0 .001
2 49 . 1209 " 1.4 .007
3 500 .0926 " 14.7 - .059
500 .0382 " 14.7 .025
89 .0027 ! 2.6 .0003
4 82 . 1428 " 2.8 .017
5 371 L2240 " 10.9 .107

09
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eventually have serious permeability problems which may not be easily
reversed.

Drainage Water Quality

From suction tensiometers

Suction tensiometers were installed at depths of 30, 45, 60, 90,
120; and 150 cm on each plot for the purpose of monitoring soil water
before it would move below the tip of the root zone. In 1981 a second
set of tensiometers was installed on plot 50 and was, subsequently,
called 50A. A lot of the concern in wastewater treatment by the soil is
that the groundwaters might become contaminated. This second set of
tensiometers was installed to obtain data from a second replication on
the high annual application plot to better identify any potential con-
tamination problems.

The parameters which were analyzed were EC, HCO3, Cl, Na, NH3,
total PO4, pH, and NO3. The data which was collected and analyzed is
given in Appendix A (1980), B (1981), and C (1982). A few color graphs
have been made and will be presented under the appropriate parameter
which is discussed.

From observation wells

Observation wells were installed at the center of each plot to
monitor groundwater quality and water table changes. The parameters
which were analyzed were similar to the suction tensiometers. Spot
checks of Ca, Mg, K, and SO, were added to the list to obtain informa-
tion which might be pertinent relative to the concentration of the same

parameters of the applied water.
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Figures 18, 19, 20, and 21 are graphical representations of the
changes in EC, Na, Cl, and NO3 of the observation wells with time by
year by treatment. Tables of the data from the observation wells
are presented in Appendix G. These figures will be referred to occa-
sionally in discussion of that particular parameter in the drainage
water.

Nitrogen as nitrates

Nitrate groundwater contamination tends to be a major concern in
wastewater disposal on soils because the ion is so readily leachable.
First of all, nitrate levels in the 2ffluea. were not found tc be
very high except during late June and July when total organic nitrogen
and ammonia were converted to nitrates. The levels at this time were
not in excess of 15 ppm, however. This appeared to be the same time
when higher levels were evident in the soil. The maximum level of
nitrate concentration in the soil on any plot was 150 ppm. This was
at the 45 cm depth on plot 50, 1981 (Figure 22). These levels were
concurrent with the higher levels in the wastewater. At no time did
the nitrate level in the samples taken exceed 10 ppm below 120 cm on
any plot.

Nitrate levels from the observation wells were below 1 ppm for
the 50 and 20 plots (Figures 18 and 21) for the entire project. Nitrate
levels in plot 35 and 35G were higher (2-10 ppm) (refer to Figures 19
and 20). Some of the explanation for these differences can be seen
in Figure 2, the boring logs of the various plots. Plot 50 had a layer
of heavy clay loam below the 2 meter depth, whereas plot 35 had a layer

of pure sand below 1 meter with sand and clay loam intermixed below



63

OBSERVATION WELL WATER QUALITY

1991 --- 1962 PLOT S8

1088 «ccee-

+ ¢ +
R T+¥¥..I¢..r+1.4l T+..I..+1..+..I..+4l Hr
T
&)
M ¢ ¢ =
1= 1= .
: : E
é ; : o
m ! %
: : n
N o A =
i £ R h
) t N 1 £9
N ¢ .y 1 =2
Y ’ VU 1<
i [ v — ;
\: :
; ¢ ¢ M1
§ 3 '
: 3 FR
. ,— e :
' o ] 417
L i s ¢
P
<
=
U U P B ~>~p~.P bph» b+ 1 VPP-.n 'Y Y -r—-— Lal, shalalalal alalal
mmm HHHH A .s. .s.w.s - .m MMM
.iuxmmmmmmm S83-30%833n SBBRERSSRR. dLaiisavadca
wo/gn 33 wdd op wdd 13 wdd N e ggN

Changes in observation well water quality with time for

plot 50.

Figure 18.



64
1881 --~ 1082 PLOT 393G

108G - ----

OBSERVATION WELL WATER QUALITY

AUG | SEP OCT

Changes in observation well water quality with time for

plot 35G.

JUN JiLHL.

MAY

4 . o alalalalalalals
.ft._..._..+f_......._..._i4l TI+I+.._+T+..:+4I rt._...rttt.....tjr. -
] s e, ®
: — | — —
K ....
¢ < L L4
1 :
] . :
: 1 = D
". ' . 73 i
’ “ S H $ 1
Y L 'y $ 0
¢ L 14 ¢\
. B . . 1
: ] Ky 1 — o
P B g B 1 \
: ! e ¥ L
: I 5 : 3
4 i F | 1B F JEN
. ] : | £z . \
% ] e | 1 )
“ o : “ __ \
v — | & — ¢ — « \
o ! \ \
] ] 1 \
1l ] 1 \
° . \ 1
: ; )
A L) r »
. ] é ¢
s halalabaldalalalald falabaldalalalbelals s halalalalabalalal alalalalalalalalal,
JM:“(M.‘dqﬂﬂlﬂﬂd\J‘ d 1‘1_11131‘-- J-qqﬂdqdﬂdl\qqqddd\d ‘114-4d1-1-1-1~1
m angnamngmn -] -] L L L LI ILLELLL!
11u1mmm s SE3FON383% 5332829888, Yascdrvdd-a
wo/gn 33 wdd oy wdd 13 wdd N ®© €0ON

Figure 19.



65

OBSERVATION WELL WATER QUALITY

1981 --- 1962 PAOT 83

—_— 100 e

Iq‘-iﬁdq‘-iqi-.l-d
-
Q
' ' o[ o
é b [ S o
: : : E w
: : H 0
N : i ol (I
iy } * *
¢! ¢ /4 R &)
H ¢ oot
$ i f ‘A 2
L " .Q“ \ A #. [ <
B S A
L1 S ;o "1
.:_ o 4 T -
« « ! s .
3 o L ! nw o
3 w“ \\ i o
.J \ é — .. ¢
: ]
Y /
I P 3
_,. L foo =
; : / ! .
] LY % $ % L
s $ + »
S
<
=
salalalalafalalely shalalalalalaldelad Lalslalaloalalalad hb-—-- Lalalals
<W< " SAMARARA BA LA N vy MBS AE B2 BA | qqqqqqq-qqqqq.q.- \3 B2 A4 A2 A4 Bd B B4 -|1
an n YL LLLELY L
11u1mmmmmmm SESRER98I%a SBIRIIRRI. HlGrEnvadca

wo/8% 33

wdd 13

wdd N o goN

Changes in observation well water quality with time for

plot 35.

Figure 20.



66
1981 -—-~ 1962 PALOT 28

l“ ccccse

OBSERVATION WELL WATER QUALITY

1 ’ '
mTl — WTI
: é M.
= - ;.
¢ § ¢
4 ¢ $
¢ 4 ¢
- Pk —
: ‘ ;
%I. ¢ é =
‘Trll ’.Tll w'rll
y ¢ é

OCT

SEP

AUG

Changes in observation well water quality with time for

plot 20.

JUN JUL

MAY

------- Lalaly Lalale slalals slalalelalalolalal, alelalalal L,
T | B8 BA | \a BA B 14

mqﬂJ‘- - LA B |RARABARERARERARA M IR RARAREA RE BE RA BA B Ty

35 n -R--L- R0 R B

1:11mmmmmmn SRS 8RR %n SBERBBERRA. LI Gnve
d

wo/gn 33 wdd oy wdd 19 wdd N e goN

Figure 21.



67

(WD) HILVM

(v Aew 3sed sAep) INIL

e
c o -
o o o O
+——t wheforet op
"0
K
KL
" OE
" Gy
" 09
Byudy ——
utedJd — +
0ST= ¥~ "% GZ
Ocl= ¥ #
08= +~~+
T
08= ¥ % / 06
Gp= & #
WO0E= + + +
={0)4
aN3931
T oc?
O o o o o0 0o 0 0o 0O O O @ @ @
[ T L Y e Y T - - T N~ S T [ Y L-
= © © O 0 0 0o o o o o ©o GE}
o O C O O 0 0O N N N N a o
» O n O N =» » O N N » O [T
O 34 © HA OO O == Hh O = o O o n
TB67- 0G# 1IvHLX3 1I0S L,om“

(N se) 3ILVHLIN

~wdd-

Nitrate levels at various times and depths in the soil

Figure 22.

1981.

solution from plot 50,



68

that layer. Since these holes were cased and packed with sand around
the casing close to the surface, it is conceivable that horizontal water
movement in the sand layer (plot 35) may have occurred.

Total phosphates and ammonia

Total phosphates and ammonia were higher in the soil when the
levels in the wastewater were higher. Levels in the soil for T-PO4 did
not exceed 1 ppm below the 120 cm depth. Ammonia levels appeared to
increase with depth in the soil. Levels usually ranged from 0-2.50 ppm
at the 120 and 150 cm depths. Again, the higher levels of NH3 in the
soil correlated with the higher levels in the wastewater, which was
mainly in the spring and early summer.

EC

At the beginning of the project, for most plots, the EC for the
upper 60 cm usually was higher than the EC of the deeper soils. This
was because the water and salts had not penetrated very deep the first
season. The exception to this was plot 20; it had EC values near the
end of the season at the 150 cm depth of 7500-10,000 pSiemens/cm. EC
values may have continued to increase on that plot in subsequent years;
however, extracts could not be obtained to determine this. Sodium and
chlorides were the main contributers to these high EC's (refer to
Appendix A--1980 field soil extracts).

As the years of irrigation increased, the EC values below 60 cm for
all plots became higher than the EC above 60 cm. This is mainly due to
movement of concentrated salt solutions below the area of highest plant
root densities. Figure 23 shows the effect that a heavy (7.5 cm) rain-

fall can have on the soil profile in regard to EC. On August 1, 1981
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the only significant rainfall came between two soil extract sampling
dates. The salinity at all depths was reduced even though the soil was
saturated below 90 cm. The sodium and chioride values show the same
type of pattern indicating that they were major constituents which
contributed to the lower EC value. This "decrease" in salinity was due
mainly to dilution rather than leaching. Notice in Figure 22 that the
nitrate concentration from the 30 and 45 cm depth dropped after that
rain, also. Figure 24 shows the EC of the 35G plot in 1981. Apparently
the gypsum must have exchanged with Mg and Na to cause higher electro-
lyte concentrations (8000) in the lower depths. The pattern very
closely resembles the chloride concentration for that same plot and
year.

The EC in the observation wells varied from 3000-5000 nSiemens/cm
over the experiment for 20, 50 and 35 plots. However, the EC on plot
35G ranged from 8800-13,000 uS/cm. The spot check analysis of this
water quality showed magnesium and sulfates to be the dominant ions.
Magnesium levels were four times higher than the other wells and sul-
fates were 4-8 times higher than the other wells. Sodium levels were
also higher--in the range of 2 to 5 times higher than the other wells.
Calcium levels were normal to the levels in the other wells (400-550 ppm).
It's interesting to note that the peak of sodium levels in the 35G well
came just three days after the application of gypsum for that year.
But, only two light rainfalls occurred in the interim time period,
hardly sufficient time for the groundwater to be affected by that
event. Apparently the calcium in the gypsum is exchanging with magnes-

ium and sodium on the soil exchange complex. It must be occurring
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below 1.2 meters, however, because ESP values from soil samples don't
seem to reflect the change above that level.
pH and bicarbonates

Figures 25 and 26 show the pH changes in the soil with time and
depth for the 50 plot for 1981 and 1982. 1In 1980 the pH at all depths
was in a range of 7.8-8.3 with little difference in pH between depths.
In 1981 the pH of the upper 60 cm was much higher than the lower depths.
As the season progressed, the pH of the lower depths tended to increase
while the pH in the upper 60 cm stayed relatively constant. In 1982
the pH at all depths was very responsive to changes in the pH of the
applied irrigation water. The pH at the beginning of the irrigation
season, however, had dropped from the previous fall, as would be ex-
pected. After irrigation continued with the higher pH water, pH values
in the soil tended to equilibrate with that of the irrigation water.
Many times those values were over 8.4. This occurred on the other
plots also. The high pH of the irrigation water is hazardous to the
structure of the soil for two reasons.

First, beginning at a pH of ~8.2, bicarbonates (HCO3~) in the
irrigation water, begin to be converted to carbonates(CO3=). The
driving force which causes the high pH is the uptake of CO2 by the
algae in the wastewater. The algae need CO2 for photosynthetic activity
and the resultant reactions in the water are

2HCO3 ™ =C03~+H20+C02

CO3™+H20x20H +C0?2
Consequently, as the algae growth increases, the demand for CO2 in-

creases and the equilibrium alkalinity situation shifts from bicarbonates
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to carbonates to hydroxide, thus causing an increase in pH. When the
carbonate ion concentration increases, if calcium ions are present,
the solubility product of CaCO3 may be exceeded to the point of causing
precipitation by the following equation,

Catt+C03=2CacC03
This reaction can readily take place between pH levels of 8.3 to 10.
Because of this phenomenon, SARj,, is consequently increased because of
the removal of the divalent cation. As mentioned earlier, higher SAR
waters tend to cause poor structure to the soils on which they are
applied. There are some surface waters in the state which have algae
blooms such as the above and have higher pH values because of this.
The Shadehill Reservoir in northwestern South Dakota is one example.

The second reason the high pH waters are hazardous is due to
the suppression of the release of natural Ca*t from the soil in the
form of CaCO3. Table 15 showed that the solubility of CaCO3 was quite
low at pH values above 8.0. When high rates of wastewater are applied
after a few years the soil tends to equilibrate with the pH of the
irrigation water. Those pH values are usually above 8.0 during the
irrigation season as Figures 25 and 26 show. Figure 27 shows the
bicarbonate ion concentration in the soil which coincides with the
pH values from plot 50, 1982. Notice the drastic reduction in HCO3~
concentrations both in the soil and in the water when the pHjy went up
sharply.

Drainage Water Quantity

This part of the study was the most difficult aspect to obtain
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real absolute numbers for. The application of water to the 50 and 35G
plots caused water table problems at the end of the 1981 irrigation
season. The rates of 50, 89, and 127 cm were in addition to the pre-
cipitation received. Figure 28 shows the precipitation departures
from the normal for the 3-year period of the experiment. 1981 was an
éxceptionally dry year and 1982 began with plenty of moisture, there-
fore, the full range of rainfall patterns was tested with this type of
irrigation management. Table 5 gives cumulative irrigation and rain-
fall plus the total for each plot. As mentioned earlier, above normal
rainfall and high water tables prevented the application of the desired
amounts of wastewater to the plots for 1982.

The observation wells were used for obtaining water quality
samples in addition to recording water levels. When a sample was taken
on plot 50, the rate of rise of the water level was constant and very
slow (Figure 29). The actual water table level could not be deter-
mined from this well because of the slow water movement. When irriga-
tion first began, most of the applied water in excess of ET demands
went to filling the pore spaces of the unsaturated soil. As those
pore spaces became filled, the ability of the soll to accept more water
dwindled and run-off increased. Visual signs of excess water were
evident at the end of the second year. Alfalfa plants in the lower
areas were yellowing and lost either to poor aeration or disease or
both. The situation worsened the next year (1982) and 15-20% of the
alfalfa stand was estimated to have been lost to water logging problems.

Based upon the recharge in the well from the recording information,

plot 50 in 1981 had a .033 cm/hr water level rise rate. When soil
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Figure 29. Water table fluctuations obtained from observation wells during the 1981
season for the various treatments.
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moisture readings were taken on each plot, water first appeared in
the neutron access tubes on both plot 50 and 35G on May 26, 1981.
Water levels were taken periodically in those tubes and were assumed
to be the actual water table level, assuming there was a hydraulic
connection from there to the bottom of the observation well (4.5 meters).
When the tube was evacuated of water, it always reappeared. At the
end of the 1981 season the water level was within 1.1 meters of the
surface on plot 50 and 1.2 meters on plot 35G.

Over the '81-'82 winter the water level in the access tube dropped
40 cm, but was still present in the tube after 215 days of no irriga-
tion. Precipitation during that interval was 9.8 cm and the ET was
estimated at 12.7 cm. At the end of the 1982 irrigation season, the
water level in the neutron access tube on plot 50 was within .67 meters
of the soil surface. The run-off appeared to increase as years of
irrigation increased. It was evident, then, that the plot was hydrau-
lically overloaded and with continued years of irrigation using this
kind of management the run-off would be severe, the water table would
reach the surface, and, eventually, the entire crop would be lost,

Over the winter ('81-'82) the level in the well on plot 35G dropped
1.0 meter. The 35G plot started 1982 ( April 27) with water in the well
at 2.18 meters below the surface but by September 20 the water table
had risen to .76 meters below ground level, higher than any previous
year.

This occurred even though the total water received on the plot
was 11 cm less than in 1981. Again, it appeared that plot 35G was

receiving too much moisture to safely allow that annual hydraulic
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loading rate. A plow furrow which ran the length of the plot displayed
yellowing alfalfa before the harvest of the 4th cutting of alfalfa.

If this loading rate were to continue, problems with a water table and
plant losses would soon be evident.

Plot 35 had increases in the water level in the well, also (from
2.77 to 2.09 meters in 1982), however, the water was not as near to
the surface as plot 50 and 35G. There may have been more lateral water
movement on this plot because of the sand layer below 1 meter, thus,
the lower water levels.

Plot 20 had a water table at 5.60 meters below the surface on
June 8, 1981. The level began to rise over the irrigation season and
peaked out at the last irrigation on September 29, 1982 at 4.7 meters
(a rise of .90 meters). The level then began to drop to 5.31 meters
beginning a new irrigation season in 1982 (April 27, 1982). From
that date the level, again, went up over the irrigation season and
was still rising on September 20, 1982 (last records available). On
that date the level was 4.57 meters below the surface. For comparison
purposes, the 1981 total water (irrigation plus rainfall) on plot 20
was 70 cm while the 1982 total was 75 cm.

If a drainable porosity index of .05 is used to calculate the
depth of water leached which would contribute to a 13 cm rise in the
water table (from September 29, 1981 to September 20, 1982), then,
assuming steady state conditions,

13 cm x .05 = .65 cm (water lost to leaching)

This means that if .65 cm of water was leached to the groundwaters

it would cause a 13 cm rise in the water table. This amount is smaller
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than the error which could easily occur in estimating the ET. There-
fore, on the basis of this information, it is conceivable that annual
applications of 50 cm per year of effluent could be applied to this
soil for a 20-25 year time frame without causing any serious water

table problems when growing alfalfa in this climate.
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SUMMARY AND CONCLUSIONS

The feasibility of using land treatment by irrigation as an alter-
native for disposal of municipal effluent from Huron's unchlorinated
stabilization ponds has two main problems.

