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ABSTRACT

Field and laboratory research was conducted to determine the effects of
irrigation management and fertilizer use upon the quality and quantity
of irrigation return flow. The total seasonal discharge of salts from
the tile drainage system was directly related to the quantity of water
discharged, because the solute concentration of the ground water was
essentially constant over time. Under such conditions, reduction of
salt content of return flow is accomplished by reduced drain discharge.
Irrigation management for salinity control must be practiced on a
major part of a particular hydrologic unit so that benefits are not
negated by practices in adjoining areas.

Field studies and computer models showed that salts may be stored in
the zone above the water table over periods of several years without
adversely affecting crop ylelds on soils with high "buffering"
capacity as encountered in this study. However, over the long term,
salt balance must be obtained.

Appreciable amounts of nitrate moved into drainage water at depths of
at least 106 cm from applications of commercial fertilizer and dairy
manure to ground surface. Submergence of tile drains in the field
reduced nitrate concentrations in the effluent, especially under heavy
manure applications.

This report was submitted in fulfillment of Grant No. S801040 by Utah
State University under the partial sponsorship of the Environmental
Srotection Agency. Work was completed as of November 30, 1973.



Abstract

List of Figures

List of Tables

Acknowledgments
Sections
I Conclusions
I1 Recommendations
I1I Introduction
IV  Methods
V  Results and Discussion
Vi References
VII Publications
VIII  Appendices

CONTENTS

ii

29

94

96

97



10

11

12

13

14

FIGURES

Map of study area on the Hullinger farm near Vernal, Utah.

Schematic diagram of 4-probe conductivity apparatus with
associated switching arrangement.

Manure plot layout on Hullinger farm.

Cumulative evapotranspiration measured by lysimeters compared
with potential evaporation computed with Penman's equation
for 1972.

Comparison of electrical conductivity measured from samples
taken from ceramic samplers with 4-probe corrected values.

Soil solution electrical conductivity (mmhos/cm) as measured
by the 4-probe horizontal probe before and after water
application - field trial 1.

Soil solution electrical conductivity (mmhos/cm) as measured
by the 4-probe horizontal probe before and after water
application - field trial 2.

Relative dissolved salt for various water-soil rvatios -
laboratory trial 1.

Ratio of EC of irrigation water to EC of effluent as a func-
tion of pore volume of the effluent - laboratory trial 1.

Comparison of curves for effluent EC and 4-probe EC as
related to pore volume - laboratory trial 2.

Comparison of effluent EC with 4-probe EC of bottom column
section - laboratory trial 2.

Comparison of cumulative evapotranspiration vs. time for
two water application amounts and two initial soil solution
concentrations.

Salt concentration profiles at the end of the season for
three water application amounts for a deep rooted crop and
a shallow rooted crop.

Computations made of relative transpiration, T/Tp, and
average salt concentration as influenced by time where
the water application amount was about 22 cm deep for the
deep rooted crop.

iii

Page
10

14

26

30

41

42

43

52

54

55

56

60

64

65



No.

15

16

17

18

19

20

21

22

23

24

25

26

27

FIGURES (Continued)

Nitrate-N in the soil samples from plots with varying amounts
of Ca(NO3) fertilizer spread on the soil surface. Sampled
June 28, 1372 shortly after the fertilizer was added.

Nitrate-N in soil samples and in alfalfa and corn leaves as

related to Ca(NO,), fertilizer rates in 1972. Data are ppm
= 372

NO,-N.
3

Nitrate-N (ppm) in soil profiles as a result of different

applications of NH4(N03) fertilizer in 1973.

Nitrate-N (ppm) NO_.-N, in ceramic sample extracts at 76 cm
and 106 cm depths.” Ca(NO )2 fertilizer was added in 1972
and NHA(N03) fertilizer aaded in 1973.

Nitrate-N content in drainage waters collected in 1973.
Nitrate-N (ppm) in soil profiles as influenced by manure
rate applied. Sampled June 28, 1972. Manure applied
May 1972.

Nitrate-N (ppm) in soil profiles as influenced by manure
rate applied. Sampled October 7, 1972.

Nitrate-N (ppm) in soil extracts from ceramic samples at
106 cm depth in 1972 as influenced by manure treatment.

Nitrate-N (ppm) in soil profiles as influenced by manure
treatment, sampled on June 20, 1973.

Nitrate-N (ppm) in soil profiles as influenced by manure
treatment, sampled on September 19, 1973.

Nitrate-N (ppm) in soil extracts from ceramic samples at
106 cm depth in 1973 as influenced by manure treatment.

Comparison of electrical conductivity versus NO_-N
collected from ceramic samplers from manure plogs in both
1972 and 1973.

Comparison of electrical conductivity versus NO.-N collected
from ceramic samplers from manure plots treated”in 1972.

iv

68

69

70

73

74

76

78

79

80

81

82

84

35



10

11

12

13

14

TABLES

INFLUENCE OF THE SIZE OF At INCREMENTS ON THE SALT CON-
CENTRATION PROFILE AT DIFFERENT TIMES.

COMMERCTIAL FERTILIZER NITROGEN TREATMENTS ESTABLISHED

IN 1972 ON THE HULLINGER FARM.

FERTILIZER TREATMENTS APPLIED TO BARREL LYSITMETERS IN

1972.

TOTAL IRRIGATION WATER APPLIED, NUMBER OF IRRIGATIONS,
AND AVERAGE EC OF IRRIGATION WATER ON HULLINGER FARM.

CUMULATIVE DRAINAGE IN 1972 (STARTING 6-28) AND 1973

(STARTING 6-18).

PIEZOMETER IDENTIFICATION NUMBER.

AVERAGE WATER TABLE DEPTH DURING IRRIGATION SEASON UNDER

FIELD PLOTS ON THE HULLINGER FARM.

CUMULATIVE SALT FLOW FROM THE DRAINS IN 1972 (STARTING
6-28) AND 1973 (STARTING 6-18).

SUMMARY OF THE ELECTRICAL CONDUCTIVITY OF WATER COLLECTED

FROM CERAMIC CUPS AT 106 cm DEPTH AND FROM THE DRAINS

OF VARIOUS PLOTS.

WATER CONTENT, 1:5 ELECTRICAL CONDUCTIVITY, AND 4-PROBE
CONDUCTIVITY (VERTICAL 4-PROBE) FOR FIELD TRIAL 3 FIRST

ROUN.

COMPARISON OF ELECTRICAL CONDUCTIVITY, EC, OF SAMPLES
EXTRACTED FROM CERAMIC SAMPLERS WITH 1:5 SOIL SOLUTION

EXTRACTS. VERNAL, UTAH, AUG. 9-10, 1973 FOR FIELD TRIAL

3 SECOND RUN.

CHEMICAL ANALYSIS OF SOIL SOLUTION (FROM SATURATION
EXTRACT) AND WATER SAMPLES. AUGUST 10, 1973. ANALYSES

BY USU SOIL TEST LAB.

ELECTRICAL CONDUCTIVITY BY THE HORIZONTAL 4-PROBE MEASURED

AT VERNAL, UTAH ON AUGUST 8-10, 1973.

ELECTRICAL CONDUCTIVITY, EC, FROM CERAMIC SAMPLERS, 1:5
SOIL EXTRACTS AND WATER CONTENT AS A FUNCTION OF TIME

AND DEPTH AT FARMINGTON, UTAH,

v

SEPTEMBER 9-10, 1973.

24

27

31

32

34

35

37

39

44

45

47

48

50



15

16

17

18

19

20

21

22

23

24

25

26

TABLES (Continued)

ELECTRICAL CONDUCTIVITY AS MEASURED BY THE HORIZONTAL
4-PROBE AT FARMINGTON.

WATER CONTENT AND VERTICAL 4-PROBE EC AND 1:5 SOIL
EXTRACT FOR LOGAN, JULY 2-3, 1973 TRIAL. EC IN mmho/cm.

RELATIVE PROPORTION OF ROOTS AT DIFFERENT DEPTH INCRE-
MENTS AT MATURATION ASSUMED,

COMPARISON OF IRRIGATION WATER APPLIED AND INITIAL SALT
CONCENTRATION ON RELATIVE TRANSPIRATION, T/T., TOTAL
WATER USED, DRAINAGE, SALT FLOW TO THE GROUNBWATER AND
AVERAGE FINAL SALT CONCENTRATION FOR THE DEEP-ROOTED CROP.

COMPARISON OF IRRIGATION WATER APPLIED AND INITIAL SALT
CONCENTRATIONS ON RELATIVE TRANSPIRATION, T/Tp, EVAPO-
TRANSPIRATION, ET, DRAINAGE, SALT FLOW TO THE GROUNDWATER
AND AVERAGE FINAL SALT CONCENTRATION FOR THE MEDIUM-
ROOTED CROP.

COMPARISON OF IRRIGATION WATER APPLIED AND INITIAL SALT
CONCENTRATION ON RELATIVE TRANSPIRATION, T/T,, EVAPO-
TRANSPIRATION, ET, DRAINAGE, SALT FLOW TO THE GROUNDWATER
AND AVERAGE FINAL SALT CONCENTRATION FOR THE SHALLOW-
ROOTED CROP.

SOIL NO;-N CONTENTS IN SOIL SAMPLES TREATED WITH VARIOUS
RATES OF NH,NO; AND PLANTED TO CORN OR ALFALFA. HULLINGER
FARM, VERNAL, UTAH, 1973.

NO4~N LOSS FROM JUNE 20 TO SEPTEMBER 19, 1973.

ELECTRICAL CONDUCTIVITY (EC) OF SOIL SOLUTIONS TAKEN
USING POROUS CERAMIC CUPS INSTALLED AT 106 cm DEPTHS.
HULLINGER FARM, VERNAL, UTAH, 1972.

NO;-N MEASUREMENTS MADE IN THE BARRELS.

GRAIN YIELDS FROM CORN IN 1973 AS INFLUENCED BY COMMERCIAL
FERTILIZER TREATMENT,

YIELDS OF CORN AND SUDAN GRASS IN 1972 AND CORN IN 1973 ON
THE MANURE PLOTS. YIELDS ARE IN FRESH WEIGHTS.

Appendix Tables

B-1 Climatic data for 1972.

vi

51

58

59

61

62

71

71

86

88

90

90

110



B-2

B-3

B4

B-5

B-6

B-8

B-9

B-10

B-11

B-12

B-13

B-14

B-15

B-16

B-17

TABLES (Continued)

Lysimeter evapotranspiration (ET) and temperature (T) data

for 1973.

Dates of irrigation, amount applied, and EC of irrigation
water on Hullinger farm in 1972,

Dates of irrigation, amount applied, and EC of irrigation
water on Hullinger farm in 1973.

Discharge of tile drains on Hullinger farm in 1972. A
blank in the data indicates no flow.

Discharge of tile drains on Hullinger farm in 1973.

Water table depth and elevation at selected piezometers on

Hullinger farm in 1972.

Water table depth and elevation at selected piezometers on

Hullinger farm in 1973,
EC of tile drain effluent on Hullinger farm in 1972.
EC of tile drain effluent on Hullinger farm in 1973.

Electrical conductivity of samples withdrawn from ceramic

cups (106 cm depth) in commercial fertilizer plots treated

with Ca(N03)2 in 1972,

Electrical conductivity of samples withdrawn from ceramic

cups (76 and 106 cm depths) in commercial fertilizer plots

treated with NH4NO3 in 1973.
Computations of EC derived from measurements with the 4—
probe field system during 1972 field trials in Vernal.

Initial (6-28) and final (10-7) soil tests in plots 1972
for N-NO,.

3
Initial (6-20) and final (9-19) soil tests in plots 1973
for N-NO,.

3
N-NO. in commercial fertilizer plots treated with various
rated of NH,NO. collected from ceramic samplers in 1973
from 76 cm and 106 cm depth,

N-NO,, in commercial fertilizer plots treated with various
rates of Ca(N03)2 collected for ceramic samplers (106 cm
depth) in 19727

vii

115

117

118

120

122

126

129

131

133

134

135

136

137

138

139



TABLES (Continued)

No. Page
B-18 N—NO3 of tile drain effluent on Hullinger farm in 1972. 140
B-19 N—NO3 of tile drain effluent on Hullinger farm in 1973. 142
B-20 Initial and final soil tests in manure plots 1972 for

N—NOB. 144

B-21 N-NO, in the manure plots in 1972 collected from ceramic
sampiers at 106 cm. 145

B~22 Initial and final soil tests manure plots 1973 for N-NO 147

3
B-23 N-NO3 in manure plots in 1973 from ceramic samplers at 106
cm depth. Manure application rates in mt/ha (dry weight). 148

B~24 Electrical conductivity of samples withdrawn from ceramic
cups (106 cm depth) in manure plots in 1972. Manure appli-
cation rates in mt/ha (dry weight). 149

B-25 Electrical conductivity of samples withdrawn from ceramic
cups (106 cm depth) in manure plots in 1973. Manure appli-

cation rates in mt/ha (dry weight). 151
B-26 N-NO3 from the barrel lysimeters in 1972. 152
B-27 N—NO3 measured in the barrels in 1973. 153

B-28 Electrical conductivity of water samples from the barrel
lysimeters in 1972. 155

viii



ACKNOWLEDGMENTS

Many individuals assisted, encouraged, and supported the work leading
to this report. The authors would particularly like to acknowledge
the help of Dr. Vaughan E. Hunsaker and Dr. Raymond W. Miller on the
nitrogen aspects of the research. Dr. Miller was instrumental in
analyzing results of the nitrogen movements. Dr. L. S. Willardson
assisted in writing the revision.

The authors express special appreciation to R. B. Backus and R. D.
Bliesner who served as farm managers in residence in Vernal for the
1972 and 1973 growing seasons, respectively. Through their efforts
smooth operation of the field research was accomplished.

ix



SECTION 1
CONCLUSIONS

1. The drain discharge on the Hullinger farm is rather insemsitive to
irrigation management practices on the farm itself but instead depends
upon practices of farmers over a much larger area. Any irrigation
management plan for return flow quality contrel must include the major
part of a hydrologic unit in order to be successful.

2. Salt storage in the soil profile above the bottom of the root zome
is indicated by the high values of drain effluent EC for small
infrequent drain flows. This salt storage is not a direct result of
the irrigation management practiced since research work began on the
Hullinger farm but has been developed over long periods of time.

3. Water table depth appears to be a significant factor affecting salt
storage in the soil profile and return flow quality where water
application approaches or is less than evapotranspiration requirements.

4. The total seasonal salt discharge from the tile drainage system was
directly related to the quantity of water discharged. Therefore,
management of water is the key to successful return flow quality
management. Any control plan which will reduce total discharge of

water will probably also reduce total discharge of salts, at least over
the short term. The period of effectiveness of such a plan is difficult
to ascertain but the period would be of several years duration.

5. Precipitation and solution mechanisms play an important role in
salt movement through Hullinger farm soils. The soils have a high
"buffering" capacity. This supports the foregoing conclusion that
quantity of water flow is the controlling factor. Since the EC of the
s0il solution at any given depth is essentially constant with time
under the management variables that have been imposed in this experi-
ment, the salt movement into drains is simply the product of the salt
concentration and the water inflow rate.

6. The model developed and used for prediction purposes was limited to
simple salt flow where solution and precipitation of salts within the
soil were not considered. The model predicted that under several
irrigation management variations, yield was not influenced until salt
accumulations which took several years occurred. The results predicted
were strongly influenced by the presence of the water table and the
depth of the plant root zone assumed. Modifications of the model,

to account for precipitation, solution and exchange, etc., did not
significantly improve the prediction when applied to the Hullinger farm
data.

7. Appreciable amounts of NO,-N moved into drainage water at depths of
at least 106 cm from manure aaditions of 216 mt/ha (dry) or from



commercial fertilizer applications of 440 kg/ha N as Ca(NO,), or
NH,NO,. Concentrations of over 30 ppm NO,-N were measured™in drain
water under the commercial fertilizer plogs.

8. Additions of manure at rates of 108 mt/ha (dry) increased NO,-N
content in the soil to levels greater than 20 ppm, even the year after

application. This is more than 2 to 3 times N03—N concentrations of
control plots.

9. NO,-N reductions during the growing season approached 300 kg/ha for
applications of 440 kg/ha N as Ca(NO3)2.

10. Salt increases were noted at the 106 cm depth under plots
receiving heavy manure applicatioms.

11. Submergence of tile drains can reduce NO,-N concentrations in the
effluent. One drain was successfully submergéd so that the water table
was always at or above the top of the gravel envelope during the
irrigation season. The NO,-N concentration of effluent from this drain
was significantly lower (by a factor of about 1/2 to 1/4) than the
drain receiving the same fertilizer application but flowing freely

and having air within the drain pipe.



SECTION II
RECOMMENDATIONS

1. The results of this study indicate that with approximately yearly
monitoring of soil salinity status and appropriate irrigation manage-
ment, salt can be stored in the soil profile for several years with
little yield decrease. However, over the long period of time salt
balance must be maintained. For soils with little "buffering" capacity,
the model predictions indicate that irrigation management procedures
are available that will allow yield maintenance with no drainage for

a few years.

2. The soils like those on the Hullinger farm will allow salt storage
in the profile with no drainage, with little yield decrement, because
large amounts of salt are precipitated with a minimum of salt buildup.
With yearly monitoring of salinity status it is probable that a no-
drainage system would function satisfactorily for approximately 10
years before significant yield decreases would result. However, over
a long time, salt balance would have to be maintained. '

3. Highly buffered soils, like those studied from the Hullinger farm,
will load the drainage water with soluble salts in direct proportion to
the drainage water amount since the soil solution concentration is
essentially constant. Yearly monitotring of the soil solution concen-
tration in the drains would appear to be sufficient to predict the

salt load provided the water flow can be measured. Additional research
is needed to characterize the soil physical and chemical properties of
these highly buffered soils.

4. Prediction of water flow into the drains based on predictions of
evapotranspiration, irrigation amount, precipitation and soil water
storage will probably have an error of about 100 percent. This is due
to errors of about 10-20 percent in predicting evapotranspiration and
soil water storage, and nonuniform irrigation and rainfall. Thus it
is unlikely that low leaching irrigation management schemes can be
attained on a farm field scale.

5. Significant decreases in salt flow into the drainage water without
yield decreases in a region like the Vernal, Utah site can be attained
by decreasing the leaching of the present irrigated farms (estimated
to be 10-100 percent of irrigation requirement). However, this will
only be possible (if the site studied is representative) by conversion
of the present valley-wide gravity irrigation system, with a poor
irrigation uniformity, to a system capable of much more uniform water
application. While it is questionable whether this conversion would
be economically feasible under present conditions for the local farmers,
with the many human factors that would cause problems, this type of
solution would surely compare with the alternative solution of
desalinization plants.



6. It is recommended that any procedures suggested to control
irrigation return flow be applied to complete hydrologic units. The
results reported herein show that drainage flow and quality on the
experimental farm were almost entirely controlled by irrigation of
surrounding farms.

7. It is recommended that an irrigation management system involving
several years of salt storage with no drainage, be followed by a leach-
ing period to minimize nitrate movement into the drainage water and
maximize use of the NO,-N fertilizer. The most efficient use of such a
system would require périodic salinity and nitrate monitoring and
control of fertilization and irrigation water applicationm.



SECTION III
INTRODUCTION

Irrigated agriculture has historically been concerned with water supply,
diversion and conveyance of water to the farm, and use of water on the
farm. The disposal or return of excess water to the stream was a point
of lesser concern. The main emphasis has been on quantity rather than
quality of water. Salinity has long been recognized as an important
parameter influencing the suitability of water for use as an irrigation
supply. The amount and kinds of salt existing in soils have been

used for assessing their suitability for receiving irrigation water.

In all of these activities, attitudes of persons involved have usually
been that the quality of the irrigation return flow was not of too much
consequence or that it was a natural result of activities necessary for

the maintenance of the agriculture of an area and not subject to much
control.

The salinity problem in the Colorado River Basin is emphasized by a
report (EPA, 1971) the conclusions of which include:

1. Salinity (total dissolved solids) is the most serious water
quality problem in the Colorado River Basin.

2. Salinity concentrations in the Colorado River system are
affected by two basic processes:
(a) salt loading, the addition of mineral salts from
various natural and man-made sources; and
(b) salt concentrating, the loss of water from the system
through evaporation, transpiration, and out-of-Basin
export.

3. Salinity control in the Colorado River Basin may be
accomplished by the alternatives of:
(a) augmentation of Basin water supply;
(b) reduction of salt loads (including improvement of
irrigation and drainage practices);
(¢) 1limitation of further depletion of Basin water supply.

Irrigation return flow constitutes a very large part of the water
influent which reaches the streams and rivers of the Colorado River
Basin. Thus, salinity and irrigation return flow are vitally linked
in the overall problem. Indications of the importance of the problem
are given by several recent events including, but certainly not
limited to, the following:

1. The aforementioned report on the mineral quality problem
in the Colorado River Basin;



2. The February 1972 sessions of the Federal-State Enforcement
Conference on the Colorado River held in Las Vegas;

3. Discussions of Colorado River salinity problems between the
Presidents of the United States and Mexico;

4. The Western Regional Research Project, W-129, entitled
"Salinity Management of the Colorado River Basin" supported
by the Agricultural Experiment Stations of the seven Basin
states and the Cooperative State Research Service;

5. The National Conference on Managing Irrigated Agriculture
to Improve Water Quality held in Grand Junction, Colorado,
May 1972;

6. The decision to build a desalting plant near Yuma, Arizona,
to handle the effluent from the Welton-mohawk project.

It was concluded (EPA, 1971) that salinity control in the Colorado
River Basin may be accomplished in part by improvement of irrigation
and drainage practices. Evaluation and preassessment of such improved
practices depends upon knowledge of water and salt movement through
the root zone of the crops. Return flow of water to streams from
irrigation water applied to fields is profoundly influenced during its
flow through the soil. There is, first of all, decrease in the amount
of the irrigation water that might appear as return flow because of
vapor loss to the atmosphere during the evapotranspiration process.
The amount of water returned may be zero but, under present irrigation
and drainage practices, commonly ranges from 10 to about 50 percent of
the irrigation water applied. Since soluble salts are mostly excluded
during plant uptake of water and thus are left behind in the soil
during evaporation, there is a concentrating effect of the salts in
the soil solution drained compared to the soil solution resulting
from applied irrigation water. The water draining from the soils may
contain such a high salt concentration that its further use is severely
limited. In addition to the concentrating effect of evapotranspiration,
the natural weathering of soils, chemical precipitation, solution and
exchange of constituents in the soil solution with the solid soil
particles further influences the concentration of the soil solution.
Analysis of the total process is complicated by the time delay, amount
of salt going into root zone storage, and in movement of constituents
in the soil water from one part of the soil to another.

Previous research (King and Hanks, 1973) conducted by Utah State
University indicates that there is considerable promise for exercising
control of return flow quality by proper irrigation management. The
basic premise underlying the research effort has been that the soil
profile above the water table can be used as a temporary salt storage
reservoir. Then, by proper management of irrigation, this salt may be
released by leaching only when desired. Soil profile leaching is not
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necessary every year. Recent work (Bernstein and Francois, 1973)
using greenhouse lysimeters supports the idea of salt storage and
indicates that very small leaching fractions can be used over extended
periods of time without adversely affecting yield of crops.

King and Hanks (1973) reported the development and testing of two
independent mathematical models of water and salt movement through the
soil with extraction of water by evapotranspiration. They concluded
that the best model for irrigation management would probably result
from a combination of the two. They recommended that further model
development be done to reduce required computer time and eliminate the
inherent numerical dispersion in the model affecting prediction of
salt movement. They also suggested that time dependent root develop-
ment and extraction pattern be incorporated into the model.

Other recommendations from the earlier work (King and Hanks, 1973)
include suggested improvement of data collection procedures in the

field for data to be used for model verification. The need for better
definition of the soil solution electrical conductivity profile was
cited. The earlier work also concluded that control of the quality of
soil profile effluent will require precise control of water on the farm,
particularly the depth and timing of irrigations. It was suggested

that some of the costs of establishing adequate water management systems
could result in benefits other than increased control of drainage

water quality. Study of the economics of irrigation management were
recommended. Using one of the models, King and Hanks (1973) tested

the timing of irrigation as a management variable. With all other
conditions the same, results showed that as the time interval between
irrigations increases, the season totals of salt removed from the root
zone, the salt remaining in the profile, and the amount of water
required for leaching tend to become constant. However, the irrigation
frequency has a significant effect upon when the salt is discharged
during the season.

In the Ashley Valley of Utah, irrigation practices largely influence
the quantity and quality of irrigation return flow. This is also
true in many other areas of the Colorado River Basin and the United
States. The research covered by this report included study of the
degree of control of quantity and quality of return flow which is
possible through management on the farm irrigation, drainage, and
fertilizer application practices.

OBJECTIVES

The primary objectives of this research were to study various farm
management practices related to irrigation and drainage and fertilizer
use; and to determine their effects upon the quality and quantity of
irrigation return flow.



The specific objectives were:

1.

To monitor the movement of dissolved salts through the soil
profile into the drainage water under different irrigation
and/or drainage management practices.

To demonstrate the degree of control over the quality of

the drainage water as influenced by these management
practices.

To monitor the movements of nitrogen from applied commercial
fertilizer and animal wastes through the soil profile and
into the drainage water.

To evaluate the effects of various irrigation and/or
drainage management practices upon these movements of
nitrogen.

To develop management models which will describe these
movements and allow for extrapolation of the results obtained

from the Ashley Valley research farm to other conditions in
other areas.



SECTION IV
METHODS
GENERAL

It is necessary to discuss some general aspects of the research farm
and field data collection before focusing attention on the detailed
studles of salt and nitrogen movement. Most of the field work reported
herein was conducted on the Hullinger farm near Vernal, Utah. The
location of the facilities existing on the farm immediately prior to
initiation of this research were reported earlier (King and Hanks,
1973).

Drainage System Modification

The original tile drainage system consisted of six parallel drains
originating at the north boundary of the farm and discharging separately
into the Naples drain (a natural drainage channel). Drains 1 through

5 were spaced 61 m apart and drain 6 was 107 m west of drain 5.

In an effort to create more field plots underlain with a tile drain,
the original system was modified during May and June 197Z2. A water-
tight collector line was added in the east-west direction intersecting
the drains about 70 m south of the north boundary of the farm. The
collector was about 30 cm deeper than the drains. Water entered the
collector only at the manholes into which the drains discharge. Every-
where else the collector was a water-tight pipe. Figure 1 shows the
location of the collector drain with respect to the original tile
drains.

The construction in 1972 also included the removal of a 6.4 m section
of drain and gravel envelope from the six original tile drains to
separate the drains into 3 sections. This separation was made about
140 m south of the north boundary of the farm. At the separation,
each end of the remaining drain was plugged and soil material was
compacted back into the trench excavated for removal of drain pipe

and gravel envelope. Figure 1 shows the new drain configuration in
which the new drains are designated such as 2N, 2M, and 2S meaning the
north part of drain 2, the middle part of drain 2, and the south part
of drain 2, respectively. Also shown in Figure 1 is a new drain 5A
(5AN, 5AM, 5AS) installed in three separate parts corresponding to the
modified drains and 61 m west of drain 5.

In the modified drainage system, all south drains discharged into the
Naples drain through separate manholes as in the original system. The
middle drains flowed to the north and discharged into manholes at the
collector. The north drains flowed south to the collector manholes.
The system allowed measurement of discharge and water quality of each
drain separately at the manholes.

9
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Irrigation Management Practices

Most of the work on some small field plots was designed to concentrate
on the nitrogen movement rather than total dissolved solids (salinity).
The salt movement was studied by separate field trials as explained

in detail later. The irrigation and drainage management practices on
the large plots over drains 3N,4N, 5N, 5AN, 6N, 3M, 4M, 5M, 5AM, 6M,
3S, 4S5, 5AS, and 6S were designed with a dual purpose of studying both
nitrogen and salt movement. The methods for collecting data which were
common to both purposes is described under the heading 'General Field
Data."

The drainage management variable involved submergence of some of the
drains to obtain anaerobic conditions in the drain pipe. Drains 5N and
5M were submerged by placing an elbow and short standpipe on the outlet
end of each drain within the manhole at the collector. The overflow
rim of the standpipe was about 25 cm gbove the invert of the drain
pipe. Thus, the water table should have been at or above the top of
the gravel envelope all along the drain in order for any water to be
discharged from the drain. All other drains were free to flow un-
restricted.

The irrigation management for 1972 is depicted on Figure 1. This
involved two different water treatment levels, 1.1 and 1.5 times ET

in which ET was the evapotranspiration of alfalfa as measured by two
lysimeters near the center of the farm on either side of drain 3M.

For 1973, irrigation water was added to the crop whenever soil moisture
decreased to a predetermined level in the lysimeters.

General Field Data

The methods for collecting data which were common to both salt and
nitrogen movement studies are reported here.

Evapotranspiration and Climate - Evapotranspiration was measured with
hydraulic lysimeters. Global (solar) radiation was measured with an
Eppley pyranometer and integrated electrically. Measurements of wet
and dry bulb temperatures were made manually with a psychrometer. Some
climatic data were taken from the local weather station at the airport
which is about 0.8 km away. The data were analyzed in the same manner
as outlined in the report for previous years (King and Hanks, 1973).

Drain Discharge - The discharge of the drains was obtained by measuring
the time required to fill a container of known volume (bucket-stop
watch method). These measurements were taken once a day (except week-
ends) for each drain which was flowing.

Drain Effluent EC - Each time drain discharge was measured a sample of
the drain effluence was collected. Measurements of the electrical
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conductivity (EC) and the NO,-N were made after the samples were
brought into the laboratory.™ The EC was measured with a laboratory
bridge and was reported as mmho/cm at 25 C.

Irrigation Water EC — The EC of the irrigation water was measured in
the field with a portable conductivity meter which internally corrected
all EC values to 25 C when a dial on the instrument was set by the
operator to the water temperature of the sample. The measurements were
made on samples withdrawn during each irrigation from the pond near the
pump inlet by an automatic water sampler at a pre-set time interval.

Water Table Depth ~ Water table depth was measured weekly during the
irrigation season at the piezometer locations shown on Figure 1.
Details of the piezometers were explained earlier (King and Hanks,
1973). Since the elevation of the top of the piezometer was known,
water table depth could be used to obtain water table elevation and
hydraulic gradients in the groundwater.

SALT MOVEMENT

Field Studies

To accomplish the parts of objectives 1 and 5 relating to the field
evaluation of the salt flow component of a model, it was necessary to
conduct field tests. Earlier work (King and Hanks, 1973) indicated
that the soil salinity status did not change as measured by salinity
sensors and 4-probe sensors. Thus, Gupta (1972) artificially applied
large amounts of salt to the soil surface in order to get measurable
differences in the salinity status of the soil solution. Results from
the models showed reasonable agreement with his field trial. Since
there was some uncertainty about the field measurements and the model
estimation of such an unnatural situation, the following additional
field studies were conducted.

Field Trial 1 - In 1972 an evaporation pond (Figure 1) was constructed
and filled with water early in the year. This was done to provide a
source of salty water that would be similar chemically to the water
used for nmormal irrigation but with a higher salt concentration. In
previous studies dry salt was added to the soil surface. This
technique resulted in a salt distribution in the soil that could not
be completely explained other than by some indeterminate solution-
dissolution function needed to establish boundary conditions for model
evaluation. Since dry salt application was considered an abnormal
situation, the evaporation pond method of supplying salty irrigation
water was selected.

A new method of evaluating the electrical conductivity (EC) of the soil
solution was also tested. This involved a field modification of the
laboratory technique discussed by Gupta and Hanks (1972) where the
four-probe EC was measured at 15-cm intervals up to 180 cm. According
to the theory, this would allow for determination of the soil EC by

12



15-cm increments down to 180 cm. Measurements of soil water content
were also needed to estimate the electrical conductivity of the soil
solution for correction of the measurements. This was done with both
neutron and gamma probes.

