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Executive Summary 
 
Irrigators that rely on Tongue River water for crop and forage production have expressed 
concern about potential adverse impacts that CBNG development may have on irrigation 
water quality.  Currently, the Tongue River enjoys good quality water that is used to 
irrigate more than 20,000 acres of land while supporting a healthy fishery within and just 
below the Tongue River Reservoir.  
 
The Agronomic Monitoring and Protection Program (AMPP) was commissioned and 
funded by Fidelity Exploration & Production Company (Fidelity).  It was designed by two 
professional soil scientists and an agronomist from Montana, namely William Schafer, 
Kevin Harvey, and Neal Fehringer.  During summer and fall of 2003, landowners who 
irrigated a minimum of 80 acres with Tongue River water were invited to become 
cooperators in the AMPP.  All landowners participate on a voluntary basis and specific 
location of sampled fields is confidential.  
 
The AMPP soil and crop testing program has provided agronomic assistance to 
participants, helped irrigators better understand potential effects of CBNG development 
on their irrigated fields, and has documented regional trends in irrigated soil 
characteristics.  AMPP consists of three tiers of sampling:  
 

• Tier 1, which assesses crop yield factors, soil fertility, electrical conductivity 
(EC) and sodium adsorption ratio (SAR) in selected fields;  
 

• Tier 2, which includes Tier 1 parameters as well as more detailed sampling, 
and measurement of exchangeable sodium percentage (ESP), texture, bulk 
density, water intake rate, clay mineralogy, and soil classification as well as 
determination of crop yields and forage quality (including sodium content) 
and soil fertility in 16 fields; and  

 
• Tier 3, which consists of crop and forage test plots employing mixtures of 

Tongue River water and CBNG production water. 
 
This report contains results of Tier 2 sampling from the program’s inception in fall 2003 
through fall 2008 sampling.  The purpose of the program is three-fold:  1) to measure 
baseline soil characteristics; 2) to identify changes in soil chemical and physical 
properties, if any, and to explore the potential relationship to CBNG development; and 3) 
to annually monitor crop yields and forage quality (including minerals such as sodium).  
To date, samples have been collected from AMPP sites seven times:  October 2003, 
April & October 2004, October 2005, December 2006, September 2007 and October 
2008.   
 
Study Approach 
 
In selected fields spaced at intervals along the Tongue River (and its tributaries of Prairie 
Dog Creek and Otter Creek), detailed soil sampling was performed to determine 
seasonal changes in soil chemistry, and to assess soil characteristics at depths up to 8 
feet.  Tier 2 soil sampling used a representative number of composite sub-samples 
collected from a portion of each field that consisted of a single soil mapping unit from the 
County Cooperative Soil Survey.  Composite samples were collected from the following 
depth intervals:  0 to 2, 0 to 6, 6 to 12, 12 to 24, 24 to 36, 36 to 60, and 60 to 96 inches.  
Laboratory analyses included soil texture, EC, SAR, ESP, soil texture, clay mineralogy, 
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trace metals, plant available nutrients, and other properties.  Neal Fehringer, Certified 
Professional Agronomist, has formulated ranch-specific recommendations for all Tier 2 
fields annually. 
 
Laboratory Analysis and Quality Assurance 
 
Samples were collected, handled and analyzed under a stringent quality assurance 
program.  The objective of the quality assurance plan is to ensure that data collected in 
Tongue River AMPP are of known and acceptable quality to differentiate spatial and 
temporal soil chemical trends for Tier 2 samples and to provide agronomic advice.  
 
Each set of Tier 2 soil samples were collected from the same composite sub-sample 
locations using GPS technology and from the same depth increments.  This controlled 
sampling approach is necessary to minimize effects of natural soil variability on results.  
Samples were transported to the laboratory under chain-of-custody.  The certified 
laboratory used an internal quality assurance program to maintain analytical precision 
and accuracy.  All analytical results, including quality assurance samples, were 
distributed to the public on the Energy Laboratory web site 
(http://energylab.com/default.aspx).  AMPP and MBOGC web sites also contain details 
of the program (http://www.tongueriverampp.com and 
http://bogc.dnrc.state.mt.usCoalbedMeth.asp, respectively).  The generalized location of 
AMPP sites is shown in Figure A.  Only landowner/cooperators were provided with the 
alpha code corresponding to their fields.   
 
Results 
 
Sixteen fields were selected for the Tier 2 AMPP.  Ten fields are irrigated with Tongue 
River water and are distributed along the entire length of the River from above the 
Tongue River Reservoir to the lower T&Y Irrigation District east of Miles City.  Two 
additional Tongue River fields are non-irrigated, but are located in the floodplain in the 
same soil mapping unit as the nearby irrigated AMPP fields.  Finally, two fields are 
irrigated with water from Tongue River tributaries (Prairie Dog and Otter Creek), and two 
non-Tongue River Drainage reference fields are irrigated with Yellowstone River and Big 
Horn River water. 
   
Tongue River irrigation water is of high quality, which except for occasional exceedances 
of EC near the mouth of river during low flows, meets irrigation water quality standards 
recently adopted by the State of Montana (Figure B).  Irrigation water has year-to-year 
variations in EC and SAR, which are mostly related to the rate of river flow, with EC and 
SAR declining in high flow years such as 2005, 2007 and 2008 and increasing in dry 
years such as 2004 and 2006.  EC and SAR increase somewhat in the downstream 
direction below the Tongue River Dam, mostly due to increased proportions of sodium 
and sulfate ions.  An overview of the hydrology and water quality of the Tongue River 
watershed is presented in a companion report, The Tongue River Hydrology Report, 
prepared under this same contract by HydroSolutions Inc. 
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Figure A.  Location of fields used in the Tongue River  

       AMPP. 
 

 
Figure B.  Estimated average Tongue River irrigation water quality 

in 2002 through 2008. 
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Variation in Crop Production & Mineral Content of Forages 
 
Documented crop yields for 2003 were based on grower records.  During the 2004 
through 2008 growing seasons, plant clippings were taken in Tier 2 fields at every soil 
sample collection point (GPS waypoint) prior to each forage cutting.  Plant material from 
each field was weighed, sent to a laboratory for analysis, and yields adjusted to 12 
percent moisture content for forages that were hayed and 70 percent for corn silage.  
Feed analyses include nutritional parameters and a complete mineral determination 
(sodium, calcium, sulfur, etc.). 
 
Large differences in forage yield were evident between sites, but yield variations showed 
no systematic changes through time.  A myriad of factors have affected forage crop 
yields including age of stand, quantity of irrigation water used, fertilizer applied, weed 
control, climate, and number and timing of cuttings.  Although it is difficult using existing 
data to precisely determine causes of yield variations among AMPP fields, it is clear that: 
 

• Yields are comparable to average irrigated forage production from Big 
Horn, Custer, and Rosebud Counties in 2003 through 2008. 

• Yields do not show a decreasing trend between 2003 and 2008. 
• Yield differences are not correlated with average salinity (Figure C) or 

sodium levels. 
• Yields appear to be limited to around 2 tons per acre in fields where less 

than 8 inches of irrigation was applied in below average precipitation years. 
• Yields in 2004 were reduced by a late killing freeze on May 12. 
• On certain years at various locations, alfalfa yields have been reduced by  

severe alfalfa weevil infestations prior to first cutting.  Alfalfa yields are also 
lower on first year stands. 
 

With elevated sodium levels a hallmark of CBNG water, increases in sodium content of 
forage crops should be among the first effects of CBNG activity because plants take-up 
what is applied to the soil.  Alfalfa at site MA, which is located near most of the CBNG 
water discharge sites, had a sodium level of 0.07 percent in both 2004 and 2005. 
Sodium then declined to 0.04 percent in 2006 and returned to 0.07 and 0.08 percent in 
2007 and 2008.  LA, which is below all CBNG water discharge points and above the 
Tongue River Reservoir, has had a steady decline in sodium from 0.06 percent in 2004, 
0.05 percent in 2005, 0.04 percent in 2006, 0.03 percent in 2007, and 0.02 percent in 
2008.  
 
No changes in sodium content of forages have been detected for the period of 2004 and 
2008 due to CBNG development.  In 2004 and 2005, forage sodium contents were 
relatively constant in fields that were in the same crop both years.  However, for 2006, 
nine of the ten fields that have had the same crop for at least two of the three years had 
sodium levels at or below the previous two years (Figure D).  For 2007, eight of eleven 
that have been the same crop for at least three out of four years were at or below the 
2004 through 2006 average sodium levels.  In 2008, average sodium stayed about the 
same as in 2007.  YBA, which is irrigated with Yellowstone River water, had similar 
variations in sodium content as forages from fields in the Tongue River Drainage.  
Sodium levels vary mostly in response to crops being grown (Figure E). 
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Figure C.  Comparison of AMPP forage yield to average root zone salinity  

(EC dS/m) in 2003 through 2008. 

 
Figure D.  Comparison of sodium content in forages in fields that have 

been planted to the same crop for at least two out of three 
years, 2004 to 2008. 
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Figure E.  Average sodium content of AMPP forages harvested, 2004 to 2008. 

 
 
Properties of AMPP Soils 
 
Irrigated Tongue River soils exhibited both similarities and differences.  All AMPP soils 
were derived from recent floodplain sediments and showed characteristic horizontal 
layering with slight differences in clay content and organic matter.  All soils had abundant 
lime at every depth, indicative of their geologic youth.  Additionally, all soils were lower in 
clay content and expansive clays than is conventionally believed to be the case in 
southeastern Montana. 
 
Overall, irrigated fields in the Tongue River Drainage were medium-textured, meaning 
they had nearly equal proportions of sand, silt, and clay.  Soil texture is important in 
irrigated soils because soils with too much clay may have low permeability and poor 
drainage.  However, soils with too much sand may drain too rapidly and will have low 
water and nutrient-holding capacities.  Tongue River soil textures were classified as 
loam, clay loam or silty clay loam (Figure F).  All Tongue River soils had water infiltration 
or intake rates that are considered suitable for sustained irrigation.  There was no 
correlation between intake rate and either clay content or ESP. Intake rates did not vary 
through time. 
 