The first problem is that the high sodium adsorption ratio in the
effluent, which will cause soil dispersion and decreased soil perme-
ability, must be decreased. This can be achieved either of two ways.
First, the amount of sodium in the effluent can be reduced. This is not
an easy solution. However, if the city is considering land treatment as
an alternative, the feasibility of reducing the sodium hazard of the
effluent should be investigated. Also, the economic benefit to a com-
munity of increased production because of irrigation has to be con-
sidered in the cost-benefit analysis. Second, a source of soluble
calcium could be mixed with the wastewater just prior to irrigation to
reduce sodium adsorption by the soil exchange complex. However, this
would increase the total salt load of the effluent. The resultant
increase in total salt would require crops considered as moderately
tolerant-tolerant to salt.

The second problem is that the hydraulic conductivity of the sub-
soil is too low to allow leaching fractions higher than 8-107%, yet
higher amounts are necessary to control the sodium dispersion hazard.
The alternative to this would be to install subsurface drain tile on the
land area involved. Drain tile effluent would then have to be dis-
charged to some point.

For the years 1980, 1981 and 1982, no significant differences of
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dry matter alfalfa yields were found between 50, 89, and 127 cm of
annual applications of wastewater in addition to rainfall. Plant popu-
lation reductions were beginning to appear on both 50 and 35G because of
water table problems. During a dry precipitation year (1981) there was
a significant reduction in dry matter alfalfa yield on plot 20 (50 cm
effluent).

Average three year leaching fractions of the treatments, based on
total water applied (plus rainfall) and evapotranspiration estimates,
are 0.085 (treatment 20), 0.30 (treatments 35 and 35G), and 0.45 (treat-
ment 50). However, much of the excess water on the two high rate plots
went to filling pore spaces and raising the water table. In addition to
this, the highest rate plot (127 cm effluent) had significant amounts of
run-off in the latter part of the last two irrigation seasons.

Treatments 20 and 50 had the lowest nitrate levels (0-1.3 ppm) in
the observation wells. Treatments 35 and 35G had the highest levels
(.1-10.1 ppm) of nitrates appearing in the wells. The plot with the
most amount of sand in the subsoil (plot 35) had the highest consistent
level of nitrates of any of the plots.

Un-incorporated annual autumn gypsum applications to the soil
caused no significant reduction in exchangeable sodium percentage (ESP)
over the untreated plots. This was based on two applications to plot
35G and one application to half of plot 20 (plot 20G). However, higher
concentrations of sodium and magnesium were evident in the observation
well from plot 35G. This indicates that the calcium is exchanging with
some sodium and magnesium, keeping it off the exchange complex at lower

depths in the soil.
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No significant difference was found among treatments for the
saturated hydraulic conductivity (K(0g)) of the surface 3 cm of soil.
However, dispersion of soil particles from test cores was clearly
evident on plot 20 but not on the other treatments.

When comparing treatment soil K(Og) by laboratory methods, iden-
tical pressure heads should be used to arrive at hydraulic conductivity
value. Hysteresis, variable channeling, and variations of physical
distortions of soil particles do cause the relationship in Darcy's law
to deviate from linearity in dealing with large pressure head differences.

There were differences in bulk densities at the 0-3 cm depth be-
tween the irrigated soils and the check plot. Significant differences
between the check and plot 50 and between the check and plot 20G were
found at the .05 level. Bulk densities were higher on treatments 20G
and 50 than on the check plot. Plot 35 had significantly higher bulk
densities than the check at the .01l level.

Bulk density samples and laboratory saturated hydraulic conduc-
tivity cores for testing should total at least 12 to obtain reliable
information in determining differences between treatments. Soil vari-
ability of these two soil characteristics are usually quite high.
Therefore, sampling quantities should increase according to natural

variability.
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Appendix A. Laboratory-determined parameters of field soil water
extracts 1980.

Nitrate
PH
Total Phosphate

Ammonia

Sodium
Chloride
Bicarbonate

Electrical Conductivity

89
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SOIL EXTRACT ANALYSIS 1980-1982

NITRATE (as ) -»Hon- PLOT 5 1930
DATE DEPTH (cm)
3) 45 60 90 120 150
8300820 J.17 4.90 J.073 26.00 11.00 4.25
800814 J.1lu 4.40 0.l1 Ee== === e
800829 0.10 1.)> J.07 4,30 4.75 2.40
800311 12.59 1.60 0.006 J.04 0.04 ———-
300917 e —_—— ——— i = i i
80026 .07 -——— 1.38 0.31 S =
301003 === 3 .00 - 1.14 9.25 1.76
8010043 2.95 2.70 J.75 ———— 1.43 1.21
- 801023 2.54 3.73 1.30 S .85 0.80
801104 3.02 ——t .75 i 1.21 =
NITRATE (as W) -nom- PLOT 35G 17380
DATE DEPTH (cm)
30 45 6V 30 129 150
800820 3.90 ———— 0.22 2.30 -——— 23.00
800814 ———— ———— e S RS ———
800829 0.07 ———— J.1l5 4,83 J.03 9.0V
8300911 J.27 15.75 .05 12.50 0.03 1.40
800917 -——— i =i 14.25 J.03 ———
800926 14.55 1.14 1.10 13.00 ——— ———
801003 19.00 —— 0.47 7.50 0.00 J.01
801008 3.538 i 0.04 7.338 ——- 0.02
8301023 9.40 J.37 2.64 0.55 0.02 0.00
801104 -——— 0.75 — i i 1.43 0.99 0.33
NITRATE (as N) -npm- PLOT 35 1930
DATE DEPTi (cm)
3 45 60 30 120 150
800820 J.10 3.70 1.10 p— ——- -————
800814 -———- i - e ——— -————
800329 J.04 0.04 J.23 i = -—— —_——
800911 J.01 0.03 0.04 ——— ——— _——
800917 -——— I I === ———— -———
800926 -——— e so o 17.50 13.92 -———
801003 2.40 5.50 e 12.338 J.062 -————
801008 -———— 1.00 2.04 0.14 11.35 ————
301023 0.95 ———— 1.75 2.20 2.76 -———

801104 1.21 i 1.48 0.00 -——— s
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NITRATE (as N) -oom- PLOT 20 1980
DATE DEPTH (cm)
30 45 60 90 120 150
800820 —— -_— ——— —-—— —— i
800814 -——— -—— -—— -—— ——- ———
800829 —-——— 0.38 J.10 —_—— -—— —-——-
800311 -——— J.04 0.02 ——— J.04 ————
800917 -——— -—— —— -—— —— i
800926 -—-- -——- --—- --—- ---- 14.38
801003 -——— —-——— —-_—— —-_— —— 16.12
301008 -——— —-—— —_—— —-— —-—— 14.00
301023 - -—— - 2.00 ——— 14.30
801104 -——— ——— 2.15 1.16 -——— 14.50
Pd PLOT 59 1980
DATE DEPTH (cm)
30 45 60 90 120 150
800820 3.15 3.25 8.00 8.30 8.59 8.35
800814 3.25 8.20 8.10 ——— -_—— -——
800829 8.17 8.26 3.02 8.06 8.09 8.28
800911 -——— -—- e 8.35 -—— ———
800917 -——— -—— ——— ——— ——— -——
800926 3.31 -—— 7.92 8.31 -———— —_——
801003 -——— B.15 -———— 8.19 8.31 8.43
801008 8.30 8.20 3.19 ——— 3.30 8.40
801023 3.16 3.28 3.50 —-—— 8.25 3.36
801104 8.30 ——— 8.31 ——— 8.18 ———
PH PLOT 35G 1980
DATE DEPTH (cm)
30 45 60 90 120 150
800820 3.60 -———— 8.04 8.05 —-——— 3.13
800814 ————- i e = e ———
800829 7.58 -——— 7.82 3.04 8.38 8.16
800911 -———— ———— 3.18 8.64 3.88 3.92
800917 -———- -—— ——— 7.61 8.19 ———
800926 8.23 3.19 3.15 8.63 -—— ——
801003 .25 ——— 8.0) 8.40 8.89 8.90
801008 3.22 -——— 8.09 3.65 -——— 3.90
801023 8.51 8.12 3.00 83.59 8.80 8 .85

801104 - 7.99 —-——=- 8.50 8.80 3.80



NDATE

800820
800814
809829
800911
‘800317
800926
801003
801003
801023
801104

DATE

300320
8100314
80083293
3909711
800917
300920
801093
301093
801023
801194

DATE

809320
800814
80032)
800311
800917
803926
801003
301008
801023
801104

T-P0O4 as

228

P

P -pom-

PLOT 35

DEPTH (cm)
60

8.32
8.23
8.390
3.3)
3.40

PLOT 20

DEPTH (cm)
60

3.39

8.00

8.55
8.70

PLOT 53

DEPTH (cm)
69

1930

3.23
8.30
B.22

————

92

- -
- —

-
- —

8.0V
3.12
3.12
3.13
3.18
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T-PO4 as P -nnm- PLOT 353G 1930

DATFE. DEPTH (cm)

39 45 6J BN 129 159
330820 )23 i = J.04 J.05 T 0.02
800814 = ——— S -———- e S
3003293 IR0 s ) a9 J.090 === .00
300311 i e J.901 J.J9 J.Jl 0.090
8300317 i S m——— e 0.01 e
320925 J.04 0.2 .95 J.J) - e
301003 e ——— J.02 0.01 0.22 J.01
801003 e S s J.03 e J.02
801023 e J.05 J.13 J.02 J.03 0.02
8011924 = 0.94 2SS .93 J.J3 0.03

T-PD4 as P -pnm- PLOT 35 19390

DATE DEPTH (cm)

3 50 30 120 15)
300329 ).12 0.25 U.J5 ———— N _———
300814 -———— —_—— ST SR i S
800829 J.00 N.0l J .00 _—— e s
3009311 -——— _—— —— s i ——— IR
300917 - R — = s, R SIS
300926 -——— _——— _—— i S -
801003 -—— _—— —— N .02 B
301008 - -——- ).02 -—— H.07 e b
801923 .07 i J.02 J.190 -——— _——
801104 -———- - J.05 ———— RN -

T-PD4 as P -noa- PLOT 20 1930

DATF. DEPIH (cm)
39 45 60 30 12) 150
300320 - S St = e =
800314 - e s e St P
800829 -——- i i e R e
300911 -——- - ---- e = "
300917 - s s et S i
300926 -——- i s s i ---- e
801003 - —— ---= = B i 0.00
301008 - i e e S s 0.04
801023 - ensrm o -=-= — s
801104 -— -—— .05 0.07 S— 9.05
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WH3 as 4 -pnm- PLOT >3 1330
DATE DEPTH (cm)
3) 45 60 90 12) 1590
300320 J.20 0.00 J.J0 J.3) J.3) 0.00
300814 J.40 J.50 9L -——— -——- -———
300829 J.ov 0.00 J.39 J.50 J.Jd0 J.0u
300911 J .00 0.00 .00 0.19 Jd.09 ————
800917 -——— -——- -—— -———— -——— ———
800726 J.n0 J.00 J.J0 J.0) -——— ——
801003 .00 J.J) -—— .00 .00 0.99
8301008 ) . )0 J.99 J.40 -—— 2.00 0.09
301023 J.09) J.90N 7.90 -—— J.00 J.10
801104 N.09) -——— J .00 - 1.2 —-———
NH3 1s 1 -nomn- PLOT 35G 1980
DATE DEPTH (cm)
3) 45 59 3) 129 150
300320 .50 —-——— J.4) J.10 -——— 0.00
800814 -——— -—— —_—— -——— ———- —-——
300329 J.59 ——— J.30 0.20 0.00 0.00
800911 D.00 .10 0.1) J.2) 72.99 V.30
800917 -——— -——— -—— ).70 0.00 -———
300225 7.29 0.10 J.20 .00 -—— -——-
301003 J.Ll0 0.90 J.14) J.10 2.90 0.10
301008 J.190 -—— ).00 0.00 -—— J.09
301023 J.20 0.09 .00 .00 0.00 0.20
801104 -——— 0.50 —— .20 J.00 7.00
NH3 a3 1 —-»Hnpm- PLOT 35 1330
DATE DEPTH (cm)
3) 45 60 90 12) 150
300820 J.49 1.00 1.09 ——— —_——— —_——
800814 -——— ——— - - —_——— —_————
800929 J.10 L.09 1.29 - ———— —_——
300911 .09 J.00 0.10 -——— -——— ——
8N0317 -———— e - o -——— —_———
300926 -——— -—— == J.5) 0.2) _———
801LNJ3 J.10 0.00 e ).J0 0.10 -————
3010083 ) .00 0.00 0.99 0.00 J.10 e
8019023 ).0) -——— .09 J.0J 0.39 S

801104 0.99 -——— 0.09 J.00 -—— S——
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NH3 13 4 -npm- PLOT 20 19380
DATFE NDEPTH (cm)
3) 45 60 JJ 12) 150
300320 -—— -——— —_—— -——— -——- -
3098114 -—— —-—— -—— -—— ——— -——-
300829 -———- 1.30 ).61) ———— ——— —-———
300911 -—- J.900 J.90 ———— ). —-————
800917 -——— -—— —— -— ———— ————
800925 -——— -—— ———— -—— ——— J.00
801003 -——— —_—— -——- —-—— -——— J .0V
801008 -——— -—— -—— -———- —— 0.00
801023 -—— 3.00 -—— 1.00 -——— J.00
801104 J.00 -——— 0.10 J.20 ——— J.00
SODIUM (Na) -oom- PLOT 59 1330
DATE DEPTH (cm)
3) 45 o0 JO 120 150
300820 185.9 21.0 136.0 24.0 33.90 21.0
800814 131.90 53.0 93.0 -— -——— ———
300829 17).0 118.0 135.0 10.0 35.0 11.90
300311 737.0 133.90 210.0 14.0 37.0 —-————
3009717 -———— ——— —_—— -—— - ————
800925 277.0 200.0 237.0 13.0 ———— —_——
301003 253.10 261.0 ——— 25.0 73.0 24.0
301003 440.0 377.0 725.9 ——— 51.0 42.0
301023 33).0 239.0 430.9 ———— 33.0 46.0
301104 333.0 --== 1620.0 —-——- 561.0 -
SODPIUM (Na) -onm- PLOT 35G 1330
DATE DEPTLH (cm)
3) 45 60 I 129 159
800320 253.0 - 230.9 45,0 ———— 6l1.0
800814 -——— -_— ———— -——- ———— —_——
300329 231.9 i 279.0 23.9 3J0.0 45.0
390911 224.0) 224.0 294.0 1L7.0 27.0 52.0
800917 -——— ———— = 35.0 25.0 -_————
B00J26 353.0 254.0 449 .9 45.0 -——— —_——
801003 433.0 343.90 423.0 37.0 25.0 59.0
801003 439.0 - 16).0 47.0 ———— 35.0
301023 53).10 102.0 530.0 59.9 34.0 506 .

0.0
301104 ——— 420.0 S 53.0 39.10 32.0



SODIUM (Na)
DATE
3)
2008320 237.0
300814 -
800329 303.0
800911 243.0
-R009317 ————
300726 ==
301003 —
8010073 -————
3019023 249 .9
801104 103).9
SONTY (Ha)
DATFE
3)
800320 ———
800814 ————
8300329 S
800911 i
800917 — i
300926 —-————
801003 —-————
801008 —-————
301023 —-————
8011014 12230.0
CHLORIDE (C1)
DATE
30
800820 440.90
800814 515.0
800329 315.90
800911 -———
800917 -
00326 7)9.0
dUl003 -
801003 590.0
801023 510.0

801104 540.0

-DDMn-

251.0
640.0

-nnm-—

-nDm-=

525.0
1075.0
710.0
550.0
480.0

PLOT 35
DEPTH (cm)

60 0
147.0 -——
157.0 ————
235.9 ————

== 42.0

e 30.9
322.90 35.0
321.90 45.9
459.9 34.0

PLOT 29

DEPTH (cm)

59 30

25.0
35.0

o 137.0

45J3.0 199.0
PLOT 39
DEPTH (cm)

50 30
670.0 370.9
340.0 ————
383.0 432.0

T 600.0

1050.0 $650.90

1060.0
805.0
1630.0

1930

23,0
24.0
42.0
1692.0

1339

130.0

1980

96

-——— —
——

©30.0
730.0
2360.0
1539.0
135).0



DATE

800820
800814
800329
800911
800917
800926
801003
811008
801023
801104

DATE

300320
800814
800329
800911
300917
800326
301093
8010073
801023
301104

DATE

300320
800914
300329
800911
800917
300926
331003
801003
801023
8011014

CHLORIDE (C1l) -n»nm-
30 45

635.0 i

3Jd5.0 -————

—m i 900.0
535.0 575.0
700.9 ————
530.0 ————
710.0 710.0
i e 760.0
CHIDRIDE (Cl) =-»nm-
3) 45

11142.0 910.0
2220.0 930.0
1003.0 ————
L132.0 ————
CHLORIDE (Cl) -»nnn-
3) 45

PLOT 3

DEPTH (cm)
60 90

PLOT 35
DEPTH (cm)

60 30
540.0 ————
403.0 -———
575.0 —_———

o 175.0

e 530.90

710.9 530.93
33J3.9 420.90
73).0 3390.0
PLOT 20

DEPI'dJ (cm)
60 90

2100.9

— —— -

335.0
635.1

16090.0

Ul
2!