The apparatus for the 4-probe EC method is shown in Figure 2. The
conductivity bridge was comnected through a switch to the electrodes.
The switch position selected the electrode spacing. By taking
conductivity readings at different electrode spacings on the soil
surface it is possible, according to Barnes (1954) to determine the
resistivity as a function of depth. For example, the conductivity
(mho) at the 15-30 cm depth is given as

Ki5-30 = Ko-30 ~ ¥o-15

the conductivity (mho/cm) can be given by

K530

K(mho/cm) = 37D

where D is the inner electrode spacing (cm). The conductivity bridge
used was Model R30, Soiltest, Inc., 2204 Lee St. Evanston, Illinois
60202.

For evaluation of the salinity model, a site (designated "small basin"
on Figure 1) was selected near neutron access tube B in plot 3M. Im
1972 an area about®3 by 6 meters was enclosed by a soil "dike"
constructed symmetrical to site B. Site B had tensiometer cups at
depths of 15, 46, 76, 107, and 137 cm which were used to extract soil
solution. Access tubes for neutron and gamma probe readings were also
located there.

By the first part of August 1972, sufficient water had been evaporated
from the evaporation pond that the EC of the water was 8.0 mmho/cm.
This water was pumped onto the "small" basin August 9. The evaporation
pond was re~filled with low quality water from Naples drain and the
"small" basin was re-filled with this water (EC = 4.1 mmho/cm) on
August 10.

Before each addition of water to the basin, the soil moisture content
variation with depth was obtained with both neutron probes and the soil
salinity status was monitored with the 4-probe apparatus. After each
addition of saline water, the above measurements were repeated
periodically. Also, soil solution samples were extracted from the
porous cups. At the end of the trial, soil samples were taken.

Field Trial 2 - After the August 10 irrigation of the small basin,
water from Naples drain was again pumped into the evaporation pond and
allowed to concentrate until mid-September when another field test was
made. On September 19 water from the evaporation pond (EC = 4.7
mmho/cm) was added to the small basin. Then on September 20 a high

13
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Figure 2. Schematic diagram of 4-probe conductivity apparatus
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quality water from the irrigation pond (EC = 1.1 mmho/cm) was added.
For Field Trial 2 the procedures of data collection were the same as
for Field Trial 1.

Field Trial 3 -~ Early in 1973 tests were made on plots near the
irrigation pond in which water of various qualities were added to a
ponded area. A much more intensive set of ceramic samplers was
installed at various depths for soil solution sampling. Soil samples
were taken before and after the tests. Four-probe readings were taken
frequently throughout the tests. Corresponding neutron probe readings
were made to obtain soil water contents. A portion of the irrigation
water was pumped first into barrels where sufficient NaCl was added to
bring the water up to an EC of about 10 mmho/cm. The sequence of water
application was: (1) normal irrigation, (2) "salty" irrigatiomn, (3)
normal irrigation. This trial was conducted twice in 1973.

Measurement of pH, EC Ca, Mg, Na, SO,, Cl and HCO3 were made by the USU
Soil Testing Laboratory on soil samples collected during the tests.
Some of the water samples extracted from the ceramic cups were also
analyzed for the above list. The rest of the water samples were
analyzed for EC only. To estimate the amount of precipitated salts,
measurements were also made on water extracted from the soil samples
after dilution with distilled water at the ratio of 1/100 (soil/water).

Field Trial 4 ~ Additional field tests were made later in 1973 at the
USU farm at Farmington, Utah, to assess the effect of a different soil
on salt and water movements. Due to the difficulty of getting uniform
water distribution under the previously used flooding techniques (Field
Trials 1, 2, and 3), a new method was devised to apply water at
Farmington. The water was applied using a large number of irrigatiom
"drippers" arranged to wet the area without flooding. The infiltration
rate of this soil was very low so some surface movement of water
occurred but this was a small proportion of the total applied. Thus,
the drip irrigation technique essentially solved the problem of uneven
water distribution experienced in the flooding treatments. The sequence
of water additions and the system of data collection was similar to
Field Trial 3.

Field Trial 5 - An additional field trial at Logan, Utah was performed
where another type of 4-probe conductivity tester called the "vertical
4-probe' was constructed and tested. This probe consisted of a 1.3
cn diameter fiberglass rod 122 cm long with a handle at one end and

a sharp point on the other end. About 5 e¢m from the pointed end, a
stainless steel ring slightly larger than the rod served as the
bottom electrode. Three other similar electrodes at 5-cm spacing
along the rod gave the 4~probe configuration. By inserting the rod
into the soil at different depths, readings could be obtained of soil
salinity in a vertical profile as a function of depth. This unit was
designed to sample a small volume of soil. In practice it was found
that the fiberglass rod was too flexible to push into the soil without
first making a hole with a steel rod.
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In the Logan tests a small basin about 1 m x 1 m was used. Water of
various electrical conductivities (details in Section V, Results) was
added in these tests. Water contents were measured with the neutron
probe and EC was measured from soil samples by the 1:5 extract method.
The vertical 4-probe equipment was also tested at Vernal during Field
Trial 3.

The vertical 4-probe system has the disadvantage that the geometry of
the electrical flow paths is not precisely known so it is impossible
to convert the readings to mho/cm. The volume sampled is also
uncertain. Tests in a water tank indicate that the wvolume sampled is
a sphere of about 46 cm diameter. For the purpose of this field trial
the relative readings given by the vertical 4-probe conductivity tests
were considered sufficient for evaluation.

Laboratory Studies

Laboratory Trial 1 - This trial was run to determine in more detail the
"buffering" or "salt source' characteristics of the soil from the
Hullinger farm. Representative soil samples having various soil-water
content ratios were prepared. The solution was extracted from the
samples having soil water ratios ranging from 0.5 to 2.0. The
electrical conductivity of the extract from each sample was measured
and the relative amount of dissolved salts was determined.

Laboratory Trial 2 - A short-column leaching experiment was conducted
in the laboratory to determine the order of magnitude of the relative
change in concentration of the soil solution as a function of depth

and time. The suitability of the 4-probe EC method for following the
salinity of the soil solution in short columns during leaching was also
evaluated in this trial.

The short soil column, consisting of three cylindrical segments each

5 cm high, was irrigated with "tap water" having an EC of 0.31 mmho/cm.
Four electrodes were located in the cylinder wall along a horizomntal
circumference line 2.5 cm from the end of each segment. These four
electrodes were connected to the conductivity bridge described earlier
to measure the four-probe electrical conductivity, EC (4P). Measure-
ments as functions of time were made of the quantities of water enter-
ing and leaving the column, the EC of the inflow and outflow, and EC
(4P) of each segment.

Model Modifications

In order to accomplish objectives 1 and 5 it was considered necessary to
modify the models described earlier (King and Hanks, 1973). It was
concluded that the so-called simple model for water flow in the soil
profile was not useful for further evaluation because of the inability
of the model to account for upward flow. Thus it was decided to
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concentrate on modification of the more detailed model to be used as
a water management tool to control the quantity and quality of
irrigation return flow.

As reported by King and Hanks (1973) the detailed model predicted
water flow quite well but was less satisfactory for predicting salt
flow. Consequently a major effort was made to improve the salt

flow computational methods. Further modification was also made of

the model to allow for a developing root system for annual crops like
corn. A further major modification involved an addition to the model
of a procedure to predict plant growth as influenced by both water and
salinity management. These modifications are outlined in the follow-
ing discussion. The computer program printout is listed in Appendix A.

Salt Flow - The original model was limited in its ability to describe
salt movement because diffusion and dispersion were not considered and
because the numerical procedure used caused additional numerical
dispersion (i.e., the results were influenced by the numerical
techniques used). Consequently the anti-numerical dispersion modifi-
cation is similar to that outlined by Bresler (1973) but was adjusted
to account for varying depth increments (Bresler assumed equal depth
increments). Further modification was made, after Bresler (1973), to
include diffusion and dispersion. The general salt flow equation used
was

a(Ce) _ 8 aC, 3(qC)
ot Y Gﬁ;ﬁ oz [1]

where C is salt concentration, 6 is volumetric water content, D is the
combined diffusion and dispersion coefficient, q is mass flux of water,
z is depth and t is time. This equation does not account for any
precipitation or solution of salts within the profile.

The uncorrected numerical approximation of the left-hand side of
equation [1], used was

3(Co) _ JHL, J+L _ L3 5 3
T (Ci ‘ei Ci ei ) /At [2]
where 1 refers to the depth increment and j is the time increment
and At = tj+1 - tj'

The anti-numerical dispersion correction added to the right side of
equation [2] was
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The first term in the right hand side of equation [1] accounts for
diffusion and dispersion and has the following numerical approxi-
mation

3+1/2 (CJ+1/2 j+1/2) Dj+1/2 (CJ+1/2 J+l/2
3z -} DLXC . DLXA DLXC . CLXB
4]
where
DLXC = (zi+l - zi_l)/z

This numerical equation was used with no further modification. The
value for D was chosen as follows

j+1/2 j+1/2 di+1/2
Di+1/2 D, xp (BO< +1/2) + A ( +1/2) [51]

The values used for the constants were (see Bresler, 1973)

o
\

= 0.05

0.001
= 10
0.4

> o >
1T 1 1
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The numerical approximation for the mass flow term, uncorrected for
numerical dispersion, was

a¢ge) _ Yi+1/2 ©4 Y172 Cig 6]
dz DLXC

The following anti-numerical dispersion correction for equation [6]
was (added to the right-hand side)

S I i U Y R Bl TeL)
DLXC ‘ DLXC

[7]

When the anti-numerical dispersion correction for the mass flow term,
equation [7], was added to equation [6] the result turned out to be
the same for upward or downward flow so no checks had to be made for
flow direction.

The modified model in its present form still has two versions. The
first version considers simple salt flow only. The second version
includes the first but also has salt exchange, precipitation, solution,
etc., included according to Gupta (1972) and Dutt et al, (1972).

During the modification of the model to incorporate the corrections for
numerical dispersion (Bresler, 1973), test calculations were performed
to evaluate the adequacy of these corrections for the salt flow part
of the model. The earlier model suffered from numerical dispersion as
evidenced by significant differences in results for different sizes of
AX (depth) and At (time) increments. Table 1 shows the concentration
profiles computed with the dispersion corrected model at two different
times (t=16 and 240 hr) after an initially high salt concentration
(t=0) in the surface layer was moved into the soil by irrigationm.

Note that the results for the version 1 of the model using two
different At increments are reasonably close throughout the profile
depth. The differences are well within the uncertainty that would be
caused by the physical and chemical data used. It was concluded that
the anti-numerical dispersion scheme used should give valid model
predictions.

Table 1 also shows results of computations with the version 2 for one
sequence of At increments. This version uses the numerical dispersion
corrections and accounts for salt exchange, precipitation, solutions,
etc. The results are not greatly different from the more simple version
1 of the model but do yield concentration peaks slightly lower in the
profile that have lower concentrationms.

Comparison of the computed salt distribution with the field measure-
ments, as given by Gupta (1972), indicates that the computed salt
concentration peaks given by both models are 10-20 cm too close to the
soil surface. However, the field data measured are for large depth
increments which lead to some uncertainty regarding the details of the
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Table 1. TINFLUENCE OF THE SIZE OF At INCREMENTS ON THE SALT CONCENTRATION
PROFILE AT DIFFERENT TIMES.

Depth C(t=0) C(t = 16 hr) C(t = 240 hr)
At=12 At=2 At=1 At=1 At=2 At=1
cm meq/1l meq/1(l) meq/1(1) meq/1(2) meq/1(1) meq/1(1) meq/1(2)

1 2704 11 11 10 71 68 35
3 53 11 11 10 65 63 28

5 54 10 9 11 65 64 37

8 56 12 7 20 69 69 52
12 54 54 48 50 84 85 70
16 54 124 125 95 105 106 86
20 S6 162 169 130 123 126 105
25 56 141 145 133 136 139 120
30 55 101 102 111 134 137 122
35 56 74 73 86 120 122 117
40 55 61 60 68 103 103 108
45 55 56 56 58 75 75 94
55 59 58 58 55 66 66 76
70 57 57 57 57 66 65 65
85 56 56 56 56 57 57 59
100 56 56 56 56 57 57 58
115 53 53 53 53 55 55 54
135 50 50 50 50 52 52 52
155 50 50 50 50 50 50 51
165 53 53 53 53 53 53 53

8For At = 1 the time increments are similar throughout and At = 2 the time

increments are twice as large.

(1) First version of model uses simple salt flow corrected for numerical
dispersion.

(2) Second version of model uses corrections for numerical dispersion and
accounts for salt exchange, precipitation, solution, etc.
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exact location of the salt peak. The detailed model of Gupta (1972)

does have the advantage that it predicts individual ion concentration
but the accuracy was poor. Prediction of the distribution of total
concentration of salts was more accurate than particular species
distribution.

In view of the uncertainties discussed above, it was concluded that it
would be reasonable to use the simple version of the model where
exchange, etc., is not accounted for, to predict salt movement in the
soil with occasional checks using the exchange version of the model.
In situations where irrigation was with water having greatly different
salt concentration than the previously used, model computations would
be made using the exchange version (version 2) for comparison with
calculations of the simple version (version 1).

Root Zone Extraction - This modification of the model was made to allow
for seasonal changes in the rooting depth with time. The original
model of Nimah and Hanks (1973a, 1973b) had a fixed depth and pattern
of rooting. The root zone extraction modification allowed for simula-
tions of annual crops, like corn or oats, to be used for the season
where the root extraction patterns changed with time. Three input
variables were required for the root profile to change with time up

to root maturity. The input variables were

RDFSAV(I) = Root distribution function at maturity
RDFDAY Number of days from the start until root maturity
RDFDEL Number of time increments for root growth

]

For the first time increment, there were not roots in the soil profile.
At the end of this time increment, a root distribution profile was
calculated by scaling the mature root distribution profile to fit a
smaller depth. This depth was calculated under the assumption that the
root profile length versus time can be plotted as a sigmoid curve.

Yield Estimation - This modification was added to the model to estimate
the effect of various irrigation management manipulations on yield.

The salinity effects on yield were sensed only in the root extraction
part of the model where water was taken up in response to a water
potential gradient. The water potential gradient (WPG) was defined as

— HROOTi - (hi + Si) (8]
i Ax

where HR.OOTi was the effective root water potential, h, was the soil
water matric potential and S, was the soil solution osimotic potential
(all at depth z,}. The distance of which the gradient applied, Az, was
assumed to be 1.0. The soil solution concentration was assumed to be
directly proportional to Si according to

S; (millibars) = 36 CiGﬁeqll). [91
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The relative yield was assumed to he related to relative transpiration
as

=

[10]

HIH

Y
-
P P
where Y is the dry matter yield of a given crop for a given season, T
is the transpiration for the same crop for the same season, Y is the
potential yield for the same crop for the same season where sBil water
or salinity did not reduce yield and T_ is the potential transpiration
for the same crop and season where soil water uptake was not limited
and thus did not reduce yield. The values of T_and T were summed up
over the season to give one seasonal value for each quantity. T was
also given by the input boundary conditions where transpiration Wwas
always equal to potential transpiration.

Input parameters were:

1. ESTART - the number of days from the start of computer
simulation to seedling emergence.

2. ESTOP - the number of days from the start of computer
simulation to maximum effective cover development

3. AK1 = ratio of tramnspiration to evapotranspiration at

maximum effective cover development.

These modifications were built into the computer program so that
adjustments could be made from one crop to another through input
conditions. Otherwise the input data were the same as given by Nimah
and Hanks (1973a, 1973b).

This yield estimation modification, including the background of equation
[10], is very complicated as discussed by Hanks (1974). However, it
seems to give good results.

Transpiration/Evapotranspiration - This modification was used to allow
for variations in the relative proportion of T (ET_ over the course of
the season. The model of Nimah and Hanks (197gb) Bllowed for this
proportion to change but because alfalfa was the crop tested T (ET
was assumed to be constant of 0.9 throughout. LA ¢

It was assumed that the ratio of transpiration to evapotranspiration
versus time for annual crops fitted a sigmoid curve. The sigmoid curve
was used to define the relationship between the time of seedling
emergence and the time of no further change in the T [ET_ ratio.
Knowing maximum T /ET at a given time, transpiratiog cogld be
calculated for ang time.

In the event of soil-water constraints on evaporation, a higher
proportion of water will be transpired to meet environmental demands.

22



When actual evaporation, E, fell short of potential, transpiration was
adjusted upward to make up the energy balance differemce according to
the following equatiom

1.0 E, -~ E
Tp-—(ETp-Ep) 14— -1) . = ] [11]

! b

If T , computed from equation [11] plus E was greater than ET , then
Tp wBs taken to be equa} to ET minus E. P

Daily Evapotranspiration - This modification was made to account for the
normal fluctuation in ET demand during the daylight hours with
essentially zero ET demand at night. The original model assumed
average ET conditions to be constant over periods of several days. 1In
the absence of detailed information on this variation, a sinusoidal
pattern was assumed. The variation of evapotranspiration rate was
assumed to start at zero at 0800 hrs, reach a maximum at 1400 hrs, and
return to zero at 2000 hrs. Between 2000 hrs and 0800 hrs the next day,
evapotranspiration was assumed to be zero. The field input evapo-
transpiration rates were averages over a given time period so the
program took these averages and reapportioned them for each time
increment of the daily cycle. '

NITROGEN MOVEMENT

Commercial Fertilizer Plots

To study the movement of commercial nitrogen fertilizer in response to
water management, crops and plots were established in 1972 as shown in
Table 2 (See also Figure 1). The "high" water table denotes the
submergence of drains 5N and 5M as explained earlier under the heading
"Irrigation Management Practices". The "normal" water table indicates
that no restriction was placed on drain discharge. (See Section IV,
Results, for discussion of the actual water table depths which occurred.)
The area of the plots receiving uniform application of Ca(NO3)»
fertilizer was centered over the drains as indicated by the rectangles
shown in Figure 1. The size of each treated area was 30.5 by 54.9 m
(about 0.17 hectare). Evapotranspiration (ET) was measured by the
lysimeters in plot 3M and was used as a basis for irrigating the plots
at about 1.1 and 1.5 times ET. The details of the times of irrigation
and EC (electrical conductivity) of the irrigation water are given in
Appendix B. The rate of water application by the sprinkler system was
0.64 cm/hr.

This experiment was repeated in 1973 with some modifications. The
nitrogen fertilization was the same as 1972 except that the fertilizer
used was NH,NO3. This was done because of cost (a factor of two) and
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Table 2. COMMERCIAL FERTILIZER NITROGEN TREATMENTS ESTABLISHED IN 1972 ON

THE HULLINGER FARM.

Water

Plot Crop Table Nitrogen Level? Irrigation
3N Alfalfa Normal 0 1.1 ET
3M 1" 7" O i3}

3S 1" " 0 "

4N " " 121 Kg/ha (100 1bs/a) "

4M " " 484 Kg/ha (400 1bs/a) "

48 " " 242 Kg/ha (220 lbs/a) "

5N Corn High 121 Kg/ha (100 lbs/a) 1.5 ET
5M " " 484 Kg/ha (400 1bs/a) "

58 " Normal 484 Kg/ha (400 1bs/a) "t
S5AN " " 121 Kg/ha (100 1bs/a) "
5AM " " 484 Kg/ha (400 lbs/a) 1.1 ET
5AS " " 121 Kg/ha (100 1bs/a) "

6N " n 0 "

6M " " 0 1)

6S " " 0 "

2 Elemental N applied as Ca(NO3),.

because the 1972 results showed little nitrate moving through the soil
in the alfalfa plots. Since the fertilizer had to be broadcast and not
disced in the alfalfa, as it was in the corn, it was originally thought
that a nitrate fertilizer, Ca(NO3),, was necessary.

The irrigation water applications were not maintained at as high a level
in 1973 as they were in 1972, The irrigation on the corn was decreased
drastically in 1973, compared to 1972, because irrigation on the corn
was applied when the actual soil water levels decreased to a predeter-
mined value.

Because of the delay caused by construction of the drainage system
modification, it was necessary to delay the 1972 planting of corn
until late June. Just prior to planting the corn, the ground was
plowed out of alfalfa after the first crop was cut. Corn was planted
on May 15, 1973.

Two porous ceramic samplers (Soil Moisture Equipment Co., Santa Barbara,
California approximately 4 cm, 1-5/8 in. diameter) were installed to a
depth of about 106 cm in northeast and southwest quarter of each plot
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in 1972. In 1973 two samplers were installed at each location used in
1972 (four samplers per plot) with one at 76 cm and the other at 106
cm depth. Samples were collected at periodic intervals throughout the
seasqn generally a day or two after irrigation. For sampling, suction
was applied to the sampler with a hand pump. The sample was collected
several hours later by applying suction to the sampling bottle which
was connected to a small tube pushed into the water that had collected
in the bottom of the sampler.

Manure Plots

Forty-eight plots were laid out near the irrigation pond for the dairy
manure studies. The detail of these plots are shown in Figure 3. Plots
were 6.1 by 12.2 m where crops were grown and 6.1 by 6.1 m for the bare
treatments. Rates of manure application in 1972 were 0, 54, 108, and
216 metric tons per hectare (mt/ha) calculated as a dry weight
equivalent (0, 25, 50, and 100 t/a). Irrigation was by sprinkler. The
manure was plowed in immediately after application of the plots. As
shown by Figure 3, half of the cropped plots were planted to corn and
half to sudan grass at the end of June, 1972.

In 1973 all of the cropped plots were planted to corn on May 15. Prior
to planting, the plots that had been in sudan grass the previous year
were retreated with the same amounts of dairy manure as shown in
Figure 3.

Ceramic soil water solution samplers were installed in the middle of
each plot to a depth of 106 cm. These samplers were also used as
access tubes for measuring soil water content with the neutron probe.
Sampling was accomplished in a manner described earlier for the
commercial fertilizer plots.

Barrel Lysimeters

In an effort to have a closed system where uncertainties regarding
upward water flow were eliminated, barrel lysimeters were installed

as shown in Figure 1 near the manure plots. The barrels received the
same amount of irrigation water as the manure plots. Ceramic samplers
were installed in the barrels for solution sampling and soil moisture
measurement as described earlier.

Twenty-four barrel lysimeters were installed in 1972. An essentially
undisturbed core of soil was removed from the field and placed in a
55-gallon drum. The filled drum was then lowered into the hole.
Treatments applied to the barrels are shown in Table 3. These treat-
ments were applied in 1972 only.

Barrels 5, 6, 7 and 8 were scheduled to receive a high rate of water
application throughout the season in 1972 while the remaining barrels
were scheduled to receive a normal application of irrigation water.
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Figure 3.

Manure plot layout on Hullinger farm.
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Table 3. FERTILIZER TREATMENTS APPLIED TO BARREL LYSIMETERS IN 1972.

Barrel No. Treatments
1, 4 440 Kg/ha N as Ca(N0Oj3),
2, 3 216 mt/ha manure
5, 8 110 kg/ha N as Ca(NO3),
6, 7 440 kg/ha N as Ca(NOj3)»
9, 12 440 kg/ha N as Ca(NO3)»
10, 11 110 kg/ha N as Ca(NO3),
13, 19, 22 108 mt/ha manure
16, 20, 23 No application - Check
15, 18, 24 54 mt/ha manure
14, 17, 21 216 mt/ha manure

Barrels 1, 2, 3, and 4 had drain cans installed so that any free water
existing at the bottom of the barrel would drain out of the soil into
the drain can from which a sample could be removed. In the other
barrels, free water would remain in the soil. However, the amount of
water applied in 1972 was so great that all of the barrels without
drains were waterlogged throughout most of the year. Consequently

in 1973 drains were installed in all of the barrels and no water-
logging occurred. Corn was planted in the barrels in hoth years at
the same time the manure plots were planted.

Sample Analysis

Soil sampling of the manure and nitrogen fertilizer plots was done in
the fall and spring. These samples were put in a room at 0° C until
the chemical analyses for nitrates and EC could be made. EC was
determined on the saturated paste extract before nitrate analysis.
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Nitrate content was determined for soil, plant, and water samples
using the phenoldisulfonic acid method (Bremmer, 1965) and modified

to eliminate chloride interference by using 0.02 N copper sulfate--
0.002 N silver sulfate extract-in-solution in a 5/1 ratio of solution
to soil. Conductivity was determined with a pipette conductivity cell.
Total N was determined by micro Kjeldahl.

Vegetation samples were collected, dried and analyzed by the same

procedures used for soils. Only leaves near the ear were selected
for corn samples.
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SECTION V

RESULTS AND DISCUSSION

GENERAL

Results common to both salt and nitrogen movement studies are given
before results specific to each.

Evapotranspiration and Climate

Lysimeter evapotranspiration and climatic data are shown in detail in
Appendix B (Tables B-1 and B-2). The data indicate that the ET from
the lysimeters was about 62 cm in 1972 (from June 24 through September).
Sufficient data was collected so that the potential evaporation from

a free water surface could be computed by the Penman equation with two
modifications described by Wright and Jensen (1972). Figure 4 shows
that the lysimeter cumulative evapotranspiration is about 19 cm greater
than the potential evaporation as computed by the Penman equation.
There was very little difference between the two modifications of the
Penman equation. Thus it is apparent that the potential evaporation
as computed by the Penman equation does not have the expected simple
relation to the measured evapotranspiration. It was expected that the
ratio of measured ET to Penman E would vary from about 0.8 to 1.1
during the season. This result is similar to that measured in 1971
[King and Hanks, (1973)].

Irrigation

Details of irrigations applied to the Hullinger Farm for 1972 and 1973
are given in Appendix B (Tables B-3 and B-4). Also shown are the date
and the depth and electrical conductivity of water applied for each
irrigation.

The irrigation data are summarized in Table 4. While the average EC
values of Table 4 are grouped around 1.0 mmho/cm the range of values
for individual irrigations was 0.8 to 1.6 mmho/cm for 1972 and 0.6 to
1.5 mpho/cm for 1973.

Drainage Discharge

The discharge of water from each tile drain was measured daily over a
short time interval (essentially an instantaneous measurement). All
discharge measurements are reported in Appendix B (Tables B-5 and B-6).

The drain discharge data are summarized as cumulative drainage in
Table 5.
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Table 4. TOTAL IRRIGATION WATER APPLIED, NUMBER OF IRRIGATIONS, AND
AVERAGE EC OF IBRIGATION WATER ON HULLINGER FARM.

Total Water Number of Averageb
Block 2 Plot 2 Crop Applied Irrigations EC
(cm) (mmho/cm)
-1972-
1 - Corn 68.8 12 1.2
1 - Alfalfa 55.4 8 1.1
2 - Alfalfa 892.3 11 1.1
3 IN, 1M, 1S Alfalfa 73.3 19 1.1
4 2N, 2M, 25 Alfalfa 66.9 13 1.1
5 3N, 3M, 3S Alfalfa 63.9 9 1.0
6 4N, 4M, 4S5  Alfalfa 65.3 12 0.9
7 5N, 5M, 55 Corn 83.1 15 1.1
8 S5AN Corn 87.2 14 1.1
8 S5AM, 5AS Corn 72.3 14 1.1
9 6N, 6M, 6S Corn and 74,1 14 1.1
Sudan Grass
-1973-
1 - Corn 35.2 8 1.0
1 - Alfalfa 34.5 6 0.9
2 - Alfalfa 56.4 7 1.0
3 IN Alfalfa 83.2 10 1.0
3 M, 1S Alfalfa 52.8 8 1.0
4 2N Alfalfa 84.5 9 1.0
4 2M, 25 Alfalfa 54.1 7 1.0
5 3N Alfalfa .83.6 9 1.1
5 3M, 35 Alfalfa 53.2 7 1.1
6 4N, M, 4S  Alfalfa 53.0 7 1.0
7 5N, 5M, 55 Corn 30.9 6 0.9
8 5AN, S5AM, Corn 31.1 6 0.9
5AS
93 6N, 6M, 6S Corn 32.6 6 1.0
9 - Corn 35.2 8 1.0
®The block and plot designations are given in Figure 1.
EC of each irrigation weighted by amount of water applied. Irrigations

for which EC data were not available were ignored in computing average

EC.

SEaSt part,
West part.
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Table 5. CUMULATIVE DRAINAGE IN 1972 (STARTING 6-28) AND 1973
(STARTING 6-18).
(m3 )
Date
Plot? 6-30 7-15 7-30 8-15 8-30 9-15  Depth?
cm

~1972-
3N 21 38 38 178 200 229 5
4N 32 246 492 1005 1280 1576 34
M 4 21 94 375 571 761 16
4 0 0 0 35 46 46 1
5N 26 670 1199 1864 2315 2667 57
M 5 130 276 492 636 696 15
55 0 0 40 264 300 300 6
5AN 3 114 227 364 438 477 10
5AM 1 60 145 261 303 333 7
5AS 0 0 42 140 140 140 3
6N 1 285 590 790 1030 1081 23
6M 0 73 228 319 348 354 8
6S 0 0 18 bt 44 4t 1

~1973-
IN 72 72 261 264 294 363 8
M 7 8 8 9 9 9 0
N 185 217 546 577 729 1092 24
M 2% 25 25 25 26 26 1
3N 424 633 1446 1864 2707 3714 80
3M 34 34 35 47 77 112 2
4N 363 500 1325 1997 3243 4318 93
M 216 263 633 937 1434 1846 40
5N 365 585 1534 2375 3701 4646 100
5M 41 43 168 268 435 492 11
5AN 48 80 196 318 617 627 13
5AM 27 48 116 157 231 270 6
6N 228 386 1004 1575 2815 3367 72
6M 34 68 220 305 575 657 14

8pjots not included in list, had no discharge from drain.

Cumulative on 9-15 assuming a plot size of 76 x 61 m (250 x 200 feet).
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The data of Table 5 show that by July 1972 some of the south drains
had discharged water while in 1973 none of the south drains had had
any discharge. These differences in discharge from the south drains
can be explained by the differences in irrigation water applied.
Table 4 shows that the plots overlying all south drains received more
water in 1972 than in 1973. 1In 1972, plots 5S, 5AS, and 6S received
more than twice the irrigation water applied to these plots in 1973.

All north drains had more discharge in 1973 than in 1972 as did the
middle drains except 5M and 5AM. Even for drains 1N, 2N, and 3N the
extra irrigations on June 19 and June 25, 1973 cannot explain the
greater discharge because these effects should have been dissipated
within a week or two, but the discharge of drains 1IN, 2N, and 3N
increased significantly on into August and September. Except for
plots 1N, 2N, and 3N, all plots received more irrigation water in
1972 than 1973. Note also that drain 5N discharged almost twice the
water in 1973 as in 1972 and the 1973 discharge for drain 6N was
about 3 times the 1972 discharge (Table 5). The 1972 irrigation
water applied to plots 5N and 6N was more than twice the 1973 appli-
cations. For 1973, drain 5N discharged about 3 times the water
applied as irrigation to plot 5N (assuming a plot size of 76 x 61 m)
and drain 6N discharged more than twice the water applied.

The above discussion leads to the conclusion that drain discharge
was significantly affected by factors other than water management
practices on the farm itself. This conclusion is also supported
by an analysis of water table requirements.

Much of the water discharged by the drains must have originated outside
the farm boundary, which will be discussed later. Any control over
salt movement in the root zone may be masked by groundwater flow
conditions unless the control area is large enough to influence the
groundwater basin. Thus it is apparent that a single farmer or small
group of farmers cannot hope to significantly influence the quality

of irrigation return flow. Control programs must be large enough to
encompass hydrologic units.

Water Table Depth

Water table depth was measured at approximately weekly intervals at
all the piezometer locations shown in Figure'l. Results from
selected piezometers are included in this report. Locations of these
piezometers are given in Table 6. The locations identified with
numbers 1 through 14 are included mainly to determine groundwater
hydraulic head gradients which are discussed in a following section
under the heading "Groundwater Movements." The piezometers numbered
15 through 28 (Table 6) are included to show the water table depths
under field plots. Table 7 gives the piezometer identification
number, the field plot and the average water table depths for 1972
and 1973. 1In all cases the average depth to water table was less in
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Table 6. PIEZOMETER IDENTIFICATION NUMBER.