Clay mineralogy of irrigated soils affects their susceptibility to excess sodium levels.  For 
example, Bauder (no date) illustrated the dependence of sodium sensitivity to clay 
mineralogy based on irrigation water quality guidelines developed by the United Nations 
(Table A).  According to Bauder, SAR levels in irrigation water less than 6 do not create 
a problem if the dominant clay mineral is smectite.  This “safe” level of SAR increases to 
8 for illite-dominated soils and to 16 for kaolinitic soils.  Irrigated Tongue River soils have 
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a mixed mineralogy (Figure G) in which kaolinite is the most abundant clay mineral 
followed by illite.  Based on UN irrigation water quality guidelines, a SAR level in 
irrigation water up to 8 would be safe to use on Tongue River soils.  The current 
Montana water quality standard for SAR on the Tongue River is 3.0 (30-day average) or 
4.5 (instantaneous) during the irrigation season.  

 
Figure F.  Texture of surface soils and the average  

root zone texture of AMPP soils. 
 

 
Figure G.  Clay mineral abundance in AMPP soils. 
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Table A.  Guidelines for irrigation water quality established by the World Food and 
Agriculture Organization (after Bauder no date 

 Intensity of Problem1 

Water Constituent No Problem Moderate Severe 
Salinity (decisiemens/meter) <0.7 0.7-3.0 >3.0 

Permeability (rate of infiltration affected) by 
Salinity (decisiemens/meter)  >0.5 0.5-0.2 <0.2 

Adjusted SAR; soils are: 
   Dominantly smectites <6 6-9 >9 

   Dominantly illite-vermiculite <8 8-16 >16 

   Dominantly kaolinite or  
        sesquioxides <16 16-24 >24 

From Bauder (no date) Source: Modified from R.S. Ayers and D.W. Westcott, "Water Quality for Agriculture," 
Irrigation and Drainage Paper, 29, FAO, Rome, 1976; rev. 1986.  

1Based on the assumptions that the soils are sandy loam to clay loams, have good drainage, are in arid to 
semiarid climates, that irrigation is sprinkler or surface, that root depths are normal for soil, and that the 
guidelines are only approximate.  

 
Lastly, surface samples collected from 0 to 6 inches in irrigated Tongue River soils were, 
with one exception, non-saline and non-sodic (Figure H).  This means that Tongue River 
soils do not exhibit an adverse accumulation of soluble salts or sodium, even though 
these conditions are common elsewhere in southeastern Montana soils (Bauder, no 
date).  The single exception was site DA, which is located near the mouth of an 
ephemeral tributary to the Tongue River.  This field was brought under irrigation in 
August 2003.  During the first full irrigation season (2004), enough salts were leached 
from the 0-6 inch depth that the soil was no longer classified as saline. 
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Statistical Variation in AMPP Samples 
 
Statistical analysis was performed to determine whether there were any significant 
changes in soil chemical properties during the time spanned by the seven sampling 
events.  All measured soil properties exhibited significant statistical variation between 
AMPP sites and also differed according to soil depth.  However, only a few soil 
properties significantly varied with time. These included soil pH, CEC, ESP, and lime 
content.  Some of these apparent variations may be due to analytical differences 
associated with laboratory techniques.  
 

 
Figure H.  Salinity and sodium levels in irrigated Tongue River soils in fall 

2003, spring 2004, and falls 2004 through 2008 
 
 

Variations in Soil Properties Related to Soil Depth 
 
Statistical analysis showed that all soil properties exhibited significant variation with soil 
depth and between locations.  Additionally, the pattern of change in soil properties with 
depth tended to differ between sites.  While changes in soil properties with depth differed 
greatly from site to site, the “average” relationship between various soil properties and 
depth accurately portrays general depth trends.  For example, clay content tended to be 
higher near surface than at depth, which is typical of floodplain deposits.  Conversely, 
soil pH was slightly lower near-surface than at depth, which is typical of most western 
soils.  At depth, abundant lime tends to control pH around 8.0, while closer to the soil 
surface; organic matter causes a slightly lower pH.   
 
Average EC increased with depth to about 36 inches, where the maximum average 
value of 4 dS/m occurred and then decreased to around 2.5 dS/m at 8 feet in depth 
(Figure I).  The EC increase that occurs with depth is typical of both dryland and irrigated 
soils in semi-arid climates.  Infiltration of rainwater and low EC irrigation water tends to 
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maintain low EC levels near the surface.  As plant roots extract water from the soil, they 
absorb water and exclude most soluble ions causing a progressive accumulation of 
salts.  Roots are primarily distributed throughout the upper 3 to 5 feet of soil, causing a 
build-up in EC near the root zone base.  The EC difference between top and base of the 
root zone provides an indication of the amount of water that percolates through the soil.  
When this quantity of water is expressed as a percentage of applied water, it is called 
the “leaching fraction” (LF) in irrigated soils.  Estimated average leaching fraction for 
AMPP soils was 11 percent. 
 
ESP (Figure J) also increased with increasing depth in a similar manner to EC, except 
that maximum average ESP occurred at a depth of 3 to 5 feet, somewhat deeper than 
for EC.  Soil water has higher EC and ESP deeper in the soil profile due to the pattern of 
water removal by plant roots.  Changes in sodium status with depth are a bit more 
complex, because as salts are concentrated by plant water uptake, soil minerals 
enriched in calcium and magnesium tend to form, causing a shift towards higher 
proportions of sodium vs. calcium and magnesium, resulting in a higher SAR and ESP. 
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Figure I.  Trend in average EC with depth in composite samples from fields 

irrigated with Tongue River water. 
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Figure J.  Trend in average ESP with depth in composite samples from fields 

irrigated with Tongue River water. 
 
 
Comparison of EC and ESP in AMPP Fields through Time  
 
EC and ESP (Figure K and L) are properties that are more sensitive to changes in 
management, water quality, and climate than most other soil properties such as texture.  
Consequently, if after a period of one or more growing seasons, changes in irrigated 
soils occur due to CBNG activity, increases in EC and/or ESP will be detected.  No 
statistically significant change in root zone EC was evident through time.  ESP also did 
not change from fall 2003 to fall 2004; however, average ESP decreased from 5.5 to 3.1 
between fall 2004 and fall 2005 remained low (3.7) in fall 2006, but increased to 5.0 by 
fall 2007 and then decreased slightly to 4.8 in fall 2008. 
 
Measured SAR is often used to predict the ESP that would develop in soils with 
sustained irrigation.  In most regions, ESP follows a linear relationship with SAR 
developed by USDA (1954).  The SAR and ESP relationship is weak in the AMPP 
data, however.  SAR tends to under predict ESP at a SAR of 5 or less, and over 
predict ESP above SAR 10.  ESP measurements are thought to be more subject to 
error than SAR measurements.  Therefore SAR is probably a better indicator of 
sodium status than ESP. 

 
Some individual fields exhibited changes in ESP due to site-specific agronomic 
management even when no basin-wide trends were evident.  For example, ESP at 0 to 2 
inches decreased from fall 2003 to fall 2004 at the BHA reference site which is irrigated 
from the Big Horn River. The field was in sugar beets in 2003 and had high soil moisture 
at harvest.  Once beets were defoliated and dug, soil moisture and salts were drawn 
upward as the soil surface dried.  The water evaporated, leaving salts behind, thus 
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accumulating at the soil surface.  Fall 2003 ESP was 6.1 in the 0 to 2 inch depth.  Then 
in 2004 and 2005, winter wheat was in the field.  The wheat canopy was more open than 
the beet crops, therefore, the soil surface dried slowly as the crop matured, which 
reduced surface salt accumulation.  Fall 2004 and 2005 ESP values were 2.1 and 3.3, 
respectively.  BHA was in beets again in 2006.  In fall 2006, 0 to 2 inch ESP was 8.2 
even though over four inches of precipitation was received between the 2006 final 
irrigation in early September and harvest in late November.  ESP was only 3.4 as of fall 
2007 following barley.  After two beet crops with completely different environmental 
conditions post harvest, this phenomenon is apparently a result of beet leaves 
accumulating sodium.  This ESP increase is unique to the 0 to 2 inch depth following 
beets.  ESP for 0 to 6 inches was 4.2 (beets), 2.0 (wheat), 2.9 (wheat), 2.6 (beets), 3.7 
(barley), and 3.1 (barley) from fall 2003 to fall 2008, respectively.   
 
Depth-weighted average EC in the upper 36 inches is shown in (Figure K).  Average EC 
for all soils was around 2.5 dS/m and most individual fields fell close to this value.  Sites 
GC, DB, and BA had lower than average EC, probably owing to application of a greater 
quantity of irrigation water and/or soil water leaching at these sites.  Site DA had higher 
than average EC, which was probably caused by a high water table and contributions 
from tributary runoff onto this field that was non-irrigated prior to 2003.   
 
Depth weighted ESP (Figure L) averaged just over 4 percent and all but one field had 
ESP values close to this value.  This exception was site DA, a field recently brought 
under irrigation that also had high EC values.  Greasewood, a common indicator of 
sodium-enriched soils, is abundant in the vicinity of this field near the mouth of Foster 
Creek. 
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Figure K.  Root zone water uptake averaged paste EC (dS/m) to 36 inches in 

AMPP sites for each sampling period 
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Figure L.  Average ESP (percent) to 36 inches in AMPP sites for each sampling 

period. 
 