1939

-————

340.0
412.0
575.0

510.0
570.0
5560.0

525.0
535.9
710.9
18590.0

1380

259.0

97

177.5
1890.0
123.0
145.9
113.0
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BICARBIONATE  (:1CO3) -pnna- PLOT 53 138V
DATFE DEPTH (cm)

3) 45 69 EN 129 1590
339829 133.0 132.90 137.90 244.0 3.0 451.9
30N314 19.0 55.0 117.0 ———— === i
302829 33.0 102.0 163.0 177.9 239.90 4)2.0
300911 i 140.0 —im i —memjen ——=
300917 e -—-- e e ———- e
800925 120.1) i 6J).0 26,0 o e - -
301003 = 60.0 i 33.0 112.9 123.0
301003 3).0 30.0 30.0 = 103.9 124.0
801023 57.0 136.0 210.0 s 103.0 123.0
801101% 123.0 = e 240.9 i 129.9 =
BICZAR3DJNATE  (HCDO3) -vom- PLOT 35G 1989
DATF DEPTH (cm)

39 45 6V 90 12) 15)
300820 238.0 = 532.0 535 .9 =i 339.0
802314 SR === —E —-———- === =
800329 77.9 e 334.0 432.0 552.0 548 .9
300911 =i 193.0 30.9 139.9 433.90 454.9
300917 S= s = 535.9 508.9 m———
800925 35.0 33.0 34.0 172.0 i s
801003 9J.4 T 100.0 139.0 332.90 360.0
801003 3.0 e 0.0 174.0 i——— 354.9
801023 240.0 92.0 100.) 134.0 295.0 332.0
801104 ———= 1J0.0 ——i== 172.9 301.0 303.0
BICARBDNATI (HZI3) -non- PLOT 35 13130
DATE DEPIH (cm)

3 15 60 39 129 15
300320 1156.0 232.0 101.9 m—la === —_——
800814 = === - -——== e e -
800329 233.0 244.0 195.0 - e ————
300911 i = == == =y oo
800917 e i e - e e
300920 ——— S ———— 143.0 105.0 ————
301003 120.0 100.0 e 129.0 199.0 e
301003 ——— 60.0 60.90 129.0 1J0.0 -
801023 3.4 i 74.0 110.0 ———— —_———

301104 12).0 e 30.0 229.0 - -———
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AITAR3ONATE  (4CI3) -onn- PLOT 20 1930
DATE NEPTH (cm)
39 45 60 30 12) 159
300820 N N —— — - -
300814 SR— s s i i SRR ————
800329 e 200.0  150.0 — . ——
300911 SRS S - s — _—
‘800917 i S PR S— S ——
300925 S— S— — S—— s 1040
301003 S—— E— - P — 40.90
801003 et S — S e 120.0
8301023 i —— R S ——==  103.0
301104 —— ——-= 103.9 235.0 ———-  142.3
CONDUCTIVITY -n3/cn- PLOT 50 1939
DATF. NDEPTH (cm)
3 45 60 20 12) 15
300320 2.1 1.3 2.9 2.1 1.3 2.3
300314 2.1 2.0 3.7 _— —— ———
300829 1.9 1.9 2.1 2.4 2.4 2.5
300911 -———- 3.4 -——— 3.1 ——— ————
300917 S—— - ———— ——— S— -
300926 2.4 S 3.6 2.1 Sna— S
301003 o 2.6 ——— 2.6 2.5 1.7
301003 2.3 2.4 3.5 — 2.9 2.5
301023 2.3 2.4 3.5 ———— 3.0 2.5
801104 2.5 _—— 3.7 -— 2.9 e
CONDUZTIVITY -m3/cm- PLOT 353G 198y
DATE DEPTH (cm)
3) 45 60 30 12) 159
800820 2.1 _—— 3.4 2.5 _— 2.3
8300314 ———— —— _— _— — S
800329 1.9 S— 3.5 2.4 2.5 2.0
300911 —— —— 3.7 2.9 2.5 2.2
300917 SRR —— -——- 2.5 2.6 -
800925 3.5 3.1 3.9 2.0 SRR, ——
801003 S S 4.4 1.2 2.3 2.1
801009 2.3 ———— 4.5 2.2 —— 2.1
801023 3.1 3.4 4.3 2.2 2.5 2.2
801104 - 3.5 _—— 2.5 2.5 2.2
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SOIL EXTRACT ANALYSIS 1980-1332

conNpuCTIVITY -m3/cm- PLOT 35 1330

DATE DEPTH (cm)

3) 45 64 30 129 159
300820 2.3 3.5 3.1 ST _—— ———
800814 -——— ——— e FOS AR ——
800829 2.5 2.9 2.3 OR— S— B
300911 —-———- _—— 3.3 i SR ———
800917 _——— A —— _—

800326 —mmi e e 1.9 2.4 i o
301003 3.4 e e 2.5 2.2 S
301003 5.4 3.0 3.1 2.5 2.7 =
301023 3.5 = 3.5 1.7 2.5 e
301104 1.3 e 3.5 - E=— e

cCounuCTIVITY -n5/co- PLOT 20 1980

DATE DEPTH (cm)
3) 45 60 90 12) 159
300820 —_— ——— i i == e
800814 - ———— e = = ———
800829 ———— 3.1 3.4 ———— = ——
800911 i i i 7.9 e 3.2 —-———
303317 = . e - ————— =
800320 s T S e e 7
301023 S S sy P i 3
801003 i = i e I 9
301023 — e - 1.6 st J
801194 - ———— 4.9 2.2 e 9
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_Appendix B. Laboratory-determined parameters of field soil water
extracts 1981.

Sodium

Chloride

Bicarbonate

Electrical Conductivity
Nitrate
pH
Total Phosphate

Ammonia



DATE

810615
810622

810629
810708
810715
810722
810728
810805
810812
810819
810827
810904
810929
811007
811015

DATE

810615
810622
810629
810706
810715
810722
510728
810805
310812
310319
310827
8109204
310929
811007
811015

SOIL EXTRACT ANALYSIS 1980-1982

SODIUM (Na)

————
————

470.0
590.0
920.0

570.0

SODIUM (Na)

356.0
310.0
317.0
383.9
537.0
150 .0
540.90

-ppm-

-Dnn-=

312.0
394.0
540.,0
430.0
4560.0
590.0
050.0
510.0
429.0
570.0
520.0

570.0

PLOT S50A 1951
DEPTH (cm)
60 90 120
el 660.0 110.0
-——— 540.0 106.0
550.0 540.0 140.0
640.0 840.0 177.0
600.0 650.0 176.0
i ———— 250.0
e 690.0 232.0
e 360.0 130.0
PLOT 50 19¢1
DFEPTH (cm)
60 99 120
452.0 183.0 51.0
-—— 220.0 102.0
468.0 293.0 95.0
———— 342.0 90.0
—-——— 430.0 71.0
580.0 382.0 75.0
———— 470.0 149.0
-—— 510.0 193 .0
-——— 427.0 185.0
—-——— 153.0 151.0
- = 149.90
meienen et 124.0
S 530.9 —-————

340.90

102

113.00
113.00
150.00
105.00
92.00
96 .00
88.00

262.00
234.00
180.00
158.00
170.00
213.04J
220.00
251.00
218.00
235.00
244,00



AT

810615
810622
810629
810708
810715
810722
810728
810805
810812
810819
810827
810904
810929
811007
811015

DATE

810615
810622
810629
810708
810715
810722
810728
810805
810812
810819
810827
810904
810929
811007
811015

SCIT

SOLIU (Cig) =2on-
3. 15
———- 345,90
-—— 560.0
—— 435.9
-———— 490.0

7140.0 540.0
=== 740.0
5560.0 780.0
340.0 335.0
= 365.10)
490.0 530.0
380.0 420.0
-——— 500.0
- 530.0

SODIUM (Na) -ppmn-
30 45
——— 740.0
———— 750.0

520.0 670.0
—-——— 780.0
———— 540.0

700.0 730.0
———— 467.0

760.0 640.0
-———— 870.0

750.0 670.0

UXTrACT ANALYSIS

PLOT 350

198)-139732

DPPTII(cn)

) 90

———— 62.0

———— 76.0

- 109.0

1430.0 106.0
900.0 153.0
1090.0 —_———
1030.0 90.0
610.0 223.0
730.0 293.0
720.0 336.0
600.0 520.0
540.0 380.0
820.0 580.0
580.0 450.0
PLOT
DEPTH (cm)

60 90
372.0 ————
414.0 ————
560.0 ————
650.0 ————
470.0 ————
770.0 ————
920.0 ————
780.0 ———

1931

103



SOIL EXTRACT

ANALYSIS 1980-1982

104

CELORIDE (Cl) -ppm- PLOT 50A 1981
DATE DEPTH (cm)

30 45 60 90 120 150

- 810615 ——— —_—— -—— -———— -—=-= 625,00
810622 -———— ———— ——— ———— -—== 660,00
810629 -— -—— —— —— --—- 575.00
810708 -——— -—— -—— - -—-- 610.00
810715 _— —— -——- ———= -—--  530.00
810722 === ot i -———— e —-—== 510.00
310723 i S e i S --—-= 555,00
R10805 ——— o - 240.0 310.0 570.00
310812 ——— ——— s 730.0 840.0 579.00
310819 523.0 ———— 910.0 925.0 840.0 550.00
810827 525.0 —-——- 800.U 94u.0 370.0 500.00
810904 505, 0 --—-  580.0 749.0 86U.0 530.00
310929 s e e e -———- o
711007 791 .0 ——— -—-== 1070.9 360.0 460.00
211015 - s s 1212 .0 940.9 490.00

CHICGCRIDIL (C1) -nnm- PILOT 50 1981
DATF DUPTH (cm)

30 45 60 29 120 150

810615 500.0 515.0 496.0 635.0 635.0 655.00
810622 510.0 707.0 o 700.0 690.0 770.00
810629 ———— 7590.0 562.0 745.0 720.0 779.00
310708 530.0 710.9 ——— 340.0 830.0 330.0v
310715 ——— 710.0 s o 910.0 320.v 330.00
R1NT722 500 .0 700.0 1000.9 950.0 790.0 370.00
810728 740.0 900.0 ettt 265.0 718.0 940.00
810805 550.0 ——— i 970.0 770.0 950.00
R10R12 295.0 590.0 -=== 1030.0 730.0 810.00
810819 240.0 395.0 mwme 1035,0 760.0 315.00
810827 245.0 410.0 S ———— 770.0 820.00
810904 480.0 660.0 e i ———— 790.0 690.00
810929 ———— e i ——— e ———
811007 715.0 -———— wmaem  1115.0 -——— —_———
811015 740.0 990.0 et ——— 780.0 -——
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SOTIT BXTRACT AJALYCIS 1930-1982

CHLCRIDL (C1) =-non- PLOT 357 1931

L2ATE DEPTH (cm)

3) 45 59 30 120 159
810615 -—— 502.0 -—— 309.0 705.0 -——-
810622 -—— 790.9 —_—— 823.0 860.0 600.00
810629 -——= 10090.0 -—— 970.0 1040.0 -——-
810798 ---- 1130.0 1680.9 1060.0 1170.0 -——
810715 800.0 880.0 1145.0 1120.0 1450.0 -
810722 ---- 1130.0 1310.0 ---- 1590.0 750.00
810728 625.0 1030.0 1100.0 900.0 1715.0 780.00
810805 415.0 550.0 780.0 1012.0 1680.0 890.00
810812 -—— e 880.0 880.0 1690.0 950.00
810819 —_—— 450.0 830.0 1170.0 1650.0 930.00
810827 465.0 555.0 680.0 920.0 1670.0 955.00
810904 450.0 455.0 548.0 762.0 1640.0 1050.00
810929 —_—— -—— ———— - ———— ————
811007 -—— 585.0 640.0 970.0 1650.0 -——
811015 -——— 750.0 770.0 1010.0 1630.0 1100.00

CHLORIDE (Cl) -ppm- PLOT 35 1981

DATE DEPTH (cm)

30 45 60 90 120 150
810615 —_—— 805.0 690.0 -———= ———— —_——
810622 —_—— 935.0 805.0 —-_—— —_— ————
810629 700.0 1090.0 965.0 —-—— - ———
810708 ---- 1020.0 -—— —— -—— ——
810715 -—— 675.0 -—— -—— -—— ———
810722 -—— -—— -—— -—— -——— —_——
810728 100.0 765.0 1100.0 -—— -—— _——
810805 —_—— 880.0 1220.0 -——— —— ———
810812 e ——— -—— —-—— -—— —_—
810819 930.0 865.0 1020.0 —-——— -—— —
810827 _—— 780.0 1080.0 -——— —— ————
810904 800.0 640.0 999.0 -—— -—— —_——
810929 —_—— -———- -—— ——— -—— —_——
811007 -——— -—— -—— —-—— ———— —_—

811015 — =i S S ——- ——
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SCIL EXTRACT ANALYSIS 1980-1982

BICARBONATE (HCO3) -ppm- PLOT S0A 1981
LATE DEPTH (cm)
30 45 60 99 120 159
810615 ——- = —— ——-- --=-- 800.00
310622 -——- —— ——- —-—— ---- 112.090
810629 —— -—— -—— -——- -—== 910.00
810708 ——— _—— -——- -—— -—== 0659.00
810715 —_—— —_—— —— -—— -—=-=  1391.00
810772 - —_—— -—— -—— ---=-=  708.00
810728 -—— —— ——— -———- --=-=1321.00
810805 —-—— ——— -—— G510.0 725.0 927.00
310812 -——- -——- ——— 194.90 396.0 952.00
310819 217.9 -—— 354.0 559.0 610.0 975.00
810327 231.0 -——- 171.0  559.9 647.0 -——
310904 122.0 -——— 146.0 671.0 493.0 330.00
810929 -—— -——- ——- ———- 379.0 932.00
811007 214.0 -———- ——— 537.0 671.0 775.00
811015 -——— -——- ——— 350.0 403.0 586.00
RICARBOIATE  (HCO3) =npu- PLOT 50 1931
LATE DEPTH (cn)
3D 15 60 90 120 150
810615 244.0 190.0 229.0 512.0 566.0 664.00
310622 234.0 176.¢ 537.0 571.0 664.00
810529 _—— 127.0 190.0 517.0 576.0 678.00
810708 145.0 232.0 ——— 366.90 451.0 537.00
810715 - 146.0 ---= 427.0 537.0 586.00
- 810722 195.0 145.0 146.0 464.0 438.0 390.00
810728 183.0 165.0 -—== 427.90 525.0 708.00
810805 189.0 -—— -——— 231.0 4383.0 726.00
810812 207.0 116.0 -——— 451.0 354.0 665.00
810819 232.0 214.0 ----  476.0 360.0 769.00
810827 231.0 146.0 ——— -——— 256.0 695.00
810904 165.0 159.0 ——— ----  183.0 671.00
810929 159.0 -——— o = i -—— -——
811007 232.0 -——- —— 134.0 -—— _—
811015 195.0 122.0 ———— -—— 214.0 —_——
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S5CIL EXTRACT AWNALYSISG 1980-1932

BICARIONATE  (HCO3) —-nnm-— PLOT 35G 13981
D2TL eIl (cm)
3u 45 00 90 120 150
- B1l0615 ———— 309.0 —— 649.0 771.0 =i
810622 A 293.0 s 122.0 839.0 717.90
810629 ———— 238.0 === 917.0 985.0 et
810708 ——— 223.0 354.0 952.0 327.0 ———
810715 220.9 451.0 439.0 327.0 927.0 i o
810722 ———e 323.0 299.0 —_——— $54.0 927.0
810728 232.10 365.0 427.0 427.0 595.0 1013.0
310305 2531 .0 593.0 476 .0 359.0 3556.0 1051.0
810312 i ———= 244.0 703 .0 366.0 1037.0
8310819 —-——— 439.40 403.9 305.0 610.0 1013.0
310827 2200 354.0 403.0 525.0 703.0 1000.0
810904 263 .0 342.0 415.9 522.0 573.0 988.0
810929 —i——— == i e e 022.0 847 .U
811007 ———— 220.0 232.0 732.0 510.0 Y e ———
811015 e 183.0 365.0 738 .0 366.0 1025.0
BICAR3ONATE  (MCI3) -ppm- PLOT 35 1981
DATE DEPTH (cm)
30 45 6d 9J 120 150
R10615 ——— 308.41 2833.4 I ———— ————
810622 —_—— 337.0 251.0 i — = ————
810629 135.0 342.0 264.0 ———— ———— -_———
8310708 - 171.0 === ey ——— ————
810715 ———— 317.90 s s e —_———
810722 ————— === o o e e —— —_———
810728 115.0 432.0 171.0 S E —— -——
810805 ———— 354.0 263.0 —_—— ——— i
310312 ———— S s i === ————
310819 171.0 356.0 195.0 =i —_—— —_———
810827 —_—— 342.0 244.,0 -—— —— —_———
810904 153.0 195.0 153.0 i e -——— —_——
810929 ——— I e —-——— === —-———
811007 —-_—— - i e —_—— —_———

811015 - —-—— ——— ——— N A
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SOTL EXTRACT ANALYSIS 1380-1982

CoONDUCTIVITY -nS/ecm- PLOT 50A 1981
DATE NEPLH (cm)
32 45 60 30 120 150
. 810615 ——— —-——— -——— i ———— 3.2
310622 - ——— e -———- i 3.3
810629 ——— ———— -—— s o e 3.2
810708 -——— ——- —-—— ———— ———— 3.3
810715 ——— ——— —-—— i i 3.5
810722 e —_—— ———— i e 3.2
810728 i ————— ———— e D 4.1
810805 ———— —-—— —-—— 5.3 4.5 3.6
810812 ——— —_—— -——— 5.5 4.3 3.7
810819 3.2 —-——— 5.3 5.6 4.0 3.7
810827 3.2 ——— 3.0 5.8 4.3 —-——
810904 2.8 —_—— 3.7 5.1 4.5 3.6
810929 -——— ——— -—— -———— 4.7 3.3
811007 4.2 ———— —— 5.7 4.5 3.3
811015 -—— ——— -—— 5.9 4.5 3.4
LY
CONDUCTIVITY -mS/cm- PLOT 50 1981
DATE DEPTH (cm)
30 45 60 90 12V 150
810615 2.8 2.6 3.4 3.3 3.1 3.2
810622 2.8 3.4 -——— 3.5 3.4 3.6
810629 -———- 3.6 3.0 3.6 3.5 3.0
810708 3.1 3.7 -—— 4.3 3.9 3.9
810715 -—— 3.7 -——— 4.5 3.8 3.9
810722 3.3 3.7 3.8 4.8 3.5 3.3
810728 4.1 4.5 —_—— 5.9 4.0 5.3
810305 3.3 ——— -——— 4.7 3.7 4.5
810812 2.2 4.1 —-——— 5.7 3.8 4.4
810819 -——— 3.0 i 7.0 3.6 4.5
810827 2.0 2.6 -——— —— 3.9 4.4
810904 3.3 3.6 =i ———— 3.7 4.1
810929 3.2 ———— s ——— -——— ———
811007 3.5 -——— ——— 5.5 ———— ————
811015 3.7 4.5 ———— 2.5 2.6 —_——



CONDUCTIVITY
DATE
30
810615 ==
810622 ———
810629 =i
810708 e
810715 4.8
810722 ——
810728 ————
810805 2.7
810812 ==
810819 i
810827 2.7
810904 2.7
810929 =
811007 e
811015 R

SOIL EXTRACT ANWNALYSIS

CONDUCTIVITY

DATE

810615
810622
810629
810708
810715
810722
810728
310805
810812
810819
810827
810904
310929
811007
811015

4.4

4.9

4.5

-m5/cm=

-mS/cm-

1980-1982
PLOT 35G 1981
DEPTH (cm)

50 90 120

e = 3.8 3.4

= 4.0 4.2

e 4.6 4.5
7.9 5.2 5.1
6.5 5.7 5.9
6.9 ——— 0.4
4.9 4.2 7.5
5.4 5.7 8.2
3.0 4.9 8.1
5.4 6.8 8.2
4.7 5.4 7.8
4.2 4.9 8.2

S ———c 7.4
4.2 5.0 7.1
4.5 5.0 7.4

PLOT 35 1981
DEPTH (cm)

60 90 120
3.6 i —-———
3.5 ———— —_——
4.4 —im——— -_——

6.4

5.8

5.8

109

4.0

5.0
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30IL EXTRACT ANALYSIS 1980-1382

NITRATE (as N) —-onm- PLOT 5dA 1381

DATE DEPTH (cm)