Location? Ident. No. Location® Ident. No. Location® 1Ident. No.
1IW100N50 1 5AE25-20 11 4W5-400 20
1W100N4 2 6W5N50 12 5W5~400 21
1wW100-20 3 6W5N12 13 5AW5-400 22
3W5N47 4 6W5-20 14 6W5-400 23
3W5N4 5 3W5-150 15 4W5-650 24
3W5-20 6 4W5-~150 16 5W5-655 25
3W100N43 7 5W5-150 17 5AW5-650 26
3W100-20 8 5AW5-150 18 6W5~-650 27
5AE25N50 9 6W5-150 19 6W149-400 28
5AE25N12 10

4The location of piezometer shown on Figure 1 is designated by a
coordinate system referenced to the drains and to the north boundary
fence of the form. Thus, "1WI00N50" means 100 ft. west of drain 1 and
50 ft. north of the fence. For locations south of the fence, "-" is used
in place of "N".

1973 than in 1972. While these piezometers are only 1.5 m from the
drains, studies of drain performance on the Hullinger farm (Sabti,
1974) show that most of the water table drop occurs closer to the
drains and that piezometers 1.5 m from the drains give essentially the
same water table depth as those farther from the drains. The water
table tends toward a plane between drains with most of the lowering of
the water table occurring very close to the drains. All measurements
of water table depth for the selected piezometers (Table 6) are shown
in Appendix B (Tables B-7 and B-8).

Groundwater Movements

As discussed above, much of the water discharged by the drains came
from groundwater meving from outside the boundaries of the Hullinger
farm. The water table depth from piezometers 1 through 14 (Table 6)
may be used to determine the tendency for groundwater encroachment

from the north. Groups of these piezometers form north-south lines
over which the hydraulic head gradients can be calculated. Five north-
south lines are represented by the following piezometer groups: 1, 2,
3; 4, 5, 65 7, 8; 9, 10, 11; 12, 13, 14, The water table depth

34



Table 7. AVERAGE WATER TABLE DEPTH DURING IRRIGATION SEASON UNDER
FIELD PLOTS ON THE HULLINGER FARM.

Average Water Table Depth(m)

Identification No. Plot 1972 1973
15 3N 1.59 1.43
16 4N 1.18 1.13
17 5N 1.08 1.03
18 5AN 1.31 1.23
19 6N 1.58 1.48
20 M 1.36 1.30
21 5M 1.34 1.30
22 5AM 1.32 1.24
23 6M 1.47 1.39
24 4S 1.87 1.83
25 58 1.78 1.77
26 5AS 1.80 1.78
27 65™ 2.16 2.07
28 Manure Plots ° 1.66 1.47

4pjezometers 27 and 28 may be used to estimate the water table
depth beneath the manure plots.

measurements were used to calculate water table elevation above mean
sea level (Tables B-7 and B-8). A survey of water table elevation for
these groups of piezometers shows that whenever there were differences,
the gradient was such that the groundwater flowed toward the south.

That there is a southerly component to groundwater flow under the plots
is indicated by the water table elevations, for instance for piezometers
16, 2Q, and 24, the main ground water flow is from west to east.
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SALT MOVEMENT

Field Studies

Irrigation Management - Irrigation of the large plots during 1972 was
scheduled as indicated in Figure 1 where ET denotes the evapo-
transpiration of alfalfa as measured by the lysimeters in plot 3M.
These irrigation amounts were scheduled to insure that nitrogen would
move downward through the soil. Earlier experience (King and Hanks,
1973) on the Hullinger farm indicated that significant upward flow of
water from the water table to the root zone could occur. The irri-
gation for 1972 was planned in an attempt to minimize this effect.

In 1973 the corn was irrigated whenever the soil moisture decreased
to a predetermined level resulting in much lower total water application
than in 1972.

Effects of irrigation management on salt movement was studied by EC
measurements of drain water and water samples collected from ceramic
cups placed in the soil above the water table. Each time the drain
discharge was measured, a sample of the effluent was collected and EC
measurements made. Electrical conductivity (EC) of these samples

is given in Appendix B (Tables B-9 and B-10). Using the EC data of
Tables B-9 and B-10 and the drain discharge data of Tables B-5 and
B-6, the cumulative mass of salt removed by the drains was calculated
and is presented in Table 8. Table 8 shows that although the average
EC for any drain was essentially the same for 1972 and 1973, the total
salt discharged was greater for 1973. Since the EC of irrigation
water was also essentially the same for these two years, the greater
salt discharge was caused directly by greater drain flow.

In general, the high EC values of drain effluent are associated with
drains having low flows. The average EC (Table 8) increases
progressively from north to south (for example, plots 6N, 6M, and 63
for 1972). Thus, evidence exists indicating salt storage in zones
above the water table. This storage has probably been going on for
a long time and is probably not directly a result of irrigation
management practiced since research began on the Hullinger farm.
Note from Table 7 that water table depths also increase from north
to south. This is the result of natural groundwater hydrology for
this area. In 1970 and 1971, before the drains were divided, the
single drain 3 was observed to flow only once as a result of the
discharge of water directly over the drain from a disconnected
irrigation pipe. In 1972 and 1973, after drain division, drain 3§
never flowed while drain 3N flowed significantly. Thus it is apparent
in 1970 and 1971, water entered the north part of drain 3 and seeped
back into the groundwater in the south part before reaching the
weasuring manhole.
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Table 8.

CUMULATIVE SALT FLOW FROM THE DRAINS IN 1972 (STARTING
6-28) AND 1973 (STARTING 6-18).

(kg)
Date
Plot 6-30 7-15 7-30 8-15 8-30 9-15 EC AVE
mmho/cm

-1972-
3N 27 47 47 220 254 300 2.1
4N 28 210 428 904 1200 1498 1.5
4M 5 30 120 488 773 1056 2.2
4S 0 0 0 60 80 80 2.7
5N 26 602 1129 1838 2410 2872 1.8
5M 5 126 287 550 775 867 2.0
5S 0 0 38 215 239 239 2.2
5AN 3 100 187 282 327 351 2.3
5AM 1 46 111 191 217 235 2.3
5AS 0 0 54 185 184 ° 184 2.2
6N 2 353 675 855 1042 1081 1.8
6M 0 73 279 394 443 453 2.2
6S 0 0 11 72 72 72 2.9

-1973-
1N 111 112 403 449 455 567 2.5
M 13 14 15 15 16 17 3.6
2N 295 348 821 863 1087 1603 2.4
2M 39 39 40 41 41 42 3.4
3N 512 769 1711 2155 3111 4267 1.8
M 42 42 43 61 103 154 2.3
4N 400 544 1444 2128 3428 4556 1.7
4M 303 374 920 1348 2046 2642 2.2
5N 460 732 1885 2771 4162 5167 1.8
5M 61 64 248 372 588 657 2.1
5AN 69 115 271 425 652 780 2.0
5AM 47 85 194 257 366 420 2.5
6N 248 423 1102 1704 3001 3623 1.7
6M 55 106 327 445 795 899 2.2
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Tables B-9 and B-10Q0 show that the EC of drain effluent ranged from

1.1 to 3.7 mmho/cm. For drains for which 5 or more samples were taken,
i.e., drains observed to flow on 5 or more days, the range was 1.1 to
3.3 mmho/cm.

Table B-9 shows a general increase in EC as the 1972 season progressed.
For 1973, this trend was reversed as shown in Table B-10. This trend
could have been influenced by differences in amounts of irrigation
water applied to the Hullinger farm for these two seasons. However,
such effects are probably masked by the groundwater movement from
outside farm boundaries.

Electrical conductivity measurements on water samples withdrawn from
the ceramic cups in the soil above the water table are given in
Appendix B (Tables B-11 and B-12). Table 9 compares the EC values
from the ceramic cups with those from the drains under the various
plots. The average EC of water from the ceramic cups was always
greater than the EC of the drain effluent, in many cases nearly twice
as great. This fact further demonstrates the inflow of groundwater
to the drains from areas outside the farm boundaries. Since the
neighboring farmers have historically used flood irrigation methods
applying excess water, the water draining from their fields comes
through well leached sites. Thus the intruding groundwater tends to
dilute the water percolated through the root zone on the Hullinger
farm causing the drain effluent to register a lower EC relative to the
percolated water.

The above results indicate that although water table depth may be an
important factor in managing irrigation for salinity control of return
flow, the total seasonal salt discharge was directly related to the
quantity of water discharged because there was little change in EC of
the drainage water with time. This emphasizes again that management of
water is the key to successful return flow quality management. This
is true for much of the Upper Colorado River Basin where the concen-
tration of salts in return flow is not too great. It is especially
true for soil situations like that of the Hullinger farm where there
are large salt source and sink components to flow (discussed in more
detail in the following sections). Any control plan which will reduce
total discharge of water will probably also reduce total discharge of
salts, at least over the short term.

Field Trial 1 - This trial involved putting salty water that had been
concentrated in the evaporation pond onto the test plot and measuring
the resulting change in soil solution concentrations with time and
depth. Two methods of measuring concentration were used - soil water
extraction with ceramic samplers and four probe conductivity measure-
ments. Data from the ceramic samplers had the disadvantage that it
took several hours of applied suction to get a sample sufficient for
measurement. The four-probe conductivity method has the disadvantage
of being influenced by soil water content as well as solution
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Table 9. SUMMARY OF THE ELECTRICAL CONDUCTIVITY OF WATER
COLLECTED FROM CERAMIC CUPS AT 106 cm DEPTH AND
FROM THE DRAINS OF VARIOUS PLOTS.

(mmho/cm)
1972 1973
Plot Sample Low High Ave. Low High Ave.
3N Cups 2.6 5.0 3.8 b
3N Drain 1.6 2.6 2.1 1.5 2.1 1.8
M Cups 2.9 4.6 3.9 1.3 4.1 2.7
3M Drain a 2.1 2.4 2.3
38 Cups 4.1 7.7 5.8 b
3S Drain a a
4N Cups 1.5 5.4 2.9 2.5 4.4 3.8
4N Drain 1.1 1.9 1.5 1.5 1.8 1.7
M Cups 2.3 4.5 3.5 1.8 4.8 3.5
4M Drain 1.4 2.7 2.2 1.7 2.5 2.2
4S8 Cups 3.3 7.5 4.5 b
4S8 Drain 2.2 3.1 2.7 a
5N Cups 2.4 4.7 3.7 3.5 4.1 3.8
5N Drain 1.2 2.4 1.8 1.5 2.1 1.8
SM Cups 1.2 4.4 3.3 2.7 4.0 3.0
5M Drain 1.2 2.7 2.0 1.8 2.8 2.1
58 Cups 3.1 4.8 3.9 b
58 Drain 1.7 2.4 2.2 a
5AN Cups 0.9 3.7 2.8 1.9 4.3 3.0
S5AN Drain 1.3 3.0 2.3 1.6 2.3 2.0
5AM Cups 2.4 4.5 3.7 1.8 3.9 2.9
5AM Drain 1.8 3.0 2.3 2.1 2.9 2.5
5AS Cups 2.4 4.0 3.5 b
5AS Drain 1.9 2.4 2.2 a
6N Cups 1.9 3.9 3.0 2.3 5.1 3.5
6N Drain 1.2 2.7 1.8 1.4 2.0 1.7
6M Cups 2.0 3.5 2.5 2.3 4.3 3.2
6M Drain 1.5 3.3 2.2 1.9 2.7 2.2
6S Cups 1.7 4.8 3.5 b
6S Drain 2.8 3.0 2.9 a
: No flow.
No data.
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conductivity but it has the advantage of allowing rapid reading and
many measurements. For the analysis of data, the four probe measure-
ments were first corrected for water content by the use of a calibra-
tion equation similar to that suggested by Gupta and Hanks ( 1972) and
were then adjusted by a constant factor to get values corresponding

to the approximate EC readings from the ceramic cup water samples.

The end result comparing the adjusted four-probe conductivity readings
with the ceramic cup samplers is shown in Figure 5. The "raw" data
adjusted only for water content are shown in Appendix B (Table B-13).
As shown in Figure 5, the agreement between the measured and four-probe
conductivities are fairly good before the salty water was added but not
as good at the end of the trial.

Figures 6 and 7 show the four-probe estimated conductivity profiles

at several times. The data show an increase of EC between the soil
surface and about the 45 cm depth after wetting with 10 cm of water

at EC of 8.0 mmho/cm and a decrease at deeper depths. Assuming simple
piston flow the "salty" water should have penetrated to about 30 cm
and the before wetting peak, located at about 60 cm, should have
shifted down by about 30 cm. Shifting of the lower peak did not
occur. When another addition of 10 cm of water, EC of 4.1 mmho/cm
was added there was relatively little change in the salt profile as
shown in Figure 6. The addition of water less salty than the solution
concentration did not decrease the EC near the soil surface. The data
indicate that the addition of large amounts of water at the soil
surface had little effect on the soil solution EC in the profile. This
same conclusion was born out by the data collected from the ceramic
cups.

Field Trial 2 - The September 1972 trial, which was conducted similarly
to the August trial but with different EC in the applied water, gave
results which led to conclusions similar to the August trial (Figure
7). Wetting with water of EC 4.7 mmho/cm should have caused a
depression in EC, if simple piston flow occurred, whereas an increase
in surface EC resulted. When the less salty water of EC 1.1 mmho/cm
was applied the next day, some depression in EC resulted but it was
not nearly as great as expected. The data showed a rather large shift
towards lower EC for the entire profile immediately after wetting.
However, the profile had shifted back towards higher EC values 33
minutes later. A further shift towards higher EC values was measured
in the lower profile a day later. The results of this run indicate
the presence of a large "buffering" capacity within the soil.

Observed response to water applied can be explained only if consider-
able precipitation and solution is taking place.

Field Trial 3 -~ This trial was run at the Hullinger Farm in 1973 wvhere
better control ¢on the amount of water applied was attained. In this
trial intensive soil sampling was done and the EC determined on 1:5
soil water extracts. The results of the first run, given in Tahle 10
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Table 10. WATER CONTENT, 1:5 ELECTRICAL CONDUCTIVITY, AND 4 PROBE
CONDUCTIVITY (VERTICAL 4-PROBE) FOR FIELD TRIAL 3 FIRST RUN.

Vernal, June 30-21, 1973

Soil Water Content 4-probe conductivity 1:5 conductivity
Depth Volume Fraction mmho/cm mmho/cm
cm A B C D A B C D A B C D
30 .23 .28 ,26 .28 1.9 3.6 3.5 3.3 .20 .17 .20 .20
46 .27 .31 .27 .30 3.8 5.4 4.8 4.9 .18 .20 .26 .20
61 .27 .31 .29 .30 3.7 4.9 5.5 5.8 .18 .18 .25 .25
76 .26 .31 .29 .30 4.2 5,8 6.4 5.2 .25 .18 .30 .26
91 .23 .24 ,26 .33 2,1 3.2 3.4 2.8 .26 .25 .29 .28
107 .26 .28 .27 .28 2.7 2.9 3.2 2.8 .25 .25 .21 -
122 .30 .30 .29 .28 2.8 3.0 2.9 3.2 .27 .26 .23 -

A - Readings taken at beginning of test

B - Readings taken after irrigating with about 25 cm of water,
EC = 1.5 mmho/cm.

C - Readings taken after irrigating with about 5 cm of water,
EC = 10.0 mmho/cm,

D = Readings taken after irrigating with about 5 cm of water,
EC = 1.5 mmho/cm.

show that the effect of water content on the 4-probe EC results of
treatments B, C, and D should be small since the water contents were
essentially constant. The 1:5 conductivity was only slightly higher
for treatment C, where salty water had been added, than other treat-
ments. If piston flow occurred, the salty water of treatment C should
have been in the top 20 cm and in the 20 to 41 cm zone for treatment D.
The data do not indicate this to be the case. This would indicate
that the salty water being added to the soil was taken out of solution
by some means and does not contribute to the conductivity. The
increase in four-probe conductivity above 76 cm between treatment A
and B was probably due to the water content increase.

Two sets of ceramic extraction cups were installed at various depths
prior to the second run. The data, shown in Table 11, indicate an
increase in conductivity as measured by the ceramic samplers for
treatment B over treatment A as would be expected. If piston flow
occurred, the conductivity down to 46 cm should have been about

10 mmho/cm. The data indicate an actual EC of only 4.6 to 9.5,
which is lower than expected. However, the 1:5 EC from the soil
samples showed an increase in EC above 60 cm from A to B but again
it was less than expected. The increase should have been a factor
of 3 to 4 but it was less than two. When water of EC = 1.0 mmho/cm
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Table 11.

COMPARISON OF ELECTRICAL CONDUCTIVITY, EC, OF SAMPLES
EXTRACTED FROM CERAMIC SAMPLERS WITH 1:5 SOIL SOLUTION

EXTRACTS. VERNAL, UTAH, AUG. 9-10, 1973 FOR FIELD
TRIAL 3 SECOND RUN.
(mmho/cm)
Depth EC from ceramic samplers EC from soil
samples
AS AN BS BN Cs CN C LAB A B C
15 cm 2.0 9.5 3.6 4.2 .25 .43 .30
30 cm 1.9 3.2 6.9 4.6 1.3 5.0 4.5 .23 .35 .32
46 cm 2.2 7.4 7.0 - .22 .34 .30
61 cm 3.1 4.0 2.5 5.3 4.5 .22 .28 .36
76 cm 4.6 3.2 3.1 .25 .35 .35
91 cm 4.4 2.6 4.1 3.4 2.9 .24 .26 .36
107 cm 2.0 1.9 1.9 .22 .25 .34
122 cm .21 .22 .30
137 cm .22 .21 .32
152 cm .17 - .25
168 cm .19 - -
A - Sample collected after irrigation with about 10 cm water, EC
1.0 mmho/cm
B - Sample collected after irrigation with about 10 cm water, EC
10.0 mmho/cm
C - Sample collected after irrigation with about 10 cm water, EC
1.0 mmho/cm
S = South sampling site
N = North sampling site
C LAB is data measured by USU Soil Test Lab collected from the "C"
treatment.
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was added, treatment C, the ceramic sampler data showed no pronounced
shift of the salt peak to a depth of about 46 cm as would be
predicted assuming piston flow although there was a decrease in the
EC near the surface. The decrease of EC near the surface was less
than predicted which is a further indication that solution- and
precipitation-like processes are occurring. The EC of the soil
samples did increase below 61 cm and decreased only slightly above
that depth from treatment B to C as would be expected. Here again,
however, the changes are much smaller than would be expected if no
solution, precipitation or exchange occurred.

Because it was apparent that some complex chemical changes were
occurring, soil and water samples were collected and brought back to
the USU Soil Test Lab for more detailed amalysis. These data are
shown in Table 12. The data indicate that the NaCl water moved almost
to 152 em. The Na concentration before treatment is believed to be
about 4 meq/liter. The NaCl water was certainly not "washed" out of
the top 46 cm as would be expected if simple piston flow occurred.

The data also account for only about 35% of the Na applied (using the
soil extraction data). The question remains as to the disposition of
the sodium. The 1:100 dilution data indicate that diluting the soil
with an excess of water does not bring any more total Na into solution
although large amounts of Ca and Mg appear to have come into solutiom.

To determine whether the EC was lower than expected because of ion pair
formation, a calculation of theoretical EC from the chemical data of
Table 12 was made by the method of Griffin and Jurinak (1973). 1If

ion pair formation were a factor, the calculation of EC, assuming no
ion pairs, would have been lower than that measured. The data show

the calculated and measured EC to be the same, so there does not appear
to be ion pair formationm.

The horizontal four probe measurements made in the field during the
second run are shown in Table 13. The increase in EC near the
surface, from 1032 to 1440 on August 8, was probably due to increased
water content caused by the addition of normal pond water. A further
increase from an EC of 53 mmho/cm averaged over the top 61 cm to about
80 mmho/cm, occurred when the salty water was added at 1300 hours on
August 9. The further addition of 10 cm of "normal" water caused the
average EC of the top 46 cm to decrease from about 76 to 60 mmho. In
the 46 to 91 cm depth, the EC increased from 59 to 78 cm due to the
last water addition. The average conductivity from 91 to 183 cm varied
from 58 to 59 mmho after the first addition of water until the last
reading. Thus it is concluded that the data of the horizontal four-
probe agree in general with the sample data of EC by the two other
sampling procedures used.

Field Trial 4 - Study of salt and water flow was made on Kidman silt
loam at the USU Farmington Experiment Station. Water in this trial
was added by trickle irrigation, as described in the methods section,
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Table 12. CHEMICAL ANALYSIS OF SOIL SOLUTION (FROM SATURATION EXTRACT)
AND WATER SAMPLES. AUGUST 10, 1973. ANALYSES BY USU SOIL

TEST LAB.
Sample Description me/liter mmho/cm
ph Ca Mg Na SO, Cl  HCO, EC- EC
Pond Water (normal) (A) 8.4 7.6 3.9 0.7 9.3 0.3 3.6 1.7 1.4
Salty Water (NaCl) (B) 7.6 8.8 4.3 87.0 11.3 97.6 3.8 8.7 8.1
Pond Water (normal) (C) 8.3 9.0 4.2 0.8 10.0 0.3 - 1.9 1.3
Extractor 15 cm (c) 8.0 9.4 4.5 28.7 11.0 28.8 - 4,0 4.2
Extractor 30 cm (¢) 7.9 23.1 10.3 12.2 12.0 23.6 - 4.8 4.5
Extractor 46 cm (C) 8.0 23.8 13.3 6.5 10.3 30.6 4.6 5.0 4.5
Extractor 61 cm (C) 7.8 16.3 8.1 6.5 12.5 14.5 - 3.5 3.1
Extractor 76 cm (c) 8.217.0 7.8 2.6 16.0 9.4 - 3.6 2.9
Extractor 91 cm (C) 8.2 12.5 7.0 1.7 12.0 1.1 - 2.5 1.9
Soil 0-15 Sat. Ext. (C) - 12.7 5.1 9.6 9.6 1l4.4 - 3.0 2.6
Soil 15-30 Sat. Ext. (C) - 11.9 4.8 13.9 10.7 17.0 - 2.9 2.8
Soil 30-46 Sat. Ext. (C) - 12.8 5.7 10.9 8.6 16.9 - 3.1 2.8
Soil 46-61 Sat. Ext. (C) - 12.3 6.0 10.0 8.4 15.2 - 2.9 2.7
Soil 61-76 Sat. Ext. (C) - 10.7 5.2 9.1 7.4  13.3 - 2.5 2.5
Soil 76-91 Sat. Ext. (C) - 9.1 4.1 10.0 7.9 12.0 - 2.3 2.3
Soil 91-107 " " (C) - 12.2 5.2 12.6 8.6 17.8 - 3.0 2.9
Soil 107-122 " ™ ©) - 12.3 5.6 10.4 10.6 17.3 - 3.1 2.8
Soil 122-137 " " (C) - 15.0 7.4 7.4 11.8 18.3 - 3.6 3.0
Soil 137-152 " " ©) - 14.0 6.3 7.8 10.2 15.7 - 3.2 2.8
Soil 0-15 1:100 Ext.(C) - .60 .20 .07 .27 .02 .68 - -
Soil 15-30 " ") - .66 .20 .08 .29 .05 .82 - -
Soil 30-46 " " (C) - 1.09 .28 .08 .10 .02 .86 - -
Soil 18-24 " "(C) - 1.33 .38 .09 .13 .05 .96 - -
Soil 61-76 " "oo(C) - 1.06 .34 .09 .17 .02 .96 - -
Soil 76-91 " ") - .89 .29 .09 .13 .05 .93 - -
Soil 91-107 " N ()] - .90 .26 .07 .15 .06 .89 - -
Soil 107-122" " (C) - .80 .24 .06 .09 .06 .86 - -
Soil 122-137" " (C) - .83 .24 .04 .07 .06 .86 - -
Soil 137-152" " (C) - .82 .24 .04 .13 .05 .89 - -

EC1 is the caleculated conductivity as EC1 = Zz%m

.0137
where m is the molar concentration, z is valance (Griffin, R.A. and J.J.
Jurinak, 1973).
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Table 13.

ELECTRICAL CONDUCTIVITY BY THE HORIZONTAL 4-PROBE MEASURED AT

VERNAL, UTAH ON AUGUST 8-10, 1973.

Electrical conductivity in mmho/cm

Depth . Y By [ S 8-9=73mmmmmme  —mmee 8-10-73-—-

cm 1032 1440 1630 0700 1445 1610 1850 0615 0845 1155
0-15 0.36 0.54 0.54  0.43 0.86 0.85 0.80 0.62 0.64 0.72
15-30 0.31 0.42 0.41  0.37 0.64 0.65 0.65 0.59 0.57 0.56
30-46 0.40 0.54 0.48  0.45 0.94 0.86 0.83 0.60 0.59 0.62
46-61 0.43 0.60 0.62  0.65 0.74 0.68 0.65 0.87 0.90 0.84
61-76 0.67 0.66 0.65 0.67 0.67 0.68 0.57 0.85 0.78 0.81
76-81 0.62 0.64 0.66 0.67 0.60 0.63 0.55 0.61 0.70 0.70
91-107 0.62 0.60 0.54  0.33 0.80 0.67 0.80 C.57 0.62 0.70
107-122 0.52 0.70 0.70  0.93 0.65 0.73 0.50 0.52 0.65 0.65
122-137 0.58 0.60 0.70  0.65 0.70 0.70 0.75 0.91 0.95 0.60
137-152 0.68 0.55 0.50  0.40 0.50 0.55 0.50 0.76 0.60 0.60
152-168 0.47 0.50 0.55  0.45 0.60 0.70 0.60 0.40 0.60 0.60
168-183 0.45 0.55 0.45  0.70 0.20 0.20 0.20 0.55 0.40 0.40

About 10 cm of water, EC

‘About 10 cm of water, EC

About 10 cm of water, EC

= 1.0 mmho/cm, added starting at 1930, 8-9-73

1.0 mmho/cm, added starting at 1100, 8-8-73

10.0 mmho/cm, added starting at 1300, 8-9-73

Note that after the first addition of water at 8-8, 1100, the water content
was essentially the same throughout the rest of the experiment.
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at a very slow rate so that surface water movement on the plot was
minimized. The data are shown in Table 14. The data for the ceramic
cup samplers showed an increase in EC of the extracted soil solution
down to 30 cm after adding the salty water (treatment B). The
replicate samples taken show considerable variability. The solution

is much less salty than would be expected unless something that

effects EC is happening that removes the NaCl from the solution. After
more nonsalty water is added (C) ceramic cup sample measurements
indicate that there is a slight indication of salt moving down. The
1:5 soil samples indicate almost a doubling of EC from A to B and from
C to B. The EC data indicate that most of the added salt had
disappeared after treatment C. The salt could certainly have not been
removed from the profile by treatment C. Thus the data from this soil
show even more strongly than the Vernal trials that something is
occurring to remove most of the NaCl from the soil solution. This

is again an indication of solution, precipitation of exchange occurring.

The four-probe data taken at the same time and shown in Table 15
indicate an increase in EC from A to B only in the top 30 cm. The 10
cm of water should have moved to about 45 cm so these data seem fairly
reasonable. After adding nomsalty water, treatment C, the highest EC
was in the 15 to 30 cm depth as was indicated by the ceramic sampler
data. The data from the four-probe measurements thus agree in general
with the other measured data. ’

Field Trial 5 - The test made in Logan was to determine if similar
effects of adding salty water would show up on another soil. The 1:5
conductivity (Table 16) data show an increase from treatment A to B

as would be expected in the 30 to 46 cm samples but the increase
should have been much higher if no precipitation of salt occurred.
This increased conductivity should have moved down to the 61 to 76 cm
depth from treatment B to C. There is some indication that this
happened but the increases seem too low. Thus, the data also indicate
the NaCl is somehow being tied up so that it is not contributing to
conductivity.

Laboratory Studies

Laboratory Trial 1 - Results of laboratory studies involving extraction
of soil solution from samples of various water/soil ratios are shown

in Figure 8. The measured data of Figure 8 show the high "buffering"
capacity of the Vernal soil (A) where increasing the water/soil ratio
causes an increase in the relative dissolved salt. These data indicate
that for a soil profile of 20Q cm deep, about 400 cm of water would
have to be leached through the profile (assuming a bulk density of

1.2 g/cm3®) to remove the soluble salts. If the portion of the curve

up to a water/soil ratio of 0.5 were linear (line B) it would require
200 cm of water to be leached through the soil before the concentra-
tion would change. Under normal irrigation, this may take several
years. 49




Table 14. ELECTRICAL CONDUCTIVITY, EC, FROM CERAMIC SAMPLERS, 1:5
SOIL EXTRACTS AND WATER CONTENT AS A FUNCTION OF TIME AND
DEPTH AT FARMINGTON, UTAH. SEPTEMBER 9-10, 1973.

(mmho/cm)

Treatment EC Ceramic Samples EC 1:5 Water Content (Vol Fra.)

Depth NW NE SE SW Ave Samples NW NE SE SW Ave
A 15 cm 1.6 0.7 0.9 0.8 1.0 0.08 .22 .27 .25 .27 0.25
A 30 cm 1.0 1.2 0.9 0.8 1.0 .08 .25 .26 .25 .26 .26
A 46 cm 0.7 1.0 1.0 - 0.9 .10 .26 .25 .25 .26 .26
A 61 cm 0.8 0.7 1.2 0.7 0.8 .07 25 .26 .24 .24 .25
A 76 cn ¢.7 0.8 0.8 0.6 0.7 .06 26 .25 .25 .24 .25
A 91 cm 0.6 0.7 0.8 0.7 0.7 .08 .26 .26 .25 .26 .26
A 122 cm 0.7 0.6 - - 0.6 .05 .30 .26 - - .28
B 15 cm 1.2 1.0 0.7 5.0 2.0 0.16 .25 .28 .27 .26 .26
B 30 cm 2.5 1.0 0.7 0.8 1.3 .16 .27 .28 .26 .28 .27
B 46 cm 1.8 0.7 1.0 0.7 1.0 .16 .27 .26 .24 .26 .26
B 61 cm 1.1 0.7 1.5 1.5 .1 .17 .29 .25 .25 .25 .26
B 76 cm 1.0 0.8 1.8 0.6 1.0 14 .30 .26 .25 .25 .26
B 91 cm 0.7 0.8 0.8 0.7 0.8 .14 .30 .27 - .27 .28
B 122 cm 0.8 0.6 - - 0.7 .15 .31 .26 - .29 .29
C 15 cm 1.1 0.9 0.9 0.8 0.2 .22 .22 .25 .25 .26 .24
C 30 cm 2.8 0.9 0.8 0.8 1.3 .10 .26 .25 .26 .26 .26
C 46 cm 1.8 0.7 1.0 1.0 1.1 .08 .25 .25 .25 .25 .25
C 61 cm 1.0 0.8 0.8 1.8 1.1 .08 .25 .25 .26 .26 .26
C 76 cm 0.9 0.9 1.2 2.8 1.4 .06 .27 .26 .25 .25 .26
C91 cm 0.9 0.8 0.8 0.8 0.8 .05 27 .26 .26 .26 .26
C 122 cm 0.9 - - - 0.9 .05 .27 .26 - - .26

A - After irrigation with about 15 cm of water EC = 0.4 mmho/cm.
B - After irrigation with about 10 cm of water EC = 5.0 mmho/cm.
C - After irrigation with about 10 cm of water EC = 0.4 mmho/cm.
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Table 15. ELECTRICAL CONDUCTIVITY AS MEASURED BY THE HORIZONTAL 4-
PROBE AT FARMINGTON.

Depth Treatmenta

cm Before A B C
0-15 0.14 0.22 0.73 0.39
15-30 .29 .32 .35 .71
30-46 .21 .22 .22 .20
46-61 .25 .29 .30 .20
61-76 .22 .21 .25 .35
76-91 .15 .04 .05 .05
91-107 .10 .25 .30 .30
107-122 4 .25 .10 .20

#rreatments A, B, and C are described in Table 8. Before refers to
readings made before any irrigation.

Table 16. WATER CONTENT AND VERTICAL 4-PROBE EC AND 1:5 SOIL EXTRACT
FOR LOGAN, JULY 2-3, 1973 TRIAL. EC IN mmho/cm.