 
Changes in AMPP Soil through Time  
 
A statistical analysis was performed to determine whether there were any significant 
changes in soil chemical properties during the time spanned by the seven sampling 
events (October 2003 to October 2008).  If CBNG activity was having an adverse effect 
on irrigated Tongue River soils, then an increase in average EC and/or ESP should have 
been evident.  Statistical analysis was confined to composite samples from the 10 sites 
that are irrigated with Tongue River water.  Although no statistically significant change in 
EC was evident, ESP decreased significantly between 2004 and 2005 samplings (Figure 
M).  This decrease is attributed to an increase in growing-season precipitation and 
available irrigation water in 2005.  ESP levels gradually increased in 2006 and 2007.  
The 2008 ESP is essentially the same as the level observed in fall 2003.  Contrary to 
popular belief, soil sodium level is dynamic, not static or ever increasing over time. 
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Figure M.  Trend in average exchangeable sodium percentage from 

composite samples irrigated with Tongue River water.  
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1.0 Introduction 
 
The Powder River Basin in Wyoming and southern portions of Montana hosts extensive 
reserves of natural gas in coal seams within near-surface sediments of the Fort Union 
Formation.  Coal seams must be de-pressurized by pumping water to facilitate release of 
coalbed natural gas (CBNG) or methane contained in the coal.  This produced water 
naturally contains moderate levels of dissolved ions in which sodium is the dominant 
cation (or positively charged ion) and bicarbonate the primary anion (negatively charged 
ion).  Electrical conductivity (EC) and sodium adsorption ratio (SAR) typically range from 
1,000 to 2,500 µS/cm (µmhos/cm) and 10 to 60, respectively.  Produced water is among 
the better quality groundwater in southeastern Montana for domestic and stock water 
uses. 
 
1.1 Purpose of AMPP 
 
Irrigators that rely on Tongue River water for crop and forage production have expressed 
concern about potential adverse impacts that CBNG development may have on irrigation 
water quality.  Currently, the Tongue River enjoys good quality water that is used to 
irrigate more than 8,100 ha (20,000 acres) of land while supporting a healthy fishery 
within and just below the Tongue River Reservoir.  Recently, numerous programs have 
been implemented to protect water quality for irrigation and other uses in southeastern 
Montana including development of stringent water quality standards for electrical 
conductivity and sodium adsorption ratio, extensive surface water monitoring, and 
development of basin wide surface water models and water quality control programs. 
 
Agronomic Monitoring and Protection Program (AMPP) was commissioned by Fidelity 
Exploration and Production Company in 2003.  Since November 2006, AMPP has been 
supported by the Montana Department of Natural Resources’ Board of Oil and Gas 
Conservation (Tom Richmond, Administrator).  AMPP was designed by two professional 
soil scientists and an agronomist, namely William Schafer, Kevin Harvey, and Neal 
Fehringer, respectively.  During summer and fall of 2003, landowners who irrigated a 
minimum of 32 ha (80 acres) with Tongue River water were invited to become 
cooperators in AMPP.  An information package about AMPP provided to cooperating 
landowners is attached as (Appendix A).  All landowners in AMPP participate on a 
voluntary basis and specific locations of sampled fields are confidential at the request of 
landowners. 
 
The purpose of this program is to measure baseline soil characteristics and annually 
monitor crop yields and forage quality and mineral content (especially sodium). 
Subsequent annual soil sampling will also help identify and manage any soil chemical 
trends related to CBNG development that could impair future crop yields. 
  
1.2 AMPP Timeline 
 

• July 2003:  Met with State NRCS Personnel in Bozeman, Montana to 
explain AMPP program. 
 

• August 2003:  AMPP announced and cooperating landowners, ranchers 
and irrigators contacted for participation in the program.  Presented AMPP 
program details to Conservation District Boards in Custer, Big Horn, and 
Rosebud County.  AMPP scientists present at Eastern Montana Fair in 
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Miles City, Montana to sign-up cooperators and answer questions about 
program. 

 
• September - October 2003:  Finished signing-up cooperators.  Field 

sampling completed for initial testing to build baseline data.  Twenty-five 
fields sampled in the Tier 1 program.  Sixteen fields sampled in the Tier 2 
program including dryland, flood and sprinkler irrigated fields and, for 
comparison, fields irrigated with other water sources. 

 
• November 2003:  Presented details of initial sampling on “Berg in the 

Morning” radio show and at the Montana Salinity Control Association’s 
“Coalbed Methane Forum” during the Montana Association of Conservation 
Districts’ annual meeting in Billings, Montana. 

 
• December 2003:  Results of the initial testing publicly available on Energy 

Labs, Inc. web site. 
 

• January 2004:  Baseline Tier 1 and Tier 2 monitoring results were 
presented at the annual meeting of the Soil and Water Conservation 
Society in Billings, Montana. 

 
• March 2004:  AMPP web site launched.  Delivered soil test results to 

cooperators, reviewed results, and adjusted cropping and fertilizer 
recommendations for 2004. 

 
• April 2004:  Spring monitoring event completed - 14 fields sampled in Tier 2 

program.  Tier 3 field plot study initiated and soil sampling performed. 
 

• May 2004:  Tier 3 plots established and crops planted. 
 

• June 2004:  AMPP program details and results presented at CBM Fair in 
Gillette, Wyoming. 

 
• August 2004:  First complete year of Tier 2 monitoring results were 

presented at the Coalbed Natural Gas conference in Laramie, Wyoming. 
 

• September 2004:  Completed harvest of Tier 3 field test plots for first 
growing season. 
 

• October 2004:  Fourteen fields sampled during ongoing Tier 2 program. 
Twenty-four fields assessed as part of ongoing Tier 1 agronomic consulting 
program.  
 

• December 2004:  Presented AMPP results to Rosebud Creek Drainage 
Task Force meeting in Lame Deer, Montana.  

 
• March 2005:  Met with cooperators to review soil test results and adjust 

2005 cropping recommendations.  Presented AMPP results to Custer 
County and Big Horn County Conservation Districts’ monthly meetings. 

 
• April 2005:  Crops established in Tier 3 plots for 2005 growing season. 
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• June 2005:  AMPP results presented at CBM Fair in Gillette, Wyoming. 
 

• September 2005:  Completed harvest of Tier 3 Field test plots for second 
growing season.  AMPP results presented at Montana Ag Law Conference 
in Billings, Montana. 
 

• October 2005:  Fourteen fields sampled during ongoing Tier 2 program. 
Twenty-four fields assessed as part of ongoing Tier 1 agronomic consulting 
program.  Tier 3 test plots also soil sampled.  

 
• December 2005:  AMPP Executive Summary Report completed and 

submitted to Montana Board of Environmental Review. 
 

• March 2006:  Met with cooperators to review soil test results and adjust 
2006 cropping recommendations. 

 
• April 2006:  Crops established in Tier 3 plots for 2006 growing season. 

 
• June 2006:  AMPP results presented at CBM Fair in Gillette, Wyoming. 

 
• Summer 2006:  Harvested forage from each Tier 2 field to determine yield, 

feed quality, and mineral content. 
 

• September 2006:  Completed harvest of Tier 3 Field test plots for third 
growing season.  AMPP results presented at Montana Ag Law Conference 
in Billings, Montana. 

 
• November 2006:  Funding for AMPP provided by the Montana Board of Oil 

and Gas Conservation. 
 

• December 2006:  Fourteen fields sampled during ongoing Tier 2 program. 
Eighteen fields assessed as part of ongoing Tier 1 agronomic consulting 
program.  Tier 3 test plots also soil sampled. 

 
• February 2007:  Met with cooperators to review soil test results and adjust 

2007 cropping recommendations.  Presented AMPP results to Custer 
County and Big Horn County Conservation Districts’ monthly meetings. 
Monitoring Program Development and Study Design. 
 

• April 2007:  Performed Tier 3 test plot weed control. 
 

• May 2007:  Released 2007 AMPP Fact Sheet, Executive Summary and 
Progress Report.  TRIP Hydrology Report released. 
 

• June 2007:  Established pinto beans at Tier 3 plots.  First cuttings from Tier 
2 and 3 locations.  TRIP results presented at Montana Ag Law Conference 
in Billings, Montana. 
 

• July, August, September 2007:  Second and third cuttings from Tier 2 and 3 
locations.  Harvested pinto beans (September). 
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• September 2007:  Fourteen fields soil sampled during ongoing Tier 2 
program.  Seventeen Tier 1 fields soil sampled. 
 

• October 2007:  AMPP results presented at Montana Ag Law Conference in 
Billings, Montana. 
 

• January 2008:  TRIP present at Ag Technology and Construction Expo in 
Billings, Montana. 

 
• February-May 2008:  TRIP results presented to Rosebud Watershed 

Group, Custer & Big Horn County Conservation Districts; Independent 
Petroleum Association of Mountain States (IPAMS) in Denver; Colorado 
Public Health Department (Denver); and Montana Geological Society 
(Billings).  Delivered soil test data and fertilizer recommendations to 
cooperators. 

 
• April 2008:  TRIP information presented via Helena and Sheridan (WY) 

radio stations.  Tier 3 test plot maintenance and planted hay barley. 
 

• May 2008:  TRIP Hydrology report released. 
 

• June 2008:  Released 2008 AMPP Fact Sheet, Executive Summary, and 
Progress Report.  Tier 2 forage as well as Tier 3 alfalfa harvests. 
 

• July –September 2008:  Continued Tier 2 harvests and harvest hay barley 
at Tier 3 site. 
 

 
• September 2008:  TRIP planning meeting in Bozeman. 

 
• October 2008:  Soil sampled Tier 1 & 2 fields and Tier 3 site. 

 

• December 2008:  Presented AMPP findings to Billings Area Legislators. 
 

• February-May 2009:  Met with cooperators to review soil test data and 
fertilizer recommendations. 
 

• May 2009:  Tier 3 maintenance and planted pinto beans. 
 

• June-August 2009:  Tier 2 and 3 forage harvests. 
 