31 45 50 30 120 159
810615 -—— -—— —-—— ——— —_—— 1.25
1310622 _—— —-—— —-—— —— -—— 1.09
310629 —-——- —_——— -_—— —-——— _—— 1.55
810703 -——— - —-_—— —-—— —-—— 3.52
810715 —-—— -—— -—— —-—— —-—— 1.06
810722 —_—— —_—— -—— -—— —_——— d.91
810728 -——— —_—— -—— -—— -_—— 1.14
310805 —_—— —-—— —-—— J.34 0.06 0.59
810812 —_—— —_— —_—— J.l4 0.04 J.55
810819 4.40 —-—— 2.70 N.05 0.04 0.41
810827 J.10 -——— 2.383 J.J4 0.02 0.45
810904 0.9 ———- 2.85 J.77 .02 d.7)
810929 —-——— -—— -—— —-— J.J3 0.12
811007 3.12 i —— J.035 J.J5 0.63
811015 —-———- —-—— -—— .02 —-——— 0.53

VITRATE (as W) -onm- PLOT 50 1981

DATE DEPTH (cm)

30 45 60 90 120 150
810615 1.53 11.38 0.67 J.04 0.16 ———
810622 23.5) 53.00 -—— J.04 0.06 0.02
810629 -—=-=147.50 51 .50 1.32 .07 0.04
810703 64.00 53.75 - 24.75 0.26 .04
810715 —-—— 20 .59 -——— 43.00 0.03 J.02
310722 ' 47 .90 24.75 5.20 22.00 Jv.13 0.10
810729 32.00 23.00 —-_—— 27.25 J.10 0.06
810805 10.00 -——— e 23.25 J.57 0.04
810812 6.50 3.90 ———— 22.75 0.35 V.06
310819 5.503 0.9%4 - 11.12 J.42 J.04
810827 3.75 3.02 ——— —_—— J.l4 0.06
810904 7.12 2.34 -——— -— 3.07 0.04
310929 6.25 ——— S ——— -——— _——
811007 2.72 - ———— J.03 -——— _——

811015 2.42 3.30 _— _—— 0.12 .
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50IL EXTRACT ANALYSIS 1330-1282

NITRATE (as i) -»nom- PLOT 35G 1381

DATE DEPTH (cm)

3) 45 60 30 129 150
310015 — i J.1l4 —-——— 3.04 0.03 ===
310622 e J.03 —-——— .05 J.05 2.05
810629 SEisie J.17 - J.02 J.J2 ————
310703 e 1.50 J.560 J.006 0.03 e
810715 19.52 13.75 10.75 0.05 0.06 S
810722 — == 3.75 5.35 —-——— .04 0.45
810723 15.50 5.00 5.00 J.14 J.05 0.26
810805 9.75 2.60 3.50 0.49 J.04 J.19
310812 ———— ——— 1.30 0.86 3.05 J.27
810319 == 3.70 2.65 0.06 0.06 .13
310827 1.33 2.30 6.70 J.10 0.02 0.13
310904 3.70 4.35 10.12 0.04 0.04 0.J35
810929 ———— — ———— e 0.05 J.22
811007 -——— 2.5) 83.75 J.15 0.903 ———
311015 ———— 2.42 5.3) 0.05 0.04 0.03

NITRATE (as W) -npu- pLOoT 35 1931

DATE DEPTIH (cm)

3D 45 690 20 12) 150
310515 -—— J .04 0.19 S ———— -——-
810622 ———— J.J3 .12 i ———— ————
810629 1.80 J.32 2.00 S ——- -——
810703 ———— 3.50 I == S -—
310715 s 15.33 e e s o ———
810722 ———= i S Sl S -——
810723 11.59 26.59 ).60 LSS abmin -——
310805 -———— 5.40 10.5) =i -—— -
810312 ——i s == e S -——
810319 15.25 0.59 5.52 S ———— ———
810827 -——- 14.25 4.55 —— -——— -—--
810904 2.34  11.5) 3.00 e -——- -
310729 i — - S =i —-———
311007 i i m=—— e == ot ———- —_———

R11015 -——- s -—-= === === --=-



112

SOIL EXTRACT ANALYSIS 1980-1982

Pl PLOI' 50A 1981

DATF DEPTH (cm)
30 45 60 90 120° 150
. 810615 —— e ———— ——== - 8.00
810622 —_—— ——— ———— ———— ———— 7.90
810629 -——— —_——— —-—— ———— ———— 7.50
810708 -——— ——— ——— ———— -—— §.08
310715 —_——— —— —_—— ———— ———— 7.25
810722 ———— ———— ——— ———— ———— 8.05
810728 -——— ——— ——— ———— ———— 8.00
810805 —_—— ——— ———— 7.48 8.21 7.70
110812 ——— ———— ———— 7.82 8.18 7.65
81081Y 629 ——— 7.75 7.15 7.73 7.45
810827 8.13 ——— 7.99 7.45 7.56 7.50
310904 7.80 ———— 8.20 7.41 7.99 3.00
810929 i i e = e 7.60 8.23
811007 8.22 -——— —_——— 7.82 7.89 8.40
811015 e —— ——— 7.88 8.19 8.88

PH PLLOT 50 1981

DATE DEPTU (cm)
30 45 60 90 120 150
810615 8.31 8.10 7.91 7.80 7.30 7.35
310622 3.283 3.00 S 7.30 7.28 7.40
810629 ——— 6.01 8.23 7.05 7.21 7.20
810708 8.4R 8.15 ——— 7.58 7.77 7.60
810715 o 7.95 i 7.20 7.62 7.51
810722 8.28 8.13 8.42 7.32 7.68 7.83
810723 3 .30 8.15 ———— 7.49 7.70 7.58
810305 3.40 ———— ——— 7.81 7.81 7.37
810812 3.50 8.30 el 7.61 7.91 71.70
310319 $.42 £.22 = i 7.49 3.10 7.35
810827 8.25 1.23 i e o - 7.88 7.48
810904 8.22 8.45 e R 8.22 8.08
810929 8.51 E——— e e e —-———— _——
811007 .32 ——— e 3.10 —_—— —_———
811015 8.35 8.09 =S — 8.50 —-————
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SOIL CKTRACT AJALYSIS 1980-1982

Pil PLOT 35G 1981

DATE DEPLH (cm)
39 45 60 90 120 150
- 810615 -——2- 7.50 ——— 7.56 7.71 ————
810622 -_—— 7.82 —_—— 7.71 8.15 8.30
810629 ——— 7.75 ———— 6.88 7.91 o
810708 - 7.22 7.565 7.78 8.08 —_——
810715 8.33 7.31 7.12 7.22 8.38 -——
810722 -—— 7.75 3.J5 -_—— 8.08 7.88
810728 3.31 7.60 7.70 8.42 8.26 7.68
810805 8.45 7.53 7.59 7.20 3.00 7.29
810812 -—— _— 7.94 7.69 8.21 7.66
t1081¢ ———— 7.85 7.85 7.11 7.98 7.60
810827 3.33 7.82 7.60 7.37 7.95 7.44
810904 3.79 8.30 8.00 8.05 3.05 3.08
810929 ———— — i == ———— 7.92 8.12
811007 _—— 8.09 8.19 7.73 3.38 —_——
811015 -— 8.20 —— 7.89 8.35 8.05

Pi PLOT 35 1981

DATE DEPTI (cm)
30 45 60 30 120 150
810615 _—— 7.54 7.58 —— —_—— ——
810622 _— 7.92 7.87 -— —_—— ———-
810629 8.20 7.65 7.92 —_—— -_— ————
810708 - 7.78 -—— —_—— ————
810715 _—— 7.75 -——- —_—— ————
810722 - e e ] ———— ————
810728 8.08 7.71 8.00 —— -_— v
810805 ——— 7.80 7.92 —_— ——— i
810812 - == = o s 2o —_——— —_———
81081Y 8.30 7.86 8.08 — - P
810827 —— 7.78 7.81 —— —— oot
810904 8.19 f.25 B .25 -—— _— —
810029 —_—— -——- -—— -——- - —
811007 s -——- -——- -—— _— S

811015 -——— ——— -—— —_—— IS SR



T-FO4 -F

DATE

810515
" 810622
810062
810708
810715
810722
810728
810805
810812
810819
810827
810904
810929
811007
811015

T-P04 as P

DATL

R10615
310622
8105629
810708
810715
810722
810728
810805
810812
8103819
810827
810904
810929
811007
811015

SOTL LXTRACT NIALYSIS 193J-1982

(FHCO3)

0.15
0.U5

-0onNnmn-—

PLOT 504

NuPIH (cn)

50

J.15
J.01

J.01

PLLOT 50

DEPI'A (cm)

50

0.02

0.13

90

1981

0.25
0.01
0.01

1981

114
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SOIL EXTRACT ANALYSIS 1980-1982

T-PO4 as P -ppm- PLOT 35G 1981

DATE DEPTH (cm)

30 45 60 90 120 159
810615 ——— 0.04 ———— ———— 0.01 ===
- 810622 -——— 0.02 ———— 0.06 0.02 0.05
810629 —-——— 0.02 ———— 0.02 0.05 ——
810708 -——— 0.04 0.06 0.02 0.07 e e
810715 0.20 0.07 0.12 0.11 0.21 -
810722 ———— 0.03 0.02 —-———— 0.13 0.02
810728 0.05 0.02 0.02 0.03 0.03 0.04
810805 0.03 0.06 0.02 0.02 0.01 0.03
810812 ———— ———— —_——— ———— ———— 0.01
810819 ——— - ——— 0.02 - ————
810827 ——— —_—— ———— ———— ———— -———
810904 0.12 ——— ——— —_—— —-——— -———
810929 - ——— ——— —— 0.01 0.02
811007 - - —-—— 0.01 -———— —_————
811015 - e e —-———— i 0.03 ———— -————

T-PO4 as P -ppm- PLOT 35 1981

DATL DEPTH (cm)

30 45 60 90 120 150
810615 -——- 0.03 0.03 i e e ERa-
810522 o ¢.02 -=== et - e
810529 0.09 0.01 0.04 D e peEsCTTE
810708 - 0.04 === e i e
810715 i 9.02 —m=- - - . -
810722 -——- = -—-- === == o
810728 0.05 0.02 0.11 — = e
810805 - et 0.31 el it Sl

310812 ---- -—-- ——-— =——- - eme-
810819 -—-- - S - -—=- ——--
810827 - R S - ---- -
8169014 - S -—--

810929 ———— S i ST Lok .
811007 s - - - P L
311015 - - = ———- - -
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SOIL CXTRACT AN/LYSIsS 1980 1932

NH3 -ppm- PLOT 50A 1981

DATE DEPTH (cm)
32 45 60 90 120 159
. 810615 ———— ——— —_—— —-—— ——— —-———
810622 ——— ——— ———— —~——— ———— ———
810629 ———— ——— ——— -—— ———— 0.30
810708 ———— -_—- -——- -—— —-——— 0.20
810715 i —— ———— - ey 1.40
810722 ———— ——— -—— ———— ———— ————
810728 i i ——— ——— ———— 0.60
810805 ——i e i 1.00 2.20 0.10
810812 e o e 0.10 0.10 —-————
810819 1.10 ———— 1.10 0.10 ——— ———
810827 0.80 ———— 1.00 —— ———— ———
810904 1.50 —-——— 1.10 0.10 0.10 0.90
810929 -—— === ———— —— 0.00 0.30
811007 0.80 ——— -—— —-—— ——— ———
811015 -—— ——— —_—— —— J.50 0.30

NH3 -opm- PLOT 50 1931

DATE DEPTH (cm)
30 45 60 90 120 150
810615 1.90 0.80 1.10 0.20 1.10 0.40
810622 0.50 0.30 i 0.30 0.30 1.40
810629 -——— 0.20 0.30 0.20 0.20 0.30
810708 0.30 0.50 e i 0.30 0.70
810715 ——— 3.00 = 0.80 0.80 1.40
810722 0.50 0.60 0.60 0.50 0.50 1.20
810728 2.40 1.80 —— ——— 0.60 1.00
810805 0.30 e e 0.20 0.70 1.40
810812 0.10 0.60 Sl .10 0.10 3.00
810819 0.10 0.04 o i 0.10 0.10 0.60
810827 0.20 0.20 - i 0.20 1.20
810904 0.10 0.10 S —— 0.10 0.80
810929 o e = S=== e ——— ————
811007 —-———- i s 0.80 ——— -——

811015 0.20 -—-- ——— ——-- 0.70 ——
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SOIL EXTRACT ANALYSIS 1980-1982

NH3 -opm- PLOT 35G 1981
DATE DEPTH (cm)

30 45 60 90 120 150

810615 ———— ——— - 0.10 0.30 ===
810622 ———— 0.40 - ———— o e 1.00
810629 -t 0.30 = 0.30 0.40 o
810708 ———— o 0.40 ———— —— e —_———
810715 1.00 0.20 1.00 0.20 = =
810722 —_——— 0.20 0.80 —-—— 0.20 0.50
810723 1.20 0.30 0.10 2.20 1.70 1.30
810805 J.30 0.60 0.60 0.30 = 0.20
810812 — ——ie J.10 0.10 0.10 e
810819 i 0.30 0.30 0.10 ———— e
810827 0.30 0.560 0.30 0.30 0.30 0.30
810904 0.60 0.60 0.30 0.60 = o o s
810929 i === - e i o 0.10 ————
811007 i 0.70 0.70 —— 0.40 ———
811015 e 0.40 0.80 0.40 0.10 0.10

NH3 -ppm- PLOT 35 1981
DATE DEPTH (cm)

30 45 60 90 120 150

810615 il 0.20 m——— == i ——
810622 —-—— 0.40 0.70 ———— ——— ———
810629 2.00 0.20 0.20 = —— —_———
810708 Sm—= 0.30 —— e e ———
810715 i 1.20 —ieme smiomen - ———
810722 == = =i e i ————
810728 3.00 1.80 1.00 - ——— ——
810805 ——— 0.50 0.90 —— ———— ———
810812 i =i === s —— ————
810819 1.70 0.20 0.20 = ———— ———
810827 -———— 0.30 0.40 ———— ——— ———
810904 1.80 0.10 0.30 —— ——— —_———
810929 ——— i s g ——— ————
811007 — = st === - ————

811015 -———— —— —_—— ——— S 2
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.Appendix C. Laboratory-determined parameters of field soil water
extracts 1982,

Sodium
Chloride
Bicarbonate
Electrical Conductivity
Nitrate
P
Total Phosphates
Ammonia
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SOIL EXTRACT ANALYSIS 1980-1982

SODIUM (Na) -ppm- PLOT 50A 1982
DATE DEPTH (cm)
30 45 60 90 120 150
820618 -—-- -——- ----  185.0 -——-
- 820625 332.0 -——- ---- 1010.0 218.0 133.0
820630 233.0 -— ----  870.0 174.0 71.0
8207083 353.0 ----  409.0 650.0 307.0 103.0
820725 392.0 ----  430.0 530.0 330.0 103.0
820804 426.0 ----  630.0 590.0 343.0 103.0
820810 425.0 ----  510.0 530.0 367.0 103.0
820820 44).0 ----  539.0 540.0 332.0 101.0
820825 400.0 ----  370.0 460.0  404.0 99.0
SODIUM (Na) -opm- PLOT 50 1982
DATE DEPTH (cm)
30 45 60 90 120 150
820618 400.0 -—— ---- 121.0 204.0 127.0
820625 263.0 -—— ----  540.0 258.0 167.0
820630 -——- -——- - -—-- -—- -——-
820708 239.0 410.0 394.0 460.0 271.0 217.0
820725 363.0 366.0 420.0 530.0 234.0 222.0
820804 454.0 468.0 560.0 550.0 342.0 365.0
820810 590.0 ---- 450.0 480.0 266.0 375.0
820820 360.0 500.0 390.0 500.0 280.0 -
820825 410.0 630.0 370.0 520.0  333.0 -—
SODIUM (Na) -ppm- PLOT 35G. 1982
DATE DEPTH (cm)
39 45 60 30 120 1590
820618 -—-- -—-- -——- -——- -— _—
820625 ---- 375.0  440.0 510.0 ----  124.0
820630 -—-- -——- -——- ----  258.0 133.0
820708 -— ----  510.0 ----  301.0 122.0
820725 323.0 ----  353.0 440.0 272.0 114.0
820804 342.0 ----  327.0 530.0 322.0 86 .0
820810 -——- -—— ----  431.0 251.0 134.0
820820 279.0 400.0  410.0  390.0 318.0 160.0

820825 —on 390.0 380.0 435.0 319.0 185.0



DATE

820518
. 820625
820630
820708
820725
820804
820810
820820
820825

DATE

820618
820625
820630
820708
820725
820804
820810
820820
820825

DATE

820618
820625
820630
820708
820725
820304
820810
820820
820825

SOIL EXTRACT ANALYSIS 1980-1982

SODIUM (Na)

620.0

CHLORIDE (Cl)

200.0
260.0
360.0
380.0
390.0
395.0
470.0
500.0

CHLORIDE (Cl)

459.0
580.0
430.0
480.0

-opm-

450.0
325.0
530.0
580.0
565.0

PLOT 35
DEPTH (cm)

60 90
610.0 o i
600.0 e
540.0 i
540.0 ———
610.0 i
710.0 -

PLOT 597A
DEPTH (cm)

60 90

---- 1590.0

e 905.0
380.0 430.0
420.0 440.0
530.0 495.0
490.0 457.0
495.0 400.0
462.0 335.0

PLOT 50
DEPTH (cm)

60 90

———— 355.0

e s 865.0
260.0 505.0
375.0 705.0
425.0 540.0
400.0 510.0
430.0 510.0
415.0 520.0

1382

2180.0
1065.0
1010.0
846.0
745.0
740.0
670.0

1982

120

407.0
430.0
4390.0
450.0
410.0
420.0
465.0
440.0
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CHLORIDE (Cl) -opnn- PLOT 35G 1382
DATE DEPI'H (cm)
30) 45 50 )0 120 159
320618 -——- -——- -—— -—— -——- ———
320625 -———- 230.0 350.9 1115.0 -———- 370.0
320530 -———- -——- -—— -—— 330.0 390.9
320703 -———- -——- 275.0 ---=- 1059.0 955.0
320725 293.9 -———- 23).0 375.0 10)0.0 939.0
320804 200.0 -———- 220.0 315.0 360.0 921) .0
320810 -———- -——- -——- 317.90 375.0 375.9
820820 23).9) 373.0 335.0 725.0 1325.2 330.90
320325 -—— 375.0 335.0 670.0 1925.9 755.0
ZHLORIDE (Cl) -oonm- PLOT 35 19232
DATE DEPTH (cm)
3) 45 69 30 129 153
320613 -——— 290.0 -——= -——- -—— -——-
320625 -——- 70.0 379.9 —— - -— -——
820630 -——- -——- -——- -———- -——— -——-
320708 -——— 200.9 200.0 -——- -—— —_—
320725 14).0) 455.) 233.0 ---- 1550.0 -———-
320304 -_—— 440.0 410.0 —_— —_—— —_——
820810 -—- 440.0 -——— ---- 1390.0 -——
820820 515.0 409 .0 505.0 -——- 1419.0 —_——
820825 -—— 455,79 535.9 -——- 1420.0 -——
3ICARBIIATE  (1HCD3) -nom- PLOT 39A 1382
DATE DEPTH (cin)
30 45 50 30 129 1590
320613 -——-- ——— i -—— 515.0 -——
820525 216.9 -——— -—— 30.0 248.9 475 .0
820630 172.9 -——— -——- 144.0 343.90 538.0
320703 210.0 -——— 232.0 525 .9 230.0 530.0
820725 2)).90 -——— 420.0 756.0 590.0 792.0
320804 115.9 -———- 1L70.9 230.0 110.0 332.0
820810 210.0 -———- 330.0 729.0 405.90 420.0
320820 139.0 -——— 250.9 460.9 380.9 409.0