Water Content Vertical 4- 1:5 Soil
Volume Fraction Probe Extract
a b c a b c a b c

30 cm 0.21 0.23 0.26 1.2 1.4 1.4 0.130 0.260 0.156
46 cm .21 .20 .22 1.2 1.4 1.4 .130 .150 134
61 cm .18 .17 .20 1.3 1.3 1.4 .150 131 .151
76 cm .19 .19 .22 1.2 1.1 1.3 .141 .140 .164
91 cm .19 .19 .22 1.2 1.1 1.2 .161 .130 .140

a - Readings taken after irrigating with about 10 cm of water - EC=0.3
b - Readings taken after irrigating with about 10 cm of water - EC=10.0
¢ - Readings taken after irrigating with about 10 cm of water - EC=0.3

NaCl was used to increase the EC of treatments b.
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Figure 8. Relatiye dissolved salt for various water-soil ratios-—-
laboratory trial 1.

For comparative purposes, two other extremes are shown in Figure 8,
limited solubility-infinite source (B); and infinite solubility-
limited source (C). Limited solubility-infinite source (B) means

that the source is enough to saturate the soil solution and the total
dissolved salt is directly related to the quantity of the solvent.
Infinite solubility-limjted source means that the quantity of extracted
salt is independent of the quantity of the solvent. The measured data
(A) show features similar to both extremes. When the water/soil ratio
is low, the soil appears as an infinite source with limited solubility.
When the water/soil ratio is high the soil approaches a system with a
limited source of infinite solubility. The soil undoubtedly has a
mixture of many salts having different source strengths and

solubilities.
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Laboratory Trial 2 - Figure 9 summarizes the results of the short
column leaching study. About 16 pore volumes of water were needed to
complete the leaching. Salt balance calculations for this experiment
accounted for all but about 2.5 percent of the total salt, indicating
reasonable accuracy for the experiment. Figure 9 shows the ratio of
C /C as a function of pore volume of effluent. Figure 10 shows EC
(4P) for each segment of the column and effluent EC as functions of
pore volume of effluent. Figure 11 shows a comparison of effluent

EC with EC (4P3) of the bottom segment of the column. The data
indicate a good linear relation between the two methods of estimating
EC. Thus it appears that the EC (4P) may be capable of estimating EC
of the soil solution in small saturated columns once a good calibration
for the soil and geometrical configuration of the 4 electrodes is
attained.

It is apparent from the results of the short column leaching study that
a large quantity of water is required to completely leach the soil.
Thus there must be large quantities of relatively low solubility salts
existing in this particular soil.

Model Predictions

The procedure followed in using the model was to compute the conse-
quences of various given irrigation management sequences for a typical
season as a function of soil and crop conditions for that season. The
following inputs were varied and the outputs as a result of the
variation were predicted.

Input Data - Irrigation was applied according to the irrigation
frequency actually used in 1971 which was described in detail in King
and Hanks (1973). The ET_ relations were also the same as given
earlier for 1971. The amBunt of irrigation applied each time was
varied from zero to sufficient to cause considerable damage. Thus
the irrigation frequency was the same for all treatments but the
irrigation amounts were different.

The initial salt concentration of the profile was assumed to be
uniform at the beginning of the season at 20, 50, or 200 meq/l. The
20 meq/1 concentration was about the same as conditions existing on
the Hullinger farm. The 50 and 200 meq/l were used to simulate salt
buildup that would occur over several years time if proper irrigation
and drainage were not practiced.

Three root depths were simulated--shallow, medium, and deep. Since
calculations estimated only dry matter these results apply for forage
and could be less accurate if grain yield predictions are made (Hanks,
1974).

The shallow rxooted crop was assumed to be an annual crop, like oats,
which developed full cover fairly quickly. The medium rooted crop
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was assumed to be a peremnial crop, like alfalfa, which had full cover
all year. The deep rooted crop was assumed to be an annual row crop,

like corn, which started out with bare soil and took about 60 days to

develop full cover. Computations made show that the year end results

are only slightly influenced by these root depth and cover development
assumptions.

Table 17 shows the root distribution function used. The initial water
content profile and scil water properties were assumed to be the same
as those of 1971. These data are given in King and Hanks (1973). The
salt concentration of the irrigation water was originally used as a
variable. However, after some preliminary computation with rather
drastic changes in concentration, it was apparent that this input has
little influence on the results and would have an effect only after
several years. Thus the irrigation water was assumed to have a
concentration of 6.35 meq/l throughout. Thus yearly buildup was
simulated as different initial salt concentrations. There was an
assumed water table at 235 cm which had a constant concentration equal
to the initial concentration of soil solution throughout the season.

Predicted Results - Table 18 shows the effect on various soil and
water properties of varying the water added and initial salt concen-
tration for the deep rooted crop. The data on T/T_ is of primary
interest because it is assumed to be directly relabed to relative
yield. The data in Table 18 show, as would be expected, that T/T
increases as the irrigation applied increased up to about 46 cm after
which the ratio was essentially 1.0 for all initial salt concentrations.
However, T/T_was less than 0.9 where irrigation was less than 6, 9,
and 26 cm fob an initial salt concentration of 20, 50, and 200 meq/l
respectively. There was relatively little difference on T/T_ due to
an initial salt concentration of 20 or 50 meq/l but there wab 2 marked
influence when the initial salt concentration was 200 meq/l. Thus

the irrigation management used with the 20 meq/l initial profile salt
concentration can be considered to be nearly salt free and the results
are due to water influences only. Note that where the irrigation and
rain was less than about 20 cm there was nearly an equal amount of
upward water flow from the water table showing that the amount of

flow was limited by soil water transmission and plant root extraction.
Where the initial salt concentration was 200 meq/l, upward flow was
about 2.5 cm less than for the higher initial salt concentratioms.
However, drainage (downward flow) was influenced very little by initial
salt concentration.

A unique feature of the data showm in Table 18 is the large influence
of water movement up from the water table (at 235 cm). The soil
properties at the Hullinger Farm seem to be. especially conducive to
high water flow in both directions. Other situations with other soils
would probably not result in as much upward flow as shown in Table 18.
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Table 17. RELATIVE PROPORTION OF ROOTS AT DIFFERENT DEPTH
INCREMENTS AT MATURATION ASSUMED.

D?z;? Deep Medium Shallow
2.5 to 10.5 .09 .14 .18
10.5 to 25.5 .20 .30 .40
25.5 to 52.5 .34 .33 42
52.5 to 91.5 .25 .23
91.5 to 140.0 .12
140.0 to 235.0 0

The data shown in Table 18 are only a small part of the data generated
by the model to attain these summary values. Each line represents one
complete season where data has been computed at several depth increments
and at no greater than 2 to 3 hour time increments. Thus data within
the season are also available. Figure 12 shows a comparison of
cumulative evapotranspiration as influenced by initial salt concentra-
tion for two different irrigation levels.

Table 19 shows the computation made for a medium rooted crop. The data
show greater decreases in T/T_ for low irrigation rates than were shown
for a deep rooted crop. Upwa?d water flow was less for the medium

than for the deep rooted crop. The data show little difference between
the 20 and 50 meq/l initial salt concentrations but fairly large
differences with 200 meq/l1 initial salt concentrations. Thus the T/T
depression at 20 meq/l initial salt concentration is due to inadequat
irrigation. The differences in T/T_ at any one irrigation level,
between 20 and 200 meq/l, were due Blightly to a salt effect. Where

15 cm of iryigation and rain was applied T/T_ was Q.68 hecause water
wvas insufficient to maintain transpiration. PA further reduction of
T/Tp from Q.68 to 0.49 yregsulted from the high initial salt concentration.

Table 20 shows the computed data for the shallow rooted crop. The
values of T/T_wexe smaller for the shallow rooted crop, for a given
irrigation regime, than for either of the deep rooted crops. With

the shallow root zone, upward flow was less than 4 cm. This caused the
ratio, T/T_, to be less than 0.9 (for 20 meq/l initial salt concentra-
tion) wheré irrigation and rain was less than about 52 cm. The T/Tp
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Table 18. COMPARISON OF IRRIGATION WATER APPLIED AND INITIAL SALT CON-
CENTRATION ON RELATIVE TRANSPIRATION, T/Tp, TOTAL WATER USED,

DRAINAGE, SALT FLOW TO THE GROUNDWATER AND AVERAGE FINAL SALT
CONCENTRATION FOR THE DEEP-ROOTED CROP.

. Final
Salt Flow Initial Salt
Irriga- to Salt Concen-
tion and Ground- Concen-  tration
Rain ET T T/Tp Drainage water tration Average
(cm) (cm) (cm) (meq ) (meq/1)  (meq/1)
b a
5.6 40.3 35.3 .81 -14.2 - 284 20 62
5.6 38.6 33.5 .77 =14.2 - 710 50 127
5.6 6.2 20.6 .48 -11.6 -2320 200 305
10.3 3.9 36.6 .89 -14.1 - 282 20 60
10.3 2.1 35.1 .86 -14.0 - 700 50 120
10.3 30.1 22.3 .55 -11.4 -2280 200 296
15.0 47.7 38.6 .97 -14.0 - 280 20 56
15.0 46.3 37.2 .93 -13.9 - 695 50 116
15.0 34.6 25.1 .64 -11.4 -2280 200 296
22.0 9.0 38.5 .98 -13.6 - 272 20 40
22.0 9.2 38.7 .98 -13.5 - 675 50 95
22.0 1.2 30.9 .78 -11.9 -2260 200 291
40.8 50.4 37.6 .99 - 8.7 - 174 20 27
40.8 48.3 35.9 .98 - 7.1 - 355 50 604
40.8 48.1 35.8 .97 - 6.2 -1240 200 227
56.4 51.9 37.3 1.00 + 0.91 19 20 23
56.4 52.2 37.3 1.00 + 1.0 49 50 50
56.4 56.7 37.3 1.00 + 1.1 214 200 189
66.7 51.7 37.3 1.00 +10.5 210 20 20
66.7 51.6 37.3 1.00 +10.6 532 50 42
66.7 51.6 37.3 1.00 +10.8 2160 200 153

aA negative sign indicates upward flow.

Rain was 5.6 cm.

1971 climatic conditions at Vernal, Utah.

Each line represents a computation for the same
irrigation efficiency but different amounts of water applied, for the
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Table 19.

COMPARISON OF IRRIGATION WATER APPLIED AND INITIAL SALT CON-~

EVAPOTRANSPIRA-
TION, ET, DRAINAGE, SALT FLOW TO THE GROUNDWATER AND AVERAGE

CENTRATION ON RELATIVE TRANSPIRATION, T/Tp

FINAL SALT CONCENTRATION FOR THE MEDIUM-ROOTED CROP.

Final
Salt Flow Initial Salt
Irriga- to Salt Concen-
tion and Ground- Concen- tration
Rain ET T T/Tp  Drainage water tration Average
{cm) (cm) (cm) {meq ) (meq/1) (meq/1)
b a
5.6 29.5 25.8 .52 -9.7 - 195 20 43
5.6 28.2 24.6 .50 -9.4 - 472 50 97
5.6 19.8 16.0 .33 -7.8 -1561 200 277
10.3 33.2 29.2 .61 -9.5 - 189 20 42
10.3 32.1  28.1 .58 -9.3 - 466 50 94
10.3 24.2 20.0 .42 ~7.7 ~-1860 200 269
15.0 37.6 32.8 .68 -9.3 - 154 20 43
15.0 36.5 31.8 .66 -9.2 - 458 50 94
15.0 28.8 23.7 .49 ~7.6 -1840 200 268
22.0 43.9 38.6 . 80 ~9.4 - 148 20 41
22.0 42.9 37.6 .78 ~9.2 - 461 50 92
22.0 35.3 30.1 .63 ~7.5 -1840 200 263
40.8 51.7 46.7 1.00 ~7.4 - 148 20 30
40.8 51.3 46.3 1.00 ~6.7 - 370 50 64
40.8 48.1  43.2 .93 ~5.6 -1340 200 228
56.4 53.4 48.2 1.00 0.0 0 20 24
56.4 53.9 47.9 1.00 +0.4 22 50 52
56.4 53.9 47.9 1.00 +0.3 61 200 195
66.7 53.5 48.3 1.00 +8.8 178 20 22
66.7 53.1 48.3 1.00 +9.3 467 50 44
66.7 53.2 48.3 1.00 +9.4 1882 200 158

2 negative sign indicates upward flow.

Rain was 5.6 cm.

1971 climatic conditions at Vernal, Utah.

Each line represents a computation for the same
irrigation efficiency but different amounts of water applied, for the
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Table 20.

COMPARISON OF IRRIGATION WATER APPLIED AND INITIAL SALT CON-
CENTRATION ON RELATIVE TRANSPIRATION, T/T,, EVAPOTRANSPIRA-

TION, ET, DRAINAGE, SALT FLOW TO THE GROU
FINAL SALT CONCENTRATION FOR THE SHALLOW-ROOTED CROP.

WATER AND AVERAGE

Final
Salt Flow Initial Salt
Irriga- to Salt Concen-
tion and Ground- Concen- tration
Rain ET T T/Tp Drainage water tration Average
(cm) (cm) (cm) (meq) (meq/1)  (meq/1)
b a
5.6 18.3 13.3 .29 - 3.8 - 74 20 33
5.6 18.0 12.9 .28 - 3.8 -191 50 78
5.6 14.3 8.2 .18 - 3.6 -718 200 248
10.3 22.7 16.4 .37 - 3.8 - 76 20 33
10.3 22.2 16.1 .36 - 3.8 -190 50 76
10.3 18.4 10.2 .24 - 3.5 -700 200 242
15.0 27.1 20.2 .46 - 3.8 - 76 20 33
15.0 26.7 19.4 44 - 3.8 -189 50 76
15.0 22.9 13.3 .32 - 3.5 -700 200 242
22.0 33.8 25.6 .59 - 3.8 - 76 20 33
22.0 33.4 25.3 .58 - 3.8 -190 50 76
22.0 29.5 19.3 .46 - 3.3 -660 200 40
40.8 46.0 35.2 .89 - 2.5 - 50 20 26
40.8 45.7 35.1 .88 - 2.4 -120 50 58
40.8 42.3 31.5 .80 -1.2 =240 200 208
56.4 53.6 38.5 .97 + 1.3 26 20 24
56.4 53.4 38.8 .98 + 1.3 66 50 52
56.4 51.4 37.0 .93 + 2.5 490 200 185
66.7 52.5 38.6 .99 +10.0 198 20 20
66.7 52.5 38.6 .99 +10.0 495 50 43
66.7 52.5 38.6 .99 + 9.9 1975 200 157

a5 negative sign indicates upward flow.

Rain was 5.6 cm.

1971 climatic conditions at Vernal, Utah.

Each line represents a computation for the same
irrigation efficiency but different amounts of water applied, for the
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results with 50 meq/1 initial salt concentration were only slightly
different than for 20 meq/l whereas, the T/T_ results for 50 meq/1l
were considerably larger where the initial sB1t concentration was
200 meq/1.

A feature of the model computation is especially noticeable in Table 18
for the deep rooted crop. The computer program allows for the
possibility that if evaporation is less than potential evaporation,

the difference, E. - E, can then be used in transpiration. Thus
potential transpigation is not a constant in Table 18 but increases

as applied irrigation and rain decreases. Thus for a rain of 5.6 cm,

T was 40.3 and for irrigation and rain of 56.4 cm, T was 37.3 cm.
HBnks et al (1971) demonstrated that this energy "traaing" occurs,

but it may be that the model computation over corrects for it.

Figure 13 shows the salt concentration profile at the end of the
season compared to the initial salt concentration for three different
levels of water addition for the deep rooted crops. Where irrigation
was insufficient to cause drainage, there was a higher concentration
of salt throughout the profile at the end of the season than at the
beginning. There was a very pronounced peak in salt concentration
just below the root zone particularly for small water applications.

Figure 13 also shows the salt concentration profiles at the end of the
year for the shallow rooted crops. The salt concentrations are higher
in the profiles than for the deep roots because of the more shallow
root distribution. With rain only there was relatively little water
available for transpiration so the salt peak was lower than where 22
cm of irrigation and rain provided sufficient water for more
transpiration and thus more concentration of salt. Where sufficient
water for some leaching was available the salt concentration was
essentially constant throughout the profile.

Figure 14 shows a simulation over several years where irrigation and
rain were about one-half ET. The data indicate no decrease in the
T/T_ ratio until the seventh year, after which the ratio fell rapidly
unt®1 the 10th year when it appeared to be leveling off. Figure 14
also shows the average salt concentration buildup which by the

10th year had almost leveled off at about 260 meq/l. Where T/T
decreases, the transpiration decreased until the 10th year ET hBd
decreased by 15 cm and was only 9 cm greater than the water added.

The difference between the water added and ET came from soil water
storage and water flow up from the water table. Note that the
particular results computed for a simulated run of 10 years, is highly
dependent on the particular situation. If a crop with shallower roots
had been used, an entirely different result would have been obtained.

One of the purposes of the computation over several years time was to
see how these results compared with the data of Table 18 where differ-~
ent initial salt concentrations were used to simulate salt build up.
For the same irrigation schedule, the data of Table 18 indicate a T/Tp
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ratio of 0.90 for an initial salt concentration of 200 meq/l that
ended one season with an average profile salt concentration of 296
meq/l. The data of Figure 14 indicate essentially the same ratio of
T/T_ although the salt concentration at the end of that particular
year is not as high as that of Table 18. Thus it is concluded that
assuming an initial uniform salt concentration throughout the profile
at the beginning of the year gives essentially the same results as
taking the developed concentration profile from the previous year.

Using the concentration profile at the end of the crop season for the
input data for the next spring may be somewhat erroneous because the
profile would tend to equalize somewhat over the winter by diffusion
and mass flow up and down due to rainfall, evaporation, and drainage.

Validity of Model Predictions - In view of the apparent high
"buffering" capacity of the different soils on which field and
laboratory tests were made, the question arises--how valid are the
model calculations? 1If the field measurements are taken as being
representative of what happens during normal management manipulations,
a model could be devised which would account for water flow and the
assumption made that salt concentrations would not change appreciably
with time. Thus to compute salt flow it would only be necessary to
multiply the water flow by the salt concentration at the bottom of

the profile. This approach would probably be valid for many years
where leaching is moderate (about 10 percent of the irrigatiomn). Thus
little influence of salinity management on crop yield would result.
Estimates made by the simple salt flow model, as done herein, would
yield results that tend to overestimate the effects of salinity omn

crop yield if some salt storage (by precipitation, solution exchange,
etc.) takes place. Thus the true picture is probably somewhere in
between. There is a certain danger in the conclusion that salt buildup
will not be harmful, because this can be true only for a limited number
of years. It would seem more useful to use the more conservative
estimate.

Another factor that would tend to favor use of the conservative approach
for management prediction would involve the assumption that the osmotic
component is the only detrimental effect of salinity. This assumption
would tend to counterbalance the neglect of salt peing taken out of the
soil solution.

Regardless of which of the two extremes is used to develop a model, it
is apparent that salinity effects do not occur in a short time but
rather develop over many years and are thus capable of being influenced
by many factors. This long term effect makes conclusions based on a
few years of field research very risky indeed.
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NITROGEN MOVEMENT

Commercial Fertilizer Plots

Plots (30.5 m x 54.9 m) treated with Ca(NO3)p in 1972 were planted part
to corn and part to alfalfa (see Figure 1). Figure 15, shows

nitrate nitrogen data taken shortly after Ca(NO3), additions and
illustrates that the NO3-N was in the surface 30 cm and in about the
correct proportions for the 110 kg/ha and 440 kg/ha rates in the corn
plots. See Appendix B, Table B-14 for detailed data. However, to have
all of the added NO3-N evenly distributed in the 0-30 cm depth would
produce a leaching of about 90 ppm for the 440 kg/ha rate. The NO3-N
added to alfalfa was irrigated into the soil. Obviously some of the
NO3-N was leached below 30 cm.

After the growing season, soil samples showed a higher NO3-N content
in the corn plots treated with 110 kg/ha than 440 kg/ha of NO3-N
(Figure 16). This result must be due to an error in sampling because
a total of only about 25 ppm would be expected if all of the fertilizer
was contained in the profile. The September sample of the 0-30 m
depth also is low which would cause the October data to be questioned.
The values in the 440 kg/ha treatment seemed more realistic, assuming
there was little leaching or gaseous losses. About 90 to 100 ppm
total would account for all added NO3-N at the 440 kg/ha rate. Figure
15 jllustrates that alfalfa plots had less extractable NO3-N than the
corresponding corn plots. Additional soil samples of the top 30 cm

of soil taken in September 1972 showed less than 4 ppm NO3-N extracted
for all samples (Figure 16). This would have been near maturing time
for the corn and may have had lower NO3-N levels than would exist in
October.

The 1973 soil samples indicated similar NO3-N contents for many of the
treatments (Figure 17). The figure shows alfalfa and corn plots
grouped together. The separated average values are shown in Table 21
(see Table B-15, Appendix B for detailed data). Generally, alfalfa
plots with the same added fertilizer were lower in NO3-N than were
corn plots. However, the difference is not as marked as is indicated
by the 1972 data (Figure 16). Assuming tbat some NO3~N might be
residual from the previous year, a summation of about 150 ppm NO3-N

in the four 30-cm increments might he expected for the 440 kg/ba

rate. About 40 to 50 ppm might be expected in the 110 kg/ha rate. The
values for corn plots do not exceed these estimates in the June 20
sampling if the values for the control plots are subtracted to approxi-
mate only added NO3-N. By September 19 the total NO3-N had decreased
in all treatments. Some loss estimates of NO3-N based on general
conversion values are given in Table 22. These losses may be
conversions to organic forms or actual losses.
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Figure 15. Nitrate-N in the soil samples from plots with varying amounts of Ca(NO3), fertilizer spread
on the soil surface. Sampled June 28, 1972 shortly after the fertilizer was added.
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Figure 17. Nitrate-N (ppm) in soil profiles as a result of different applications of NH,NO3 fertilizer
in 1973.



Table 21. SOIL NO4-N CONTENTS IN SOIL SAMPLES TREATED WITH VARIOUS

RATES OF NH,NO; AND PLANTED TO CORN OR ALFALFA. HULLINGER
FARM, VERNAL, UTAH, 1973.

NO3-N in N03—N in
NH,NO Soil June 20 Sampling Sept. 19 Sampling
added Depth Alfalifa Corn Alfalfa Corn
cm pPpm cm pPpPD
0-30 6 25 5 5
30-61 5 9 1 1
Control 61-91 2 5 1 1
91-122 0.4 6 0.5 1
0-30 14 51 3 12
30-61 15 20 0.6 7
110 kg/ha 61-91 1 5 1 5
91-122 0.5 4 0.2 2
0-30 32 2
30-61 20 1
220 kg/ha 61-91 4 10
91-122 2 0.3
0-30 56 140 5 22
30-61 25 25 42 67
440 kg/ha 61-91 5 20 11 24
91-122 4 20 5 13
Table 22. N03—N L.OSS FROM JUNE 20 TO SEPTEMBER 19, 1973.
NH4N03 Added Alfalfa Plots Corn Plots
(kg/ha)? (kg/ha)? (kg/ha)?
Control (0) 25 120
110 100 200
220 150
440 100 320

8Reduction of ppm times 4 approximates kg/ha.
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Ceramic cup solution analyses for 1973 verify the 1972 soil data that
NO3-N contents in alfalfa plots were lower than in corn plots (Figure
18 and Table B-16). When sampled periodically at 76 cm and 106 cm
depths, almost no NO3-N was obtained in the alfalfa plot soil extracts
except from the 106 cm depth on plots having 440 kg/ha added. The
values were between 36 and 59 ppm NO3-N. In contrast, the corn plots
had values between 37 and 124 ppm NO3-N in extracts from the 440 kg/ha
treatment at both the 76 and 106 cm depths. The 110 kg/ha rate plots
and even the unfertilized control plots contained up to 21 ppm NO3-N.

The drainage water NO3-N content tends to verify soil analyses and
soil extract contents of NO3-N. Heavily fertilized corn plots (440
kg/ha) lost NO3-N approaching 20 ppm during the first two months (June
and July) but the loss dropped to less than 10 ppm in fall (Figure
19). The alfalfa plots lost less NO3-N with drainage water values,
commonly less than 5 ppm. The relatively high value of about 8 ppm
as a mean value for NO3-N in drainage water from the control plot is
probably due to mixing of drainage water and lateral flow from outside
the plots. One of the two control plots is within 50 m of a private
home septic tank and drain field. NO3-N values from the control plot
furthest away from the home did not exceed 7 ppm and most were 3 to

5 ppm. Thus the only treatment that definitely caused increased NO3-N
in the drainage water was the 440 kg/ha level in corn.

Attempts to use NO3-N measurements of drain effluent from the
commercial fertilizer plots as a measure of NO3-N movement through the
root zone were not successful. Tables B-18 and B-19 of Appendix B
give detailed results of the effluent concentration of NO3~N. Note
that one of the control drains (6N) had NO3;-N concentrations for 1973
which were nearly as great as for 5M and significantly greater than
4M, both of the latter receiving applications of fertilizer at the
rate of 440 kg/ha. Nitrogen balances including the drain effluent
were not attempted because of the above observation and the encroach-
ment of groundwater from outside the farm boundaries. The plots were
designed to include a dilution factor. The treatment area was about
30 m by 55 m (1650 m?) while the surface area of water application was
about 61 m by 70 m (4270 m?). Thus the water percolating below the
treated area to the water table should have been diluted by a factor
of about 0.4 by the irrigation water percolating from untreated areas.
The above procedure assumes no mixing with other groundwater and that
all water flow in the drain originated from application of water to
the surface 61 m by 70 m area. This discussion will not be pursued.

A very minor study of the effect of drain submergence on NO3-N
discharge was attempted. Drains 5N and 5M were submerged to a depth
saturating the gravel envelope surrounding the drain pipe. The degree
of the submergence obtained is indicated hy water table depths of
Table 7. Note that the average water tahle depth measured for plot

5N was less than any other north plot for both years of study, while
plot 5M had an average water table depth essentially the same as other
middle plots. This indicates that the natural drainage conditions
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Figure 18. Nitrate-N (ppm) in ceramic sample extracts at 76 cm and 106 cm depths. Ca(NO3)2
fertilizer was added in 1972 and NH,NO3 fertilizer added in 1973.
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were such to not allow the water table under plot 5M to rise sufficient
to effectively submerge the drain. The maximum submergence of the
drains relative to a free flowing drain was 25 cm as indicated in
Section IV, Methods.

Since drain 5N was the only drain which appeared to be submerged (i.e.,
water in the drain not in direct contact with outside air), for 1972
we could compare NO3-N discharges of drains 5N and 5AN which had the
same water and fertilizer application to overlying plots. Table B-18
shows significantly less concentration of NO3-N in the effluent of
drain 5N than drain 5AN. Table 4 shows that in 1972 plots 5A and 5AN
received the same amount of irrigation water within 5%. Table B-19
also shows lower concentrations in the drain effluent of 5N compared

to 5AN.

The tendency would be to conclude that submergence of the drain in the
field would lower the discharge of NO3-N. Again the encroachment of
groundwater from outside the farm boundaries complicates the picture.
For example, Table 5 shows that discharge of water from drain 5N was
nearly 6 times that from 5AN for the 1972 season and more than 7 times
that for drain 5AN for 1973.

Manure Plots

When high rates of manure are added to soils, the possibility exists
of producing nitrates that leach into groundwaters. Whether or not
nitrates move downward in the soil profile depends on the rate and
amount of nitrates produced, the amount of water moving through the
soil and the rate of denitrification. The rate of nitrate production
should increase with heavier rates of manure or fertilizer application.
The sandy clay loam-sandy loam textures of the farm soil are permeable
and permit easy movement of water. The presence of a water table
between 120 and 180 cm could allow for high water contents of the
deeper subsoil which will favor demitrification. The denitrification
process requires three major factors: (1) A source of nitrate to be
reduced to N; and oxides of nitrogen, (2) oxidizable carbon as energy
sources for the denitrifying bacteria, and (3) a lack of gaseous 0.
Manure added to the soil and a water table in the lower subsoil
furnish these conditions. However, within the 122 cm depth studied,

a condition of poor aeration was ohvious in only a limited few layers
of some profiles. This would suggest that nitrates may move readily
within the profile to the depth of sampling.

The irrigation water applied to the manure plots cam be obtained fxom
Table 4. TFor 1972, block 9 shows irrigation of manure plots and some
surrounding area. For 1973, the west part of bleck 9 shows the
irrigation for the manure plots.

Nitrate is mobile in the soil used but is in low amounts except when
added (Figure 20). Soil samples taken June 28, 1972, after the first
manure was incorporated had almost no NO3-N concentrations except in
the 0 to 30 cm depth. See Table B-20, Appendix B for detailed data.
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CORN PLOTSs SUDAN GRASS PLOTS

Figure 20. Nitrate-N (ppm) in soil profiles as influenced by manure rate applied. Sampled June 28,
1972. Manure applied May 1972.



The relatively high value of 25 ppm NO3-N in the control plot planted
to corn seems a little high. The average value is 10 to 12 ppm higher
than four of the five replications because of a single high value of
72 in one plot. The general residual nitrate level before treatments
is very low. Profile soil samples taken October 7, 1972, had NO3-N
dispersed throughout the 122 cm depth (See Figure 21). The NO3-N
values are still low; lower in the corn plots than in the sudan grass
plots. Appreciable NO3~-N existed even to the 91-122 cm depth (34 ppm)
on the heavy manure treatment. The NO3-N in the control plots under
both crops was low with a high value of 7 ppm. The moisture content
of the soils was about 0.20 by volume fraction. Thus the NO3-N in soil
solution might be expected to be about 5 to 6 times greater than in a
sample of the wetted soil, provided all NOj is in the water. Figure
22 shows NO3 N contents of water samples taken by porous, ceramic cups
(106 cm deep) to be about 4 to 10 times higher than soil sample values
(See also Table B-21, Appendix B). In the unmanured plots (control)
the NO3-N increased to a maximum during the growing season and dropped
off in the fall. At higher manure loading rates the NO3-N maximums
reached were higher, and did not show any consistent tapering-off in
the fall.

The apparent inconsistency of high fall NO3-N levels in corn in the soil
solution but low values in the soil samples (Figures 21 and 22) when
compared to the sudan grass data is not readily explained. The soil
samples were taken three weeks after the last soil solution sample.
Drainage losses or other modifications could have occurred.

The high of 76 ppm NO3-N in the control plot under corn (Figure 22) may
be partly a result of lateral water flow. Other evidences in the
study indicate that some lateral flow does affect samples near the
water table which may fluctuate at near the 106 cm depth of the sampler.

Nitrate concentrations in the soil profile remained high in the second
year (1973) with generally the highest values in the surface 30 cm of
soil of plots receiving the most manure (Figures 23 and 24 and Table
B-22). In the June 20 sampling, the application of manure for the
second consecutive year to one block of plots resulted in relatively
little changes in NO3~-N contents in the soil except at the lowest rate
(54 mt/ha). The 108 and 216 mt/ha rates for both blocks varied roughly
from 20 to 100 ppm NO3-N. This high NO3-N in plots having manure added
the previous year was not expected. The September 19, 1973 samples
were a similar pattern, but did tend to have more NO3-N in the soil
when lower manure rates were applied two consecutive years than when
only the 1972 application was made. Tt is interesting that the fall
soil samples from planted control plots all had less than 10 ppm NO3-N
whereas those samples from plots with added manure still had NO3-N
leyels mostly from 30 to 70 ppm.

The data of suction cup extracts agree with the NO3-N distribution
pattern found in 1973 (Figure 2> and Table B-23). Control plots had
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CORN PLOTS SUDAN GRASS PLOTS
OCTOBER 7 1972

Figure 21. Nitrate-N (ppm) in soil profiles as influenced by manure rate applied. Sampled October 7,
1972. _



6L

CORN PLOTS

Figure 22,

59 NO3—N FROM SUCTION CUPS AT
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Nitrate-N (ppm) in soil extracts from ceramic samples at 106 cm depth in 1972 as influenced
by manure treatment.
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NO3-N iN SOILS

JUNE 20, 1973

MANURE IN 1972 ONLY ' MANURE IN 1972 AND 1973

Figure 23. Nitrate-N (ppm) in soil profiles as influenced by manure treatment, sampled on June 20, 1973.
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NC)3-N IN SOILS

SEPT. 19, 1973

MANURE IN 1972 ONLY MANURE IN 1972 AND 1973

Nitrate-N (ppm) in soil profiles as influenced by manure treatment sampled on September 19,
1973.
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Figure 25. Nitrate-N (ppm) in soil extracts from ceramic samples at 106 cm depth in 1973 as
influenced by manure treatment.