• July 2009:  Presented Tongue River Hydrology and AMPP findings to 
annual meeting of Montana Association of Professional Landmen in 
Billings. 
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1.3 AMPP Program Overview 
  
AMPP was designed by Dr. Bill Schafer, Soil Scientist; Kevin Harvey, Certified 
Professional Soil Scientist; and Neal Fehringer, Certified Professional Agronomist.  
Fidelity Exploration & Production Company, a coalbed natural gas producer operating in 
Montana, sponsored the first three years of the program.  MBOGC began funding the 
program as of November in 2006.  The soil and crop testing program will help irrigators 
better understand potential effects of CBNG development on their irrigated crops.  This 
package of soil sampling and analysis, cropping system evaluation, and interpretation is 
being provided at no cost to cooperating irrigators who use Tongue River water.  The 
program consists of three tiers of sampling including: 
 

• Tier 1, which assesses crop yield factors, soil fertility, pH, EC and SAR in 
selected fields;  
 

• Tier 2, which includes Tier 1 parameters as well as more detailed sampling 
at depth, and measurement of exchangeable sodium percentage (ESP), 
texture, bulk density, water intake rate, clay mineralogy, selected trace 
elements, soil classification and determination of crop yields and forage 
quality; and 

  
• Tier 3, which will consist of crop and forage test plots employing mixtures of 

river and CBNG produced water. 
 
The purpose of this program is three-fold; to measure baseline soil characteristics; in 
subsequent annual monitoring events, to identify potential changes in soil chemical and 
physical properties related to CBNG development that could impair future crop yields; 
and to monitor crop yields and mineral content of forages produced, including sodium.   
To date, soil samples have been collected from AMPP sites seven times:  October 2003, 
May 2004, October 2004, October 2005, December 2006, September 2007 and October 
2008.  This report provides the program results to date for the Tier 2 sampling program. 
  
1.4 Site Selection 
 
Sixteen fields were selected for study in Tier 2 AMPP (Figure 1-1).  Ten fields were 
irrigated with Tongue River water and were distributed along the entire length of the 
River from above the Tongue River Reservoir to the lower T&Y Irrigation District east of 
Miles City.  Two additional Tongue River fields were selected that were non-irrigated, but 
were located in the floodplain and in the same soil mapping unit as the nearby irrigated 
fields.  Finally, two fields were irrigated with water from Tongue River tributaries (Prairie 
Dog and Otter Creek), and two reference fields were irrigated with Yellowstone River or 
Big Horn River water. 
 



Tongue River Agronomic Monitoring & Protection Program                                              Page 6 
2009 Progress Report                                                                                            September 2009 

 
Figure 1-1.  Location of fields used in the Tongue River  
       AMPP. 
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1.5 Monitoring Program Design 

  
1.5.1 Tier 1 – Soil Sampling and Crop Recommendations 

 
For all Tier 1 fields, composite soil samples, obtained at depths of 0 to 6; and 6 to 24 
inches, were collected during each fall sampling event and analyzed by Energy Labs Inc. 
(a certified commercial analytical laboratory) for pH, organic matter, soil texture, EC, 
SAR and plant available nutrients.  Seventeen to twenty-five fields have been Tier 1 
sampled from six sampling events (fall 2003 to fall 2008).  In addition, a detailed 
agronomic assessment of each field was made.  Ranch-specific recommendations were 
formulated by Neal Fehringer. These detailed plans provided recommendations 
regarding fertilizers; weed, disease, and insect control; soil amendments; crop rotations; 
stand establishment; varieties; seeding rates, dates, and depth; and how to deal with 
problem soils. These comprehensive recommendations will assist each producer in 
better understanding soils, soil chemistry, and irrigation management. This agronomic 
assessment will be repeated in the future, which will reinforce previous management 
actions. 
 

1.5.2 Tier 2 – Soil Sampling and Crop Recommendations 
  
In selected fields spaced at intervals along the Tongue River (and on tributaries Prairie 
Dog Creek and Otter Creek), as well as two reference fields, detailed soil sampling was 
performed to determine seasonal changes in soil chemistry, and to assess soil 
characteristics at depths of up to 8 feet. Tier 2 soil sampling used a representative 
number of composite sub-samples collected from a portion of each field that consisted of 
a single soil mapping unit from the County Cooperative Soil Survey.  Composite samples 
were collected from the following depth intervals:  0 to 2, 0 to 6, 6 to 12, 12 to 24, 24 to 
36, 36 to 60, and 60 to 96 inches. Laboratory analyses included pH, organic matter, soil 
texture, EC, SAR, ESP, clay mineralogy, trace metals, plant available nutrients, and 
other properties.  Neal Fehringer also made detailed agronomic assessments and 
formulated ranch-specific recommendations for all Tier 2 fields. 
 
Typical soils targeted for sampling in Sheridan County included the Kishona-Cambria 
association; in Big Horn and Rosebud County, soils included the Havorson, Havre, and 
Yamac series.  In Custer County (including the T&Y Irrigation District east of Miles City 
along the Yellowstone River), sampled soils included Yamacall, Harlake, Sonnett and 
Kobase series.  
 
In the first year of sampling (Fall 2003), an additional set of samples were collected at 
each Tier 2 location and a third set of samples was collected at two sites. Each set of 
samples addressed a specific issue as described below. 
 
Reference Pedon Samples: A backhoe pit was excavated in the same Tier 2 field 
sampled above (Appendix D). A detailed soil profile description was prepared of the soil 
using methods and nomenclature described in Schoeneberger et al., (2002).  Samples 
were collected from each genetic horizon described, and sampling extended to at least 
48 inches in depth. Clay mineralogy was performed on the clay-sized particles of the fine 
earth fraction from 2 selected horizons from each reference pedon. 
 
Grid Samples: A final set of samples was collected to assess spatial variability of soil 
properties (Appendix C). In two fields, samples were collected from three depth 
increments at 10 or more locations within the field. Each individual sample was 
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submitted for analysis without compositing. In this way, spatial variability of each soil 
property can be quantified. 
 

1.5.3 Tier 3 – Irrigated Crop and Forage Test Plots 
 
Numerous water management strategies have been developed by petroleum companies 
to store, utilize, or discharge CBNG production water. Some of the water management 
options may entail discharge of production water into surface waters, so long as the 
receiving water can comply with irrigation water quality standards. Consequently, 
irrigators should not expect to apply undiluted CBNG production water except in special 
circumstances where “managed irrigation” programs are developed near the CBNG 
fields. Under managed irrigation, texturally suitable soils will be amended with chemicals 
such as gypsum and sulfur to reduce ESP in irrigated soils. 
 
Irrigators using Tongue River water may experience slight changes in EC and SAR in 
their water supply if CBNG development expands in the Tongue River basin.  However, 
EC and SAR must not exceed prescribed water quality limits adopted by the State of 
Montana, which were developed to protect irrigation uses of water. In order to evaluate 
potential effects associated with blending CBNG production water with Tongue River 
water, a series of irrigated test plot experiments began in the spring of 2004. 
 
Test plots were placed on a medium-textured soil typical of the upper Tongue River.  
The ongoing test plots evaluate different mixtures of Tongue River water and CBNG 
water applied to a hay barley-alfalfa rotation and pinto beans, under both sprinkler and 
flood irrigation.  
 
Experimental design consisted of four mixtures of water ranging from 100 percent 
Tongue River water to a 50/50 blend of Tongue River and CBNG-produced water. While 
water quality criteria will likely limit CBNG discharge to a dilution ratio in the range of 1 to 
8 or less, plots are evaluating water mixtures with proportionally greater amounts of 
CBNG water so that a minimum effects threshold could be determined. Each plot is 
replicated three times. Additionally, a split plot design was used so that two rotations 
could be assessed.  Soil and crop/forage samples are collected from all plots annually to 
assess trends in soil chemistry, yield or quality.  Test plot results are described in a 
companion report.
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2.0 Quality Assurance Plan 
 
2.1 Quality Assurance Objectives  
 
The objective of the quality assurance plan is to ensure that data collected in Tongue 
River AMPP are of adequate quality to provide agronomic advice for Tier 1 and 2 fields, 
to differentiate spatial and temporal soil chemical trends for Tier 2 samples, and to 
evaluate effects of combining water produced from CBNG operations with Tongue River 
water on irrigated crop production, forage quality and soil chemistry in Tier 3 samples.  
The following field and laboratory quality assurance steps were used to ensure that data 
are useable for the aforementioned objectives, and that data are of measurable and 
acceptable quality. 
 
2.2 Field Sampling Methodology 
 
Field samples were collected using a combination of grab and composite sampling 
techniques.  Sample collection techniques were noted for each sample on chain-of-
custody forms and in a field notebook.  Samples tags were designated using a 
convention that describes the type of sample, its depth of collection, and the general 
location, while maintaining the specific location confidential.  Each landowner field was 
provided with a unique site designation (e.g. MA in example), which preserved the 
anonymity of the landowners.  
 

Example Sample Designation                                T2/MA-10-(0-6”) 
 

Tier 1, 2, or 3 program 
 

Tongue River stream reach &  
a 

rbitrary site designation within reach 
 

 Sample Code: 1 – reference pedon, 10 – field composite,  
11-30 discrete sample, 50 field replicate sample, 

TP1-2-4 (test plot, replicate, and plot number) 
 

    Depth (inches)    
 
Record Cropping System Information – Each landowner is interviewed annually 
(generally during the fall sampling) to determine field history, planting dates and rates, 
cropping sequence, yields, herbicide use, soil amendments (fertilizers, etc.), soil testing, 
grazing history, irrigation dates and rates, and irrigation scheduling methods.  This data 
is recorded on a three-part form titled “Soil Sampling Information” that both the 
cooperator and Neal Fehringer sign to verify data accuracy.  During each soil sampling 
and crop harvesting event, a “Field Inspection Report” is filled out by Neal Fehringer.  
This report lists the AMPP site inspected; crop in the field; crop stage and condition; 
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weeds, insects, and diseases as well as recommended controls; soil moisture probes; 
and recommended irrigation start dates.  This form is only signed by the agronomist.  
Copies of both reports are given to the landowners to be filed in their AMPP notebook. 
 