820825 220.0 === 240.0 440.9 260.0 350.0
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SOIL EXTRACT ANALYSIS 1980-1982

BICARBONATE (HCD3) -ppm- PLOT 50 1982
DATE DEPTH (cm)

30 45 60 90 120 150
820618 140.0 -— —— 72.0 388.0 468.0
1820625 146.0 -— --=—-— 248.0 336.0 382.0
820630 ———— S—— S— —- —— —
820708 153.0 15)2.0 402.0 344.0 352.0 372.0
820725 192.0 200.0 435.0 460.0 420.0  544.0
820804 120.0 180.0 140.0 135.0 110.0 150.0
820810 230.0 -—-- 390.0 430.0 460.0 180.0
820820 200.0 260.0 220.0 280.0 320.0 ——
820825 160.0 160.0 200.0 140.0 200.0 -—
BICARBONATE (HCO3) -ppm- PLOT 35G 1982
DATE DEPTH (cm)

30 45 60 90 120 150
820618 ———- ——— —— _— —— ——
820625 ——--  208.0 120.0 140.0 -——= 556.0
820630 —— _— ——— -——=  200.0 672.0
820708 -——- -————  155.0 -——=  428.0 622.0
820725 272.0 -——-  380.0 540.0 635.0 664.0
820804 250.0 -—=- 200.0 120.0 220.0 140.0
820810 -— —— ----  620.0 420.0 650.0
820820 230.0 240.0 260.0 440.0 350.0 460.0
820825 -——- 220.0 170.0 180.0 160.0 260.0
BICARBONATE (HCO3) -ppm- PLOT 35 1982
DATE DEPTH (cm)

30 45 60 90 129 150
820618 Eeee  468.0 . —— —_— ——
820625 —--  344.0 144.0 ——— S -
820630 —— -—— -—— -_— — s
820708 -——=  375.0 210.0 ——— g ———
820725 476.0 496.0 420.0 -—-=  160.0 -
820804 mmmm  270.0 290.0 ——— S— sy
820810 ——==  240.0 -—— —— 30.0 S
820820 280.0 280.0 200.0 -——=  100.0 bt

820825 S=—= 400.0 260.0 ———— 100.0 -
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SOIL EXTRACT ANALYSIS 1980-1982

CONDUCTIVITY -mS/cm- PLOT 50A 1982
DATE DEPTH (cm)
30 45 60 90 120 150
820618 =S o " . 4.8 ———
. 820625 1.9 o e 40 7.1 5.2 3.2
820630 2.0 e e 6.2 5.2 3.3
820708 2.3 = 2.9 4.6 5.7 3.3
820725 2.4 - 2.3 3.9 5.2 3.3
820804 3.0 ——— 3.9 4.4 5.4 3.6
820810 3.0 ol 3.9 4.0 5.1 3.6
820820 2.7 —————- 3.3 3.5 4.5 3.1
820825 2.8 SE s — 2.8 2.6 3.3 2.7
CONDUCTIVITY -mS/cm- PLOT 50 1982
DATE DEPTH (cm)
30 45 60 90 129 150
820618 3.0 ——— me i 1.9 4.2 4.2
8206 25 1.6 i e 5.0 4.5 4.3
820630 ——— -—— - ——— e e
820708 1.9 2.9 2.4 3.7 4.5 3.8
820725 2.4 2.0 2.7 4.5 4.5 4.1
820804 3.2 3.2 3.3 4.1 4.7 3.9
820810 4.0 o e 3.5 4.1 5.2 4.0
820820 3.0 3.7 3.0 3.6 4.7 -
820825 2.5 2.8 2.5 2.9 3.9 -
CONDUCTIVITY -mS/cm- PLOT 35G 1982
DATE DEPTH (cm)
30 45 60 90 120 150
820618 - e - i T ———
820625 . 3.1 3.2 5.1 . 5.5
820630 s 4 ——— e - 4.9 5.9
820708 o o 2.9 s 5.5 5.8
820725 2.5 g 2.5 5.0 5.0 5.4
820804 1.8 i 2.0 5.4 6.0 5.3
820810 e s === 6.0 6.6 5.9
820820 1.8 2.7 2.4 4.7 5.5 5.2
820825 e 2.8 2.5 3.7 4.6 4.1
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SOIL EXTRACT ANALYSIS 1980-1982

CONDUCTIVITY -mS/cm- PLOT 35 1982
DATE DEPTH (cm)
30 45 60 90 120 150
820618 ———— 3.1 ———— S e T—
820625 ——— 2.2 3.6 - S .
820630 —-—— — S SO —— PR
820708 -——— 2.4 3.0 ———— s oo ot
820725 2.3 3.1 2.9 ——— 5.7 ———-
820804 -———— 3.8 3.2 — — e
820810 -——— 3.7 —— . 7.1 i g
820820 3.0 2.9 2.5 ——— 6.4 —-———
820825 ——— 2.8 3.8 ——— 5.1 ———
NITRATE (as N) -ppm- PLOT S0A 1982
DATE DEPTH (cm)
3) 45 60 90 120 150
8205618 -———— -——— - -———— 1.82 ————
8200625 13.40 ———— - s 1.68 1.76
820630 5.50 st i = = 1.59
820708 1.25 ———— 5.63 0.16 0.92 2.20
820725 0.04 -———— 0.05 0.04 0.45 2.00
820804 0.06 -———— 0.24 0.03 0.43 1.75
820810 0.06 - 0.03 0.01 0.09 1.70
820820 0.05 ———— 0.05 0.02 0.01 1.65
820825 0.07 ———— 0.05 0.03 0.03 1.65
NITRATE (as N) =-oom- PLOT 50 1982
DATE DEPTH(cm)
3) 45 60 90 120 150
820518 8.75 -—— - e 1.98 3.23
820625 36.10 - ———— 6.40 2.35 2.25
820630 ———— ——— R ———— ———- ————
820708 183.60 4.75 4,12 35.90 1.30 5.48
820725 2.595 2.00 2.13 12.20 0.46 1.14
820894 0.54 1.65 0.82 4.85 0.20 0.10
820810 0.62 -——— 0.66 0.03 0.03 0.03
820820 0.72 0.32 0.61 0.04 0.01 -————

820825 0.46 0.53 0.40 0.02 0.02 ———
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SOIL EXTRACT ANALYSIS 1980-1982

NITRATE (as N) -ppm- PLOT 35G 1982
DATE DEPTH (cm)
30 45 60 90 120 150
820618 —mnin — ——— —— it s
820625 i 13.20 1.78 J.06 -—— 1.14
820630 s -_—— -—— ——- 0.27 0.82
820708 s=ss —— 1.75 ——— 0.40 0.98
820725 20.60 ———— 1.93 0.08 J.06 1.80
820804 8.35 ——— 3.16 0.13 0.21 1.31
820810 —— —_——— —— 2.01 0.10 0.65
820820 7.85 12.80 3.58 0.04 0.06 0.60
820825 ——— 3.75 3.20 0.32 0.23 0.31
NITRATE (as N) -ppm- PLOT 35 1982
DATE DEPTH (cm)
30 45 60 90 120 150
820618 - 15.50 ——— ———— ———— ———
820625 ——— 21.20 5.42 —- —— ———
820630 ——— i ——— ———— —— —
820708 -———— 13.00 5.00 —— ——— —
820725 2.45 3.75 3.10 —— 0.22 -———
820804 ———— 1.53 1.45 ——— ——— ———
820810 —— 1.28 ——— ———— 0.06 -———
820820 0.33 0.79 0.65 -——— 0.07 ————
820825 ———— 0.96 1.10 ——— 0.05 —-————
Pd PLOT S50A 1982
DATE DEPTH (cm)
30 45 60 90 120 150
820618 s it ——— - 7.70 -————
820625 8.50 o e e 7.88 7.90 8.70
820630 8.54 - e 7.49 7.58 8.27
820708 8.40 ——- 8.05 7.51 7.61 8.14
820725 8.27 - 7.81 7.30 7.53 8.00
820804 8.60 —-——— 8.55 8.85 8.38 9.00
820810 8.58 -——— 8.19 8.02 8.09 8.80
820820 8.50 ———— 8.49 8.60 8.15 8 .85

820825 8.51 Ao 8.61 8.99 8.60 9.02
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SOIL EXTRACT ANALYSIS 1980-1982

PH PLOT 50 1982
DATE DEPTH (cm)
39 45 60 90 120 150
820618 7.73 -——- = 7.73 7.30 7.30
-82058625 8.55 ———— ———— 7.78 7.39 7.69
820630 —_——— —-—— ——— ———— ——— -
820708 8.34 8.32 8.51 7.48 7.62 7.60
820725 8.32 8.50 7.87 7.60 7.61 7.70
820804 8.40 8.61 8.56 8.38 8.20 8.52
820810 8.50 -——— 7.99 8.19 7.85 8.60
820820 3.48 3 .45 8.42 8.20 8.02 ———
820825 3.48 8.42 8.52 8.32 8.53 -
PH PLOT 35G 1982
DATE DEPTH (cm)
30 45 60 90 120 150
820618 ———— e S - ——— ———
820625 ——— 8.53 8.30 8.22 ———— 7.88
820630 —_—— ——— i - 8.42 8.08
820708 ———— —-—— 8.33 ——— 8.36 7.48
820725 8.29 ——— 7.98 7.30 7.89 7.85
820804 8.72 ——— 8.70 8.35 8.52 8.46
820810 ———— —— i 7.60 8.21 7.82
820820 8.70 8.70 8.52 8.01 3.48 8.30
820825 ———— 8.62 8.58 8.49 8.72 8.62
pd PLOT 35 1982
DATE DEPTH (cm)
30 45 60 90 120 150
820618 ———— 7.70 e —— ——— —_——
820625 -_—— 8.92 8.31 ———— ——— ———
820630 ———— S S ———- ———— ——
820708 -———— 83.51 8.80 ——— -—— ————
820725 8.70 7.90 8.41 ———— 7.83 ————
820804 -———— 8.78 8.89 ——— ——— ———-
820810 ——— 8.61 - ———— 3.00 —-————
820820 8.70 8.78 8.79 ——— 8.13 SR

820825 e i 8.57 8.70 ——— 8.07 J——
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SOIL EXTRACT ANALYSIS 1980-1982

T-PO4 as P -npm- PLOT 50A 1982
DATE ‘DEPTH (cm)
3] 45 60 90 120 159
820613 ———— ———— -—— —— 0.04 ————
820525 J.06 ———— ———— -——— 0.01 ————
820639 —— —-——- ——— ——— 0.04 0.03
820708 J.03 ——— 0.0 -——— —— 0.01
820725 0.03 —-———— 0.04 0.05 0.02 —-————
820804 0.02 ——— 0.02 0.01 ———— 0.03
820810 0.01 ——— 0.03 0.03 0.04 0.08
820820 0.14 ——— .05 0.01 0.10 -
820825 0.05 ——— 0.02 0.09 ———— ————
T-PO4 as P -pom- PLOT 50 1982
DATE DEPTH (cm)
3) 45 60 90 12) 150
820618 J.13 ———— ———— - 0.01 0.09
820625 ——— ——— ——— 0.04 0.05 0.01
820630 ———— ——— ——— - ———— -———
820708 .02 0.22 0.04 0.04 0.04 0.02
820725 J.12 ———— 0.02 0.04 —-———— 0.02
820804 ———— —— J.02 — ———- ———
820810 ——— ——- —— - .01 ————
820820 —-———— 0.06 = - ———— -—— ————
820825 0.01 - 0.06 2.05 0.01 ————
T-PO4 as P —-ppm- PLOT 35G 1982
DATE DEPTH (cm)
30 45 60 90 120 150
820618 i o i o ——— ———
820625 ———— s i s -—— 0.02
820630 ————— = i SeEs 0.05 0.08
820708 e = = R 0.11 0.03
820725 i i mi i - 0.06 0.02
820804 it e o i 0.02 0.01
820810 ——— ——— i 0.03 0.03 0.07
820820 o e =i === i o ———— 0.20

820825 ----  0.05  0.02  ---- seww 005
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SOIL EXTRACT ANALYSIS 1980-1932

T-PJ4 as P -ppm- PLOT 35 1982
DATE DEPTH (cm)
39 45 60 90 120 150
820618 ———— 0.13 e =mice s - o e e
- 820625 —— 0.01 = —-———- ———c —-———-
820630 ——- -——— ———— o e e
820708 -———— —-——- 0.70 S i -
820725 ———— 0.01 =——— = Sesmius = el
820804 ——— ———— i e =i sl
820810 ——— — e e ee—— e
820820 ———— -———— ——— ———— = = i
820825 ———— ———— e = man —— o
NH3 as d -opm- PLOT 50A 1982
DATE DEPTH (cm)
39 45 60 90 129 150
820618 —-——— ——— e ———— 0.60 ————
820625 1.20 ek = —-——— 0.14 0.90
820630 0.20 ———— —-—— 0.39 2.31 0.51
820708 0.40 ———- 0.72 0.65 0.45 0.49
820725 0.22 -——— 0.23 0.18 0.10 0.10
820804 J.30 ——— 0.11 ———— —— —-———
820810 0.20 ——— J.21 0.18 0.01 0.19
820820 0.70 ———— 0.01 ——— -—— ———
820825 0.20 —— 0.09 0.11 0.05 ————
NH3 as N -ppm- PLOT 50 1982
DATE DEPTH (cm)
3J 45 60 90 120 150
820618 0.06 - == e i 0.53 0.02
820625 0.20 = p——— 0.07 0.20 0.10
820630 - —— e =i i ——— ———
820708 7.21 e 0.24 0.58 0.46 0.56
820725 0.14 1.38 0.22 0.19 0.21 0.26
820804 0.10 0.20 0.01 .04 -———— 0.41
820810 0.16 —-———— 0.04 0.15 0.15 0.50
820820 0.16 0.19 - 0.20 0.24 s

820825 0.26 0.01 0.00 0.13 0.20 —-———
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SOIL EXTRACT ANALYSIS 1980-1332

NH3 as N -nnn- PLOT 35G 1932

DATE DEPTH (cm)

30 45 60 90 122 150
8205618 -———— -—— —— -——— —-——— -————
820625 -——- J.60 N.50 4,00 -——— 0.09
820630 —-——— -—— ——— -———— J.30 .71
820798 -——— -—— -—— -——— J.44 0.93
320725 J.13 -——— J.33 J.33 J.l> J.14
820804 .30 -—— J.15 0.19 J.06 0.04
820810 -—— -——— —-—— .15 -——— J.08
820820 J.30 J.80 J.01 J.J1 J.30 0.14
820825 ———— 0.20 0.09 9.04 -——— ——

NH3 as N —-pnu- PLOT 35 1932

DATE NDEPTH (cm)

30 45 60 90 129 150
320618 -——— .29 —-——— —-———— -—— -—
820625 —_—— N.5) 2.00 ———— -—— -—
820630 -——— —_——— —-——— -——— -—— _——
820703 -—— 7.60 0.590 ——— -——- _——
820725 5.00 1.38 J.60 - 2.20 -———
820804 -——— 2.27 3.50 —-——— -— -_———
820810 —— 0.40 -——— —— -——- —_——
820820 2.00 0.70 0.70 —-—— J.80 -———

820825 - -—— 0.70 ——— ——— s i
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Appendix D. Soil chemical characteristics 1980-1982. Data by treat-
ments, depth, and sampling date for:

Exchangeable sodium
Exchangeable Sodium Percentage (ESP)
Cation Exchange Capacity
Exchangeable Magnesium
Exchangeable Calcium
Electrical Conductivity of Saturation Extract
pPH of Saturated Soil Paste
Sodium Adsorption Ratio (SAR) of Soil Solution
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Exchangeable Sodium,me/100g PLOT 50
DATE SITE DEPTH (cm)
0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 2 - - —-—— 0.8 0.4 0.1 0.1
. 801104 1 - - —-—— 1.3 0.4 0.4 0.4
801104 2 -—— - —-—— 1.5 0.8 0.6 0.2
801104 3 - - - 1.6 0.6 0.3 0.1
811009 1 - - - 2.0 1.1 1.4 0.8
811009 2 - - —_—— 1.7 1.4 0.8 0.7
811009 3 - - - 1.8 1.6 0.9 0.3
820426 1 - 1.9 2.4 - -——— - -
820426 3 - 1.9 2.1 —-——— - - ———
820426 5 —-——— 1.9 2.1 - - ——— -
820426 6 - 2.2 2.2 —-—— - —— -——-
820911 l 103 107 107 So——— 106 107 2.2
820911 2 1.7 1.8 2.2 - 1.8 1.2 1.4
Exchangeable Sodium,me/100g PLOT 35
DATE SITE DEPTH (cm)
0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 1 - - —-—— 0.7 0.2 0.1 0.1
800519 2 - - - 0.5 0.1 0.1 0.2
800519 3 - - - 0.4 0.2 0.3 0.5
801104 1 - —-—— - ——— 0.9 0.3 -
801104 2 - - - 1.1 0.2 0.4 0.4
801104 3 - -— —-—— 1.6 0.4 0.7 0.8
811009 1 - —-—— ——— 1.9 1.6 - _——
811009 2 - -— —— 1.5 1.3 0.8 0.6
811009 3 - - —— 1.7 1.4 - ——
820426 1 - 1.7 2.2 —-—— - ——
820426 3 - 1.5 2.1 -— - - s
820426 5 - 1.9 2.1 -——— —_—— -k e
820426 6 - 1.8 2.1 -—— —-_—— - s
820911 1 1.2 l.6 1.7 -— 1.8 -—— _—
820911 2 1.3 1.5 1.8 -——— 1.6 1.9 1.0
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Exchangeable Sodium,me/100g PLOT 35G
DATE SITE DEPTH (cm)
0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 1 - - —-_—— 0.4 0.1 0.1 -
800519 2 - - —_— 0.5 0.2 0.6 1.3
800519 3 —-——— - - 0.5 0.4 0.5 ———
801104 3 -—— - —— - —-—— 0.3 -
811009 1 -—— —-_——— ——— 2.2 1.1 0.9 0.5
811009 2 -——— - —-——— 2.0 1.4 0.7 0.4
811009 3 -—— - - 2.3 1.2 0.5 0.7
820426 1 - 1.6 2.0 —-——— —-—— ——— -
820426 3 - 1.7 2.4 - - -—- -——
820426 4 - 1.7 2.2 ——— - ——— -
820426 5 —-——— 1.4 2.2 -— - ——— ———
820911 1 0.8 1.7 1.8 —-—— 1.8 1.9 1.2
820911 2 1.3 1.4 2.0 - 1.7 1.4 0.9
Exchangeable Sodium,me/100g PLOT 20
DATE SITE DEPTH (cm)
0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 1 - - —— 0.3 0.1 0.2 0.5
800519 2 - - ——— 0.6 0.4 0.6 -
800519 3 - -—— ——— 0.4 0.1 —-——— ———
801104 1 - - -——- 1.4 0.5 0.3 1.1
801104 2 - - e o ——— 0.6 -
801104 3 - - el - 0.6 -—— ———
811009 1 - - - 3.3 1.4 1.7 1.1
811009 2 - ——— ——— 3.3 1.5 1.5 —-——
811009 3 - s ——— 2.9 1.5 - —_——
820426 1 — e e 2.3 2.7 =i - —— ———
820426 3 - 2.5 2.6 s ——— —-
820911 1 0.8 1.5 2.6 - 1.6 0.9 0.8
820911 2 1.2 1.6 2.0 —— 1.2 0.6 0.7
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Exchangeable Sodium Percentage ESP