NO3-N concentrations in the solution of 13 to 54 ppm whereas the
plots with higher manure rates had solutions with many values over
150 ppm.

The plots with two consecutive years of manure applications had almost
identical NO3-N concentrations and concentration patterns as the plots
in the second year which had only a single application of manure a
year earlier. This is surprising. Researchers generally have predicted
about 50 to 60 percent release of manure-N the first year and less
than another 25 percent of the initial total N added in manure will

be released during the second year. 1In this study so far, NO3-N
concentrations in soil samples or in extracts collected through
installed suction cups has not appreciably lowered during the second
year after manure application in spite of appreciable crop removal of
N the first year. Even a second year's application of manure did not
seem to build up the NO3-N concentration levels noticeably (Figure 23).

Salt Contents - Salt concentrations in the soil solution indicate that
salt could become a problem if leaching was not done periodically when
large quantities of manure are added to the soil. Figures 26 and 27
illustrate the extreme conductivities measured. The suction cup soil-
water extracts collected in 1973 had over half the individual samples
having EC values over 4 mmho/cm. Eight samples had values exceeding

8 mmho/cm. This is not surprising, since manure is known to contain
appreciable quantities of soluble salts. It is obvious from the
spread of points in Figure 26 and 27 that there is no close relation-
ship between NO3-N content and salinity. Obviously, heavy manure
additions should increase both salt and NO3-N contents, so a noticeable
correlation is apparent and real, but not adequate for predictive
purposes. See Table B-24 and B-25 in Appendix B for details of EC
measurements on water samples extracted from soils of the manure plots.

This increase in salt is more obvious by referring to values in Table
23 for the samples collected in the 1972 summer and to Figures 26 and
27 for 1973 samples. In 1972, conductivities mostly ranged between

3 and 4 mmho/cm except a few values near 5 mmho/cm where larger manure
applications were made. In 1973 samples increased in conductivity
almost 1 mmho/cm over 1972 values for plots receiving the larger
amounts of manure. The 1973 plots with 216 mt/ha of manure had an
average conductivity of 6.0 mmho/cm compared to 4.5 mmho/cm for those
plots in 1972. This value of 6.0 mmho/cm was the same for both blocks
of manure plots, one with only 1972 manure application and the other
with applications in both 1972 and 1973. This is surprising since
sprinkler irrigation was intended to be heavy enough to remove water
and thus soluble ions downward in the profile. Since these
conductivity values are for solutions obtained at 106 cm deep,

perhaps sufficient salt was leached to this depth in 1972 even though
it was also present in the soil profile at shallower depths.
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Table 23. ELECTRICAL CONDUCTIVITY (EC) OF SOIL SOLUTIONS TAKEN USING
POROUS CERAMIC CUPS INSTALLED AT 106 cm DEPTHS. HULLINGER
FARM, VERNAL, UTAH, 1972.

Crop Grown

Manure Rate Date of Sudan Grass Corn
Dry Weight Sample (mmho/cm) (mmho/cm)
7-14 3.12 3.6%
7-22 2.6 2.8
7-28 3.6: 3.4
8-4 4.1 3.4
Control 8-10 4.1 3.9
8-19 4.1 3.8
8-23 3.7 4.1
9-7 4.1 4.0
9-18 4.1 4.1
7-14 3.7 3.8
7-22 3.4 3.9
7-28 4.1 3.02
8~4 4.22 3.4
54 mt/ha 8-10 6.6% 4.0
8-19 4.6 4.0
8-23 4.8 4.2
9-7 4.8 4.1
9-18 4.9 4.1
7-14 4.82 2.72
7-22 4.0 2.8_
7-28 4.1 4.1
8-4 4.92 3.6
108 mt/ha 8-10 4.1 4.0
8-19 4.0 4.4
8-23 4.2 5.1
9-7 3.92
9-18 5.5 5.2
7-14 s 2.0
7-22 3.9 2.9
7-28 3.92 3.92
8~4 4.7
216 mt/ha 8-10 4.3 4.6
8-19 4.5 4.9
8-23 4.6_ 6.2,
9-7 5.4 5.0
9-18 4.6 6.2

33olution extracts from only two or fewer reps could be obtained for
analysis.
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Barrel Lysimeters

The data for NO3-N in the barrels in 1972 are shown in Table 24 (see
also Table B-26). High irrigation rates were used so that all of the
barrels, except the four drained barrels, were waterlogged sufficiently
that corn growth was severely stunted. The barrels received irrigation
water by the same schedule as the manure plots discussed in the fore-
going.

Higher NO3~-N values were measured under commercial fertilizer
applications than the manure treatments. There were much higher

values of nitrate measured in the 440 Kg/ha Ca(NO3), barrels than 100
Kg/ha and the 110 Kg/ha rate was higher than the check treatment.

The barrels having drains with 440 Kg/ha - Ca(N0Q3), had slightly higher
nitrate values than the waterlogged barrels. Where Ca(NO3), fertilizer
was used, denitrification seems to have occurred in the early part of
August in the undrained and drained barrels but the NO3-N level seems
to remain constant after that time. The drained barrels may have had
leaching losses. Barrels with higher fertilizer additions did not
decrease in NO3-N levels to the NO3-N levels obtained in barrels with
lower fertilizer rates. This suggests that the NO3~N reduction was
limited by conditions other than NO3-N content (possibly by organic
carbon availability in the deeper depths).

A very different effect is observed in the manure application data
(Table 24). The large source of readily soluble and mobile organic
carbon permitted maximum denitrification to occur in the waterlogged
barrels. The NO3-N decreased with increasing manure application
levels. Soils with rates of 216 mt/ha added had less than a third as
much NO3-N as when only 54 mt/ha was added. 1In contrast, the drained
soils having 216 mt/ha of manure added, apparently had less denitrifi-
cation losses and had high levels of NO3-N. The ratio of NO3-N in the
drained soil to NO3-N in waterlogged soil by weekly intervals was 1.2,
1.1, 1.5, 5.3, 7.6, 24.3, 24.3, and 7.0. Early NO3-N levels before
waterlogging developed extensively might be expected to be similar.
The higher the rate of manure added, the lower the soluble NO3-N
extracted in early weeks. This is probably a result of conversion to
soluble NO3 by organic synthesis.

At the beginning of the 1973 season, drains were installed in all
barrels. Also there was much less irrigation applied in 1973 than
1972. The barrels had a much lower water content, were not waterlogged
and had better corn growth. However, the soil water content was so low
that it was impossible to get soil water samples from the ceramic
samplers except in a few cases (Table B-27 Appendix B). The available
data show very little NO3-N in the manure tyeated bharrels that had

been waterlogged in 1972. This indicates that denitrification had

been nearly complete under the waterlogged conditions of 1972. No

new additions of nitrogen, either as commercial fertilizer or manure,
were made to the barrels in 1973. Table B-28 in Appendix B gives
results of EC measurements on water samples from barrels.
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Table 24. NO4-N MEASUREMENTS MADE IN THE BARRELS.2
(ppm)
Ca(NO3)2 Manure
kg/ha mt/ha
Date Check 110 440 440 54 108 216 216D

1972—-
7-13-72 117 65 283 - 75 59 24 -
7-22 116 167 198 44 81 58 33 38
7-28 103 308 292 403 102 67 34 38
8-1 73 174 380 330 92 83 27 40
8-10 99 123 256 620 53 76 26 138
8-18 87 105 306 410 80 71 21 159
8-23 80 110 312 158 69 63 15 364
9-6 69 136 273 - 63 54 10 -
9-20 43 84 225 328 39 32 1 243
Average 1972 87 141 280 328 73 62 21 146

1973—
6-21-73 11 23 224 - 10 1 280
6-30 20 49 185 - 14 1 301
7-16 17 22 158 - 17 1 - 226
7-30 27 - - - 13 - 1 -
8-8 - - 169 - -- - 28 183
8-23 - 1 55 - - -— 54 44
9-5 - - - - - 27 -
Average 1973 19 20 158 - 14 4 19 207

a'Samples were taken at about 70 cm from the soil surface from ceramic
D refers to barrels that had drains.
planted to corn and treated only in 1972.

samplers.
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Yields

Only limited yield data were taken from the large plots (0.17 hectare)
of this study because it was apparent that there were generally little
differences in yield due to treatment. In 1972, corn was planted so
late that it did not mature and was harvested for silage only. In 1973,
corn was planted and matured normally which resulted in grain yields

as shown in Table 25. The data indicate no influence of treatment

on yields.

Table 26 shows the yields from the manure plots in 1972 and 1973. The
data show a small increase in yield as the manure rate increased to
108 mt/ha. The yields of both corn and sudan grass where treatments
were imposed the same year were depressed by the high manure rate.
However, there was apparently a beneficial effect of the high manure
treatment the following year. Thus, these data would indicate no
harmful effect on yield of manure treatments up to about 100 mt/ha of
manure.

Summary

In many areas of the western United States, irrigation practices
significantly influence the quantity and quality of irrigation return
flow. In the Colorado River Basin, salinity (total dissolved solids)
is recognized as the most serious water quality problem. The research
covered by this report involved study of the degree of control of
return flow which is possible through management on the farm of
irrigation, drainage, and fertilizer application practices. The
project included field, laboratory and computer modeling work.

Most of the field work was conducted on the Hullinger Farm near Vernal,
Utah. The farm had a solid-set sprinkler system and a subsurface
drainage system. Large plots (30 by 55 m) were treated with applications
of nitrogen fertilizer (Q, 110, and 440 kg/ha). Different irrigation
treatments were applied to these plots and salt and nitrate movements
were studied. Both alfalfa and corn were grown.

Effects of irrigation management on salt movements were evaluated from
measurements of EC of the drain effluent and the soil solution above
the water table. 1In 1972, the corn was irrigated to insure downward
movement of water through the root zone. Application rates were used
on the corn of 1.1 and 1.5 times ET which was measured by lysimeters
containing alfalfa. In 1973 the corn plots were irrigated whenever the
soil moisture .decreased to a predetermined level. The total depth of
irrigation water was much less in 1973 than 1972. Although the average
EC of irrigation water and drain effluent for any drain was essentially
the same for 1972 and 1973, the total salt discharged was greater for
1973. This is because the drain flow was greater in 1973 than 1972.
This greater drain flow occurred even with considerably less application
of irrigation water on the farm. Measurements of groundwater gradients
confirmed that groundwater moved to the drains from outside the farm
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Table 25. GRAIN YIELDS FROM CORN IN 1973 AS INFLUENCED BY COMMERCIAL
FERTILIZER TREATMENT.

Plot Treatment Corn Grain Yield (17% Moisture)
kg/ha
5N 6840
5M 7150
58 7150
5AN . 7150
5AM 7460
5AS 7150
6N, 6M, 6S 6840

Table 26. YIELDS OF CORN AND SUDAN GRASS IN 1972 AND CORN IN 1973 ON
THE MANURE PLOTS. YIELDS ARE IN FRESH WEIGHTS.

Manure Treatment

Check 54 108 216
(mt/ha)
1972 Corn 47.1 48.1 50.2 46.5
1972 Sudan Grass 49.9 53.8 51.2 44.6
1973 Corn
(retreated) 54.3 52.9 56.6 42.9
1973 Corn 46.8 55.2 55.4 56.6
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boundaries. The drain discharge was relatively insensitive to irrigation
management on the farm and depended upon practices of farmers over a
much larger area. Thus any irrigation management plan for return

flow quality control must include the major part of a hydrologic unit

in order to be successful.

In general, the higher values of drain effluent EC were associated
with infrequent small flows where the average water table was deeper.
This result indicates salt storage above the water table. It is
very likely that storage has been going on for long periods of time
and is not directly a result of irrigation management practiced since
research work began on the Hullinger farm (1970).

The EC of water samples collected from ceramic cups above the water
table was higher than for drain effluent. Thus, the general ground-
water was of better quality than the soll profile discharge from the
farm. Water table depth appears to be an important factor on storage
of salt in the soil profile.

The total seasonal salt discharge was directly related to the quantity
of water discharged by the drains. Therefore management of water is
the key to successful return flow quality management. Any control
plan which will reduce total discharge of water will probably also
reduce total discharge of salts, at least over the short term. The
period of effectiveness of such a plan is difficult to ascertain.

Field trials for detailed study of salt movements were conducted at
three sites (Vernal, Farmington and Logan) having different soils.
Water of various qualities (EC ranging from about 1 to 10 mmho/cm)

was added to small areas and its movement through the soil profile

was monitored. Addition of large amounts of water to the soil

surface had little effect on the soil solution EC. Results indicate
large "buffering" within the soil suggesting that considerable precipi-
tation and solution of salts were occurring. Monitoring soil solution
EC with vertical four-probe, horizontal four-probe, and samples
extracted through ceramic cups showed the three methods to give reason-
ably comparable results.

Laboratory studies on the soil from the Hullinger farm also indicated
the existence of high "buffering" capacity. This soil contains a
complex mixture of salts having different source strengths and
solubilities. Large quantities of relatiyely low solubility salts
were shown to exist.

Computer models for simultaneous salt and moistuxe flow were modified to
better describe salt movements. Diffusion and dispersion were included.
Numerical procedures were modified to eliminate "numerical dispersion.”
Root growth and seasonal changes in rooting depth with time were
included. Methods were developed to estimate crop yield based upon
relative transpiration. The model was modified to allow for variation
of the relative proportion of potential transpiration to potential
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evapotranspiration over the season. Variations in evapotranspiration
during a 24-hour day were included. Predictions of relative yield
made for many different management possibilities indicated that yield
decreases would not occur until several years later because of slow
salt buildup. The predictions were highly dependent on the root depth
because of the presence of water. Several management possibilities
that allow salt storage in the profile for several years (no leaching)
were shown with little yield decrease. However, some leaching will
eventually be needed.

Nitrate movements were studied beneath large plots (30 by 55 m) which
were treated with applications of commercial fertilizer, smaller

plots (6 by 12 m) treated with dairy manure, and barrel lysimeters
treated with both commercial fertilizer and manure. Soil samples from
the large plots indicated more NO3-N in the corn plots than the alfalfa
plots at the end of each season. Samples withdrawn from ceramic cups
in the soil profile also showed this result.

Results of NO3-N measurements from tile drain effluent were masked by
the encroachment of groundwater from outside the farm boundaries. One
of the control drains (overlying plot received no application of nitrate)
had NO3-N concentrations as great or greater than drains beneath two of
the plots receiving 440 kg/ha application of fertilizer.

One drain was successfully submerged so that the water table was always
at or above the top of the gravel envelope during the irrigation
season. The NO3-N concentration of effluent from this drain was
significantly lower than for the drain receiving the same fertilizer
application but flowing freely and having air within the drain pipe.

Soil samples from the manure plots indicated that prior to application
of manure, the residual nitrate level was low. 1In 1972 plots were
treated with manure and duplicate sets of plots were planted to corn
and sudan grass. In 1973, those plots with sudan grass the previous
year received additional treatments of manure while those planted to
corn the previous year received no additional manure. Corn was used
on all cropped plots in 1973. During 1973, the plots with two
consecutive years of manure application had almost identical NO3-N
concentrations and distributions in the profile as the plots receiving
only one application of manure. Concentrations of NO3-N did not drop
appreciably during the second year after manure application in spite of
appreciable crop removal of N the first year. Even a second year's
application of manure did not buildup the NO3-N concentrations
noticeably.

Salt concentrations in soil solution extracted from the manure plots
indicated that leaching should be done periodically when large
quantities of manure are added to the soil. The yields of both corn
and sudan grass where treatments were imposed the same year were
depressed by the high manure rate. However, there apparently was a
beneficial effect of the high manure treatment the following year.
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Thus, the results indicated no harmful effect on yield of manure
treatments up to about 100 mt/ha.

In 1972 the barrel lysimeters without drains were waterlogged
sufficiently to severely stunt growth of corn. The NO3~N concentrations
extracted from the bottom of the barrels were higher for the

commercial fertilizer treatments than the manure treatments. Denitri-
fication was probably limited by supply of carbon in the commercial
fertilizer treated barrels while the manure may have supplied carbon

for more complete denitrification.
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APPENDIX A

FORTRAN Listing of Computer Model
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13 [ V= RCUNDACY CONDTITION ARRAY CYVEN AS FLUXTIMF T~ FNC.FLUX.TTINE YO
11 c FrDefTC. ¢ FLUX IS IRRICATION OR PAYNe = FLUX IS5 7T FOTENTIAL
i ¢] c ST= POUNDPARY CONNITION ARRAY FCR SALT CONCFNTTATTION OF WATER
J1 Cc DMz DCPYH INCRIMENT ARRAY
T Cc PPFSAVT RO0OT NENSTYTY TUNCTION ARTAY AS DFCIYAL FRACTToNM OF RCOTS PER DEPTH
23 ot = MATRTT POTONTIAL ARRAY
) c MLXZ DAYA NEADIN OPTIONS FOR MULTTIPLE JO0M NUNT
% o SMAYZ SCALER FOR SALT CONTENT IN PLOT SUNTOUTTNF
bl 8 c OPFRAYS NUMITR OF DAYS FOR DFVELOPMENT OF MATURF PONY PROFILST
i} [ FOFOELS NUMIFR OF COMPUTATION INCREMENTS T RCOT GROWTH LCOP
28 [ DOROCTZ DFPTH OF MATURE ROOT PROFTLE - USUALLY DDIKKX)

29 (o SALTA= MULTIPLILR FOR SALY CONTENT VALUES T0 CHANCT umITS

oy €] c CSTAPT= DAYS FROM TIMF TO START OF COVFR GrCMWTH

3 c FESTOP= PAYS FROM TIME TO ACHIFVEMENT OF MAX, YIFF TIVD CNOVER GROWTH
Ry (o AN1= DECYMAL FRACTION - TRANSPIRATYON/FVAPOTPANSPTRATION

zz [ AX2- DECIMAL TRACTION OF T/ET WHEN EoNFE."PCT

2y c PETT IS TIMT INCRTIMENT TO START WTTH AND tOWFSY 10 USE

3% c CONT TS LARCEST WATFRCONTENT CHANCE ALLOWED FACH COMPUTATION

2% [ FELW IS WATEP CONTONTY DITFERENCE CCPRESPONDINT TN TAPLE INCRIMENTS
7 [ TIME IS CURULATIVT TTMT AT START OF COMPUTAYTICN

3 c TT IS 140 FOR LAASONLCN AND (.5 FOR CRANK NICHNOLSON

*) [+ CUMT TS TTYME AT "ND CF COMPUTATION

[ 35} [of RPEST PCOOT RUSISYANCE

41 C HPRY IS FRESSURT OF LOWEST POSSIPLF WATED (CNTPNT

< c HWET IS PRESSURE OF MIGHT =T POSSTRLE WATER COMTFNT
a7 c WATL TS LOWESY POSSIPLE WATER CONTENT
n c WATH IS MIGHEST POSSIPLE WATER CONTERTY
("3 [ 4 HLOW IS THE MINIMUM ROOT FOTEMTIAL ALLOWED

e C HUT TS THT MAXIMIM ROJT POTYIHMTIAL ALLONTD
67 c PP PEPRTTINTS FLANT UPTAKF ADDITIONS

b [of CWF =CUMUL ATIVE WATLR FLOW
49 Cc SCM= SALT FLOW ACT0ST LOWFR BOUNDARY
<t c NFRND AND WFDOD APE SUPFACT WATER FLOW PRATES COMPUTER T WE WAYS

H c CUMSSCUMULATTIVE WATER FLOW AT THE SURFACY
52 [ CUMR= CUMULATIVE WATFR FLOW AT THE ROTTOM
s3 [+ SALT= TOTaL SALT TN THE PROFILE
58 C HO0CT= ROOT WATER POTINTIAL
£ c M IS WATCP PPLSSURE AS A FUNCTIOMN OF DFEPYHM "FCINNINT AT TOP
5¢ o ¥ IS WATER CONTENY AS A FUNCTYION OF CEPTH  PEBICTMMRINC AT TOP
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C TYIPL IS THE FOTFRTTAL TRANSPIRATTYMN 4 ALWAYS 2 FCATTYr
c €Y IS THE POTOENTTAL CVAPOTRANSPINATTONALWAYT NFCATTY
CoetasedNDIHAT 'Y 'R 'ROFTPA(SF{TSISNITARRAYS ARE OF SAVT [Iurug IANS AT LF AS ToKK
Coseees<FYTET'Y ARRAYS ARF OF SAME DIMINSTIONS AT LFASTIYrP
CessneaP'DTART OF [ UAL DYMFNSIONS.=EO AT MOSTY
C---~=~TAAZ1ly FOR 7TRO FLUX AT POT TOMe TAAZC FOR HIKK) CONSTANT A 13
Com===K IS NCos OF DELX INCRTMENTS MM NCo OF TTIMFS HeW PRINTODIKTT NOLOF A 12
DIMENSTON ROFSAVI?S )« POOT(2S)
TIMENSYON DO(2S)eHE2510G(25 30 Y{25 o MI{Z5)+ROT {2610 A {2 5) 457 (25)
NIMENTTION SFIES)ISTETIES ) VLIS)
PIMENCSTION SS5(25)+sSD(25)1+C125)8125)4F(25)
DIMINSTON P(1251900125)oF (12539 71125)e0ATCLTO)Y
PFAD(S o263 I ML O MLM
LHM=C
13 TEAD(S +IIDATE
PEADIS ¢ 26R)IKeMHsTFReNABIND oK Te KP e KAe TRTPRT oKTL Lo KS
KKTK+1
PFADIS »2T1)ALAMBAWDIFO+DIFASDIFB'DELUVCONK
IPZTER/D
PFAD 271 (VII)eT=1TFRY
NFAD 271e(SF (I3 Tz14TR)
PFAD 271¢(DD(TI)eTZ14KK)
READIS +2TLI(RDFSAVI I} ¢ IZ 10K K)
FEADIS 92TII(P LT T21oND}
FrADIS2TIM(ECTI)vIZ19ND)
TFIKILL.€2.10C0 YO 1500
VOTTELE2TTY
WPITE (69268) KeMMoIERINBINDe KT oKPoKA
1500 T(1)=Q.
NIISUTLIYe (P L2)-PL1)Y })
00 16 IZ2NWD
CUIVZE(T) o (P(TI-PI(I-1))¢D(T~-1])
15 TUI)I=DfLWeTiTI-1)
ITF{KILL.FR.1)6G0 TO 18
WTITEL6e280)
NFZND/Z
NN 28 T=1.NC
<3 WOITECEe”TSIT (I ePET) oE (I oDITIoTINE*TDsPIN 4T )« TINF ST JoDINE ST}
16 TFILMM.T00) GO TO 22
TOIMLEN. 1. 0RCMLM.TQ.C) GO TO 23
RIADIS v76%) MLXOKILL
PEADIS e TIDATE
TFIMLX.T0.1.0RMLX.EOLGIRFADIS,2TII(VIT)ZT I »TFP)
TFOMLXoFNeZoeORMLYFG.4IRFADISsZTIIISFIT) T71,1IF)
TEIMLXeT 703s0RaMLXSEG+3IRFADIS»271) {RDFSAVII 3 I=14KK)
LMMZLMMe ] . ceoreoco
Kr-1 cGoTscio
PCAD 271 (WII)eI=1eKK)
PEAD 2710 (SETUT)»TIz10KK)
CCAD 271s DETTACONQoTAAYTIMEY TToCUMTIRRFS
OCAD 2T1vHDRY oHWF T KATL o MAT Ho L OM o HHT s SHAX Goos2cco
ACAD(5 1P T1)RNFDAY ¢RDF DEL s SALTASES TAPTeESTOF e AN19vAKD
AK4=D.S/RNFOAY
NELDAYZROFDAY*24 . /RDFDEL
COFOAYSCELDAY
HOOOTZHLOM
L1

)
(]
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181
142
143
144

o000

r4]

10C3
21

SFE11=SF)

CWFLX=C.O

NELTZDETY

TMZ1.0-T7

TPB=1,.0-TAA

YHMAYZWATH

RUNCOF=G.0

cuMsz=0.

MYTINEZD

erlz=g,

CUMP 0.0

CUNM-0.0

SUMA=C.O

TCH=0.

TrDF-0

CTRANZ=O.N

FfIT=C.C

JTINIL)I-TC1)Y)/DELW1 D
HIDISIP(Je 1) -PLUY 1o (M T1D=-TL ) I/7DELNSP L D)
cayzwiny

CLII=DELW/(PLI*1)-P ()}

Do 22 TI=2eK
PITSW(IIo(DD(T+1)-DDUT-100/2.¢PIT

00 28 1-2+KK

JTIWITYI=-T(1)) /DL Wel1.0

HITISIPIIe 1) -PEJ Y 1o (W (TX-TE D) )/7DELN P 1Y)
CLII=DLLUN/ZIPLU41)-P ()]}

C(TI=H(T

WCITE(GBe3IDATT

TFIKTLL.C 2.0 URITM{Ge 2961

D" 19 TIZ1eKK
TFIKTLLCNOINRITE(Go 2THINDII 1o CETI e WITI+HITI VoeROFSAV (T VoSELT Y
SSEIIZSELT)

IF(T.F3.1) GO 7O 19

TrtI.£3.KK) 50 TO 19
SIN=SFEI)oW(I)e{DOITe1)-OD(I~1))e0s50SALTA
Y{I)=uw(m

TFIKILL.SN.0)WRITFI6s 286)

COVER GROWTH LOOP

AK3=Ce 5/(FSTOP-CSTART)

00 31 I=2+IERW2

nz1/s2

TRILMMoNT 1 AND ML XANE o1 AND M Xe NEL &) GO TC ™
IF(VLI-1).06C.Ce0) GO TO 31
Tr(MLXFA3IVII-IIZTFE TLIRY

TETEIN)I=VLI-1)

TFIVII)I/28, LT.ESTART) GO TO 1003
VII=-1)=TETCIRI-TUTCIR VOAK L/ (1 o ¢EXPLE o~ ANSo (VIT }-TSTA T e28e}) }
60 T0 31

V(T=-112TFT(IR)
TFEIKTLLEQeOINRITECG e ZTHIVITI oV IT=-2) o TETLIM) »TFLIM)
WFoD=Vi1)

Feezvel)

TYZTETL1)

IFIKILL.EC.1)G0 TO 310D

100



171
12
173
174
173
173
177
172
112
150
161
13z
123
124
125
115
137
183
189
190
191
192
193
174
195
136
197

160
1492

199

tul

Jc?2

LY
LG
)
ser
T3

WRITE(6+¢789)
WRITECEs2T4) DFETTWCONGe TAA» TIMEs T ToCUMT RN TS
WRITE (6+783)
UPTITEL o 2T 4 )HTRY o HWET ¢ WATL e WATH HLOUWeHHT+DCL W
wRITE(G+284)
WPITE{C«ZTHIALAMBAWSALTASPIFODIFADIFB
WeITE(E+10UL2)
WRITE(Gs2THIRDFDAYIRDFDELGESTARTESTOPr AK 1 eAK?
3100 KCK=1
HR0O0T=C(2)
TFIKTILER.0)CALL PLOTUKK +WATHeNsDDeSMAXeSD)
WOITELE+235)
L) TOP-WATH

¢ RODT GPCWTH LOOP
IF(IRDF.CQ.1) GO TO 10014
IF(ABS{RDTDCL-04) oL Tels6F=6) 60 TO 10100
TP{TIME.LT.ROFDAY) CO TO 1001&
IF{TIME.CT.DELNAY «RDFDEL) CO TO 10100
RAFOAYZNFLDAY+RDOFNAY
BPOOT=DOIKK)I/ (1. +EXPIG.~AKL e TTMED )
Js2
No 100CL TIZeKK
ROFLTYIZO.
10005 TF{J.GE.KX} €O T3 1c001
PDOTIJIZDRGOT eDNJ) /D OIKK }
TFIRCGTIIJIILGELDDIT)) 60 To 1DUD2
REFITI)ZRNFSAVIJISRCOTIJI=-DPIT-1))/(ROOTIJ 1-PNOT (J=1 1) +FNF (T}
TEIROOTI{J~11oCTLN(I~-1)) RDT{T)IZRDFSAVIJI ¢ (1 o= (IPAOT (J)-DOIT -1 }) A
1ROOT(JI-RAOT(J-11 1] 1+ RDF (T)
J=J+1
o TO 1CGOS
10CC2 POFIIY(DNIII-DO(T-1) }/{ROCTIJI-POOT(J=13) +RDOFSAVE I} 4 DF (T)
IF(R00T1JI-11.CT.NDLI=11) RDFETIZRDF(II=(POLTEI-11=NNET-1)17(RNOT tJ
11-RO0T(J-1))eRDFSAVIJ)
TFIROOT(J).GT.DD{T}) 0 TO 30001
JzJel
10001 CCMTINUE
TEC{TRTPRT eEQe1.0RIATPRTFQIINRTITELEe274) (NDFIT) ¢ IZ1oKK )
rn YO 10014
10100 PC 106012 T=19KK
16012 POFUTI)=RDFSAVII)

Te0F=1
210618 ROTZWATL
¢
€-—--CCHPUTATION OF CONDUCTIVITY (B) AND WATER CAPACITY (C)
¢
HKFIHL1)
TLETEY

- IF tEOP=0.0) 3Te83e40
37 WI1I=WATL
H{1)THDRY
GO TO 43
40 W(1)ZWATH
HI1YTHREY

43 TUW=tW{1)+Y(1))eC.5
TFUTHHCTWATH) TUWZWATH
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C8 JI{TUW-TIL}I/DELW 1.0

nza POZ(THN-T(JI)7DFLW

Tl DIFFAZ(DC(U+1)-D(JI) B ReD LY}

222 HIZ(FIJ*1Y-P(J) 1o 3D ¢P (J)

oz2 NOo 76 I=1¢K

"35 TUZINETe1deY(Te1) )e(0.5

*q JZ{TW -T(1)¥/70ELVW+1.0

~x3 CRZ(TW-T(JI}/DELW

36 NIFFBZIDtJe1)=D(J)) eBB+D(J)

=7 CIZIPLJ*1I-P(I) I+ RB+P ()

Y- TICLABSHIEON) .GT.1.0E-G) G2 TO &6
~r9 P{1)=C.