Identify Soil Sampling Locations – During the initial fall 2003 sampling, sample 
collection locations were selected based on soil mapping information, landowner input, 
and location of underground utilities, if any.  A representative sampling area was 
designated within the dominant soil series mapped within each field.  Two types of 
samples were initially collected within the designated sampling area:  reference soil 
horizon samples collected from a backhoe pit, and composite samples collected from 
selected depth intervals.   
 
Reference Pedon Description and Sampling (Initial sampling event only) – The 
reference soil horizon sampling was only conducted once, at program inception.  A 
detailed soil description was developed for each field and soil horizon samples were 
collected in fall 2003.  A trench was excavated to a depth of 60 inches. Soil pit location 
was identified using a GPS unit. The soil profile was described using methods from Field 
Book for Describing and Sampling Soils Version 2.0 (Schoeneberger et al. 2002).  Soil 
samples were collected from each horizon. General landform and vegetation features 
were also noted. The soil profile and associated field were photographed. 
 
Composite Sample Collection and Handling – Composite soil samples are collected 
from the same locations periodically during the AMPP sampling program.  A composite 
sampling transect was initially laid out within the target soil mapping unit for each field 
using an irregular pattern, which depended on field and soil unit size and geometry. All 
composite locations were marked with survey flags. One sub-sample was used for each 
5 acres of field area, with a minimum of 10 sub-samples per field.  The first composite 
sample was co-located with the reference pedon location.  Each composite sub-sample 
site was located using a global positioning system (GPS).  For later sampling events, 
original field composite sites were located using a survey grade field GPS unit. 
 
A truck mounted Giddings hydraulic probe was used to collect subsamples from  six of 
the seven depth increments (0 to 6, 6 to 12, 12 to 24, 24 to 36, 36 to 60, and 60 to 96 
inches) at each sub-sample location.  The 0 to 2 depth was obtained by using a six inch 
wide tile spade.  Sub-samples were placed into separate clearly marked collection 
buckets. When all samples were collected from a field, soil material from each depth was 
thoroughly mixed and a final composited sample was tagged and placed in a plastic bag.  
If the overall sample volume was too large, the final composite sample was  obtained by 
using a riffle splitter. 
 
Sample Transport - Samples were transferred under chain-of-custody to Energy 
Laboratories within the appropriate holding period.  Samples were stored in coolers or 
similar containers and sealed with chain-of-custody seals. 
 
2.3 Chain of Custody and Sample Management 
 
All samples were maintained within a chain of custody to prevent tampering with sample 
integrity.  Custody seals were placed on all shipping containers used for transporting 
samples from the field, and custody sheets corresponded to each batch of samples.  
After signature by lab personnel indicating release of the samples, chain-of-custody 
forms were archived. 
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2.4 Laboratory Methods of Analysis 
 
Standard analytical methods were used for determination of all soil properties as 
described in (Table 2-1). 
 
Table 2-1.  List of extractions and analytical procedure used for the Tongue River 

samples. 
Analytical 

Suite 
Analyte Extraction Determination 

see below 
Unit? Comments 

Preparation 
All Soil 

Samples 

Oven dry Air dry or oven dry to 
constant weight at 
not more than 50 

Celsius 

NA Report air dry water content 
on weight basis 

 Grind  Grind in flail type 
laboratory mill  

NA  

 Sieve Sieve through ASTM 
#10, 2mm sieve 

NA- Report coarse fragment 
weight percentage 

 Subsample 
split 

Use riffle type splitter NA  

Suite 1 pH Saturation extract 5 9040 4 Standard units 
 EC Saturation extract 5 D1125-95A 6 Deci siemens/m 
 Soluble 

calcium 
Saturation extract 5 200.7 2 meq/L 

 Soluble 
magnesium 

Saturation extract 5 200.7 2 meq/L 

 Soluble 
sodium 

Saturation extract 5 200.7 2 meq/L 

 SAR NA NA Calculation -
(Na/((Ca+Mg)/2)^.5, ions in 

meq/L 
 Chloride 

(Spring 2004 
samples 

only) 

Saturation extract 5 300.0 2 mg/L 

 Saturation 
percentage 

Saturation extract 5 Oven dry Weight %, oven dry basis 

Suite 2 CEC 8-3: CEC of arid soils 
5 

200.7 2 meq/100g 

 ESP 13-3.3.1: Ammonium 
acetate extract 5 

200.7 2 Calculation – (NH4OAc Extr 
Na - soluble Na)/CEC, in 

meq/100g 
 texture Mechanical analysis 

by hydrometer 5 
Oven dry 8-hr hydrometer method for 

clay, Weight %, oven dry 
basis 

 Alkalinity Saturation extract 5 2320B 7  
 Lime 

(percent) 
Lime 5 or suitable 
alternate method  

 Weight %, oven dry basis 

Suite 3 Nitrate as N KCl extract 353.2 3 mg/kg soil 
 Sulfate as S Saturation extract 5 200.7 2 meq/L 
     

Suite 4 Organic 
matter 

Walkley Black 5 NA Weight percent, oven dry 
basis 

 Phosphorus 24-5.4: Olson 
(sodium bicarbonate) 

5 

200.7 2 mg/kg soil 
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Analytical 

Suite 
Analyte Extraction Determination 

see below 
Unit? Comments 

 Potassium 13-3.3.1: Ammonium  
acetate 5 

NA mg/kg soil 

 Zinc 19-3.3: DTPA 5 200.7 2 mg/kg soil 
Suite 5 Barium Hot water extract 5 200.7 2 mg/kg soil 

 Boron Hot water extract 5 200.7 2 mg/kg soil 
 Fluoride Hot water extract 5 4110 B 7  or 

300.0 3 
mg/kg soil 

 Selenium Hot water extract 5 200.8 2 mg/kg soil 
Suite 6 Clay 

mineralogy 
NA NA Prepare 25 g split sample for 

submission to outside 
laboratory 

1 – from Methods for Chemical Analysis of Water and Wastes. 1979. (EPA/600/4-79/020) 
2 - Methods for the Determination of Metals in Environmental Samples Supplement 1.  1994.  (EPA/600/R-
94/111) 
3 - Methods for the Determination of Inorganic Substances in Environmental Samples (EPA/600/R-93/100) 
4 – Test Methods for Evaluating Solid Wastes – Chemical and Physical Methods. EPA SW-846 
5 – Agronomy Monograph Number 9 (1984) 
6 - Annual Book of ASTM Standards, Vols. 11.01 and 11.02 
7 - Standard Methods for the Examination of Water and Wastewater, 18th, 19th & 20th Editions 
 
2.5 Quality Assurance (QA) Samples 
 
Field and laboratory quality assurance samples were used to control and measure the 
numerical accuracy and precision of the samples collected in Tongue River AMPP 
(Table 2-2). 
 
Table 2-2.  Quality assurance samples, frequency, and control limits for the 

Tongue River samples. 
QA Test Field or 

Lab 
Method 

Description Frequency Control 
Limits 

Audit Procedure 

Blind Field 
Preparation 
Duplicate 

Field Split randomly 
selected sample in 
field and submit 
blind to lab 

1:20 Precision 
less than  
30% RPD 

Flag results that fail  

Lab Control 
Sample 

Lab Run well-mixed 
field sample in 
each batch 

Min freq of 
1:20 or 
1/batch 

Accuracy 80 
to 120% of 
mean value 

Re-calibrate prior to 
running batch 

Lab 
duplicate  

Lab Randomly selected 
split sample 

Min freq of 
1:20 or 
1/batch 

Precision 
less than  
20%  RPD 

Flag samples that fail if 
average concentration in 
pair is greater than 2 
times MDL 
 
 

Spike 
Recovery 

Lab Digestate solution 
spike (not matrix 
spike), to 
determine recovery 

Min freq of 
1:20 or 
1/batch 

Accuracy 80 
to 120% 
based on 
percent 
spike 
recovery 

Flag samples that fail if 
concentration in spiked 
sample is greater than 2 
times MDL 

Precision - Relative Percent Difference (RPD) = 100*abs (Value1 – Value2)/ (Value mean) [1] 
Accuracy - Percent Recovery (PR) = 100*(Measured LCS Value– Reference LCS Value)/ (Reference LCS 
Value)       [2] 
Accuracy - Percent Spike Recovery (PR) = 100*(Spiked Value– Unspiked Value)/ (Spike Level) [3] 
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2.6 Use and Distribution of Analytical Results 
 
All analytical results including quality assurance samples are distributed to the public on 
Energy Laboratory’s web site (http://www.energylab.com).  Only landowner/cooperators 
were provided with the code corresponding to their fields.  General information about 
AMPP is available on a web site dedicated to AMPP (http://tongueriverampp.com) as 
well as MBOGC’s web site (http://bogc.dnrc.state.mt. CoalBedMeth.asp). 
  
2.7 Field Quality Assurance (QA) Results 
 
Blind field samples were collected during each sampling event at a frequency of 1 in 20 
samples. Duplicates were initially selected at random and were collected by splitting a 
prepared sample in the field using a riffle-type splitter.  Paired samples were submitted 
“blind” to the laboratory meaning that they did not know what natural sample to which a 
QA sample corresponded. Wet weather in 2006 made sample splitting difficult and 
apparent differences in field duplicate samples resulted.  In 2007 duplicate samples 
were chosen in the laboratory so that the duplicate sample could be split from a 
pulverized, dry sample.  Starting in 2008, the entire Giddings core sampling process was 
duplicated for creation of the blind field duplicate sample. The 2008 and later duplicate 
samples would be expected to have somewhat greater variability than earlier duplicates 
due to change in sample collection. 
 
Sample results were compared using relative percent difference, which is a measure of 
the precision of the sample splitting process and the laboratory sample management 
and analysis (Eqn 1). The control limit developed for blind field samples was 30 percent.   
 
Precision - Relative Percent Difference (RPD) = 100*abs (Value1 – Value2)/ (Value mean) [1] 
 
With the exception of nitrate and soluble chloride determinations (Table 2-3), overall 
average results were within control limits established for blind field duplicates.  The 
cause for the poor reproducibility of nitrate and chloride determinations will be 
investigated and corrected, if possible.  A number of analytical measurements had 
precision between 20 and 30 %, which although meeting QA control limits indicates that 
care must be exercised when assessing small differences in these measurements. 
Parameters with greater than 20 % average relative percent difference included EC; 
soluble calcium, magnesium and sodium; SAR; ESP; sulfate: phosphorus; selenium and 
barium. 
 