DATE SITE DEPTH (cm)

0-3 0-15 15-30 0-30 30-60
800519 1 - - —_— 4.6 2.5
800519 2 —— ——— —— 4.0 2.3
800519 3 = —— - 5.4 2.2
801104 1 e i ——— 7.7 4.4
801104 2 - —_— —— 8.3 7.4
801104 3 i s i 7.4 4.4
811009 1 e oo —— 12.0 8.3
811009 2 s —— s e 9.0 10.5
811009 3 = ——— ——— 9.7 10.5
820426 1 e 7.9 11.3 e e
820426 3 el 3.0 10.38 B e
820426 5 i 3.1 11.5 —— i
820426 6 i 10.1 10.7 i ——
820911 1 6.1 7.5 9.0 —— 9.4
820911 2 7.5 7.9 11.3 == 10.6

Exchangeable Sodium Percentage ESP

DATE SITE DEPTH (cm)

0-3 0-15 15-30 0-30 30-60
800519 1 e ma—ies s oo 3.6 l.1
800519 2 simsecs st = 3.5 0.4
800519 3 = s s 2.1 1.0
801104 1 - emiens e T 5.9
801104 2 s ——— e 5.5 1.5
801104 3 —— s e 9.1 2.3
811009 1 e e el 9.6 10.8
811009 2 s - e 8.4 3.9
811009 3 e SSs e 9.6 8.1
820426 1 e 9.0 11.3 - -
820426 3 - 3.2 10.1 -—— -
820426 5 —— 9.0 10.83 - -
820426 6 —-—— 9.1 10.7 - i
820911 1 5.5 7.6 8.0 —— 10.90
820311 2 6.1 7.1 8.3 - 3.8
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Exchangeable Sodium Percentage ESP PLOT 35G

DATE SITE DEPTH(cm)

0-3 0-15 15-39 0-30 330-60 60-90 92-120
800519 1 —— - —— 1.9 0.3 1.2 e
800519 2 - —_— —— 2.7 1.2 3.7 7.9
800519 3 —— ——— —— 2.1 1.9 3.0 i
801104 3 ——— —— ——— - —— l.6 St
811009 1 - —_— —— 11.9 6.7 10.0 5.3
811009 2 ——— —— ——— 10.1 7.9 4.8 2.6
811009 3 ——— e Sy 11.0 6.0 3.1 4.8
820426 1 ——— 7.7 10.1 - - —— e
820426 3 -—— 7.5 10.3 —— - ——— ———
820426 4 ——— 7.6 10.5 - - —— -
820426 5 ——— 6.7 10.8 - ——— ——— ==
320911 1 3.0 8.2 3.5 - 9.3 10.9 9.1
820911 2 5.1 6.7 9.5 —— 8.5 7.7 7.0

Exchangeable Sodium Percentage ESP PLOT 20

DATE SITE DEPTH (cm)

0-3 0-15 15-30 0-30 30-60 60-90 9)-120
800519 2 ot ——— e 2.5 2.2 4.0 ———
800519 3 ——— s i 1.9 0.4 - —-———
801104 1  -———  —== === 6.7 3.4 2.9 8.1
801104 2 i e nmme = - 5.0 -_—
801104 3 ins e s = 3.3 ——— ——
811009 1 - —— . 16.96 9.5 13.7 8.1
811009 2 - ——— omemms 14.9 7.7 10.3 -
811009 3 - i s o 15.6 5.9 ——— —_—
820426 1 - 10.4 11.9 = o e — —
820426 3 ——— 11.6 10.6 e - — —_—
820911 1 3.3 6.5 11.5 ——— 3.6 6.1 5.7
820911 2 4.8 7.3 8.8 —— 6.5 4.0 5.0



135

Cation Exch Capacity(CEC),me/100g PLOT 50
DATE SITE DEPTH (cm)
0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 1 -—— -— -— 16.8 16.8 11.5 18.2
800519 2 - - -—- 19.9 15.8 9.4 10.4
800519 3 -—— - - 15.7 17.2 9.9 9.1
801104 1 —— —— - 17.0 9.8 10.3 17.4
" 801104 2 - - - 16.9 10.9 14.8 12.2
801104 3 -——— - -— 21.2 13.0 3 9.1
811009 1 - - -—- 16.9 13.3 10.9 17.8
811009 2 -— - - 18.4 13.4 12.1 11.3
811009 3 —— —-—— - 18.4 15.1 8.1 9.1
820426 1 —— 23.6 21.2 e ——— - -
820426 3 - 20.5 19.4 - - ——— -
820426 5 —— 21.8 18.2 -—— - - ———
820426 6 - 21.8 21.0 - ——- — -
820911 1 22.0 22.2 19.3 - 16 .9 16.0 17.5
820911 2 22.0 22.2 19.3 - 17.0 16.0 17.5
Cation Exch Capacity(CEC),me/100g PLOT 35
DATE SITE DEPTH (cm)
0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 1 - - -——- 19.7 15.4 13.3 14.6
800519 2 - -—— - 14.2 13.3 10.1 12.7
800519 3 - s ———— 18.5 16.3 11.9 14.5
801104 1 v o o —— 14.7 11.7 -
801104 2 - - - 20.5 14.9 15.3 17.0
801104 3 - — - 17.0 16.9 11.3 17.1
811009 1 - —— - 19.7 15.1 —-—— -
811009 2 - - i 17.3 14.1 12.7 14.8
811009 3 - i ——— 17.7 16.6 -— -
820426 1 = 19.3 19.5 e - - -—
820426 3 - 18.7 20.5 —— - - -——
820426 S - 21.2 19.4 - - —— DR
820426 6 - 19.7 20.0 —-——— - — —
820911 1 21.0 21.5 21.3 -— 17.7 ——— _——
820911 2 21.0 21.5 21.3 -~ 17.7 12.0 13.9
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Chemical soil analysis 1980-1982

Exchangeable Magnesium, me/100g PLOT 35G

DATE SITE DEPTH (cm)

0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 1 - - -—— 4.6 5.7 3.4 ————
800519 2 - —-——— -——— 4.5 6.4 10.0 13.6
800519 3 - - —— Sl 6.6 9.2 et
801104 3 ——— —-——- -—— - - 7.8 -
820426 1 - 4.0 4.2 - - —-—— -———
820426 3 i 4.3 4.0 — —— —— ——
820426 4 - 4.4 4.4 - -—— - -
820426 5 -— 4.3 4.6 - -—— - -
820911 1 4.6 6.1 6.9 —— 7.8 9.6 11.4
820911 2 5.8 5.7 4.1 i 4.3 7.9 8.0

Exchangeable Magnesium, me/100g PLOT 20

DATE SITE DEPTH (cm)

0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 1 ——— o o 5.6 9.8 9.7 13.7
800519 2 - - et 5.5 4.9 14.3 ———
800519 3 s sl 2 = 4.8 4.9 - ———
801104 1 - e e 6.8 10.9 4.0 13.8
801104 2 v e i e - 13.6 -——
801104 3 o e s ——— 6.9 - -
820426 1 e 5.4 5.5 - - -— —_——
820911 1 6.0 5.1 4.0 —— 5.3 11.2 14.2
820911 2 6.9 5.9 4.5 o 5.4 6.6 9.2
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Exchangeable Magnesium, me/100g PLOT 50

DATE SITE DEPTH (cm)

0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 1 -—— - - 4.4 4.6 8.1 17.2
800519 2 - -—— -——- 3.3 1.9 2.7 6.8
800519 3 - - - 3.7 5.5 4.1 4.4
801104 1 ——— - - 4.3 4.7 5.7 17.0
801104 2 - -—— -—- 4.7 3.9 6.7 10.4
801104 3 -— - —— 4.0 3.6 2.9 5.7
820426 1 —— 6.3 6.7 - -——- —— ———
820426 3 - 5.1 4.9 - -— - -
820426 5 - 5.0 4.3 -——- -—— -—— -
820426 6 -—— 5.0 4.6 - - —-—— -——
820911 1 5.4 3.8 4.2 - K PR 4.9 9.0
820911 2 6.5 4.7 2.8 ——— 2.6 2.6 6.8

Exchangeable Magnesium, me/100g PLOT 35

DATE SITE DEPTH (cm)

0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 1 - - —— 3.3 4.8 6.9 8.3
800519 2 -—— - —-——- 2.9 2.7 3.7 4.4
800519 3 = - —— 5.4 6.6 6.4 12.0
801104 1 ——— o o e 4.6 9.2 e
801104 2 - e ——— 6.2 9.0 12.3 12.1
801104 3 - - e 4.5 10.7 10.8 12.5
820426 1 -—- 4.6 5.1 -—- - - ——
820426 3 - 5.2 4.4 - -—— —-—— e
820426 5 -—- 4.9 4.2 -—- - - ———
820426 6 -—- 4.1 4.4 -—- e _— -
820911 1 6.4 4.7 4.0 —— 4.8 - e
820911 2 7.3 5.7 5.5 - 5.6 8.6 1352



Cation Exch Capacity(CEC),me/100g

DATE

800519
800519
800519

801104

811009
811009
811009

820426
820426
820426
820426

820911
820911

SITE

Vo W W N W N

N =

PLOT 35G

136

20.5
22.8
21.6
20.6

DEPTH (cm)
15-30 0-30
i 18.3
e 19.4
== 21.1
———— 18.3
i 19.4
e 21.1
19.5 i
22.7 s
20.9 =
20.0 e
20.8 =———
20.8 s—-———

Cation Exch Capacity(CEC),me/100g

DATE

800519
800519
800519

801104
801104
801104

811009
811009
811009

820426
820426

820911
820911

SITE

W=

w N

w

DEPTH (cm)

15-30

0-30
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Chemical soil analysis 1980-1932

Exchangeable Calcium, me/100g PLOT 50

DATE SITE DEPTH (cm)

0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 1 -—— - - 14.2 42.7 47.2 43.0
800519 2 - —-—— - 14.0 18.5 43.5 44.3
800519 3 -—— - -—- 20.2 21.9 31.8 26.6
801104 1 - - —-—— 17.2 41.2 37.5 47.4
801104 2 - -—— -—— 14.6 25.4 46.0 40.7
801104 3 —-—— - —-——— 18.6 36.6 38.6 33.0
820426 1 - 16.1 18.7 - - —— ——
820426 3 - 15.3 14.5 - —-—— —-—— —-—
820426 5 -—— 12.5 12.3 - —-—— ——— ———
820426 6 - 14.7 15.8 - —-—— —— —
820911 1 15.7 12.8 18.3 - 35.6 45.3 42.3
820911 2 15.1 15.6 10.8 - 32.5 41.8 47.1

Exchangeable Calcium, me/100g PLOT 35

DATE SITE DEPTH (cm)

0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 1 - - - 15.4 42.3 42.8 35.4
800519 2 - - -—- 12.5 13.4 42.1 32.5
800519 3 - - —-—— 24.1 48.4 47.3 47.6
801104 1 - - —— - 45.3 39.6 -
801104 2 ——— - - 42.2 62.6 63.5 44.9
801104 3 —— - —-—— 15.1 47.1 55.2 52.0
820426 1 - 14.9 17.4 - - — E—
820426 3 - e 13.5 14.5 - —— ——— ——
820426 5 - 15.7 15.2 - - S— J—
820426 6 - 12.9 14.9 - —— s P
820911 1 17.7 15.6 25.2 - 43.3 —— —_—
820911 2 16.1 14.8 18.5 -—— 49.2 46.9 45.0
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Chemical soil analysis 1980-1982

Exchangeable Calcium, me/100g PLOT 35G

DATE SITE DEPTH (cm)

0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 1 —— -— -— 34.3 29.9 31.3 -
800519 2 -— - -—— 18.4 62.0 58.6 127.3

- 800519 3 -—— -— -——— 19.3 58.0 59.9 o
801104 3 ——— - -—— -— -—— 22.4 o
820426 1 —— 13.5 14.7 -—— -—— ——— -
820426 3 -—— 15.6 14.4 -—— -—— —-— -
820426 4 —_——— 17.5 17.2 —— —-—— ——— -
820426 S -—— 18.1 18.6 -—— —— e s
820911 1 22.0 17.1 19.6 —-—— 4.4 47.0 42.1
820911 2 20.1 19.9 24.1 - 41.4 45.8 51.2
Exchangeable Calcium, me/100g PLOT 20

DATE SITE DEPTH(cm)

0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 1 o e ot 20.2 55.9 46.1 47.7
800519 2 —— s o 23.6 44.2 59.2 —-—
800519 3 —— — e 18.7 19.0 —-— -———
801104 1 e s o 39.5 48.0 36.3 39.9
801104 2 i g e \ g e - 44.5 -——
801104 3 = e s e 42.0 —— —-———
820426 1 —— 15.2 15.2 - - — -—
820426 3 - 11.9 14.8 - ——— ——— ——
820911 1 16.9 17.2 18.4 —— 46.3 43.9 46.4
820911 2 17.9 16.9 16.3 -— 44.4 47 .8 42.2
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EC of Sat Extract, uS/cm PLOT 50

DATE SITE DEPTd (cm)

0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 1 —— - —— 1291 1003 853 790
800519 2 - —-—— —— 1229 827 853 940
800519 3 - —_— — 1422 776 372 821
1801104 1 e -_ - 1782 1489 1349 1098
801104 2 - —_— —- 1782 1306 1440 1147
801104 3 —— - ——— 2075 1416 1233 1294
811009 1 ——— - —-——— 2097 2435 1823 2435
811009 2 —— —— —-—— 1575 1650 33538 1743
811009 3 e ——— —— 2102 2809 1650 2919
820426 1 ——— 2016 2240 - - —— -
820426 2 —-—— 2240 2744 —— - ——— -
820426 3 - 1736 1055 - —— —_— —-——
820426 4 - 1497 1293 —— - —— ———
820426 5 i 1542 1411 —— ——— ——— ——
820426 ©6 —— 1815 1730 ——— —aa —— ———
820911 1 2037 1652 1211 —— 1432 1211 1529
820911 2 2767 2019 2037 ——— 2030 1927 1817

EC of Sat Extract, uS/cm PLOT 20

DATE SITE DEPTH (cm)

0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 1 - -—- -—- 785 617 492 2416
800519 2 -— o --- 1379 804 5138 -
800519 3 - - --- 716 1132 -—- -—
801104 1 -— -—- --- 2148 1428 2288 3783
801104 2 -—- -—- --- —- --- 3204 —
801104 3 -— - --- --= 1477 -— _—
811009 1 -—- -== --- 3179 3688 2098 1169
811009 2 - e e 2388 3306 2416 -
811009 3 el s e 3306 4578 - —_—
820426 1 - 1304 1804 - — s e P—
820426 2 —-—— 1775 1443 - - s . e
820426 3 ——— 1513 2909 - - PR o
820426 4 —— 1804 2211 - - PR e
820911 1 562 980 694 ——— 1652 1982 5286
820911 2 595 595 1057 e 1652 3304 4626



DATE

800519
800519
800519

801104

811009
811009
811009

820426
820426
820426
820426
820426
820426

820911
820911

DATE

800519
800519
800519

801104
801104
801104

811009
811009
811009

820426
820426
820426
820426
820426
820426

820911
820911

Sat Extract,

PLOT 35G
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2688
2912
3472
2632
3024
1792

1630
1769

Sat Extract,

1652
1656

EC of
SITE
0-3

l I
2 - o
3 P
3 ;-
l - - =
2 s
3 -
l - s as
2 PSP
3 R
4 T e
5 -
6 =
1 1432
2 1253

EC of

SITE
0-3

l oo
2 - -
3 - an o
l -
2 - s an
3 pR—
l - o o
2 s enan
3 - ms o
1 P
2 - e
3 -
4 -
5 - -
6 - on as
1 826
2 980

u3/cm
DEPTH (cm)
15-30 0-30
- 1079
—-— 1344
——— 1277
——— 3433
—-——— 3688
——— 4578
2128 -
2408 -
2800 —-——
2240 -
1848 -
1523 -
1410 ———
2200 -
us/cm

DEPTH (cm)
15-30 0-30
—— 1329
—-——- 1344
—— 2103
—— 1495
- 1892
— 3014
——— 2438
- 2543
1316 -
1327 -
1117 -
977 -
1327 -
1920 —_—
1338 —-——
1476 -

1586
1356

2836
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PH of Saturated Soil Paste PLOT 50

DATE SITE DEPTH (cm)

0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 1 -—— - - 6.9 7.7 8.1 8.1
800519 3 —-——— —-—— - 7.5 8.2 8.1 8.1
801104 1 - —-— ——— 7.0 7.6 7.8 7.3
801104 2 - - - 6.9 7.5 7.6 7.7
801104 3 -——— - —— 6.8 7.5 7.7 7.8
811009 1 - —_— — 7.1 7.5 8.0 7.7
811009 2 - - - 7.2 7.4 7.3 7.7
811009 3 - —— —-—— 7.3 7.5 7.3 7.8
820426 1 - 6.3 6.3 —-—— - —— ——
820426 2 ——— 6.8 7.3 - - —— ———
820426 3 - 7.0 6.7 - - —-—— —-
820426 4 ——— 7.3 6.8 - - —-——— ———
820426 5 —-——— 6.6 6.7 - —— ——— ——
820426 6 - 6.4 6.2 - - — —
820911 1 7.1 7.2 7.3 - 7.6 7.8 7.8
820911 2 7.4 7.2 7.4 - 7.7 8.1 7.9

pH of Saturated Soil Paste PLOT 20

DATE SITE DEPTH (cm)