4 tn 10 T2

~41 [ 14 TF{ABSIHI-GI).LT.0.00C1) "0 TO 71
42 PAIIZCDIFFA-DIFFBI/Z (M T-CT)

t83 TFLI.CY.1% GO TO 712

hUT) 83 EPZIBL11e(HIIIOTT=H(Z 10TT=G(2)sTM+CIL)eTHs MN{3)120D )
fad 1 IF4UABSIL1e1*E0R-ER) ~ABS(De1¢EOR))}SLF.D.0) CO TO 57
1 TFIKCK.EQ.1) GO TO S%

47 IT(KCKLT<12) CO TC 59

'S €2 HI1)=ETOReDD{2)/311 )0 HE2)eTT-GEL)eTHMGI2) e TH-DDL )/ TT
49 TFIHE1).LT.HDRY) H{1)=HDRY

e} TF (H{I1.CTHWET) HI1)ZHWFT

~re coe 10 12

22 5% H{1)=HKP

crz Nl1IZNKP

iy ) KCK=KCKe1

05 £e 10 &7

A 58 KECKZKCKe1

7 IF {ER-FOR) Gl.72+68

TE3 61 IF(IMUII-WATH)CE «DWN1) GO TO 72
R eNToNl 1)

L WI1)I=(UH{1)+TOP)e0.5

ot 75 c0 T0 €7

hd e (] IF((UCII-WATL) LT 20.0) CO TO 72
RS TOPZM(1)

“e8 WIII=tWI1)+20T)eC L5

A 67 JTNIL)I-T(1))/DELW+1.0

M &4 BRZINI1)-T (I I/DILN

T TFUABSITOR-0.1.LT.2.0E-0C) GO YO 72
-] HUIIZIP(J*1)-PlUDI Ve BR &P (J)

€9 T0 TUWZ(H{1)eY1{1))eC,.5

STu JIOTUN-T(13)/DELW*L.C

e fAZITWR-TE(JI}/DCLW

12 PIFFASINII+1)=-DIJIIeRBeD I}

AR HIZ(PIJ+11-PlJ)IeRB+P (J)

~14 0 TO 46

B3 71 PLINZHDCI*1I-DUEIN V7P LS+ 10-PLI) )
~7e TFIT.EG.1) GO TO 49

~77 72 THNZTW

113 vT=61

17 DIFFAZDITPER

28 TUS(N{Te1deY(TeL) VeC.S5

Tl JIUTW ~T(1)¥/DELU ¢ .D

pala iy T3 CII+1IZDELN/ZIPLU* 1) =P (Y))

23 <9 CONTINUE

ht1 ) xex=cy
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c8s
~an
37
fa38
TEd
a1 ¢
o1
32
~33
>34

~9%

339
-at
1

a0

1002

1001

36%

[

NFEW T-POT WHEN C-ACTUAL IS LESS THAM E-POT

FTIPLZEY

TFLFT.CFe0e) CO TO 39

TFIFCR.CT.0.) GO TO 268

TFOTINE/T0..LTLESTART )Y €0 Y0 1001
IFLASSIWFPD-EOR)LT1.00-3) €0 TO 1CO1
CTALT-UET-CORIs(1.+ (AK2/7AK1 1.1« (EQP-YFONY /7 ORY
IFLWFODLLTL(ET-ETALT)) GO TO 10402

FTFL-ETALT

co 70 3%

CTPL=ET-WFDD

co TC 365

ETPLZET-LOR

IFUABSIETPL-0.)eLTo1.0E-84) GO TO 19

HHOLD=HROOT

TFLIRTPRT «EQelsORIRTPRTEQa2 IMRITELGs2711 T FR4FORe [T ALTHETPL

C--COMPUTATION OF ROOT SINK FUNCTION

c

Commm

243

81

420

410

&

8C2

CINK=0.0
OP=.36{MTQA/L)/10¢10D0CH/ATH MEA/ZET10MILLIMHOS/CN
ne 243 I=DuK
CLII=G(T1-36.+ST(TII-DDITIeRRES
LCNTZ=O

NDSAVE=DST NK

NSINK=D.

CINKZETPL

DC 4§20 I=2eK
TFLHOOOT-F(I).GT.0.} GO TO 420
SINK=SINKe¢PR{I)eRNFIT) oELT)
NSINK=DSTNKeR(L)+ROFLT)
COANTINUE

IT(NSINK.NE.C.) GO TO 810
IF{HRO0TFI.HLOW) GO TO 402
HPCOT-HLOW

co TC 4172

TFIDSINK.T2.NSAVE ) GO TO 802
HROOT=SINK/DS INK
IYFIURCCT.LTHLOWY HROOTZHLOW
LONTZLCONT o1

TF4LCNT.LEL.20) GO TO 412

WRITELE2472)
FORMATI® LCNT.EG.20")}
SINK=O.

DO &NE I=TeK .
TF{HROOT-F{I)eCT.0.)C0 TO 807
AIT):B(I)OZ..ROF(Il‘lHROOT-E(I))/(DD‘I*l’-DﬂfT-l’)
CSINK=STNM4RDF (I)eB8( ) «{HRODT-ELID)
RO TO &C6

AlIN=Q.

CONTINUE

€0 T0 1Céd

e 251 I=2+K

SINK=0.

ALTI=0.
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3582
383
4
345
a6
387
3a8
389
350
251
352
353
158
355
156
357
583
359
360
361
362
363
364
365
366
X7
68
359
IT0
371
272
373
374
3715
376
377

a0

c

106

109
112

115

118
12

12%

127
130

1n

WATER FLOW TRIDIACONAL MATRIX SOLUTICN

PO 118 T=2+¢K

POT=IDDET+1)-DD(T-11)/7(2.0e0ELT)

DLXAZ(NNDCI)I-DNCI-1))

DLXB=(DC( T+1)-DDIT))

RB=CU(I)ePOT/TT+RITI) /PLXD+B{T-1)/DLXA
NATCCIIYIePOTeGIII+(B(TI/DLXB) o {TMe(GIT+1)-GI TI)-DLXB I (BC(T=1)/70L XA
1Yo (TMe(GIY=11-GITI) +DLXAI¢ALT I tDD(T+1)~DD(I=1)080S5 ¥V TT
IT(I«6Ta2e0) GO TO 115

IF(HIL )« CELHNETLORJHI 1) JLELHDRY) GO TO 109
DACDA-LIBCI-1)/0LXA)e (THoUCITI~1)-C{(TI)+DLXA)IZ/TIT+EORAT T
RRZCB-G(T-13/NLXA

eéCc 10 112

DAZDAeH{T~1)sR(I-1)/DLXA

F(I1zDA/RN

(I =(BITII/DLXBY /D8

CO 10 118

TF(1.GE.X) GO TO 121
E(INI=IBITI/DLXB)/IBB-(B(Y-2)/DLXA)sF(T~1))
FUII1Z{DA+(BC(I-1)/DLXA)sFII=1))/(BB=(B(I=1)/DLXAYeE(I-1))
CONTINUE

BP=BB~TAA«BI(T)/DLXB

NAZDA+TAA*(S(T)/CLXB) «({G(I}~C(I+1))sTHeDLXB)/TT+TBB 3 (T) /DL XDoH (
1XK)
HITIZ(DA+(BII=21)/NL XA JeF{X=1) )/ (BR=(BUT=1)/DLXAYSF (I=1 1)
I-I-1

HIIIZELT) oHI{T+1)4F (1)

IFII.GT«2) GO TO 128

IFITAA.LT.1.0) GO TO 127

HIKKIZH{K)+DD (KK =-DDI K}

GIKKI=G{KI+DD (KK)-DDI( K)

Bi{KI=Q.0

DR 131 I=2.K

IFEHCII-DD{I)-HUC TLE <0 )50 TO 131

HIT)ZHWFT+DDL )

CONTINUE

C===~~CCMPUTATION OF WATER CONTENTS AS A FUNCTION OF PRESSIRES JUST COW

<

13s

3sg
381

i

383

IF(H{1).CP.HVET.OR.HI1).LEL.HDRY) GO TO 136

WFDOZEOR

IF(ABS(ENR)+CT.1.0E-G) GO TO 134

HI1)=HL2)

cn 10 139

WFDT=EU1) e LEHIL)I-HEI2) JoTT{GI1)-G(2))eTHMeDD(2)1/0D12)
IF(IRTFRT.NE.B)GO TO 139

WPITE(6.330)

FORMAT(® AFTER 136°)
WRITE(Be3ILITTHE «WFDD vH{2) o HI2)06(1) oGU2) e CELTIEORGE Re KCK
FORMAT(® °*SC10.4.13)

GC Y0 129
HU1)S(EQR*DD(2)1/B (1D HIZ)oTT-G{1)esTH4G{2) oTHeDD(2))/TT
IFUIRTPRT.NE.G)GO TO 382

WRITE(E0333)

FORMAT(* AFTER 134}
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le0
161
162
1621
622

1661

170

77
174
1741

176

19¢



399
8GO
401
4C2
%03
08
805
A6
207
308
409
810
811
012
a3
81y
815
816
N7
4138
819
%20
821
822
823
828
825
226
27
423
829
830
431
832
a33
834
a3s
836
.7
a3
439
a4¢
any
a2
"3
agy
a5
885
a7
(T
849
450
851
a52
%53

854
455

382

119
1482

145
148

151
158

157
160

163

166
169

172

175

178

WRITE(Ge3RIITIMEsWFOD sHIT)IoHUZ) 951D oG(2) o DELT o EORGE e KCK
IF{H(1) oL T.HORY) HE1)SHORY

IF (HU1)oGT.HUET) HI1)=HWrT

I=1

IFUABS(H{I)-G(I1}.LT«0.0001) GO TO 160

NHI=ND

NLOS-1 A 207
J=25 A 208
IF (HUT)-PUJU)) 14801574151

NHI=Y

GO Y0 1S5&

NLO=V

JT=J

JTUNHI-NLO)/2+NLO A 218
IF(ABS(J-JT).CT.0.00 COTO 145

IF(HIT).OE.PLU)) B0 TO 157

J=J-1

WAT=(HIT)I=PUJU) ) eDELW/ LPLU*1)=-P(J)I*T(I)

WIT)IZUHAT

GO TO 163

WITI=Y L)

DO 1656 I=2eKK

WOIY=CUYDedHII}-CULI)} ¢¥Y(T)

IFIWLIICT.WATH) WIT)ZWATH

TFIWII)LT.WATLY WEI)ZWATL

CONTINUE

SUMZzD.0

cUM2=0.0 A 328
SUM1=0.0

DO 172 I=?4K

SUMISW(I)+SUML A 328
SUM2=Y(T)eSUM2 A 328
IFCABSI{SUMI-SUMZ).LE.ABSESUMN3)) GO TO 172

SUM3ITSUM1-SUM2

CONTINUE

IFCABSI{SUM3).LE.ABS(CONG)) GO TO 17§

IFIDELT.LE.DETTeD.1) GO TO 175

DELT=0.5¢DELT

60 T0 108§

SuM1=p.N

SUM2:z0.0

DO 178 I=7K

SUMIZU(T )« (NDIT+1)-DD (I=1)) /2.+SUML

SUM2ZY(I)el(DDLI+1)-0D ¢I=1)) /2 .+ SUMNZ

CWF=SUM1-PIT

WFRDD=(SUMI-SUM2) /DELT .

WFUUSBINR) o ((MHIN2)=HINB+1)) oTTe(GINBI=GINB L)) oTH+DD (NBe1)=-DDINB N}
1/(DDINR+1)-0DINB) )

CUMS=MFDD e DEL T+CUNS A 341
CUMB-WFUUsDEL T+CUMB

SUMAZSUMA+SINKeOCLT

CTRANZCTRAN®ETPL*OELT

CHFLX=(SUNMI-SUM2Z) A343A
KBZK-1

IF(EORGE «0.)RPIZRPI+ EORCDELT

Cc
C=——=SALT LOOP 00362000
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856
457
a5
A53
460
4Gl
862
463
L1}
465
466
867
L17 ]
869
870
a71
a72
473
als
A7S
LXi3
a77
878
479
880
ag1
a82
483
L1-1]
L1}
L149
887
ags
833
490
491
822
493
LE1]
89S
836
897
L 3:1.]
499
%00
5Q1
502
503
5Ca
sCS
5C6
5Q7
508
509
S10
511
512

188

213

2is
189

130

13

192

17

NFRUZB (1)« tIHIL1I-H(2) 1o TT¢{G(11-G12))eTMeDD(2))}/70D {2
IFLUFPULLT.O. JWFRUZQ,

ALFA=-0.C

WATUSEYLIDeTHMOW(1 e TT Y (2)0e TM4W(2)0TT) /2,

DO 218 T=2eK

OLXAZ{DDI(T)-DR(I-1))

PLXB=t{DDIT+11-DDI 1))

DPLXC(NDIT+1)-DDCT~1)100.5
VFRDIDB(INe{{HIII-H(T+1))eTT+(CCIDI~CITe1))eTNeDLXB)/DIXB
MATD={ Y{T oTHeWIT)oTT+Y(T+1 o TNeWI(T+1)eTT)Y 2.0
PETAZDIFOSOIFASEXPIDIFROVATDI+ALAMPACABSIWFRE/UATD)
TUZDELTeNIII-Y(T)) e{ WFRD+UFRUI7(Bas(WITI}ev(I) D)
AXZTUOUFPU/IDLXA®WATU J*ALFA/DLXA4NFRUeO.5
IFIT.EQ.2IAXZNFRY
CY=TUsUFPD/INLXBeWATD )+BETAZDLXO ~WFRDe0D.S
BOZWIIIeDLXC/(TT#DELT )~AX®2.0ALFA/DLXA®CXNFRD
DAZ(Y{IIeSS{IIeDLXC/DELT*THo(AXO(SSE{I-1)~SS{I)I¢NFRUSSIT)I-CXe(SSI
111-SStT+1))~-UFRDeSSITINIZTY

IF1I.CT.2160 TO 118

DA-DA+AXsSS{I-1)

BRZGE+AX~2, sALFA/NLXA

FI{I)=DA/BY

EtI)=Cx/s8B8

60 YO 213

IF(I.GE.K) GO TO 189

FIIIZCX/(RB-AXE(T-1)}
FITIZ(DRSAXeF(I~-1))/7({BB=-AXsE(I=-1))

ALFATBETYA

WATUZWATD
IFIKPLEQeIIWRITEIGe 274 WFRUSNFRDoMATD oW (I ) oD ELToBETA S SITIoTWe AX »
1BRsCX

WFRU=WFRD

DAZDA+CXeSSIIe])
SCIII={DAAXsF{I-1))/(BB-AXSE(Y~1))

IZI-1

SE(TI-E(TISE(TI«1I+FLT)

IF(I.GT.21G0 10 110

STIKK)I=CSIKK)

DO 131 I=7HXK
JFUSELT)aCELSEII-1)40RSFITI.0E.SCLTI*1}) GO TO 192
IF(I.EQG.2) GO TG 192

IfLI.EQ.K} GO TO 193

IF{KS.EQ.1} GO TO 191

K6=KCe1

IF (SECTI~13.LE.ST(Te1 1) GO TO 192
TUZC(SE(T+1)-SECT) e NE{T) 0 (DND{T¢1)~DD(T-1))e(eS
SFUI-1I1=SELI-1)}-TW/ (M (T-1)e (DDLIX}~-DD(T-2) ) o0 .5}
SEATI=SELIL)

€0 70 191
THSHSELI-1)-SE(II Ve W{TI) s (ND(Te3)~DDIT~1})eD.5
STIT+1I=SEAI+LI-TU/ (M (Te1)o (DOLTe2)=-D0(I))20.51)
STLII=SELI-1)

CONTINUE

SDU1)=SELLIeM(2190e5¢0012)

SALT=C.C

SCMZUFRDsSSIKI*DELT oS ALTASSCM
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s13
Sl
515
S16
517
s18
519
520
521
s22
523
S5248
528
526
527
528
529
$30
$31
$32
533
S3s
83s
S36
537
538
539
540
41
542
243
S4 4
545
Ss6
547
a8
543
550
551
552
L3
554
555
556
557
558
559
S60
SE1
562
563
G564
S65
566
567

568
569

217

2%

c

23

500
226

223
232
235
238

TFINFRDGLT.0e 1SCHSWFRD®(SSEKK I~SS(K) e DELT oSALTA+SCM

DO 217 I=2WK

SOtII=SECTIoN (I (DDCT41)=DD(I=1))s0.5¢SALTA

SALT=SDIT)+SALT

IF(EOR.LF .0} GO TO 220

FUNOF={ENQ-WFDDI*NELT +RUNOF A 3485
TIMESTIMC«DELY

IF(KI.NF.O) GO TO SOO

IF(KP.EQ.D) GO TO 500

IFtLLoLTaMM) GO TO 273

CALL PLOT (KK sWATHeWsNDsSMAX, SO}

WRITE (Ee274) (HIT}T=1eKK)

WRITECBe2781(SECINeIZ10KK)

WRITECGe2T4ICALT) oI=2 oK)

WPITE (6¢295)

LL=0 A 352
WRITE {6+555) TINE oCWF oSCHMoNFDDIRUNOF +CUMS o CUMB o SUMA. T PANNFRDDs S 0041 1000
1ALTeHROOT

IF(ABSISUM3-0e1.GT..0001) GO TO 229 gosl13000
NCOLY=3.¢DELT

60 TO 241

TWIABSICONQeDELT/SUNM3 )

IFLTW.CE.0.1¢DETT) GO TO 235

TW=CaleDETT

G0 TO 238

IFtTU.LE.1000.0DETT) GO TO 238

TH=1000.C«0ETT

TFUTW.CTe2.0¢DELT) GO TO 226

DELT=TW

Co——TEST TO SEE IF EVAP OR RAIN INTENSTTY (EOR) HAS CHANGED A 365

c

281

L1n§

247
250

IF(IOELT.EQ.1) DELT=NELTL
ITDELT=0

IF(DELTLT.OETT)IOCLTSOETT

IF(DELT.CT.6.} DELT=6.

TF{ABSITIME-VI(KC+1)).6T.0.0001160 TO 247

TFIKI.NF.0) GO YO SO1 00825100
CALL PLOT (KKeWATHeWe DD+ TMAXsSD)

NRITE (69278) (HIT) oT=19KK)

WRITE(6+2743(SELT e IZ10KK)

IT(KS.E3.2)URITEL 6026 8) K6

KGZ0

WRITE(6+295)
TFUKA.EQ.OIMRITE(6+55S) TIME ¢ CUF o SCH ¢ UFOD» RUNOF +CUNS e CUMB ¢+ SUN A¢ CT PA 0043 20 0D
INeWFRDDySALT¢+HROOT ’ 00833000
FORZVIKC+2)

IRZ(KC+2) /2

SE(LI=SF(TIRe1)

ETSTET(IR*1)

KC=KCe2

MTIMESD

DELY=DETY

GO0 TO 250

TFUITIMESDELTIALE JV(XC+1)) GO TO 250

DELTZV(KCe1)~TINE

LLZLL#1
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570 c

571 c CALCULATTON CF HOURLY ET NCMAND FROM LYSIMFTER DATA
572 C

573 IFIVIKC)«GTeCWu) 6O TO 2251

S7a LTIMEZTTEE /728

575 TIMELZLTYIME

576 TIMEAZTIME/28 .-TIMEL

ST7 LTIMES({TINE«DELT) /20

578 TIMFLZLTYTME

573 TIMED=(TIMEeDELTI /284 ~TIMEL

580 IFCTIMED.LT.TIMEA) CO TO 254

581 IF(0.5~TTHEA.LT.0.0001)G0 TO 25%&

582 IFITIMED.LE.O.5160 TO 2252

583 TIMED=C.S

<8y DELTIZDELTY

585 JOELT=1

586 DELTZ(C.5-TIMEA)s 28,

587 2252 IFIMTINE.FQ.1)G0 TO 257

5839 MTIME=L

589 TIMECZVIKC*1)=-TINMF

590 TFUTIMEC+ 24,0 TINEACGCT o228 o )TIHECS2800 (1 o~TIN A)
591 EORH20=V(KC)Ie TINFC

532 IRZIKC+1172

593 ETHZO=TET(IR) e TINEC

S98 TIMELC-TINEC

535 IF(TINEC.GE12.)TINELS12,

596 DENOMZCOSUTIMCA«G.2832)-COS(TIMELeE,.2832/24.)

597 257 FTINEW=(COS{TIMEA*6.2832)~COSITINED*6.2832) )/ DENON
598 EOR-ETNEWSEORHZO/OELT

599 FT-ETNEWSTTH20/DELTY

600 GC T0 2251

501 258 JTF{TIMEDN.CE.0.5160 TO 2253

802 DELT1ZDELTY

603 INELT=1

608 PELYT=(1.-TIMEA)#24,

505 2253 £T=G.

806 T OrR=0,.

607 MTIRE=C

609 2251 TF(IRTFRT cEQel+O0R.IRTPRTEQAIWRITECGe274) TIME+EORIE Ty TIMEAS TINE C
6C9 1o TIMED +DENOMeETHI W

€10 IFI(DELTLLT.OETT)Y NDELTZDETY

611 IF(TINE-CUNT.LT.-0.0001) GO TO 253

€12 IFIRT.EQ.0) GO TO &1

613 CALL PLOT (KKoWATHoWoDD+SMAXeSD) 00470000
61% WRITE (6+278) (HIT}TZ14KK) cos71000
51S WOITE(Ge2THIISE(T I IZ1eKK) gos71010
€16 81 IFUIRTPRT JHELS5) GO TO &2

617 Wa=-0.

818 S&=0.

€19 DO 48 I=2K

620 SAZSA+SE(T)eIND(T+1)-00(I-1))0.5

621 L 1] WAZU&e MUTIe(DD(I+1)-DD(TI~1))¢0.5

622 DDAZDDIKKY -0 5 (DDIKK }I-DD (K )+DD(2)-DD(21))

623 Wa-N&/DDN

624 S84=S4/D008

625 TOSSUMA/CTRAN

626 € T=CuF-CuMBeCUNS
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639
6aQ
€81
642
643

645
€86
687
648
689
650
651
652
653
(1)
655
656
657
658
659
66U
661
662
663
668
665
€66
667
663
669
670
671
872
673
674
675
676
877
678
679

Ceod

WRITEC(Gel4 )
HRITE(Ce SS5)TIMEvRPIvETsSUMAY T4 CUMBSCMISETKK ) ¢Sl ol &

82 IF(ML-LMM)I267+26T¢15
15 IF(MLM.EG.1} CO TO 1&
G0 TO 13
253 Y(11=(WI1)+Y(10)e0.5
JTIY(ID-T(1))/DELN+1.0
BR=UY(1)-T(JI /DL A 389
IFLABSIFOR~0.0).LT.0.0001) GG TQ 256
CLIIT(PLJs1)I-FCJ) Ve BE &P (J)
256 CO 285 Y=TeKK
JIUWLT)-TE1)) /DELW* 1D
RES(N{T)-TCJ) Y /DTLE
GLIISIPIJeL1)-PLI}IeBE +P(J)
TRSINITI=-YLIY)*WL ) A 395
IF(TW.CT.WATH) GO TO 259
IF{TR.CE.WATLY GO TO 262
TUZWATL
€0 10 262
259 TH=WATH
262 YIIV=WITY
WlII=TW A 802
SSEIN=SE(T)
265 CONTINUE
SS{11=SE(1)
60 TO 3%
267 CONTINUE
263 STCP 00871620
3 FORMAT(*1®+70A1)
85 FORMAT(*0 TIME  IRR + RAIN re TPAN ACT YIELD n
1RATNAGE SCM INRIT SALT FINAL SALT AVE WATER®)
263 FORMAT (20I3)
271 TORMAT (7E10.4)
296 FORMAT(*'0 TIME FNO SOIL FLUX €T FLUX SALT CONC. ™) 00880010
278 FORMAT (11£12.5) 004710C0
§55 FORMAT(12E11.4%4) 0O4711C0
295 FORMAT t°0 TIME CWF sCcM WD RWN
1 CUMS cuxs TRANACT TRANP OT WFRDD SAT
2 HROOT*}
280 FORMAT('O  WATER POTFNTYAL CONOUCTIVITY DIFFUSIVITY
1 WATFR POTENTIAL CONDUCTIVITY DIFFUSIVITY®)
275 FORMATIREL1Z.5+12X4E12.5)
296 FORMAT('0 DfPTH ctI) N-DEPTH H-DEPTH  RDF-DEP ™H
1 SE-DEPTH') X
1001 2 FORMAT(® ROFDAY ROFDEL ESTART £sTOP AK1
1 AK2°%)
277 FORMATI(*OK MM IER NB ND KT KP KA IRTPRT")
263 FORMAT(B8GH  DETT CONa TAA TINE TY
1 CUNT RRES)
283 FORMAT(® HORY HWET WATL WATH HLOW
1 HHI DELW®)
284 FORMATL® ALAMBA SALTA DIFO DIFA DIFB*}
END
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APPENDIX B

FIELD DATA

Table B-1. Climatic data for 1972.

Date Rs Wind Td Tw ET east  ET west
(Ly/day) (km/day) (°c) (%0 (cm) (cm)
6-24-72 569 185 16 12 -.49 0
6-25 690 140 14 11 .32 -.65
6-25 690 140 14 11 .33 =-.65
6-27 678 190 15 14 <43 2.70
6-28 724 78 19 13 2.04 .36
6-29 710 76 18 11 -.11 -1.46
6-30 712 95 16 13 .16 .27
7-1 667 132 16 4 .49 <54
7-2 667 132 16 11 .49 .54
7-3 667 132 16 11 .49 .54
7-4 733 110 16 11 .11 .70
7-5 745 95 15 11 .43 .54
7-6 547 105 17 13 .16 .54
1-7 627 138 16 13 .52 .81
7-8 636 105 16 13 .32 .81
7-9 598 135 18 15 .52 .81
7-10 598 135 18 15 .52 .81
7-11 675 113 17 14 -.67 -.34
7-12 620 109 19 14 .97 .92
7-13 619 78 21 16 1.03 .76
7-14 651 109 18 16 1.40 1.00
7-15 701 93 18 14 .72 1.06
7-16 701 93 18 14 .72 1.06
7-17 701 93 18 14 .72 1.06
7-18 613 97 18 14 .54 .92
7-19 592 161 18 14 .92 1.24
7-20 521 174 20 15 1.08 1.13
7-21 672 177 19 14 .92 1.08
7-21 565 117 18 13 1.14 .43
7-23 561 97 17 13 .63 .74
1-24 561 97 17 13 .63 .74
7-25 561 97 17 13 .63 .74
7-26 576 82 17 15 .97 .97
1-27 426 88 17 15 .33 .48
7-28 582 90 16 13 .21 .97
7-29 634 103 18 15 1.24 1.35
7-30 634 103 18 15 1.24 1.35
7-31 634 103 18 15 1.24 1.35
8-1 580 100 20 15 1.73 1.40
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Table B-1. Climatic data for 1972 (Continued).

Date Rs Wind gd Tw ET east ET west
(Ly/day) (km/day) ("C) o) (cm) (cm)
8-2 600 132 18 14 .61 .60
8-3 0 111 16 14 .61 .60
8-4 577 84 14 12 1.19 1,03
8-5 527 95 15 12 .40 14
8-6 527 95 15 12 .40 .14
8-7 527 95 15 12 .40 14
8-8 708 85 17 13 .08 14
8-9 547 110 17 13 .81 .59
8-10 653 85 14 12 .54 .70
8-11 579 98 16 13 .76 1.24
8-12 599 92 19 16 .61 .75
8~13 599 92 19 16 .61 .75
8-14 599 92 19 16 .61 .75
8-15 514 93 16 15 .64 1.24
8-16 603 104 18 15 .59 .27
8-17 0 84 18 14 .59 .65
8-18 615 82 17 14 .55 .60
8-19 461 90 14 13 .25 .57
8-20 461 90 14 13 .25 .57
8-21 461 90 14 13 .25 .57
8-22 590 76 13 12 .76 .97
8-23 418 72 16 13 .32 .32
8-24 619 234 14 11 1.19 1.19
8-25 619 98 11 9 .32 .38
8-26 562 106 13 11 .74 .88
8-27 562 106 13 11 .74 .88
8-28 562 106 13 11 .74 .88
8~29 576 77 14 12 1.54 1.16
8-30 562 117 13 11 .65 1.08
8-31 504 101 14 11 .49 .54
9-1 446 77 12 10 .42 .40
9-2 418 92 13 11 42 .40
9-3 418 92 13 11 42 .40
9-4 418 92 13 11 -.07 .75
9-5 518 92 16 14 .23 .34
9-6 228 119 15 13 1.28 1.31
9~-7 562 130 11 9 1.28 .92
9-8 561 82 11 9 .39 .58
9-9 461 98 15 12 .39 .58
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Table B-1. Climatic data for 1972 (Continued).

Date Rs Wind Td Tw ET east ET west
(Ly/Day)  (km/day) (°c) (%) (cm) (cm)
9-10 461 98 15 12 .39 .58
9-11 461 98 15 12 .92 .70
9-12 490 167 14 11 .65 .49
9-13 576 105 11 7 .38 .59
9-14 547 80 9 5 .49 .76
9-15 547 84 12 8 .58 .85
9-16 532 109 13 10 .58 .85
9-17 532 109 13 10 .58 .85
9-18 532 103 13 10 47 .25
9-19 461 116 14 11 <59 .59
9-20 216 105 13 11 .16 .47
9-21 518 82 10 8 .16 47
9-22 504 71 10 8 .16 47
9-23 418 84 9 5 .16 47
9-24 418 84 9 5 .16 47
9-25 418 84 9 5 .16 .47
9-26 418 84 9 5 .49 .22

Table B~-2. Lysimeter evapotranspiration (ET) and temperature (T) data

for 1973.
Date ET east ET west T wet T dry T max T min

(cm) (cm) (°c) (°c) (°c) °c)
6-16-73 - - - - 23 1
6-17 - - - - 26 5
6-18 - - - - 21 1
6-19 - - - - 21 0
6-20 .74 .85 - - 32 4
6-21 - - - - 30 7
6-22 .48 .26 11 16 29 7
6-23 .64 .95 - - 34 7
6-24 .80 .90 - - 33 12
6-25 .79 .90 13 14 36 13
6-26 .85 1.48 16 22 35 12
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Table B-2. Lysimeter evapotranspiration (ET) and temperature (T) data
for 1973 (Continued).

Date ET east ET west T wet T -dry T max T min
(cm) (cm) °c) °c) °c) ()
6-27 .74 1.01 16 17 35 14
6-28 .80 .85 14 18 33 15
6-29 1.22 42 15 18 36 10
6-30 .29 .93 - - 36 13
7-1 .29 .93 12 32 34 14
7-2 1.64 1.01 13 16 35 10
7-3 .64 .74 16 17 36 14
7-4 .53 .58 15 18 36 12
7-5 .53 .62 18 25 37 12
7-6 0 .64 12 14 37 11
7-7 .65 .74 - - 37 13
7-8 .65 .74 - - 33 11
7-9 .65 .74 14 17 35 12
7-10 .69 1.06 13 16 36 12
7-11 .48 .90 13 17 35 13
7-12 .64 .85 17 19 37 16
7-13 .54 .64 17 18 32 16
7-14 .54 .37 15 17 26 13
7-15 .02 .23 - - 27 13
7-16 .02 .23 12 12 29 10
7-17 .05 .90 13 15 33 9
7-18 .64 .53 11 12 31 11
7-19 .85 .38 17 18 29 14
7-20 .34 .34 16 16 26 10
7-21 .58 : .66 - - 29 9
7-22 .58 .66 - - 28 10
7-23 .58 .66 - - 29 4
7-24 .58 .66 15 17 23 10
7-25 .69 .85 14 17 28 12
7-26 .42 .69 12 14 32 10
7-27 .58 .90 16 18 34 10
7-28 .74 .85 15 17 33 11
7-29 .64 .56 - - 34 11
7-30 .64 .56 16 19 31 11
7-31 .05 .26 12 13 33 12
8-1 .48 .58 15 21 35 11
8-2 1.11 .11 13 17 30 12
8-3 .37 .11 12 15 33 10
8-4 .04 .39 - - 33 12
85 .04 .39 - - 32 12
8-6 .04 .39 14 16 28 11
8-7 .64 .58 16 18 34 9
8-8 .65 .58 - - 34 9
8-9 .65 0 12 14 33 7
8-10 0 .64 13 14 36 10
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Table B-2. Lysimeter evapotramspiration (ET) and temperature (T) data
for 1973 (Continued).

Date ET east ET west T wet T dry T max T min
(cm) (cm) °c) (c) (°c) °c)
8-11 .58 .85 - - 36 10
8-12 .58 .85 - - 34 10
8-13 .58 .85 12 17 34 10
8-14 .58 .69 11 14 37 12
8-15 .80 1.06 13 17 34 9
8-16 1.21 1.32 - 12 15 36 10
8-17 .66 .61 16 17 33 12
8-18 .79 .74 23 19 32 12
8-19 A2 .58 13 14 34 12
8-20 1.23 -.05 19 22 31 13
8-21 .62 .72 16 17 32 13
8-22 47 .68 17 29 28 12
8-23 .37 .58 16 16 34 14
8-24 .58 1.06 18 22 32 13
8-25 .97 1.08 - - 32 7
8-26 .97 1.08 - - 32 9
8-27 .97 1.08 16 17 - 10
8-28 .74 .95 11 13 - 6
8-29 .48 .79 12 13 - 4
8-30 .64 .95 13 16 - 7
8-31 .16 .08 - - : 29 7
9-1 .16 .08 - - 19 7
9-2 .16 .08 - - 16 2
9-3 .16 .08 8 9 21 3
9-4 .64 .69 11 15 24 4
9-5 .64 .48 9 11 28 4
9-6 .62 -.28 9 11 29 8
9-7 .32 .80 9 11 30 7
9-8 42 .57 - - 23 10
9-9 42 .57 - - 25 5
9-10 42 .57 - - 24 11
9-11 42 .57 14 16 18 11
9-12 47 42 12 13 21 4
9-13 .42 .48 11 11 27 4
9-14 .42 .26 11 36 29 10
9-15 .39 1.13 - - 28 7
9-16 .39 1.13 - - 28 7
9-17 .39 1.13 7 10 26 2
9-18 .80 1.06 - - 28 4
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ation, amount applied, and EC of irriga-

tion water on Hullinger Farm in 1972.