All blind field duplicates for saturation percentage, pH, lime, organic matter, ammonia 
acetate extractable potassium, DTPA extractable zinc, and water soluble boron and 
fluoride were within control limits.  A variable number of individual data pairs differed by 
more than 30 percent including 15 of 56 determinations for soluble calcium, 16 of 56 for 
magnesium, 17 of 56 determinations for soluble sodium, and 17 of 53 measurements of 
exchangeable sodium percentage. 
 
Based on QA measurements (Table 2-4), individual measurements of soil parameters 
that use standard laboratory techniques may be expected to vary from a duplicate 
analysis by an average of 14 percent and can vary by more than 30 percent. The 
potential magnitude of sampling and laboratory error must be considered when 
comparing results of samples collected on different dates. Differences of up to 30 
percent may result from variation caused by standard sampling and laboratory practice 
and may not reflect actual changes in soil properties. For example, fall 2006 samples 
had much poorer QA results (35.2 percent average RPD) than previous sampling 
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campaigns (11.8 to 19.5 percent average RPD). Internal laboratory QA results for fall 
2007 were consistent with earlier groups of samples, so poor results in 2006 were likely 
the result of the aforementioned difficulty with splitting wet samples, incorrect sample 
labeling or sample mismanagement after collection. Results in 2007 improved to an 
average of 15.2 percent relative percent difference, although soluble ions had poor 
reproducibility in 2007.  At least one sample pair in 2007 (site DA 24 to 36 inches) had 
such poor agreement that one sample of the QA pair may have been mislabeled or 
corrupted in the lab. Overall average RPD increased to 28.8 % in 2008 (Figure 2-1), 
which may be due to the use of separate core samples for the field duplicate which 
introduces more spatial variability into the precision determination. 
 
Care will be taken in subsequent sampling events to ensure that split samples are 
homogeneous. Collection of a large number of samples using careful collection 
techniques, such as employed in AMPP, reduces the effects of sampling and analytical 
variability (which are random and unbiased) so that changes in soil chemistry smaller 
than 15 to 30 percent can be detected. Additionally, use of a rigid QA program provides 
appropriate feedback to maintain careful sampling, sample management, and laboratory 
technique. 
 

Table 2-3.  Summary of field quality assurance analysis of blind field duplicates 
expressed as relative percent difference among data pairs. 

Parameter Overall (Max 
pairs=56) 

1 : Saturation Percentage 5.4% 52 
1 : pH (Paste) 1.2% 52 
1 : Electrical Conductivity (Paste) 21.0% 56 
1 : Calcium (Paste) 27.2% 55 
1 : Magnesium (Paste) 28.3% 55 
1 : Sodium (Paste) 27.9% 55 
1 : Sodium Adsorption Ratio 20.7% 55 
1 : Alkalinity (Paste) 14.1% 25 
1 : Chloride (Paste) 50.7% 22 
2 : Cation Exchange Capacity 11.5% 52 
2 : Exchangeable Sodium 18.3% 51 
2 : Exchangeable Sodium Percentage 24.4% 52 
2 : Lime as CaCO3 6.5% 51 
2 : Sand 19.1% 50 
2 : Silt 6.3% 50 
2 : Clay 11.4% 51 
3 : Nitrate as N 44.8% 15 
3 : Sulfate (Paste) 26.0% 16 
4 : Organic Matter 5.9% 3 
4 : Phosphorus 22.2% 3 
4 : Potassium 3.8% 2 
4 : Zinc 6.2% 2 
6 : Barium 20.3% 3 
6 : Boron 3.6% 4 
6 : Fluoride 17.5% 3 
6 : Selenium 20.9% 2 
Average Relative Percent Difference 18.0% 915 
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Table 2-4.  Detailed results of field quality assurance analysis of blind field duplicates 
expressed as relative percent difference among data pairs. 

Parameter Fall, 2003 
(Max 

pairs=18) 

Spring, 
2004 
(Max 

pairs=5) 

Fall, 2004
(Max 

pairs=6) 

Fall, 2005
(Max 

pairs=6) 

Fall, 2006
(Max 

pairs=6) 

Fall, 2007 
(Max 

pairs=10) 

Fall, 2008 
(Max 

pairs=5) 

1 : Saturation 
Percentage 4.7% 18 4.0% 5 4.3% 6 2.0% 6 10.9% 6 5.0% 6 8.3% 5 

1 : pH (Paste) 1.0% 18 2.9% 5 0.6% 6 0.4% 6 1.1% 6 1.7% 6 1.8% 5 
1 : Electrical 
Conductivity (Paste) 10.2% 18 17.6% 5 16.4% 6 17.7% 6 48.7% 6 31.2% 10 19.2% 5 

1 : Calcium (Paste) 20.7% 18 23.4% 5 12.0% 6 22.1% 6 55.5% 6 33.1% 9 34.1% 5 
1 : Magnesium 
(Paste) 16.3% 18 24.5% 5 16.5% 6 28.2% 6 59.6% 6 43.7% 9 24.9% 5 

1 : Sodium (Paste) 15.0% 18 17.8% 5 21.1% 6 34.4% 6 62.4% 6 36.5% 9 28.7% 5 
1 : Sodium 
Adsorption Ratio 11.2% 18 15.7% 5 14.0% 6 23.0% 6 37.9% 6 25.3% 9 37.0% 5 

1 : Alkalinity (Paste) 10.9% 18 27.7% 5 9.1% 2 NA  19.5% 6 NA 0 no data 0 
1 : Chloride (Paste) NA - 45.9% 5 9.4% 1 NA  93.0% 6 18.1% 5 39.7% 5 
2 : Cation Exchange 
Capacity 12.2% 18 12.3% 5 6.0% 6 5.5% 6 25.2% 6 11.7% 6 5.6% 5 

2 : Exchangeable 
Sodium 12.5% 18 28.7% 5 14.0% 6 16.8% 6 36.4% 6 18.8% 5 13.3% 5 

2 : Exchangeable 
Sodium Percentage 23.3% 18 31.9% 5 21.3% 6 28.8% 6 33.3% 6 14.1% 6 20.9% 5 

2 : Lime as CaCO3 6.4% 18 4.1% 5 2.3% 6 7.2% 6 15.3% 6 7.1% 5 2.7% 5 
2 : Sand 12.5% 17 16.2% 5 25.3% 6 5.2% 6 25.0% 6 12.4% 5 52.6% 5 
2 : Silt 4.1% 18 7.0% 5 3.1% 6 5.6% 6 12.4% 6 6.1% 5 12.6% 4 
2 : Clay 7.8% 18 11.4% 5 9.0% 6 10.1% 6 27.8% 6 10.0% 5 10.3% 5 
3 : Nitrate as N 41.3% 7 67.1% 2 38.6% 1 NA - NA - 37.2% 3 49.5% 2 
3 : Sulfate (Paste) 12.7% 7 27.1% 3 1.2% 1 NA - NA - 17.9% 3 95.9% 2 
4 : Organic Matter 7.9% 2 NA - NA - NA - NA - 1.8% 1 NA 0 
4 : Phosphorus 8.3% 2 NA - NA - NA - NA - 50.0% 1 NA 0 
4 : Potassium 3.8% 2 NA - NA - NA - NA - NA - NA 0 
4 : Zinc 6.2% 2 NA - NA - NA - NA - NA - NA 0 
6 : Barium NA - 22.2% 2 NA - NA - NA - NA - 16.7% 1 
6 : Boron 0.0% 2 7.2% 2 NA - NA - NA - NA - NA 0 
6 : Fluoride NA - 13.1% 2 NA - NA - NA - NA - 26.3% 1 
6 : Selenium NA - 20.9% 2 NA - NA - NA - NA - NA 0 
Average Relative 
Percent Difference 11.8% 18 19.5% 5 11.8% 6 15.2% 6 35.2% 6 15.2% 10 28.8% 5 
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Figure 2-1.  Average relative percent difference of field quality assurance 

analysis of blind field duplicates 
 
2.8 Comparison of SAR and ESP 
 
An excess amount of exchangeable sodium can reduce intake rate in soils.  Typical 
threshold of acceptable sodium is 15 percent of the exchange sites, or an ESP of 15 
percent.  Soil ESP can be difficult and expensive to measure in soils and errors have 
been attributed to ESP measurements in Powder River basin soils (Vance 200x).  
Measurement of SAR, which is determined from soluble calcium, magnesium and 
sodium in saturated paste extract, is often used as a surrogate for ESP in assessing 
sodium hazard.   
 
The theoretical basis for assessing sodium hazard from soluble ions is based on cation 
exchange processes.  Monovalent cations such as sodium can exchange for divalent 
cations such as calcium or magnesium held on an exchanger such as a clay mineral 
(Eqn [2]).  The proportion of sites occupied on an exchanger (e.g. the mole fraction (X)) 
can be estimated using the exchange selectivity equilibrium coefficient (Kv) that is 
specific to the clay mineral and ion pair considered.  The Vanselow equation [3] relates 
mole fraction, equilibrium coefficient, and ion activity.  Rearrangement of the Vanselow 
equation and taking the square root of the expression results in the expression for 
sodium adsorption ratio in [4].  Therefore, the chemistry of ion exchange indicates that 
SAR should have a linear correlation with ESP (which is the mole fraction of sodium on 
the exchange complex).   
 
Ca+2 + 2Na-X2 = 2Na+ + Ca-X2 [2] 
Kv = ([αNa]2/ [αCa]) ([XCa]/ [XNa]2) [3] 
[Na] / ([Ca]+[Mg])0.5 [4] 
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Early work at the US Salinity Lab (1954) established a relationship between SAR and 
ESP (Figure 2-2) that has been used by most scientists over the last 50 years.  In the 
Salinity Lab equation, a SAR of 12 corresponds to an ESP of 15 percent.  Irrigation 
water quality guidelines, which are based on SAR, were developed on the basis of this 
SAR-ESP equation. 
 