0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 2 - - ——— 7.4 7.6 7.9 —_———
800519 3 - - —— 6.5 6.6 - o
801104 1 - —-—— - 7.5 7.8 7.5 3.0
801104 2 - e - —— - 7.3 ———
801104 3 ——— e —— - 7.4 ——— ——
811009 1 - —— —_— 7.6 8.0 7.9 8.0
811009 2 - - ——— 7.0 7.8 7.8 ———
811009 3 - - —— 7.1 7.0 ——— S
820426 1 - 6.7 6.2 - -— - e
820426 3 - 6.7 6.0 —-——— ——— S ———
820911 1 6.8 7.2 7.4 - 7.5 7.8 7.6
820911 2 7.4 7.4 7.3 - 7.6 7.7 7.7
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PH of Saturated Soil Paste PLOT 35G

DATE SITE DEPTH (cm)

0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 1 —— ——— —-——— 7.1 7.0 7.5 -
800519 2 —-—— —-— ——— 6.9 7.5 8.3 7.9
800519 3 ——— —-— - 6.9 7.4 7.9 -
801104 3 - —_— —— ——— —-—— 7.6 —
811009 1 —— —_ ——— 7.3 7.4 7.6 7.8
811009 2 —-——— —_— ——— 7.3 7.6 7.7 7.7
811009 3 - —— - 6.8 7.2 7.6 7.8
820426 1 — 6.6 6.0 - - —_——— ———
820426 2 - 6.6 6.0 —_——— —_—— —— ———
820426 3 ——— 6.6 6.3 - - —— —-——
820426 4 - 6.4 5.8 R ——— —_——— —_———
820426 5 - 6.9 7.0 - - —— -
820426 6 - 7.2 6.4 - e —_——— —
820911 1 7.4 7.1 7.1 - 7.6 7.7 7.8
820911 2 7.6 7.3 7.3 - 7.8 7.6 7.7

oH of Saturated Soil Paste PLOT 35

DATE SITE DEPTH (cm)

0-3 0-15 15-30 d-30 30-60 60-90 90-120
800519 1 - - - 7.2 7.7 8.1 8.5
800519 2 - —-—— e 6.7 7.3 8.0 7.1
800519 3 - s ——— 6.9 7.5 7.5 8.0
801104 1 —-——— - —_— —_— 7.6 7.5 N
801104 2 - — - 7.4 7.5 7.6 7.6
801104 3 - —— ——— .1 7.7 7.7 7.7
811009 1 - — —_— 7.5 7.5 SO e
811009 2 - - i 7.4 7.5 7.7 7.6
811009 3 —-——- - —— 7.2 7.4 —
820426 1 - 6.5 7.1 - -—— S ——
820426 2 - 6.7 6.2 - —_—— —— —
820426 3 - 6.6 6.9 —-——— - o e
820426 4 - 6.7 7.3 - —-——— P N
820426 6 - 6.7 6.3 —— - —— i
820911 1 7.5 7.3 7.5 - 7.9 - ——
820911 2 7.5 7.1 7.4 - 7.8 7.9 7.8



DATE

800519
800519
800519

801104
801104
801104

811009
811009
811009

820426
820426
820426
820426
820426
820426

820911
820911

DATE

800519
800519
800519

801104
801104
801104

811009
811009
811009

820426
820426
820426
820426

820911
820911
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SAR of Soil Solution PLOT 50
SITE DEPTH (cm)
0-3 0-15 15-30 0-30 30-60 60-90 90-120
1l - - —— 2.6 0.3 0.3 0.3
2 ——— - ——— 3.7 0.6 0.5 0.2
3 —-——— —- —— 3.5 0.7 0.3 0.4
1 —— —— —— 4.7 2.6 1.5 0.7
2 - —~—— ——— 4.6 3.7 1.4 0.4
3 —— ——— —— 5.8 2.6 0.9 0.4
l == e~ ——— 6.8 7.3 5.4 4.3
2 - —_— ——— 7.3 7.9 3.3 2.4
3 —_— —— ——— 9.7 8.5 5.2 6.1
1 —— 6.3 7.0 e = e ——
2 - 6.2 7.2 i I = -
3 - 5.4 6.6 Sk = e ks
4 - 6.7 7.1 e et e oo
5 - 5.4 5.3 e . e g
6 - 7.3 7.8 == L e ——
1 4.6 4.9 5.9 - 5.8 4.9 5.1
2 6.6 6.4 7.6 - 8.4 7.6 4.9
SAR of Soil Solution PLOT 20
SITE DEPTH (cm)
0-3 0-15 15-30 0-30 30-60 60-90 90-120
l —— e Rsa———— 1.2 0.4 0.8 106
2 tef = = 2.2 1.0 2.1 ——
3 el - e 0.7 1.9 - —
l SEESAS i e 3.5 0-3 0.8 2.5
2 — —— e e = e 1.0 —
3 e ——— —— — 0 ° 5 s e
1l e S == 5.9 2.6 0.8 2.2
2 i o e 6.8 1.4 1.9 -
3 - e . 5.9 2.8 - ——
l o 6 ° 5 7 ° 3 —m— mu e - e
2 — 5.6 7.5 - — ~—— —_—
3 e 5.8 8.0 - SR — _—
4 S 6.7 7.3 - _— s e
1l 2.1 7.8 5.0 —— 5.2 2.7 1.2
2 2.4 4.6 7.4 ——— 5.3 1.5 1.7
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SAR of Soil Solution PLOT 35G
DATE SITE DEPTH (cm)
0-3 0-15 15-30 0-30 30-60 60-90 90-120
800519 1 - — —— 1.3 0.4 0.8 -
800519 2 - - —— 1.5 0.3 0.7 2.4
800519 3 - - - 1.9 0.4 1.6 e
801104 3 - — —_— —— —-——— 0.5 -
811009 1 - - ——— 5.9 6.9 3.2 1.0
811009 2 - - ——— 6.7 5.0 5.8 1.0
811009 3 - ——— - 7.8 4.0 1.5 0.8
820426 1 - 5.0 6.7 - —— —-—— —-———
820426 2 - 5.7 6.8 -——- —-—— —-——— —_—
820426 3 -——— 5.9 7.6 —-——— —-—— —— —
820426 4 —-—— 5.9 6.8 —-——— - —— -
820426 S - 4.2 6.2 —-— —-——— - -
820426 6 —-——— 5.4 5.6 -— -—— - -——
820911 1 3.9 4.4 4.9 -— 5.6 4.6 3.5
820911 2 4.0 4.9 6.7 —— 6.6 4.5 2.9
SAR of Soil Solution PLOT 35
DATE SITE DEPTH (cm)
0-3 0-15 15-30 0-30 30-60 60-90 90-120
803519 1 - ——— —— 3.1 0.7 0.3 0.4
800519 2 - —-—— ——— 2.6 0.4 0.4 0.4
800519 3 - ——— —— 1.4 0.3 0.4 0.7
801104 1 —-—— —— e - 2.1 0.9 -——
801104 2 - ——— —— .1 0.7 0.9 1.7
801104 3 - ——— —— 4.5 1.0 1.0 1.6
811003 1 -—— - —— 8.4 8.6 -— —
811009 2 - —— e 6.9 5.3 2.7 0.8
811003 3 - —-—— ——— 8.1 5.3 —-——— —
820426 1 e 5.6 7.4 i - —_— -
820426 2 - 6.8 7.8 - - e s
820426 3 e 4.9 5.7 e —— — —
820426 4 —— 5.7 4.8 - S TR I
820426 5 - 6.4 6.9 —-— ——— v ——
820426 6 - 6.5 7.6 -—— —-— R A
820911 1 3.1 4.6 6.9 e 8.3 e —
820911 4.1 6.2 7.2 —-——— 7.1 4.9 2.3
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Chemical soil analysis 1980-1982

Cation Exch Capacity(CEC),me/100g PLOT 20G
DATE SITE DEPTH (cm)
0-3 0-15 15-30 0-30 33-60 60-90 90-120
820426 1 - 23.4 18.6 -— - —— -
820426 2 - 21.6 19.6 - - —— ——
© 820911 1 24.5 22.4 22.9 -—— 15.1 14.7 18.2
820911 2 24.6 22.4 22.9 - 15.1 14.7 18.2
Exchangeable Sodium,me/100g PLOT 20G
DATE SITE DEPTH(cm)
0-3 0-15 15-30 0-30 30-60 60-90 90-120
820426 1 - 1.7 2.1 —— —— - ———
820426 2 - 2.3 1.9 - - —— ——
820911 1 0.8 1.3 1.7 e 1.2 1.3 1.0
820911 2 0.8 1.5 2.8 o 1.7 0.7 1.0
Exchangeable Magnesium, me/1003 PLOT 20G
DATE SITE DEPTH (cm)
0-3 0-15 15-30 0-30 30-60 60-90 90-120
820426 1 -—- 5.4 4.5 - -—- - -
820426 2 -—- 5.5 3.5 -— - - —
820911 1 5.1 2.9 4.9 o 4.9 7.2 14.9
820911 2 3.9 4.5 4.6 - 6.6 11.9 14.2
Exchangeable Calcium, me/100g PLOT 20G
DATE SITE DEPTH (cm)
0-3 0-15 15-30 0-30 30-60 60-90 90-120
820426 1 - 17.2 19.0 —-—— - N ——
820426 2 - 14.6 13.4 - - —— —
820911 1 23.7 12.7 15.7 = 42.3 40.4 37.1

820911 2 20.3 18.1 16.5 o 42.8 48.5 45.0
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Chemical soil analysis 1980-1982

EC of Sat Extract, u3/cm PLOT 20G
DATE SITE DEPTH (cm)
0-3 0-15 15-30 0-30 30-60 60-90 90-120
820426 1 ---1676.0 1303.0 —— - —— oo ol
820426 2 -—-=1222.0 1684.0 ——— - —— -
820911 1 1586.0 1432.0 1211.0 ---1762.0 1735.0 1927.0
820911 2 2093.0 1520.0 1927.0 -==- 2753.0 3634.0 6718.0
nH of Saturated Soil Paste PLOT 20G
DATE SITE DEPTH (cm)
0-3 9-15 15-30 0-30 33-50 60-90 90-120
820426 1 - 7.0 6.4 - - - —
820426 2 -—- 6.9 6.3 - - -—- -
820911 1 7.1 6.9 6.9 —-—— 6.9 7.7 7.8
820911 2 7.3 7.1 7.0 -— 7.6 7.7 7.8
SAR of Soil Solution PLOT 20G
DATE SITE DEPTH (cm)
0-3 0-15 15-30 0-30 30-560 60-90 90-120
820426 2 -— 7.2 7.7 -— -—= - -
820911 1 1.7 2.9 4.7 -—— 4.5 4.2 1.8
820911 2 2.5 4.4 7.7 ——— 4.5 1.0 2.1
Exchangeable Sodium Percentage ESP PLOT 20G
DATE SITE DEPTH (cm)
0-3 0-15 15-30 0-30 30-60 60-30 90-120
820426 1 - 7.1 11.1 - ——— ——— ——
820426 2 - 10.5 9.8 - ——— s s e
820911 1 3.2 5.6 7.3 - 8.1 8.8 5.2
820911 2 3.0 6.6 12.3 - 11.0 4.6 5.7
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Appendix E. James River water quality data 1980-1982. This river
supplies the town of Huron with water. (Taken from
U.S.G.S. Water Quality Records 1979-1982.)



JAMES RIVER WATER QUALITY 1980-1982

EC Ca Mg INa SAR Alk(T) 504 Cl NO3+NO2 as N Tot PO4
DATE uS/cm opm opm as CaCO3 nom ppm ppm pom
800331 830 68 30 31.0 1.6 220 180 25 0.01 0.16
800430 710 57 26 35.0 1.8 160 170 40 0.02 0.20
800528 970 78 38 32.0 1.8 270 190 39 0.04 0.28
800701 940 69 33 33.0 1.8 230 210 43 0.12 0.20
801229 1720 92 64 43.0 3.5 340 380 120 0.06 0.18
810123 1480 120 66 40.0 3.3 400 390 110 0.00 0.12
810224 1320 76 42 45.0 3.2 250 280 110 0.00 0.11
810323 1540 92 51 42.0 3.1 300 320 110 0.00 0.15
810504 1560 95 57 43.0 3.4 330 400 96 0.00 0.30
810803 1320 79 56 46 .0 4.3 320 350 110 0.23 0.69
820226 700 52 27 37.0 2.2 160 180 38 1.30 0.55
820518 690 50 23 35.0 1.9 210 110 30 0.00 0.46
820611 690 53 25 33.0 1.7 222 100 26 0.00 0.32
820727 890 65 33 35.0 2.2 322 130 36 0.00 0.26
820903 966 70 38 36.0 2.4 302 169 50 0.56 0.21
820930 970 74 38 36.0 2.4 332 150 36 0.00 0.31
821101 960 62 35 37.0 2.4 290 180 33 0.15 0.21

0sT



151

Secondary-treated municipal effluent water quality at
Huron 1980-1982. Samples were taken from the irrigation
nozzles as the water was pumped from the last stage of

the lagoon.

Appendix F.

Electrical Conductivity
Sodium Adsorption Ratio
Adjusted Sodium Adsorption Ratio
Calcium
Magnesium
Sodium
Potassium
Chloride
Sulfate
Bicarbonate
Carbonate
Nitrate
Total Kjeldahl Nitrogen
Total Phosphate
pH



Huron’s Secondary-Treated Effluent Water Quality 1980-1982

EC SAR* ASAR+ Ca Mg Na K Cl S04 HCO3 CO3 NO3N TKN T-P0O4 pH
DATE uS/cm ppm  ppm ppm ppm ppm ppm pbm ppm ppm ppm ppm
800513 1543 5.0 13.2 88 38 222 24 220 210 473 14 0.3 24.4 5.2 8.2
800523 1880 5.1 13.5 97 52 249 31 255 25) 546 0 0.1 23.0 0.3 7.5
800710 1753 5.4 13.5 61 56 243 38 265 257 250 91 0.2 4.5 0.5 8.4
300722 1974 5.5 13.1 63 48 235 40 285 270 227 67 0.1 3.4 1.1 9.2
800731 2129 6.2 15.2 92 41 233 39 320 292 264 58 0.1 5.0 1.2 8.8
800313 2183 5.1 15.4 96 50 295 42 300 315 249 77 0.1 3.7 1.3 8.9
800911 2300 6.1 15.5 92 63 315 37 308 370 342 34 0.1 6.1 1.3 8.3
800925 2400 6.1 15.5 100 60 313 39 312 325 365 23 0.1 3.4 0.9 8.3
800930 2259 5.9 15.0 102 61 306 36 305 395 398 0 0.1 5.1 1.8 8.2
801007 2600 5.2 13.4 88 77 278 42 320 415 288 53 6.5 8.6 1.2 8.4
810430 1916 5.8 14.9 96 72 395 42 350 425 274 72 1.1 3.3 2.8 8.8
810519 2300 6.0 15.3 136 48 321 45 388 475 378 0 0.2 10.4 1.6 8.1
810501 2300 6.4 16.6 112 58 334 45 380 404 464 0 0.7 12.9 3.6 7.5
810612 2700 6.9 18.2 112 62 366 48 390 500 5900 0 0.1 15.8 3.1 7.5
810619 2396 8.1 21.1 109 65 4390 46 405 530 488 0 0.2 16.8 2.2 7.5
810701 2150 8.0 19.6 112 48 400 44 415 624 366 0 4.5 6.4 1.1 8.0
810706 2500 8.3 18.0 88 62 415 38 415 550 195 0 0.4 4.2 1.9 7.4
810714 2600 8.4 20.7 112 43 410 41 425 620 354 24 0.1 6.6 1.2 8.3
810721 2500 7.9 19.6 112 62 420 42 445 600 305 24 0.2 7.2 1.2 8.5
810811 2748 11.7 28.2 104 43 560 39 450 640 390 0 0.2 9.3 1.6 8.1
810818 2900 9.2 22.9 112 46 460 36 440 570 403 0 0.2 6.7 1.5 8.2
810903 2900 10.6 25.3 96 48 510 44 430 570 356 0 0.1 7.4 1.2 8.0
810917 3000 8.5 21.1 96 72 459 52 530 506 366 0 0.2 6.3 0.9 8.0
811008 2800 9.7 22.4 128 31 470 49 490 530 293 0 0.0 7.7 0.6 7.8

r49 !



Huron’s Secondary-Treated Effluent Water Quality 1980-1982

EC SAR* ASAR+ Ca Mg Na K Cl S04 HCO3 CO3 NO3N TKN T-P0O4 pH
- DATE uS/cm pPM  ppmM PPM  PPT  PPM  OPM  pPm DpPM ppm ppm ppm

820603 2050 5.6 14.1 98 43 265 29 270 369 425 0 0.2 23.8 5.1 7.8
820524 2000 4.5 11.0 104 58 229 34 270 344 295 14 1.0 8.4 0.3 8.3
820630 2150 5.1 12.4 96 58 254 32 272 344 332 0 1.1 8.3 2.3 7.9
820707 2100 6.4 15.6 90 48 303 36 280 365 361 0 2.6 3.7 4.3 7.6
820723 2100 6.4 15.3 81 43 285 34 300 350 371 0 0.1 8.6 3.7 7.8
820804 2256 5.6 13.4 101 55 282 39 280 357 220 36 10.5 6.2 3.4 8.6
820810 2453 5.8 14.0 86 53 276 49 245 375 329 12 3.7 3.8 3.0 8.4
820820 2048 5.5 14.0 96 67 287 13 292 425 342 24 11.5 9.3 1.5 8.4
820826 2050 5.5 13.7 103 58 232 22 265 469 354 0 12.4 17.6 3.8 8.5
820907 2400 6.5 16.3 111 63 344 39 310 500 315 30 8.0 3.1 5.6 8.6

———— ——————————————————————————————————————————————————————————————————————————————————

*=G5odium Adsorption Ratio
+=3djusted Sodium Adsorotion Ratio
T-P04= Total Phosphates as P

NO3N= Nitrates as Nitrogen

€eT
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Appendix G. Plot observation well water quality data 1981-1982.