LTT1g

Dates of irri

Table B-3.

(cm) {(mmho/c)
Block 5 - Alfalfa

Date Amount EC

EC
(cm) (mmho/c)

Date Amount

EC
(mmho/c)

Amount
_{(cm)

Date

Block 3 - Alfalfa

Block 1 - Corn
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Dates of irrigation, amount applied, and EC of irriga-
tion water on Hullinger Farm in 1972 (Continued).

Table B-3.

EC Date Amount EC
(mmho/c) (cm) (mmho/c)

Amount
(cm)

Date

Block 9 - Corn

Block 8 - Corn

900006539200

1
{
011111110111_

42_/21996190858
53504747453433

[3a W} vy
|

5-23
6-24
6-28
7-12
7-20
7-26
8-17
8~23
8-29
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]
|
_10101110111_
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tion, amount applied and EC of irri-

irriga

s

Dates of

Table B-4.

gation water on Hullinger Farm in 1973.

EC
(mmho/c)

(cm)

Amount EC Date Amount EC Date Amount
(cm) (mmho/c) (cm) (mmho/c)
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85 part of an independent study of drain performance (Sabti; 1974),
plots over drains 1IN, 2N, and 3N received two additional irrigations

EC for these two irrigations not

of 15.2 cm each on 6-19 and 6-25.

available.
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A blank in the data

Discharge of tile drains on Hullinger farm in 1972.

indicates no flow.

Table B~-5.
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Table B-5. Discharge of tile drains on Hullinger farm in 1972, A blank in the data
indicates no flow (Continued).

Drainb
Date 3N 4N 4M 48 5N 5M 5S S5AN 5AM 5AS 6N oM 6S
8-11 0.75 3.57 2.34 0.58 1.33 0.48 0.31 0.09 0.10 0.10 0.01 0.03
8-15 0.05 0.20 0.01 0.01
8~16 0.83 0.67 0.47 0.01 0.06
8-17 0.90 0.10 0.01 1.73 0.76 0.39 0.14 0.06 0.02
8-18 0.29 1.02 0.99 1.73 0.41 0.31 0.27 0.10 1.22 0.33
8-21 0.09 1.12 0.45 1.83 0.10 0.25 0.09 1.22 0.10
8-22 0.02 0.87 0.43 1.22 0.07 0.20 0.07 0.75 0.07
8-24 0.42 0.36 1.33 0.25 0.10 0.20 0.76 0.10
8-25 1.43 1.12 1.22 0.19 0.12 0.07 0.31 0.04
8-28 0.09 0.15 0.16 a a
8-30 0.52 0.60 2.45 1.12 0.07 0.05 a
8-31 1.73 1.33 1.94 0.55 0.22 0.15 0.55 0.11
9-1 2.04 1.22 2.34 0.43 0.23 0.11 0.64 0.06
9-2 1.43 0.97 1.22 0.22 0.12 0.07 0.19 a
9-3 0.82 0.68 0.72 0.03 0.05 0.04 a
9-4 0.43 0.39 0.25 a a
9-5 0.69 0.56 1.33 0.41 a 0.15 0.14 0.14 0.06
9-7 0.47 0.57 0.54 0.41 0.02 0.02
9-8 0.21 1.02 0.20 0.97 0.03
9-11 0.08 0.06 0.06
9-12 0.03
9-13 0.44 0.40 0.91 0.09
9-14 0.38 0.24 0.82 0.04 0.07
9-15 a 0.74 0.18 0.87 0.05 0.02
9-16 1.02 0.31 1.02 0.06 0.02
9-22 0.10 0.03 0.01

a
Indicates measurable flow less than 0.01 m3/hr. A blank indicates no flow from the drain on that date.
Drains not listed had no flow in 1972.



Discharge of tile drains on Hullinger farm in 1973.

Table B-6.

(m3/ hr)

Drain

1M 2N 2M 3N 3M 4N 4M 5N oM 5AN  5AM 6N 6M

IN

Date

0.71 0.10
0.51 0.10
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1.33 0.31
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1.53 0.41
1.33 0.31
3.57 0.92
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Table B-6, Diacharge of tile drains on Hullinger farm in 1973 (Continued).

(n’ /hr)

Drainb
Date IN 1M 2N 2M 3N 3M 4N 4M 5N 5M 5AN 5AM 6N 6M
8-6 0.31 0.61 0.20 0.61 0.10 a 0.20
8-7 0.20 0.61 0.20 0.51 0.10 0.10
8~8 0.10 0.31 2.65 0.82 0.20 0.41 0.10 a 0.41
8-9 0.20 2.24 0.51 4,18 3.26 3.47 1.22 0.20 0.10 0.41
8-10 1.02 1.94 1.63 1.73 0.51 0.31 0.20 1.02 0.51
8-13 1.22 2.85 0.82 5.00 0.41 0.71 0.20 3.98 0.41
8-14 1.53 3.57 0,82 5.40 0.51 0.82 0.20 4.49 0.41
8-15 1.83 3.57 0.92 5.71 0.41 0.92 0.20 4.49 0.41
8-16 2.24 3.77 0.92 5.81 0.41 0.82 0.20 4.69 0.41
8-17 1.83 3.26 0.92 4.59 0.31 0.71 0.20 3.57 0.31
8-20 0.61 4.59 0.41 7.65 3.36 4,18 0.41 0.51 0.20 4.08 0.61
8-21 1.02 3.06 0.31 3.87 2,45 4.69 1.33 0.82 0.41 4,89 1.73
8-22 0.51 0.82 2.65 0.10 3.47 1.83 3.98 0.82 0.61 0.31 3.67 1.12
8-23 0.20 0.82 2.65 2.65 1.43 3.26 0.61 0.51 0.20 3.16 1.02
8-27 0.10 0.51 1.83 2.96 0.82 3.36 0.41 0.51 0.20 3.57 1.02
8-28 1.53 2.14 0.61 2,65 0.20 0.41 0.20 2.85 0.61
8-29 1.22 1.83 0.51 2.34 0.10 0.41 0.10 2.34 0.51
9-3 1.53 2,24 0.41 2.24 0.31 0.10 1.73 0.20
9-4 1.53 1.83 0.31 2.04 0.20 0.10 1.33 0.20
9-5 0.51 1.53 a 2.65 1.73 0.41 1.73 0.20 0.10 1.22 0.10
9~6 1.53 a 4.59 0.31 5.10 3.06 3.16 0.41 0.31 0.10 1.22 0.20
9-7 0.82 1.83 3.98 0.41 3.87 2.04 2.96 0.31 0.20 0.10 1.33 0.20
9-12 1.83 3.47 3.26 1.22 2.65 0.20 0.31 0.10 1.02 0.10
9-13 1.22 3.06 3.06 1.12 2,65 0.20 0.31 0.10 1.02 0.10
9-14 0.82 2.65 2.96 1.02 2.55 0.10 0.31 0.10 0.92 0.10
8ndicates measurable flow less than 0.01 m3/hr. A blank indicates no flow from the drain on

that date.

bDrains not listed had no flow in 1973.



Table B~7. Water table depth and elevation at selected piezometers
on Hullinger farm in 1972.

Date Depth Elev.2 Depth Elev.?2 Depth Elev.?2 %egth %}ev.a
m

m) (m) m) (m) (m (m) m)
1b 2 3 4

4-21 2.05 0.94 1.95 0.95 2.16 0.94 1.95 2.34
5-5 2.10 0.89 1.99 0.91 2.21 0.89 2.01 2.28
6-7 0.80 2.19 0.87 2.03 1.16 1.94 1.09 3.20
7-4 1.70 1.29 1.60 1.30 1.82 1.28 1.54 2.75
7-11 1.22 1.77 1.19 1.71 1.44 1.66 1.09 3.20
7-18 1.26 1.73 1.25 3.04
7-19 1.33 1.57 1.57 1.53

1-27 1.31 1.68 1.27 1.63 1.52 1.58 1.21 3.08
8-4 1.19 1.80 1.13 3.16
8-10 1.20 1.79 1.21 3.08
8-18 1.47 1.52 1.36 1.54 1.58 1.52 1.30 2.99
8-25 1.34 1.65 1.26 1.64 1.33 2.96
8-26 1.34 1.76

8-28 1.53 1.46 1.43 1.47 1.65 1.45 1.43 2.86
9-2 0.98 2.01 0.94 1.96 1.24 1.86 1.03 3.26
9-11 1.40 1.59 1.32 1.58 1.55 1.55 1.28 3.01
9-22 1.10 1.89 1.09 1.81 1.34 1.76 1.24 3.05
9-29 1.41 1.58 1.34 1.56 1.58 1.52 1.26 3.03
10-9 0.94 2.05 1.00 1.90 1.28 1.82 1.04 3.25

5 6 7 8

4-21 1.93 2.34 2.06 2.31 1.70 2.74 2.03 2.68
5-5 1.99 2.28 2.11 2.26 1.76 2.68 2.09 2.62
6-7 1.13 3.14 0.84 3.60 1.30 3.41
7-4 1.52 2.75 1.64 2.73 1.29 3.15 1.60 3.11
7-11 1.12 3.15 1.29 3.08 0.82 3.62

7-18 1.26 3.01 1.40 2.97 1.01 3.43 1.36 3.35
7-27 1.22 3.05 1.37 3.00 0.96 3.48 1.33 3.38
8-4 1.16 3.11 1.30 3.07 0.88 3.56 1.24 3.47
8-10 1.19 3.08 1.33 3.04 0.99 3.45 1.30 3.41
8-18 1.25 3.02 1.36 3.01 1.05 3.39 1.32 3.39
8-25 1.30 2.97 1.05 3.39 1.32 3.39
8-28 1.40 2.87 1.17 3.27

9-2 1.05 3.22 0.88 3.56 1.18 3.53
9-~11 1.27 3.00 1.41 2.96 1.04 3.40 1.35 3.36
9-16 1.14 3.57
9-22 1.25 3.02 1.39 2.98 1.02 3.42

9-29 1.29 2.98 1.44 2.93 1.02 3.42 1.41 3.30
10-9 1.11 3.16 1.29 3.08 0.86 3.58 1.27 3.44
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Table B-7. Water table depth and elevation at selected plezometers
on Hullinger farm in 1972 (Continued).

Date Depth Elev.?  Depth Elev.®  Depth Elev.®  Depth Elev.2

(m) (m) (m) (m) (m) (m) (m) (m)
9 10 11 12

4-21 2.02 4.64 2.05 4.57 2.37 4.59 2.15 5.33
5-5 2.07 4,59 2.09 4.53 2.41 4.55 2.20 5.28
6-7 1.08 5.58 1.01 5.61 1.42 5.54 1.11 6.37
7-4 1.52 5.14 1.53 5.09 1.57 5.91
7-11 0.90 5.76 0.96 5.66 0.89 6.59
7-18 1.22 5.44 1.24 5.38 1.25 6.23
7-27 1.19 5.47 1.17 5.45 1.29 6.19
7-28 1.51 5.45

8-4 1.12 5.54 1.02 5.60 1.32 5.64 1.26 6.22
8-10 1.30 5.36 1.26 5.36 1.49 5.47 1.45 6.03
8-18 1.07 5.59 1.05 5.57 1.37 5.59 1.09 6.39
8-25 1.21 5.45 1.16 5.46 1.52 5.44 1.26 6.22
8-28 1.38 5.28 1.38 5.24 1.42 6.06
9-2 1.29 5.37 1.29 5.33 1.48 5.48 1.38 6.10
9-11 1.41 5.25 1.39 5.23 1.63 5.33 1.52 5.96
9-16 1.50 5.46

9-22 1.45 5.21 1.43 5.19 1.58 5.90
9-29 1.46 5.20 1.43 5.19 1.72 5.24 1.59 5.89
10-9 1.42 5.24 1.39 5.23 1.69 5.27 1.56 5.92

13 14 15 16

4-21 2.06 5.33 2.41 4,98 2.21 2,22

5-5 2.11 5.28 2.47 4.92 2.43 2.00

6-7 0.84 6.55 1.40 5.99 1.57 2.86

7-4 1.47 5.92 1.80 5.59 1.80 2.63

7-11 0.84 6.55 1.30 6.09 1.55 2.88

7-18 1.16 6.23 1.52 5.87 1.62 2.81

7-27 1.16 6.23 1.50 5.89 i 1.20 3.88
8-4 1.09 6.30 1.44 5.95 1.51 2.92 1.13 3.95
8-10 1.31 6.08 1.62 5.77 1.48 2.95 1.17 3.91
8-18 1.05 6.34 1.44 5.95 1.45 2.98 1.15 3.93
8-25 1.15 6.24 1.55 5.84 1.07 4.01
8-28 1.33 6.006

9-2 1.27 6.12 1.58 5.81 1.09 3.99
9-11 1.40 5.99 1.73 5.66 1.59 2.84 1.24 3.84
9-16 1.63 5.76 1.16 3.92
9-22 1.46 5.93 1.61 2.82

9-29 1.46 5.93 1.82 5.57 1.68 2.75 1.29 3.79
10-9 1.44 5.95 1.80 5.59 1.58 2.85 1.25 3.83
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Table B-7. Water table depth and elevation at selected piezometers
on Hullinger farm in 1972 (Continued).

Date Depth Elev. 2 Depth Elev.?2 Depth Elev.?2 Depth Elev.?2

(m) (m) (m) (m) (m) (m) (m) (m)
17 18 19 20

4-21 2.40 5.28 1.92 3.23
5-5 2.45 5.23 1.99 3.16
5-26 1.67 3.48
6-7 1.55 6.13 1.46 3.69
7-5 1.52 3.63
7-11 1.39 6.29

7-18 1.53 6.15 1.40 3.75
7-27 1.48 6.20

7-28 1.01 4.89 1.16 5.74 1.35 3.80
8-4 0.97 4.93 1.11 5.79 1.42 5.26 1.26 3.89
8-10 1.03 4.87 1.20 5.70 1.52 6.16 1.30 3.85
8-18 1.03 4.87 1.22 5.68 1.50 6.18 1.25 3.90
8-25 1.05 4.85 1.30 5.60 1.55 6.13 1.23 3.92
9-2 1.01 4.89 1.28 5.62 1.57 6.11 1.25 3.90
9-11 1.13 4.77 1.46 5.44 1.72 5.96 1.06 4.09
9-16 1.07 4.83 1.35 5.55 1.63 6.05 1.32 3.83
9-29 1.23 4.67 1.53 5.37 1.84 5.84 1.49 3.66
10-9 1.23 4.67 1.53 5.37 1.81 5.87 1.46 3.69

21 22 23 24

4-21 2.00 4.01 2.27 5.20

5-5 2.07 3.94 2.33 5.14

6-7 1.45 4.56 1.58 5.89

7-4 1.52 4.49

7-11 1.35 4.66 1.33 6.14

7-18 1.34 4.67 1.43 6.04

7-28 1.26 4.75 1.18 5.66 1.35 6.12 1.91 3.39
8-4 1.16 4.85 1.03 5.81 1.20 6.27 1.80 3.50
8-10 1.23 4.78 1.16 5.68 1.34 6.13 1.85 3.45
8-18 1.23 4.78 1.50 5.34 1.34 6.13 1.67 3.63
8-25 1.26 4.75 1.26 5.58 1.44 6.03

8-28 1.86 3.44
9-2 1.25 4.76 1.26 5.58 1.46 6.01 1.72 3.58
9-11 1.38 4.63 1.41 5.43 1.62 5.85 1.89 3.41
9-16 1.32 4.69 1.33 5.51 1.53 5.94

9-22 1.97 3.33
9-29 1.53 4.48 1.55 5.29 1.76 5.71 2.04 3.26
10-9 1.50 4.51 1.51 5.33 1.71 5.76 2.02 3.28
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Table B-7.

Water table and elevation at selected piezometers
on Hullinger farm in 1972 (Continued).

Date Depth Elev.? Depth Elev? Depth Elev. Depth Elev. 2
(m) (m) (m) (m) (m) (m) (m) (m)
25 26 27 28

4-21 2.78 5.13 2,51 5.80
5-5 2.83 5.08 2.56 5.75
6-7 2.24 5.67 1.69 6.62
7-5 2.25 5.66 1.80 6.51
7-11 2.10 5.81 1.49 6.82
7-18 2.14 5.77 1.61 6.70
7-28 1.69 4.62 1.65 5.38 1.99 5.92 1.55 6.76
8-4 1.61 4.70 1.58 5.45 1.91 6.00 1.42 6.89
8-10 1.67 4.64 1.66 5.37 1.99 5.92 1.60 6.71
8-18 1.67 4,64 1.74 5.29 2.10 5.81 1.55 6.76
8-25 1.60 6.71
8-28 1.78 4.53 1.83 5.20 2.18 5.73

9-2 1.70 4.61 1.76 5.27 2.13 5.78 1.67 6.64
9-11 1.81 4,50 1.89 5.14 2.24 5.67 1.80 6.51
9-16 1.70 6.61
9-22 1.88 4.43 1.93 5.10 2.27 5.64

9-29 1.98 4,33 2.01 5.02 2.35 5.56 1.96 6.35
10-9 1.98 4.33 1.99 5.04 2.31 5.60 1.85 6.46

3Elevation above mean sea level is value given plus 1600 m.

Piezometer identification number, see Table 6,
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Table B-8. Water table depth and elevation at selected piezometers
on Hullinger farm in 1973.

Date  Depth Elev.?  Depth Elev.?  Depth Elev.?  Depth Elev.?

(m) (m) (m) (m) (m) (m) (m) (m)

1b 2 3 4
6-18  0.88 2.11 0.81 2.08 1.04 2.06 0.98 3.31
6-25 1.19 1.80 1.11 1.79 1.33 1.77 1.19 3.10
7-2 0.71 2.27 0.79 2.11 1.08 2.02 1.02 3.27
7-9 1.32 1.66 1.24 1.66 1.46 1.64 1.30 2.99
7-16 0.24 2.75 0.37 2.52 0.71 2.39 0.59 3.71
7-25 0.44 2.54 0.51 2.39 0.79 2.31 0.71 3.59
7-30 1.20 1.78 1.13 1.76 1.36 1.74 1.15 3.14
8-6 1.04 1.95 1.00 1.89 1.23 1.86 1.10 3.19
8-13 0.97 2.01 0.96 1.94 1.19 1.90 0.95 3.35
8-20 0.57 2.42 0.59 2.31 0.85 2.25 0.75 3.54
8-27 0.67 2.31 0.68 2.22 0.94 2.16 0.72 3.58
9-3 0.72 2.26 0.77 2.12 1.06 2.04 0.73 3.57
9-14 0.64 2.35 0.66 2.24 0.92 2.18 0.76 3.54

5 6 7 8
6-18  0.85 3.42 1.21 3.16 0.80 3.64 1.11 3.60
6-25 1.19 3.08 1.37 3.00 0.98 3.46 1.30 3.42
7-2 1.08 3.19 1.30 3.07 0.83 3.61 1.20 3.51
7-9 1.28 2.99 1.43 2.94 1.09 3.35 1.39 3.33
7-16 0.74 3.53 1.10 3.26 0.38 4,06 0.89 3.82
7-25 0.84 3.43 1.16 3.20 0.60 3.84 1.02 3.69
7-30 1.17 3.10 1.36 3.01 0.93 3.51 1.28 3.43
8-6 1.13 3.14 1.33 3.04 0.91 3.53 1.25 3.46
8-13  1.00 3.27 1.24 3.12 0.65 3.79 1.06 3.65
8-20 0.82 3.45 1.13 3.24 0.49 3.95 0.92 3.80
8-27 0.83 3.44 1.16 3.20 0.50 3.94 0.96 3.76
9-3 0.86 3.41 1.19 3.17 0.53 3.91 1.00 3.71
9-14 0.87 3.40 1.18 3.19 0.52 3.92 0.98 3.73

9 10 11 12
6-18 1.18 5.49 1.19 5.43 1.45 5.51 1.23 6.24
6-25 1.22 S5.44 1.21 5.41 1.48 5.48 1.22 6.25
7-2 1.17 5.49 1.14 5.48 1.44 5.52 1.18 6.30
7-9 1.36 5.30 1.37 5.25 1.63 5.33 1.40 6.08
7-16 1.06 5.60 0.98 5.63 1.32 5.64 1.10 6.37
7-25 1.13 5.53 1.08 5.54 1.36 5.60 1.19 6.29
7-30 1.28 5.38 1.26 5.36 1.55 5.41 1.33 6.15
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Table B-8.

Water table depth and elevation at selected piezometers
on Hullinger farm in 1973 (Continued).

Pate Depth Elev. ™ Depth Elev. Depth Elev.a Depth Elev.a
(m) (m) (m) (m) (m) (m) (m) (m)
8-6 1.29 5.37 1.29 5.33 1.56 5.40 1.35 6.12
8-13 0.47 6.19 0.66 5.96 0.99 5.96 0.51 6.97
8-20 0.85 5.81 0.88 5.74 1.17 5.79 0.82 6.65
8-27 0.88 5.78 0.89 5.73 1.20 5.76 0.86 6.62
9-3 1.04 5.62 1.06 5.56 1.34 5.62 1.09 6.39
9-14 1.11 5.55 1.09 5.52 1.37 5.59 1.20 6.28
13 14 15 16
6-18 1.11 6.28 1.52 6.15 1.37 3.05 1.13 3.95
6-25 1.10 6.29 1.46 6.21 1.49 2.94 1.19 3.89
7-2 1.05 6.34 1.41 6.26 1.48 2.95 1.20 3.88
7-9 1.28 6.11 1.59 6.08 1.56 2.87 1.24 3.84
7-16 0.96 6.43 1.32 6.34 1.33 3.10 1.08 4.00
7-25 1.06 6.33 1.40 6.27
7-30 1.21 6.18 1.53 6.14 1.51 2.92 1.19 3.89
8-6 1.24 6.15 1.56 6.10 1.50 2.93 1.19 3.89
8-13 0.44 6.95 1.05 6.62 1.43 3.00 1.09 3.99
8-20 0.75 6.64 1.19 6.48 1.34 3.09 0.99 4.09
8-27 0.77 6.62 1.20 6.47 1.38 3.05 1.08 3.99
9-3 0.98 6.41 1.35 6.32 1.42 3.00 1.12 3.96
9-14 1.09 6.30 1.43 6.24 1.37 3.06 1.09 3.98
17 18 19 _ 20
6-18 1.03 4.87 1.26 5.64 1.50 6.18 1.27 3.88
6-25 1.06 4.84 1.29 5.61 1.51 6.16 1.32 3.83
7-2 1.08 4.82 1.28 5.62 1.51 6.17 1.36 3.79
7-9 1.11 4.79 1.39 5.51 1.61 6.07 1.36 3.79
7-16 1.04 4,86 1.16 5.74 1.42 6.26 1.27 3.88
7-25 1.00 4.90 1.22 5.68 1.45 6.23
7-30 1.07 4.83 1.35 5.55 1.56 6.12 1.33 3.82
8-6 1.07 4.83 1.35 5.55 1.58 6.10 1.35 3.81
8-13 0.99 4.91 1.03 5.87 1.37 6.31 1.28 3.88
8-20 0.93 4.97 1.11 5.79 1.37 6.31 1.16 3.99
8-27 0.95 4.95 1.09 5.81 1.36 6.32 1.28 3.87
9-3 1.01 4.88 1.22 5.68 1.48 6.20 1.33 3.82
9-14 0.99 4.91 1.24 5.66 1.52 6.16 1.30 3.85
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Table B-8. Water table depth and elevation at selected piezometers
on Hullinger farm in 1973 (Continued).

Date Depth Elev.?2 Depth Elev.?2 Depth Elev.2 Depth Elev.2

(m) (m) (m) (m) (m)  (m) (m) (m)
21 22 23 24

6-18 1.27 4.74 1.22 5.62 1.36 6.11 1.76 3.54
6-25 1.32 4.69 1.27 5.57 1.41 6.06 1.85 3.45
7-2 1.35 4.66 1.29 5.56 1.43 6.05 1.84 3.46
7-9 1.38 4.63 1.35 5.49 1.49 5.98 1.93 3.37
7-16 1.24 4.76 1.17 5.67 1.30 6.18 1.78 3.52
7-25 1.27 4.74 1.19 5.65 1.34 6.13

7-30 1.34 4.67 1.31 5.53 1.46 6.01 1.87 3.43
8-6 1.35 4.66 1.33 5.52 1.48 6.00 1.89 3.41
8-13 1.24 4,77 1.18 5.67 1.34 6.14 1.79 3.51
8-20 1.26 4.75 1.19 5.65 1.32 6.15 1.70 3.60
8~27 1.23 4,77 1.13 5.71 1.24 6.24 1.81 3.49
9-3 1.32 4.68 1.26 5.58 1.40 6.07 1.91 3.39
9-14 1.30 4.71 1.28 5.56 1.44 6.03 1.85 3.45

25 26 27 28

6-18 1.73 4.58 1.75 5.29 2.05 5.86 1.43 6.88
6-25 1.76 4.55 1.80 5.24 1.82 6.09 1.52 6.78
7-2 1.80 4.51 1.83 5.20 2.15 5.75 1.52 6.79
7-9 1.83 4.48 1.85 5.18 2.17 5.74 1.62 6.69
7-16 1.73 4.58 1.73 5.30 2.01 5.89 1.35 6.96
7-25 1.71 4.60 1.69 5.35 1.98 5.92 1.42 6.89
7-30 1.77 4.54 1.79 5.25 2.09 5.81 1.56 6.75
8-6 1.80 4.51 1.83 5.21 2.14 5.76 1.59 6.72
8-13 1.73 4.58 1.76 5.27 2.10 5.80 1.47 6.84
8-20 1.78 4.53 1.80 5.24 2.12 5.79 1.36 6.95
8-27 1.73 4.58 1.71 5.32 1.97 5.93 1.19 7.12
9-3 1.80 4.51 1.81 5.22 2.12 5.79 1.47 6.84
9-14 1.80 4.51 1.83 5.20 2.18 5.72 1.63 6.68

8Flevation above mean sea level is value given plus 1600 m.

b
Piezometer identification number, see Table 6.
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EC of tile drain effluent on Hullinger farm in 1972.

Table B-9.

(mmho/cm)
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EC of tile drain effluent on Hullinger farm in 1972 (Continued).

Table B-9.

(mmho/cm)

Drain
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EC of tile drain effluent on Hullinger farm in 1973.

Table B-10.

(mmho/cm)

Drain
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EC of tile drain effluent on Hullinger farm in 1973 (Continued).

Table B-10.

(mmho/cm)

Drain
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Electrical conductivity of samples withdrawn from ceramic
treated with Ca(N03)2 in 1972.

cups (106 cm depth) in commercial fertilizer plots
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106 cm depth
7-17 7-30 8-10 8-23 9-5

Date

(mmho/cm)

76 cm depth
7-17 7-30 8-10 8-23 9-5

Electrical conductivity of samples withdrawn from
ceramic cups (76 and 106 cm depths) in commercial
fertilizer plots treated with NH4N03 in 1973.

Table B-12.
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Table B-13. Computations of EC derived from measurements with the 4-probe field system during 1972 field
trials in Vernal.

Depth Interval (cm)

Date Time 0-15 15-30 30-46  46-61 61-76 76-91 91-107 107-122 122-137 137-152 152-168 168-183
8-8 1540 1.0 1.1 1.36 1.67 2.19 1.54 1.51 .74 2.02 1.33 .27 .63
8-9 0700 74 1.2 1.77 2.38 0.88 2.22 1.10 2.10 .90 .70 .63 .81
8-9 0935 1.57 1.85 1.43 1.80 1.23 1.45 .87 .80 1.02 .58 .56 .34
8-9 1150 1.60 1.81 1.39 1.82 1.19 1.56 .88 .97 1.10 .78 .37 .33
8-9 1655 1.73  1.85 1.46 1.74 1.18 1.37 .81 1.15 .97 1.01 .36 .52
8-10 0730 1.62 1.88 1.68 2.22 1.27 1.66 .80 1,28 .85 .47 1.09 .56
8-10 0810 1.86 2.01 1.50 1.88 1.11 1,32 1.00 .76 .75 .87 .37 .66
8-10 0915 1.57 1.70 1.90 1.83 1.16 1.29 1.16 1.18 .78 .87 .62 .53
8-10 1210 1.71  1.63 1.91 1.71 1.21 1,37 1.15 .82 .89 1.00 .84 42
8-10 1610 1.73  1.62 1.89 1.71 1.20 1.17 1.06 1.19 .79 .88 .59 42
8-11 0835 1.55 1.60 2.03 2.13 1,34 1.39 1.22 1.34 .95 1.15 .62 .69
8-11 1420 1.67 1.52 1.93 1.97 1.18 1.27 1.13 1.13 .95 .97 <47 .75
8-18 1400 1.23  2.28 2.00 3.12 2.51 3.29 2.88 1.51 .93 1.23 .79 .60
9-18 1700 .82 1.67 1.21 .78 .79 3.97 .68 2.64 2.24 .27 1.53 47
9-19 0815 1.08 1.22 1.30 1.87 2,03 1.88 2.00 1.80 1.94 .55 1.25 1.33
9-19 1040 1.15 1.23 1.30 2.01 1.91 1.93 1.70 2.40 1.59 1.10 1.10 1.09
9-19 1150 1.75 1.86 1.85 2.14 1.73 1.73 1.21 1.28 .69 .74 .61 .74
9-19 1300 1.57  1.77 1.88 2,10 1.69 1.91 1.35 1.24 .89 .96 .55 .86
9-19 1400 1.67 1.88 1.92 2.16 1.78 1.83 1.54 1.34 .91 .98 72 .78
9-19 1510 1.67 1.72 1.93 2.32 1.64 1.99 l.61 1.00 1.31 .90 .62 .94
9-19 1785 1.68 1.88 2.05 2.30 1.66 1.78 1.54 1.50 .85 1.08 .88 1.05
9-20 0740 1.61 1.79 1.85 2.70 1.76 2.13 1.62 1.92 1.30 .96 .93 .93
9-20 1100 1.54 1.63 1.84 2.41 1.63 1.76 1.59 1.96 1.09 .92 .75 1.03
9-20 1345 1.35 1.49 1.58 1.43 1.50 1.12 .88 1.30 .59 .73 .73 .52
9-20 1420 1.36 1.48 1.46 1.64 1.49 1.74 1.40 1.21 1.00 1.07 .92 .62
9-20 1535 1.41 1.54 1.53 1.67 1.52 1.90 1.36 1.51 .96 1.04 .78 .78
9-20 1733 1.35 1.50 1.62 3.69 1,52 2.15 1.22 1.52 1.07 1.06 1.13 .74
9-21 0805 1.09 1.47 1.47 1.95 1.56 1.82 1.41 1.98 1.35 .09 1.99 .63
9-21 1325 1.28 1.44 1.49 1.78 1.46 1.70 1.59 1.89 1.26 1.06 .99 .76

EC = K4P/© (500 © - 40) where K4P are in mmho/cm and © = water content (fraction).



Initial (6-28) and final (10-7) soil tests in plots 1972

for N~N03.

Table B-14,

(ppm)
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Initial (6-20) and final (9-19) soil tests in plots 1973 for

N—NOB.

Table B-15.

(ppm)

60 cm 90 cm 120 cm
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30 cm
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Plot
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Table B-16.