Paired SAR and ESP data from AMPP soils do not follow the Salinity Lab SAR-ESP 
equation, especially at low and high SAR levels.  In general, the Salinity Lab curve under 
predicts AMPP ESP for SAR less than 5 and over predicts ESP above a SAR of 5.  In 
general, ESP and SAR correlation is poor indicating that one or both measurements may 
provide misleading estimates of sodium hazard.  
 
Internal QA results for SAR and ESP measurements were similar with average relative 
percent difference of 20.7 and 24.4 % respectively.  Lab procedure for ESP relies on 
measured CEC as well as “exchangeable” sodium, which is determined by subtracting 
soluble sodium (from the paste extraction) from extractable sodium. CEC measurements 
in AMPP are somewhat suspect, especially for low clay soils, because the CEC/clay 
ratio often exceeded 100 meq/100g, which is considered high for soils with mixed 
mineralogy.  Overestimation of CEC would lead to erroneously low ESP values.  For 
these reasons, AMPP SAR measurements are considered to provide a better indication 
of sodium hazard than ESP measurements.  Vance (200x) also concluded that SAR 
measurements provide more reliable estimates of sodium hazard than ESP in the 
Powder River basin. The reason for the unexpected relationship between SAR and ESP 
in AMPP soils is attributed to abundant calcium and magnesium carbonate minerals that 
may complicate CEC determination. 
 

 
Figure 2-2.  Relationship between AMPP SAR and ESP. 
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2.9 Natural Variability of Soils 
 
Variability of field measurements due to sampling and laboratory techniques was found 
to account for variations of up to 15 to 30 percent. Another source of soil variability is 
natural spatial variation that occurs laterally and with depth.  AMPP was designed to 
minimize effects of spatial variability by using composite soil samples and standardized 
soil sample depths.  However, it is important to understand the magnitude of spatial 
variability, especially when comparing AMPP data to soils data compiled from other 
sources.  
 
Soil properties often vary with depth.  Natural soil-forming processes and agricultural 
management tend to amplify differences in soil properties within the soil profile.  These 
changes result principally from the fact that the water content, water movement, 
temperature, and biological activity in soils all vary with depth.   
 
Surface soil layers typically have more flux of water, have more pronounced seasonal 
variation in water content and temperature, and have more biological activity (e.g. root 
mass and microbial activity) than in deeper layers.  Through hundreds to thousands of 
years, these processes tend to increase organic matter levels, decrease pH, and remove 
soluble salts and lime near the soil surface.  Soluble salts, lime, and clay minerals often 
accumulate within or near the base of the root zone at 24 to 30 inches. Most Tongue 
River soil properties including physical properties such as texture and chemical 
properties such as EC and exchangeable sodium percentage (ESP) were found to vary 
significantly with depth (Appendix C).   
 
Another important factor which influences variability of soil monitoring data is lateral 
spatial variability.  In order to assess spatial variability in AMPP fields, each composite 
subsample collected in the upper 24 inches from two representative fields were 
individually analyzed in fall 2003. Field MA, which was 60 acres in size, was sampled 
using 12 subsamples, while field YAA (19.3 acres) had 10 subsamples.  Results of the 
spatial variability assessment are included in (Appendix C). 
 
2.10 Lab Quality Assurance (QA) Results 
 
The laboratory quality assurance program consists of several steps including instrument 
calibration and continuing calibration verification, laboratory duplicate determinations, 
analysis of laboratory control samples, and measurement of the recovery of known 
amount of constituent added to soil extractions.  The laboratory quality control process 
insures that data are of a known and consistent quality.  Inspection of the lab control 
reports indicates that analyte spike recoveries, duplicates, lab control samples, and 
other QA procedures were within established control limits.  
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3.0 Basin-Wide Trends in Soil Properties 
 
Overall trends in irrigated soil properties are evaluated in this section.  AMPP sampling 
design permitted evaluation of differences in mean soil properties with soil depth (section 
3.2.1), differences between AMPP sites (section 3.2.2), and differences in mean soil 
properties through time (section 3.3).  Of these, changes that occur through time are 
most pertinent to the question of whether CBNG development has affected irrigated 
soils. 
 
Some soil properties are static by nature and do not change appreciably through time, 
while others are dynamic and may vary in response to precipitation patterns or 
agricultural management.  Examples of intrinsically static soil properties (unchanged 
over tens to hundreds of years) are sand, silt and clay content, lime content, cation 
exchange capacity, and organic matter content.  Organic matter can change if the soil 
has been recently brought into cultivation or is eroding.   
 
If temporal changes in static properties are detected, then sampling or analytical error 
are likely causes. Dynamic soil properties are more likely to vary between years because 
they may be affected by changes in irrigation or crop management, climate, or irrigation 
water quantity or quality (although analytical and sampling errors must also be 
considered).  Examples of dynamic soil properties include EC, SAR, ESP, and nutrient 
content.  Detecting time trends in dynamic soil properties is the best way to watch for soil 
changes that may be associated with CBNG development.  In order to attribute soil 
chemical trends to root causes, however, climate and irrigation water quality for the 
period of record must be considered.  
  
3.1 Climate and Irrigation Water Quality Data 
 
The Tongue River basin suffered an extended period of drought that began in the late 
1990’s.  Drought continued in 2003 and 2004 with precipitation below average for both 
years in Miles City (Figure 3-1) and Sheridan (Figure 3-2).  Rainfall in 2003 was near-
normal in the spring but was far below normal in the growing season and through the fall 
and winter.  The pattern was the opposite in 2004 with winter and spring precipitation 
below normal and growing season rainfall above average.  In 2005, 2007 and 2008, 
growing season precipitation returned to normal to above normal conditions largely due 
to high rainfall in May and June.  The year 2006 was dry. 
 
From 2003 through 2007, annual temperature was also warmer than average at Miles 
City (Figure 3-3) and Sheridan (Figure 3-4), but only 2003, 2006 and 2007 were warmer 
than average during the growing season.  
 
The primary concern addressed by AMPP is the potential for irrigation water quality to 
decrease in quality as a result of CBNG development in the basin.  Further, the concern 
is that change in water quality could cause changes in soil chemistry that reduce or 
impair crop production and/or increase management costs.   
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Figure 3-1.  Monthly average precipitation at the Miles City Airport (NCDC 

station 245690) for the 1937 to 2004 period of record, 2003 
through 2008 

 

 
Figure 3-2.  Monthly average precipitation at the Sheridan Airport (NCDC 

station 488155) for the 1948 to 2004 period of record, 2003 
through 2008 
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Figure 3-3.  Monthly average temperature at the Miles City Airport (NCDC 

station 245690) for the 1937 to 2004 period of record, 2003 
through 2008 

 

 
Figure 3-4.  Monthly average temperature at the Sheridan Airport (NCDC 

station 488155) for the 1948 to 2004 period of record, 2003 
through 2008 
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Data collected by the United States Geological Survey were used to estimate the 
average flow and water quality that occurred in 2003 through 2008, and to compare this 
data to long term records.  Because daily flow and EC data are generally available at a 
number of stations on the Tongue River, comparison of flow and EC are easily 
performed.  However, SAR comparison is difficult in that calcium, magnesium and 
sodium ion concentrations were only measured periodically.  Therefore, in order to 
estimate seasonal SAR, the statistical relationship between daily flow and SAR was 
determined using available data.  These flow/water quality expressions were then used 
to estimate average SAR. 
 
Flow was below average in 2002, 2004 and 2006. It was near-normal in 2003 and 2005 
(except above the Tongue River Reservoir where flow was about 60 percent of normal 
during the 2003 growing season). River flow was well above normal in 2007 and 2008 
(Figure 3-5).  Annual flows are based on water quality data collected by USGS 
(http://tonguerivermonitoring.cr.usgs.gov/).  Estimated EC and SAR were both higher 
from 2002 through 2004 than the long-term average at all stations but were near normal 
in 2005, 2007 and in 2008.  This is in keeping with lower than average flow for the 2002 
to 2004 period, and the fact EC and SAR tend to increase at lower flows.  A gradual 
decrease in flow and increase in EC and SAR also occurs from the Dam to Brandenburg 
Bridge.  These downstream changes are probably due to the combined effect of natural 
processes and irrigation withdrawals and return flows.  Both tributary waters and 
irrigation return flows have higher EC and SAR than Tongue River water.   Both of these 
water sources make up a progressively larger fraction of flow when traveling 
downstream, resulting in downstream EC and SAR increases. 
 
Irrigation water quality varies naturally from year to year even without the influence of 
CBNG activities.  Generally, EC and SAR tend to increase in drier years. 
 

• Changes in water quality that are unrelated to normal annual fluctuations 
may be caused by other land use activities in the Tongue River basin.  For 
example, irrigated acreage has increased in recent years, and many fields 
have been converted from flood to sprinkler irrigation. Water quality in 
irrigated basins may be affected by irrigated acreage, irrigation method and 
quantity of return flow. 
 

• Increases in constituents such as EC and SAR that are critical measures of 
water quality may not necessarily cause adverse effects on crop 
production.   

 
It is important to recognize three important aspects of irrigation water quality, namely; 
 

• Comparison of average Tongue River water quality to the irrigation water 
quality guidelines in Table 3-1 indicates that EC and SAR fall in an 
acceptable range, with no restrictions on use due to either EC or SAR.  
  

• Tongue River water above the T&Y Diversion generally meets all State of 
Montana water quality requirements for irrigation water quality. 
 

• Review of the other water quality constituents indicates that there are no 
potentially toxic ions, trace element, nitrate, bicarbonate or pH problems in 
Tongue River water. 
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Figure 3-5.  Estimated Tongue River flow, EC and SAR 

during the May 1 to September 30 growing 
season in 2002 through 2008 (daily average 
data).  
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Table 3-1.  Interpretation of irrigation water quality (Ayers and Westcot 1994)1. 