Electrical Conductivity
Sodium
Chloride
Bicarbonate
Nitrate
NH3
Total Phosphate
pH



PLOT OBSERVATION WSELL WATER QUALITY 1981-1982

PLOT 20

EC SAR* ASAR+ Ca Mg Na K Cl SD4 HCO3 CO3 NO3N NH3 T-PO4 oH
DATE uS/cm Dom PPM DPM  PPM PPM  OpmM pPpPpmM  DDPM opm pom ppm
831104 3100 0.0 0.0 0 0 206 0 82 0 64 0 0.0 1.4 0.0 7.7
810527 3330 1.8 5.4 440 204 180 26 30 2085 395 0 0.0 0.0 0.1 7.8
810504 3900 1.5 4.8 560 204 153 25 100 2070 532 0 0.0 0.0 0.0 7.5
810629 3300 0.0 0.0 0 0 184 0 210 0 525 J 0.1 2.0 0.0 7.4
810715 3500 0.0 0.0 0 0 227 0 112 0 525 0 0.1 2.0 d.1 7.6
810805 4000 0.0 0.0 0 0 173 0 110 0 525 0 0.1 3.0 0.2 7.6
810812 3800 0.0 0.0 0 0 189 0 75 0 525 0 0.1 2.6 0.1 7.8
810819 3900 0.0 0.0 0 0 194 0 69 0 561 0 0.1 2.6 0.0 7.2
810917 3900 0.0 0.0 0 0 186 0 == 0 425 0 0.0 2.2 0.0 7.6
811007 3300 0.0 0.0 0 0 156 0 115 0 476 0 0.1 3.2 0.1 7.4
820503 3500 0.0 0.0 0 0 152 0 61 0 761 0 0.1 13.5 1.5 7.7
820825 3000 2.3 7.2 480 162 230 0 80 2035 488 0 0.7 30.0 0.1 8.0
PLOT 5

EC SAR* ASAR+ Ca Mg Na K Cl SO4 HCO3 COD3 NO3N NH3 T-PJ4 pH
DATE usS/cm ppm pPpm pPPM  DDODM DPPM  PPM  PDPM  pPPM opMm npPM pom
801104 3190 0.0 0.0 0 0 123 0 10 0 364 56 He2 0.0 0.0 8.2
810527 3300 1.0 3.0 376 432 119 8 142 2600 233 0 0.0 0.0 0.1 7.8
810604 3400 1.1 3.3 340 360 125 14 165 2420 295 0 0.0 0.0 0.3 7.4
810715 3690 0.0 0.0 0 0 98 0 95 0 317 0 0.3 0.6 0.1 7.8
810805 4200 0.0 0.0 0 0 990 0 43 0 336 0 0.2 1.2 0.1 7.5
810812 4300 0.0 0.0 0 0 112 0 470 0 281 0 0.2 1.5 0.0 7.7
810917 4100 0.0 0.0 0 0 75 0 0 0 281 22 0.1 0.4 0.9 8.2
811007 45900 0.0 0.0 0 0 151 0 120 0 305 0 0.2 0.6 0.0 7.8
820503 3500 0.0 0.0 0 0 70 0 235 0 266 0 0.3 1.4 0.1 7.8
820630 3700 0.0 0.0 0 0 80 0 20 0 222 0 0.5 0.0 0.2 7.7
820825 3500 1.0 2.9 369 504. 125 0 410 2370 195 0 1.3 0.4 0.0 8.4
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PLOT _35G

EC SAR* ASAR+ Ca Mg Na X Cl S04 HCO3 CO3 NO3N NH3 T-PO4 pH

DATE usS/cm ppm ppm pom DOM pPmM  PPmM pPpm  ppm ppm ppm ppm
801104 3700 0.0 0.0 0 0 670 0 312 0 120 20 4.0 0.0 0.0 8.2
- 810527 3590 2.1 7.0 4701674 423 32 290 9000 405 0 3.0 0.0 0.1 7.7
817604 9990 2.7 9.1 5401644 559 31 29517350 405 0 2.0 J.0 9.0 7.3
810623 10590 0.0 0.0 0 0 860 0 610 0 449 0 7.1 0.0 0.0 7.1
810715 12200 0.0 0.0 0 0 789 0 309 0 454 0 3.3 0.2 J.2 7.1
810805 12200 0.0 0.0 0 0 467 0 3490 0 482 0 4.6 0.0 0.0 7.3
810812 12200 0.0 0.0 0 0 790 0 3890 0 390 78 4.1 0.2 0.0 8.2
310819 12900 0.0 0.0 4] 0 890 0 425 0 598 0 3.7 0.2 0.1 7.2
8103917 12257 0.0 0.0 0 0 1049 0 0 0 351 91 3.3 0.1 0.2 8.5
811007 11600 0.0 0.0 0 0 760 0 412 0 390 84 4.7 0.1 0.0 8.3
820603 10100 0.0 0.0 0 0 600 0 292 0 481 0 J.1 3.0 0.2 7.7
820825 8500 <53 8.3 5001944 550 0 453 9675 244 24 2.8 0.0 0.1 8.4
PLOT 35
EC SAR* ASAR+ Ca Ma Na K Cl S04 HCO3 CTO3 NO3N NH3 T-PJ4 nid
DATE uS/cm Dpm  pPpm DPOM  DEM PpPM  PPM  pPpm  ppM ppm Ppm ppm
801104 4590 0.0 0.0 0 0 211 0 25 0 240 0 2.3 0.0 0.0 7.7
810527 4900 1.8 5.4 440 450 220 13 160 3000 303 22 4.0 0.0 0.2 8.2
810604 4400 2.0 6.2 700 318 255 19 165 2850 354 0 5.0 0.0 0.2 7.7
810629 4500 0.0 0.0 0 0 195 0 240 0 346 0 7.4 0.0 0.0 7.3
810715 4590 0.0 0.0 0 0 354 0 115 0 329 0 7.4 0.4 0.0 7.3
810805 5300 0.0 0.0 0 0 206 0 190 0 366 0 10.1 0.0 0.0 7.6
810812 5200 0.0 0.0 0 0 198 0 102 0 268 0 9.0 0.0 0.0 7.8
810819 5200 0.0 0.0 0 0 169 0 106 0 366 0 6.4 0.2 0.0 7.4
819917 4870 0.0 0.0 0 0 180 0 0 0 278 10 9.3 0.0 0.0 8.2
811007 4700 0.0 0.0 0 0 223 0 155 0 293 12 9.6 0.0 0.0 8.1
820603 4700 0.0 0.0 0 0 162 0 945 0 307 0 9.6 0.0 0.0 7.9
820825 3800 1.2 3.4 720 504 168 0 100 4120 195 0 7.2 0.0 0.1 8.3

96T
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Appendix H. Dry matter yields of alfalfa by treatment, replication,
year, and cutting.
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Table Hl. Yield of alfalfa plots 1980kg/ha (tons/acre) dry matter.
Cuttings

Treatment Site

-Plot 50 IR S [P0 (l.43) 1865 (L.LT) 230l (l.uv) -
2 wola (l.u3) vJb (0.31) 27lo  (L.cl) -—
3 193¢ (C.00) 177 (L.u0) ZY0) (1.3%) e

Plot 35G I 2ufli  (L.10) 175 (G.70) 3u53  (l.30) -
¢ <471 (1.10) lcos (b.od) ¢943 (l.31) -
3 Zaas (L.UJ) <224 (L.3Y) 2ydv (1.30) =

Plot 35 1 2336 (1.04) 1730 (U.77) 2583 (1.15) e
¢ 2420 (L.Ub) lo4( (D.73) &alo  (L.12) -
3 2501 (l.1l4) 1433 (U.bv) Z28Ug (L.<23) ==

Plot 20 L 1932 (U.v00) lco4 (0.63) 2073 (1.15) =
2 13.0 (Q0.01l) 162 (4.74) 2713 (l.21) -
3 il (0.30) 2201 (V.3%0) 2291  (L.02) -

20 (gypsum) 1 = == ) = { == ) . ( --) ks
2 - =% ) - (== = { == ) -
3 = ( == ) = -] = (-=) ==

Check 1 v74 (L.30) 10ll (Jeas) 051 (V.ce) -
2 71 (0. 33) LJuy (0.cS) 180 (L.o?) i
3 22z4 (uv.yu2) 1305 (u.Zo) LaSU (L.SV) -—



Table H2. Yield of alfalfa plots 1981 kg/ha (tons/acre) dry matter.
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Cuttings
Treatment Site
Plot 50 1 230u (1L.33) 220 (L.3u0) JLad  (1.4U) 1lv3. (J.uv)
2 2330 (i.Z9) 2985 (l.:2:2) 471 (l.10) letbd  (VU.©3)
3 12z (1.37) 437 (1.53) STu% (L.ed) L7795 (L.72)
Plot 35G L 173n (L.77) 33245 (L.4v)  Zoen (1.17) 1vzu (G.eY)
¢ e-bl  (L.Cw) 243 (1.31) zoUd (L.253) 233u  (l.ua)
3 2330 (L.ua) cevl (L.ue) Yy (1.33) 1757 (v.cl)
Plot 35 1l :ve¢e  (r.z35) 3145  (1.4L) 31Gu (L.3b) 164 (U.c2)
2 LoJb (1.29) Jeoul (l.40) 3347  (1.49) leoal (UL.cl)
3 2330 (l.u4) 2943 (1.31) 2943 (1.31) Zuéa  (G.vl)
Plot 20 1 1752 (c.7¢) 26086 (1.25) 2853 (1.27) 1972 (v.7Q)
2 1620 (n.81) 2451 (l.lz) 2blo (1.10) lod42 (U.b2)
3 1752 (G.7¢) <763 (1.23) 2703 (1.23) lo20 (VU.851)
20 (gypsum) 1 = { == "} = (== = (== = { == )
2 - (== - (== = ( == ) - ( == )
3 - ( == ) = € ==} - (== - (-=)
Check L = ( ==) - { == ) - (== - (=--)
2 - ( == ) - (== = (== - (==
3 = ( == ) = (-=-) — ( == ) - ( == )



Table H3. Yield of alfalfa plots 1982 kg/ha (tons/acre) dry matter.
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Cuttings
Treatment Site 2 3
Plot 50 1 3257 (l.45) 3122 (l.3y) 2561 (l.14) 1752 (U.70)
2 3729 (1.53) 2653 (1.27) loo2 (u.74) 22Ul (U.99)
3 3190 (1.42) 2351 (l.Go) 2BUB (l.25) 1864 (0.B3)
Plot 35G 1 3122 (1.39) 3G7u (1.37) 2675 (l.28) 2zl (1.02)
2 3235 (l.44) 28u8 (l.25) 2763 (l.23) 2o0u (l.1lb)
3 3452 (1.55) 2314 (1.03) 3u33 (1.35) 2044 (5.51)
Plot 35 1 3235 (1.44) 3145 (1.40) 25386 (1.13) 2112 (U.94)
2 36b4  (l.54) 2404 (l.C7) 2426 (1.08) 1999 (0.89)
3 345y  (l1.54) 24u4 (1.07) 2561 (l.14) 2875 (l.26)
Plot 20 1 3130 (l.42) 2336 (l.04) =Sol (l.14) 2209 (l.ul)
2 3376 (l.5G) 3122 (l.3%) 2026 (l.17) 2157 (0.9%0)
3 3370 (1.50) 2765 (l.z4) 23l (l.vo) lvc? (V.b4)
20 (gypsum) ] - (== ) 2201 (u.96) 2351 (l.05) 182G (0.ul)
i - -- 236l (l.uo) 271€ (1.21) 2471 (l.10)
3 - (== ) 2000 (l.18) 2246 (l.uu) 2201 (U.ys)
Check 1 1121 (0.53) l4l5 (0.63) 741 (G.33) - ( == )
2 1595 (0.71) h02  (U.36) 1213 (U.54) - (== )
3 19u9 (0.35) 719 (0.32) 1050 (U.47) - ( --
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Appendix I. Rainfall and irrigation frequency and amounts, Huron,
S.D. 1980-1982.
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June 1980
Date Rainfall Irrigation
50 35G 35 20
1
2 0.25
3 1.88
4 0.13
5 1.09
6
7
8
9
10
11 2.18
12 2.62 2.72 5.77 2.72
13
14 0.05
15 0.05
16 1.80 2.82 1.80 2.82
17
18
19
20 1.27 1.78 1.27 1.78
21 2.24
22
23 0.15
24 4.37
25 0.03
26
27
28
29
30
August 1980
Date Rainfall Irrigation
50 35G 35 20
1
2
3
4
5 0.08 5.59 4.01 4.06 2.44
6 0.03
7 0.41
8 1.12 5.18 3.66 3.66 2.13
9 3.30
10
11
12 0.23
13 7.87 5.33 5.33 3.05
14 0.81
15 1.78
16
17 1.35
18 0.58
19 0.13
20
21 0.08
;g 8.23 5.69 5.69 3.28
24 0.08
25
26
27
28
29
30 0.03

Table Il. Rainfall and irrigation dates and amounts (cm).
May 1980
Date Rainfall Irrigation
50 35G 35 20
1
2
3
4
)
6
7
8
9 0.03
10 0.46
11
12 0.53
13 12.70 12.70 12.70 12.70
14
15
16
17
18
19 9.14 9.14 8.13 8.13
20
21
22
23
24 >
25 0.13
26 0.03
27
28 0.18 5.84 4.32 3.56 2.03
29 1.30
30 0.46
31 1.07
July 1980
Date Rainfall Irrigation
50 35G 35 20
1
2 2.29 5.08 4.57 3.56 13.05
3 0.08
4 4.19
S 0.30
6
7 0.20
8
9
10 5.33 3.91 3.81 2.39
11
12 0.46 .
13
14 0.18
15
16 0.10
17
18 0.30
19 0.05
20
21
22 7.62 S5.33 5.33 3.05
23
24
25 4.65 3.66 3.38 2.39
26
27
28
29
30
31 0.03 6.91 4.37 5.08 2.54
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Table I2. Rainfall and irrigation dates and amounts (cm).

September 1980 October 1980
Date Rainfall Irrigation Date Rainfall Irrigation
50 35G 35 20 50 35G 35 20
1 1 0.03
2 2
3 3
4 4
5 5
6 6
7 7 3.86 2.72 2.72 1.57
8 8
9 0.51 9
10 10
11 0.41 8.56 5.66 5.66 3.05 11
12 0.05 12
13 13
14 14 0.30
15 0.05 15 1.35
16 8.00 5.66 5.66 3.15 16 0.23
17 17 0.03
18 18
19 19
20 0.23 20
21 21
22 22
23 0.10 23
24 24
25 5.23 3.71 3.71 2.18 25
26 26 0.38
27 27
28 28
29 29
30 4.04 2.90 2.90 1.60 30
------------------------------------------ 31
May 1981 June 1981
Date Rainfall Irrigation Date Rainfall Irrigation
50 35G 35 20 50 35G 35 20
1 1 6.45 4.47 4.47 2.59
2 2 0.74
3 0.05 3
4 4
5 7.62 5.84 5.84 3.45 5
6 6 0.81
7 7
8 8 0.03 5.13 3.86 3.86 2.92
9 9 0.46
10 - 10
11 11 0.13
12 0.05 12 0.03 2.26 1.24 1.24
13 6.83 4.50 4.50 2.34 13 0.03
14 14 0.28
15 15
16 0.43 16 0.03
17 17
18 18
19 8.41 5.87 5.87 3.56 19 6.58 4.67 4.67 2.717
20 20 0.05
21 21 0.41
22 0.03 22
23 0.76 23 0.23
24 0.10 24
25 0.03 25
26 26 0.03 9.83 6.78 6.78 3.05
27 0.28 27 0.36
28 28 0.18
29 29

w W
~o
w
o
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Table I3. Rainfall and irrigation dates anrd amounts (cm).

July 1981 August 1981
Date Rainfall Irrigation Date Rainfall Irrigation
S0 35G 35 20 50 35G 35 20
1 1 7.32
2 2 0.74
3 3 1.42
4 4
H) 5
6 8.23 5.87 5.87 3.58 6
7 7
"8 8
9 9
10 10
11 11 7.57 5.28 S5.28 3.00
12 12
13 0.10 13
14 0.13 7.87 5.59 5.59 3.30 14 0.91
15 15
16 16
17 17
18 18 7.75 5.46 5.46 3.18
19 19
20 20
21 0.41 7.92 5.33 5.33 3.05 21
22 1.85 22
23 0.13 23 0.91
24 0.25 24
25 0.41 25 0.15
26 0.58 26 0.30 4.93 3.40 3.40 1.88
27 0.20 27
28 28
29 29
30 30
31 31
September 1981 October 1981
Date Rainfall Irrigation Date Rainfall Irrigation
S0 35G 35 20 50 35G 35 20
1 1
2 2
3 3 0.43
4 4
5 5 1.40
6 6
7 7
8 8
9 9 0.15
10 10
11 11
12 12 0.03
13 13 1.02
14 0.20 14 0.03
15 0.03 15
16 16 1.52
17 5.44 3.66 3.66 2.21 17
18 18
19 19
20 20
21 21
22 22
23 0.25 23
24 0.08 24 0.03
25 25
26 0.08 26
27 27
28 28
29 5.08 3.56 3.56 2.03 29
30 30
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Table I4. Rainfall and irrigation dates and amounts (cm).

May 1982 June 1982
Date Rainfall Irrigation Date Rainfall Irrigation
50 35G 35 20 S0 35G 35 20
1 1
2 2
3 3
4 4
5 5
6 6 0.76
7 7
8 8 0.51 6.05 3.20 3.20
9 0.74 9
10 1.14 10
11 1.93 11 0.10
12 0.71 12
13 1.12 13 .
14 0.61 14 0.58
15 0.18 15
16 0.10 16 0.76
17 0.03 17 0.05 3.5 1.91 1.91
18 18
19 19
20 0.13 20
21 0.15 21
22 22
23 =
24 0.18 24 0.13 6.02 2.46 2.46 4.19
25 1.45 25
26 0.69 26
27 27
28 0.05 28
29 0.25 29
30 2.18 30 0.28 8.66 6.38 6.38 1.63
3L S === e e e s e s e s e s es s s es s s SSSES S S 28
July 1982 August 1982
Date Rainfall Irrigation Date Rainfall Irrigation
50 35G 35 20 50 35G 35 20
1 1
2 0.30 2
3 3 0.25 5.97 4.14 4.14
4 4
5 5
6 0.56 6
7 3.78 2.64 2.64 7
8 8
9 9
10 10 7.62 5.33 5.33 9.14
11 11
12 12
13 9.58 1.85 1.85 13
14 0.86 14
15 3.58 5.59 15
16 16
17 17
18 18
19 0.10 19 7.65 5.31 5.31
20 2.29 20
21 0.03 21
22 22 0.33
23 3.18 0.79 0.79 23 0.74
24 24 0.58
25 0.08 25 5.31 3.38 3.38
26 4.57 26
27 2.18 2.18 2.18 27
28 0.58 28
29 29 0.74
30 30 0.99
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Table I5. Rainfall and irrigation dates and amounts (cm).

September 1982

Date Rainfall Irrigation

50 35G 35 20

LoOJdJonedwN -

0.23 5.08 3.56 3.56 6.20

11 2.13
12 2.13

30 0.36
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