N-NO3 in commercial fertilizer plots treated with various
rates of NH6N03 collected from ceramic samplers in 1973 from

76 cm and 106 cm depths.
(ppm)
Date
7-17 7-30 8-10 8-23 9-5 7-17 7-30 8-10 8-23 9-5
76 cm depth 106 cm depth

Alfalfa M1 —_— - 0 5 1 1 - 0 0o -
Alfalfa 3M2 0 2 0 0 0 0O — 1 1 0
Alfalfa 4N1 1 0 0 0 0 0 0 0 0 0
Alfalfa 4N2 0 0 0 0 0 2 - 33 6 0
Alfalfa 4M1 1l 1 1 1 0 4 3 —-—- 17 42
Alfalfa 4M2 4 11 9 8 28 69 86 59 76 30
Corn 5N1 8 2 5 1 0 26 ~—— 1 8 11
Corn 5N2 15 11 8 9 4 15 7 2 2 2
Corn SML 48— 44 35 17 42 37 36 27 14
Corn SM1 137 160 -— 101 122 61 —— 28 54 81
Corn 5AN1 -—— —_— 5 6 8§ - 3 22 35 56
Corn 5AN2 11 31 5 5 S 21 9 15 9 8
Corn 5AM1 133 100 62 ~-— 109 129 105 48 38 83
Corn 5AM2 114 113 76 81 72 —-—— = 49 30 72
Corn 6N1 10 14 28 23 12 132 21 10 25 34
Corn 6N2 33 15 29 21 4 18 21 17 5 1
Corn 6M1 24 15 11
Corn 6M2 9 6 2 2 - e—— 5 2 2

138



Table B-17.

N-NO4 in commercial fertilizer plots treated with
various rates of Ca(NO3)2
(106 cm depth) in 1972.

collected from ceramic samplers

(ppm)
Date

7-14 7-~-22 7-28 8-4 8~-10 8-19 8-24 9-6 9-18
Alfalfa 3N1 1 1 1 1 0 1 1 1 1
Alfalfa 3N2 1 0 0 0 0 1 3 0 1
Alfalfa 3M2 0 -~ 0 -- 1 1 1 0 -—
Alfalfa 381 1 — 1 - 0 — 1 1 1
Alfalfa 4N1 0 0 0 0 0 2 1 1 0
Alfalfa 4N2 0 0 0 0 0 0 1 - 0
Alfalfa 4M1 0 0 0 0 0 2 0 —- 0
Alfalfa 4M2 —— 0 1 0 0 12 3 4 11
Alfalfa 451 0 1 - 1 0 1 0 -~ o
Alfalfa 4S2 -— 41  ——- 19 K S
Corn 5N1 0 0 1 33 83 71 70 75 69
Corn 5N2 0 0 7 52 82 91 82 65 35
Corn 5Ml — 0 1 12 94 1
Corn 5M2 0 0 6 0 21 19 15 44 40
Corn 551 0 19 15 -- 102 109 50 62 -
Corn 552 0 3 1 5 21 10 50 59 -——-
Corn 5AN1 1 1 9 - 68 106 80 56 43
Corn 5AN2 0 2 10 —=—- 10 60 49 7 0
Corn S5AM1 0 2 1 32 99 110 125 111 84
Corn 5AM2 15 1 10 16 16 23 25 21 20
Corn 5AS1 18 3 i - 3 5 6 9 9
Corn 5AS2 —_— 8 6 25 40 46 48 17 12
Corn 6N1 1 1 20 49 57 58 59 52 53
Corn 6M2 1 1 - 1 -
Corn 6M1 1 1 0 5 9 6 6 0 1
Corn 6M2 1 0 - 1 1 1 1 1 1
Corn 6S1 0 1 - 0 2 3 4 4 1
Corn 6S2 6 8 -— 15 9 4 2 1 0
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N—NO3 of tile drain effluent on Hullinger Farm in 1972. (Continued).

Table B-18.

(ppm)

Drain
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6M

6N

5AM

5AN

(ppm)

Drain
5M

5N

4M

4N

Table B-19. N—NO3 of tile drain effluent on Hullinger Farm in 1973.
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5.0

(ppm)
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of tile drain effluent on Hullinger Farm in 1973
1.6

nued).

&M
3.1

21

N-NO
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Table B-19.
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3¢
120 cm
Before After

90 cm
Before After

60 cm

(ppm)

Initial and final soil tests in manure plots 1972 for N-NO
30 cm
Before After Before After
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Table B-21. N—N03 in the manure plots in 1972 collected from ceramic
samplers at 106 cm.
(ppm)
Date

7-14 7-22 7-28 8-4 8-10 8-19 8-23 9-7 9-18
Bare (0)2 a3 _— 1 10 74 74 74 38 41 36
Bare (0)2 E3 _— 7 8 18 34 52 53 61 53
Bare (54)2 B3 8 8 7 83 145 174 152 145 112
Bare (54)2 F3 -— 1 13 37 50 60 61 66 74
Bare (108)a C3 11 47 12 -—— 106 104 110 84 78
Bare (108)2 G3 —_— —— 2 5 18 12 47 71 84
Bare (216)2 D3 _— 22 8 113 -—— 255 248 226 189
Bare (216)2 H3 —— e e 1 1 0 1 1 0
Corn AS — 49 10 -— 130 94 72 18 3
Corn Bl 5 8 1 47 65 82 96 73 49
Corn C& _—_ - IAA 30 —- 8
Corn C6 —_—— ——
Corn D2 —_— 5 9 15 34 43 49 65 69
Corn (54)2 A4 7 11 7 67 86 74 71 60 58
Corn (54)2 B2 16 149 125 140 125
Corn (54)2 B6 19 23 7 60 63 —— 54 —— 108
Corn (54)2 C5 117 154 154
Corn (54)2 D1 5 7 —— 21 41 68 82 101 106
Corn (108)2 Al 10 3 e 6 15 19 ——— - -
Corn (108)2 A6 -_— 21 29 35 67 94
Corn (108)2 B4
Corn (108)2 c2 -_— 18 140 168 120 97 121 97 90
Corn (108)2 D5 102 129 —-—- 118
Corn (216)2 A2 1 7 11 56 124 185 253 --—- 308
Corn (216)2 B5 _— 93 18 139 211 236 256 -—-- 289
Corn (216)2 C1 _— 6 ——- 72 —
Corn (216)2 D4 _— T J—— 43 65 96 ~-—— 164 186
Corn (216)2 D6 102 110 154 96
Sudan (0) El -_— 1 3 - - 21 23 26 9
Sudan (0) E5 23 73 --— 84
Sudan (0) F1 — 29 32 25 6 —— 32 - —
Sudan (0) H2 -_— 5 6 36 29 26 29 32 2
Sudan (0) G6 5 5 —— @ —-— 22 41 42 -— 38
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Table B-21.

N-NO

sampiers at 106 cm (Continued).

in the manure plots in 1972 collected from ceramic

(ppm)
Date

7-14 7~22 7-28 8-4 8-10 8-19 8-23 9-7 9-18
Sudan (54)2 E6 68 68 —— 48
Sudan (54)2 F6 -— 0 0 -— -— 17 12 - -
Sudan (54)2 G5 9 6 —- 10 ~— 33 43 61 68
Sudan (54)2 H1 2 1 0 10 24 2 26 - 22
Sudan (54)2 H4 _— 4 b —- 22 53 64 80 60
Sudan (108)2 E4 23 73 -— 84
Sudan (108)2 F4 16 38 48 43 45 22
Sudan (108)2 G2 0 0 0 0 0 0 ) I— 0
Sudan (108)2 H5 -— 5 ——— - 115 130 141 ——- 114
Sudan (108)2 F5 7 11 - 45
Sudan (216)2 E2
Sudan (216)2 F2 1 1 ) [— -— 36 39 35 26
Sudan (216)2 G1 10 25 0 1 4
Sudan (216)? G4 — 0 0 — 20 52 76 -~ 99
Sudan (216)2 H3 1 1 0 1 1 0

8Manure application in mt/ha (dry weight)
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Table B-22. Initial and final soil tests in manure plots in 1973 for N—N03‘

(ppm)

30 cm 60 cm 90 cm 120 em
Before After Before After Before After Before After

Al Corn 120 T/A (72) 71.8 20.2 29.0 9.5 29.4 31.8 18.1 12.6
A2 Corn 240 T/A (72) 57.5 29.5 39.5 18.9 38.0 33.5 22.5 26.9
A3 Bare 0 T/A (72) 19.5 10.5 7.5 7.8 7.3 3.0 6.3 37.3
A4 Corn 60 T/A (72) 34.3 7.5 19.5 3.1 10.5 9.8 4.9 3.4
A5 Corn 0 T/A (72) 30.0 4.8 21.3 5.8 11.4 2.3 9.5 22.3
A6 Corn 120 T/A (72) 52.0 37.0 16.3 55.5 60.0 77.0 21.1 44.5
Bl Corn 0 T/A (72) 15.5 4.0 5.0 2.3 4.5 2.8 3.5 2.5
B2 Corn 60 T/A (72) 47.0 17.1 18.8 18.4 20.0 25.0 15.0 26.4
B3 Bare 60 T/A (72) 35.0 17.0 20.0 17.0 21.0 18.3 18.0 27.4
B4 Corn 120 T/A (72) 71.8 20.8 33.8 16.3 26.3 17.5 19.1 8.4
B5 Corn 240 T/A (72) 113.8 48.3 65.0 22.9 23.8 42.8 15.5 28.8
B6 Corn 60 T/A (72) 46.8 7.1 17.3 5.0 4.3 4.5 3.1 10.4
Cl Corn 240 T/A (72) 60.0 55.8 25.3 44.5 17.5 26.3 1.0 20.0
C2 Corn 120 T/A (72) 34.5 30.0 35.0 35.5 9.9 34.3 23.3 11.9
C3 Bare 120 T/A (72) 43.0 39.5 35.0 34.5 25.8 24.5 21.8 30.0
C4 Corn 0 T/A (72) 31.3 3.0 14.5 2.1 5.9 2.4 2.9 1.4
C5 Corn 60 T/A (72) 33.0 12.0 12.0 4.5 11.2 15.8 4.8 1.6
C6 Corn 0 T/A (72) 37.5 17.6 23.3 25.5 10.6 11.8 5.8 17.4
Dl Corn 60 T/A (72) 37.0 45.8 20.5 42.0 6.3 31.3 8.1 22.3
D2 Corn 0 T/A (72) 20.8 2.3 6.2 4.0 5.2 2.5 3.5 8.3
D3 Bare 240 T/A (72) 35.0 55.8 49.3 38.3 36.3 41.8 46.3 29.5
D4 Corn 240 T/A (72) 65.0 62.0 38.3 66.8 46.3 55.8 15.3 27.0
D5 Corn 120 T/A (72) 60.5 42.0 30.8 46.8 64.5 64.8 11.8 28.8
D6 Corn 240 T/A (72) 61.3 103.8 28,3 65.0 44,5 50.8 18.6 9.5
El Corn 0 T/A 25.0 3.6 8.0 5.6 4.5 4.8 3.5 10.0
E2 Corn 240 T/A 120.5 92.0 77.3 37.5 30,0 25.8 26.8 13.8
E3 Bare 0 T/A 27.5 14.5 14.5 17.0 11.3 11.3 10.6 11.9
E4 Corn 120 T/A 100.8 67.0 34.5 62.5 27.0 57.8 16.3 21.0
E5 Corn 0 T/A 21.8 3.9 7.0 2.3 6.5 4.0 5.5 1.3
E6 Corn 60 T/A 65.8 41.3 23.0 33.5 16.3 44.3 5.6 10.4
F1 Corn 120 T/A 100.8 77.0 48.5 99.3 33.8 49.5 10.0 4.1
F2 Corn 60 T/A 55.8 27.0 16.8 49.3 9.3 54.5 5.8 .0
F3 Bare 60 T/A 76.3 52.0 37.3 39.3 20.5 16.3 15.3 .0
F4 Corn 0 T/A 32.5 4.9 12.5 3.4 4,0 2.5 3.1 2.4
F5 Corn 240 T/A 132.0 59.5 43.8 65.5 47.8 57.8 18.6 24.8
F6 Corn 120 T/A 62.0 63.3 24.5 67.5 30.8 40.8 15.5 13.3
Gl Corn 240 T/A 95.0 54.5 28.7 50.8 26.3 55.8 21.1 28.5
G2 Corn 120 T/A 82.5 31.3 66.8 22.0 67.0 42.0 16.5 27.4
G3 Bare 120 T/A 67.0 81.8 21.3 27.5 16.4 25.5 11.3 35.8
G4 Corn 240 T/A 98.3 60.0 26.3 22.5 10.3 27.0 13.0 23.1
G5 Corn 60 T/A 101.5 65.8 47.0 80.5 24,5 37.0 15.1 27.8
G6 Corn 0 T/A 26,5 6.9 11.3 1.5 8.1 3.5 3.0 2.8
Hl Corn 60 T/A 98.3 32.0 25.3 67.0 11.2 35.0 9.1 14.1
H2 Corn 0 T/A 19.5 3.5 7.5 2.8 7.0 3.9 3.2 1.3
H3 Bare 240 T/A 107.5 70.0 11.8 45.8 10.8 45.5 2.1 34.5
H4 Corn 60 T/A 46.8 18.5 7.5 26.3 9.0 13.5 7.9 10.1
H5 Corn 120 T/A 52.0 41.3 26.3 55.0 23.8 45.5 18.0 17.5
H6 Corn 240 T/A 63.8 70.0 27.8 48.3 39.5 30.8 19.8 23.3




Table B-23. N-NO, in manure plots in 1973 from ceramic samplers at 106 cm
depth. Manure application rates in mt/ha (dry weight).

(ppm)

Date
6-30 7-17 7=30 8=10 8-23 9-5

Manure Applied Only in 1972

Bare (0) A3 13 14 19 37 37 50
Bare (54) B3 88 112 —_— 148 181 —_—
Bare (108) C3 124 248  —

Bare (216) D3 275 316 — 283 223 236
Corn (0) A5  — 116 115 137 109
Corn (0) Bl 22 24 19 21 21 25
Corn (0) C&4 34 34 28 22 17 21
Corn (0) C6 85 — —— 65 76 42
Corn (0) D2 17 20 17 14 19 47
Corn (54) A4 31 31 — 38 41 47
Corn (54) B2 20 135 104 — 104 99
Corn (54) B6 25 27 — — 15 11
Corn (54) C5 52 52 171 37 32 8
Corn (54) D1 49 67 57 109 86 99
Corn (108) Al 113 248 —_—— 173 133 125
Corn (108) A6 103 145 —_— — 163 208
Corn (108) B4 —— —— ——— 80 88 15
Corn (108) C2 69 24 59 61 71 102
Corn (108) D5 96 255 — 285 285 158
Corn (216) A2 153 149 _— 119 50 87
Corn (216) B5 —_— 217 —— 184 163 —
Corn (216) C1 107 135 115 — 102 —_——
Corn (216) D4 93 207 -_— 242 208 236
Corn {(216) D6 —— 231 —— —— 229 18

Manure Applied in Both 1972 and 1973

Bare (0) E3 56 74 97 106 104 115
Bare (54) F3 110 127 —— 153 157 194
Bare (108) G3 45 69 — 75 163 209
Bare (216) H3 27 30 1 129 —_— 7
Corn (0) El 38 34 29 20 10 17
Corn (0) ES5 42 36 — 42 34 17
Corn (0) F4 51 30 21 18 18 19
Corn (0) G5 26 —— 32 356 10 4
Corn (0) H2 21 20 12 9 7 7
Corn (54) E6 23 110 80 86 62 23
Corn (54) F2 44 34 32 34 39 ——-
Corn (54) BH4 — — —

Corn (54) G5 — 143 - 152 123 81
Corn (54) H1 18 23 28 40 57 66
Corn (108) E&4 107 73 —_— 82 106 52
Corn (108) F1 65 128 102 105 102 84
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Table B-23. N-NO. in manure plots in 1973 from ceramic samplers at 106 cm
deptﬁ. Manure application rates in mt/ha (dry weight)

(Continued).
(ppm)
Date

6-30 7-17 7-30 8-10 8-23 9-5
Corn (108) Fé6 116 181 - 178 163 37
Corn (108) G2 70 - 164 144 125 166
Corm (108) H5 76 110 —— — 124 134
Corn (216) E2 138 173 — 429 253 298
Corn (216) F5 121 262 233 —_— 241 64
Corn (216) Gl 111 124 —— 152 128 157
Corn (216) G4 54 44 85 60 63 9

Corn (216) H6 N N — _— —_— —

Table B-24. Electrical conductivity of samples withdrawn from ceramic
cups (106 cm depth) in manure plots in 1972. Manure appli-
cation rates in mt/ha (dry weight).

{(mmho/cm)

7-14 7-22 7-28 8-4 810 8-19 8-23 9-7 9-18

Bare (0) A3 -— 1.3 1.4 1.8 2.6 2.5 2.2 2.0 2.5
Bare (0) E3 -—= 3.1 3.2 3.4 4.3 4.7 4.5 4.3 4.7
Bare (54) B3 2.9 3.1 3.9 3.6 4.7 4,7 5.2 4.9 5.1
Bare (54) TF3 -—= 3.2 3.5 3.3 4.3 4.1 4.4 4.3 4.3
Bare (108) C3 4.5 3.0 4.1 -—— 4.4 &7 4.5 4.3 4.5
Bare (108) G3 —— - 2 5 18 12 47 71 84
Bare (216) D3 - 3.3 4.0 5.5 --- 5.8 6.3 6.1 5.5
Bare (216) H3 — ===  -—= 3.8 4.7 4.4 4.9 5.0 5.3
Corn (0) AS — 2.0 2.8 ---— 3.0 3.3 3.8 3.6 3.5
Corn (0) Bl 3.6 3.1 3.2 3.4 3.9 4.2 4.1 3.9 4.1
Corn (0) Cé& _—— = == === s 3.7 4.0 ——— 3.8
Corn (0) Cé6 —— mmm = mme mm= mmm S T T
Corn (0) D2 -—= 3.6 4.2 3.5 4.7 4.1 4.4 4.4 5.0
Corn (54) A4 2.4 1.7 2.1 2.5 2.9 2.9 3.0 2.6 3.1
Corn (54) B2 4.1 —== === == == 4.6 5.2 4.7 4.9
Corn (54) B6 4.1 3.3 3.8 4.5 4.5 -— 4.1 -—— 4.1
Corn (54) G5 _—— = — === === === 4.7 4.6 4.1
Corn (54) D1 4.5 3.6 —- 3.2 4.5 4.6 4.6 4.4 4.7
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Table B-24. Electrical conductivity of samples withdrawn from ceramic
cups (106 cm depth) in manure plots in 1972. Manure appli-
cation rates in mt/ha (dry weight) (Continued).

(mmho/cm)

Date
7-14 7-22 7-28 8-4 8-10 8-19 8-23 9-7 9-18

Corn (108) Al 2.7 2.2 ——— 2.5 3.5 3.9 ~—— —— -
Corn (108) A6 -— 2.9 4.1 4.2 4.3 4.5 -—— @ —— -
Corn (108) B4 _— =

Corn (108) cC2 -— 3.4 4.2 4.2 4.3 4.7 4.8 3.9 4.6
Corn (108) (3 4.5 3.0 4.1 -~— 4.4 4.7 4.5 4.3 4.5
Corn (108) D5 4.7 5.4  ——— 5.8
Corn (216) A2 2.0 2.8 3.6 4.8 4.7 5.4 6.7 - 7.5
Corn (216) BS -— 3.0 4.3 5.5 5.4 5.7 7.1 -— 7.4
Corn (216) Cl1 - 2.8 — 4.8

Corn (216) D4 -— 2.8 - 3.9 3.9 4.5 --— 5.3 5.3
Corn (216) D6 —— —— 4.2 4.8 4.7 4.6
Sudan (0) E1 ——— 2.2 3.3 —— —— 3.9 3.8 3.9 3.8
Sudan (0) E4 3.0 4.3 -~ 4.6
Sudan (0) F1 -— 4.4 4.9 4.5 2.6 ~— 3.8 - @ ——
Sudan (0) H2 - 3.8 3.9 3.2 4.2 4.7 3.9 4.2 4.1
Sudan (0) G6 3.1 3.8 -— -— 3.8 3.9 4.1 -~ 4.6
Sudan (54)* E4 -— == === === == 3.9 4.3 - 4.1
Sudan (54)* F6 -—~ 1.8 2.0 -~ == 2.9 3.0 - ——
Sudan (54)* G5 5.0 4.0 —— 4.6 ——— 5.0 5.0 5.6 5.1
Sudan (54)* H1 2.8 3.5 4.0 3.9 —-—— 4.9 5.2 ——— 5.6
Sudan (54)* H4 -— 3.7 4.5 -— 4.4 5.1 5.0 4.6 5.0
Sudan (108)* E4 3.0 4.3 -— 4.6
Sudan (108)* F4 4.9 4.4 4.5 4.1 4.3 4.3
Sudan (108)* G2 4.8 6.6 5.4 5.4 50 4.7 4.1 --— 5.8
Sudan (108)* HS -—= 3.5 —-~=  —-=—= 4,7 5.5 5.1 --- 5.8
Sudan (108)* F5 3.7 4.1 — 4.7
Sudan (216)* E2

Sudan (216)* F2 3.4 2.4 3,7 -—-— ~— 4.3 4.6 4.1 4.7
Sudan (216)* G1 4.7 5.3 5.3 5.4 4.7
Sudan (216)* G4 -— 3.9 3.9 — 4,2 4.8 5.1 --- 5.5
Sudan (216)* H3 3.8 4.7 4.4 4.9 5.0 5.2
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Table B-25. Electrical conductivity of samples withdrawn from ceramic
cups (106 cm depth) in manure plots in 1973. Manure appli-
cation rates in mt/ha (dry weight).

(mmho/cm)

Date
6-30 7-17 7-30 8-10 8-23 9-5

Manure applied only in 1972

Bare (0) A3 1.2 0.9 0.9 1.0 1.1 1.1
Bare (54) B3 3.4 3.8 — 3.6 3.7 -
Bare (108) C3 3.7 4.1 — J— _— _—
Bare (216) D3 5.4 6.3 — 6.1 5.7 5.3
Corn (0) A5 —_— 4.7 _— 6.9 7.2 7.8
Corn (0) Bl 3.3 3.6 3.1 4.0 3.7 3.7
Corn (0) C4 2.3 2.8 3.6 2.8 2.7 2.7
Corn (0) <C6 3.7 —_— - 4.4 5.2 5.6
Corn (0) D2 3.7 3.8 3.8 3.8 3.9 4.0
Corn (54) A4 2.2 2.2 - 3.0 2.7 2.4
Corn (54) B2 4.2 4.3 4.2 — 4.5 4.7
Corn (54) B6 3.2 4.4 - -— 3.2 3.8
Corn (54) C5 2.7 3.0 6.4 2.7 3.5
Corn (54) D1 3.7 3.8 4.0 4.5 4.8
Corn (108) Al 3.7 4.7 - 5.3 5.2
Corn (108) A6 4.2 6.9 - 5.6 6.0
Corn (108) B4 _— — —— 4.7 5.4
Corn (108) C2 4.1 4.3 4.3 4.8 4.7
Corn (108) D5 4.5 5.6 —— 6.8 8.0
Corn (216) A2 5.2 4.5 —— 3.2 4.8
Corn (216) B5 - 7.2 - 6.1 -
Corn (216) C1 4.8 5.0 5.0 5.8 -
Corn (216) D4 5.1 5.5 —_ 6.7 7.0
Corn (216) D6 —— 7.2 —— 9.4 9.9
Manure applied in bot 1973
Bare (0) E3 3.7 3.8 4.0 3.9
Bare (54) F3 A 4.3 -— 4.8
Bare (108) G3 4.1 5.2 - 5.3
Bare (216) H3 4.9 7.7 5.5 5.8
Corn (0) E1 3.2 3.3 3.4 3.3
Corn (0) E5 2.9 2.6 - 2.8
Corn (0) F4 3.1 3.3 3.4 3.3
Corn (0) Gb6 3.8 —_— 5.6 6.3
Corn (0) H2 3.8 3.8 4.1 4.1
Corn (54) E6 2.0 5.7 5.3 4.7
Corn (54) F2 2.8 2.2 2.6 -—



Table B-25. Electrical conductivity of samples withdrawn from ceramic
cups (106 cm depth) in manure plots in 1973. Manure appli-
cation rates in mt/ha (dry weight) (Continued).

(nmho/cm)
Date
6-30 7-17 7-30 8-10 8-23 9-5

Corn (54) G5 —_— 4.8 - 5.6 .2 6.2
Corn (54) H1 3.8 4.3 4.3 4.3 4.4 4.6
Corn (54) H4 —_— —_— —
Corn (108) E4 6.0 4.4 - 4.4 4.9 6.6
Corn (108) F1 4.8 6.2 4.8 4.9 4.9 4.8
Corn (108) TFé6 6.2 7.0 —— 6.9 4.8 7.2
Corn (108) G2 5.1 ——— 6.0 5.4 5.7 6.0
Corn (108) HS5 3.8 4.3 - —_— 5.2 4.7
Corn (216) E2 5.6 5.5 —— 6.3 6.6 6.5
Corn (216) TF5 4.6 9.6 8.8 - 8.0 7.9
Corn (216) Gl 5.9 5.5 —— 5.7 5.7 5.8
Corn (216) G4 4.4 5.2 4.3 5.4 4.4 4.3
Corn (216) H6 - ——

Table B-26. N-—NO3 from the barrel lysimeters in 1972.

(ppm)
Date

Treatment? 7-13 7-22 7-28 8~4 8-10 8~18 8-23 9-6 9-20

Check (16) 114 119 73 107 86 67 58 51 31

Check (20) 126 178 136 --—- 112 107 110 94 54

Check (23) 110 51 100 39 99 86 73 62 43

440 kg/ha ND (1) —_— - 262 22 —— 231 205 --- 175

440 kg/ha ND (4) - 44 544 639 620 588 112 -—-—— 481

440 kg/ha N (6) —— —— 21 -—— 226 256 243 212 -——-

440 kg/ha N (7) 110 199 - 311 270 --- 273 238 225

440 kg/ha N (9) 598 134 424 =—=—- 371 353 416 338 ---

110 kg/ha N (5) -— 65 68 125 86 121 100 90 75

110 kg/ha N (8) 83 444 62 128 145 62 83 103 78

110 kg/ha N (10) 54 87 997 256 134 108 129 130 --—-

110 kg/ha N (11) 58 72 86 189 130 128 129 113 101

538 mt/ha MD (2) -— 71 49 -— 177 150 191 -—— 252
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Table B-26. N-—NO3 from the barrel lysimeters in 1972 (Continued).

(ppm)
Date
Treatment® 7-13 7-22 7-28 8-4 8-10 8-18 8-23 9-6 9-20
538 mt/ha MD (3) — 5 26 81 99 168 537 -— 234
538 mt/ha M (14) 24 24 54 ——— 57 53 39 30 =-—-
538 mt/ha M (17) —— 44 42 26 15 8 5 0 1
538 mt/ha M (21) -— 31 6 29 6 1 0 1 1
269 mt/ha M (13) 112 60 53 60 13 59 54 39 17
269 mt/ha M (19) 7 2 82 98 90 65 47 48 28
269 mt/ha M (22) -— 33 67 92 124 88 88 74 51
134 mt/ha M (15) - 100 150 107 13 75 72 58 38
134 mt/ha M (18) 75 91 88 105 88 88 74 70 34
134 mt/ha M (24) —— 52 68 63 57 76 61 56 44

4N is Ca(NO3)2 commercial fertilizer., M is manure and D is well
drained.

Table B-27. N-NO. measured in the barrels in 1973.

3
(ppm)
Date

Treatment’ 6-21  6-30 7-16  7-30  8-8  8-23

Checks 16D - - - - - -
16 - 20 23 - - -
20D - - - - - -
20 17 17 - 27 - -
23D - - - - - -
23 5 24 11 - - -

110 kg/ha

Ca (NO 5D - - - - - -

0332 5 2 25 - - - -

8D - - - - - -
8 44 - - - - 1
10D - - - - - -
10 - 43 ~ - - -
11D - - 1 0 - 1
11 - 80 65 - - -
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Table B-27.

N—NO3 measured in the barrels in 1973 (Continued).

(ppm)
Date

Treatment? 6-21  6-30 7-16  7-30  8-8 8-23 9-5

440 kg/ha

Ca(NO03) 9 1D - - 1 - - 1 -
1 - - - - - - -
4D - - 200 - - 100 0
4 - 45 - - - - -
6D - - - - - - -
6 68 54 170 - - - -
7D - - 0 - - - -
7 225 214 - - - - -
9D - - 38 - - - -
9 425 396 - - 169 - -
12D - - - 0 - - -
12 178 215 224 - - - -

54 mt/ha 15D - - 23 13 - - ~

manual 15 - - - - - - -
18D - - - - - - -
18 18 9 - - - - -
24D - - - - - -~ -
24 2 19 11 - - - -
13D - - 1 - - 0 -

108 mt/ha

manual 13 7 7 - - - - -
19D - - - - - - -
19 3 0 0 0 - - -
22D - - - - - - -
22 - 6 - - - - -

216 mt/ha 2D 336 376 189 - - 2 -
2 - - - - - - -
3D 248 294 264 - - 86 -
3 257 234 - - 183 - -
14D - - - - - - -
14 1 - 1 - - -
21D - - - - - 71 -
21 0 0 - - - 36 27
17D - - - - - - -
17 2 0 - 1 28 - -

b)) refers to the water collected in the drains. Otherwise the samples
All treat-

were collected from ceramic samples at about 70 cm depth.

ments were applied in 1972 only.



Table B-28. Electrical conductivity of water samples from the
barrel lysimeters in 1972.

(mmho/cm)
Date

Treatment” 7-13 7-22 7-28 8-4 8-10 8-18 8-23 9-6
Check (16) 2.8 2.5 2.4 3.2 2.9 3.3 2.3 2.8
Check (20) 4.0 2.2 3.3 - 3.6 3.3 3.7 3.2
Check (23) 3.2 2.6 2.9 4.2 3.2 3.0 3.2 3.0

440 kg/ha ND (1) -- - 5.1 3.0 - 5.0 4.3 -

440 kg/ha ND (4) -—- 3.0 4,2 6.3 5.5 6.3 6.4 —

440 kg/ha N (6) - - 3.3 - 3.9 4.7 4,7 4.3

440 kg/ha N (7) 4.6 3.2 -— 5.4 4,2 - 4.9 4.5

440 kg/ha N (9) 6.7 4.6 5.2 - 5.8 5.8 5.6 5.3

110 kg/ha N (8) 2.9 4.7 3.3 4.6 3.3 3.9 4.1 4,0

110 kg/ha N (10) 3.1 3.2 4.6 5.9 5.4 5.0 5.4 5.0

110 kg/ha N (11) 5.5 4,2 4.4 5.8 4.8 5.4 5.5 4.7

538 mt/ha MD (2) -— 3.5 3.5 - 6.5 7.2 7.4 —

538 mt/ha MD (3) -—- 2.9 2.3 5.4 6.7 7.3 6.3 —~—

538 mt/ha M (14) 3.1 2.5 2.7 - 4.5 4.8 4,8 4.3

538 mt/ha M (21) -- 2.5 3.3 5.0 4.2 5.1 4,6 5.2 5.6
269 mt/ha M (13) 3.1 2.4 2.5 3.9 4.0 4.4 4.5 4,1 4.8
260 mt/ha M (19) 2.6 2.6 2.9 4.9 4.3 41 4.2 A4S
260 mt/ha M (22) -- 2.3 2.9 4.5 4.1 44 44 4.6 4.6
134 mt/ha M (15) -—- 4.6 2.7 5.9 5.1 5.1 4,8 4,5 4.6
134 mt/ha M (18) 3.1 2.6 3.0 4.0 3.6 3.9 3.9 3.8 4.0
134 mt/ha M (24) -—- 2.7 3.0 3.9 3.4 3.6 3.5 3.5 3.6
3N is Ca(NO.). commercial fertilizer. M is manure, and D is well

d 3°2
rained.
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