Potential Irrigation Problem Units
Degree of Restriction on Use

None Slight to 
Moderate Severe

Salinity(affects crop water availability)2         
  ECw dS/m < 0.7 0.7 – 3.0 > 3.0 
  (or)        
  TDS mg/l < 450 450 – 2000 > 2000
Infiltration (affects infiltration rate of water into the soil. 
Evaluate using ECw and SAR together)3        

SAR  = 0 – 3 and ECw =   > 0.7 0.7 – 0.2 < 0.2 
  = 3 – 6   =   > 1.2 1.2 – 0.3 < 0.3 
  = 6 – 12   =   > 1.9 1.9 – 0.5 < 0.5 
  = 12 – 20   =   > 2.9 2.9 – 1.3 < 1.3 
  = 20 – 40   =   > 5.0 5.0 – 2.9 < 2.9 
Specific Ion Toxicity (affects sensitive crops)        
  Sodium (Na)4        
  surface irrigation SAR < 3 3 – 9 > 9 
  sprinkler irrigation me/l < 3 > 3   
  Chloride (Cl)4        
  surface irrigation me/l < 4 4 – 10 > 10 
  sprinkler irrigation me/l < 3 > 3   
  Boron (B) mg/l < 0.7 0.7 – 3.0 > 3.0 
  Trace Elements (see Table 21)        
Miscellaneous Effects (affects susceptible crops)        
  Nitrogen (NO3 - N) mg/l < 5 5 – 30 > 30 
  Bicarbonate (HCO3)        
  (overhead sprinkling only) me/l < 1.5 1.5 – 8.5 > 8.5 
  pH   Normal Range 6.5 – 8.4 
1 - Adapted from University of California Committee of Consultants 1974. 

2 - ECw means electrical conductivity, a measure of the water salinity, reported in deciSiemens per meter at 
25°C (dS/m) or in units millimhos per centimeter (mmho/cm). Both are equivalent. TDS means total 
dissolved solids, reported in milligrams per liter (mg/l). 

3 - SAR means sodium adsorption ratio. SAR is sometimes reported by the symbol RNa. See Figure 1 for 
the SAR calculation procedure. At a given SAR, infiltration rate increases as water salinity increases. 
Evaluate the potential infiltration problem by SAR as modified by ECw. Adapted from Rhoades 1977 and 
Oster and Schroer 1979. 

4 - For surface irrigation, most tree crops and woody plants are sensitive to sodium and chloride; use the 
values shown. Most annual crops are not sensitive; use the salinity tolerance tables (Tables 4 and 5). For 
chloride tolerance of selected fruit crops, see Table 14. With overhead sprinkler irrigation and low humidity 
(< 30 percent), sodium and chloride may be absorbed through the leaves of sensitive crops. For crop 
sensitivity to absorption, see Tables 18, 19 and 20. 
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3.2 General Water Quality Characteristics 
 
The proportion of various common ions in water samples is often used to generalize the 
nature and chemical evolution of water from different sources.  Overall similarities and 
differences in water type provide clues to processes affecting water quality.  Four types 
of water samples from the Tongue River basin were compared using Piper diagrams 
including Tongue River surface water, shallow groundwater samples from AMPP,  
AMPP soil extracts, and CBNG produced water (Figure 3-6).  
 
Water from CBNG wells are dominated by sodium and bicarbonate ions while all other 
waters sampled in the Tongue River basin are calcium-magnesium-bicarbonate trending 
toward sodium-sulfate type water.  Gradual chemical changes that occur in a 
downstream direction in the Tongue River are reflected on the Piper diagram as an 
increase in the proportion of sodium and sulfate while calcium and bicarbonate 
decrease.  These changes could not result from introduction of CBNG water, which is 
bicarbonate dominant.   
 
Introduction of a small amount of shallow groundwater or soil solution (e.g. irrigation 
return flow) could account for chemical changes observed in the Tongue River as it 
moves downstream.  Both soil solution and groundwater have greater proportions of 
sulfate and sodium than are found in the Tongue River.   
 
If soil solution or shallow groundwater is derived from Tongue River water applied as 
irrigation to soils, why do they differ chemically?  Evaporation is thought to be the reason 
for higher proportions of sulfate and bicarbonate in soil water and groundwater.  As soil 
water evaporates, calcium and magnesium carbonate minerals tend to form and calcium 
and magnesium ions are also removed by ion exchange on clay minerals.  Sulfate and 
sodium tends to remain in solution, accounting for their dominance in soil water and 
groundwater.  Changes in cation and anion composition as a function of increasing 
salinity is shown in Figure 3-7. 
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Figure 3-6.  Piper diagram of various water samples from the Tongue River 

basin. 
 
 

 
Figure 3-7.  Correlation of sulfate and sodium with EC in various water 

samples from the Tongue River basin. 
 
 
3.3 Statistical Trend Analysis of Basic Soil Properties 
 
A statistical analysis was performed to determine whether there were any significant 
changes in soil chemical properties during the time spanned by the seven sampling 
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events.  Additionally, the analysis assessed whether soil properties tend to vary in a 
systematic fashion with depth, and if average levels of soil properties vary between 
AMPP sites.  The statistical analysis was confined to composite samples from the 10 
sites that were irrigated with Tongue River water (Table 3-2 and Appendix E). 
 
All measured soil properties exhibited significant statistical variation between sites and 
also differed according to soil depth.  Only a few soil properties significantly varied with 
time, however.  These included soil pH, soluble calcium, CEC, clay, ESP and lime 
content.  Some of these apparent variations (especially static properties such as CEC, 
clay and lime) may be due to analytical differences associated with laboratory 
techniques. Depth-related trends in some soil properties varied between sites (e.g. site 
by depth interaction), and depth-related trends also varied through time. 
  
Table 3-2.  Analysis of variance statistical analysis of AMPP soils data. 

 
 
3.3.1 Depth Variation in AMPP Soil Properties  

  
Statistical analysis showed that all soil properties exhibited significant variation with soil 
depth and between locations (Appendix E).  Additionally, with exception of pH, sodium, 
SAR and CEC, the pattern of change in soil properties with depth tended to differ 
between sites.  While changes in soil properties with depth differed greatly from site to 
site, the “average” relationship between various soil properties and depth accurately 
portrays the general depth trends.  For example, clay content (Figure 3-8) tended to be 
higher near surface than at depth, which is typical of fluvial deposits, which “fine 
upwards”.  Conversely, soil pH (Figure 3-9) was slightly lower near-surface than at 
depth, which is typical of most western soils.  At depth, abundant lime tends to control 
pH around 8.0, while closer to the soil surface; organic matter causes a slightly lower 
pH.   
  
Average EC increased with depth to about 36 inches, where maximum average value 
occurred and then decreased slightly from 3 feet to 8 feet (Figure 3-10).  EC increasing 
with depth is typical of both dryland and irrigated soils in semi-arid climates.  Infiltration 
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of rainwater or low EC irrigation water tends to maintain low EC levels near the surface.  
As plant roots extract water from the soil, they absorb mostly pure water and exclude 
soluble salts.  A gradually decreasing proportion of soil water is extracted by plants with 
an increase in depth of the root zone.  Consequently, the greatest accumulation of 
soluble salts should be expected near the base of the root zone. 
 
The magnitude of increase in salinity that occurs between the top and base of the root 
zone provides an indication of the proportion of water extracted by plants and the 
remainder, which percolates through the soil passing the base of the root zone.  When 
the quantity of deep percolation is expressed as a percentage of applied water, it is 
called the “leaching fraction (LF)” in irrigated soils. 
  
Leaching fraction can be determined from changes in soil EC with depth by applying the 
simple formula [1] where EC of irrigation water divided by EC of drainage water is the 
leaching fraction (Ayers and Westcot 1994). The long-term average EC of Tongue River 
irrigation water is around 650 μS/cm.  Drainage water EC can be estimated (equation 
[2]) from measured soil EC by correcting for the difference in water content of a 
saturation paste extract (water content at which soil EC is measured) and field soil water 
content in the deep soil horizons (assumed to be at field capacity since deep drainage 
occurs).  The ratio of saturation water content to field capacity (θs/θfc) varies widely but 
averages around 2.  
  
 LF = ECi/ECd [1] 
 ECd = ECe x θs/ θfc [2] 

 
Average saturated paste extract EC in deep horizons is around 3 dS/m, so average EC 
of drainage water from irrigated soils is around 6 dS/m.  Assuming average irrigation 
water EC of 0.65 dS/m, the leaching fraction is around 11 percent.  This is the long-term 
average quantity of leaching compared to the quantity of rainfall plus applied irrigation 
water.  If average rainfall is 14 inches, and applied irrigation is 26 inches, then on 
average, about 4.4 inches of leaching occurs.  Deep water movement will not occur after 
each irrigation, but is likely to occur during wetter seasons of the year (e.g. March 
through May), and in wetter years. 
   
The higher EC levels that occur at around 3 feet in depth may result from a temporary 
accumulation of soluble salts resulting from the recent multi-year drought cycle, because 
of associated reductions in the amount of applied irrigation water.  The accumulation 
may also be indicative of a shallow water table that impedes removal of salts by deep 
drainage. 
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Figure 3-8.  Trend in average clay content with depth in composite samples 

from fields irrigated with Tongue River water. 
 

 
Figure 3-9.  Trend in average pH with depth in composite samples from fields 

irrigated with Tongue River water. 
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Figure 3-10.  Trend in average EC with depth in composite samples from 

fields irrigated with Tongue River water. 
 
 
Average ESP and SAR also increase with depth, but not in the same way as EC.  ESP 
increases more continuously from an average of around 2 percent near the soil surface 
to about 8 percent in the 5 to 8 foot depth (Figure 3-11).  ESP increase is in part related 
to increased EC at depth.  Average soil EC (Figure 3-8) increases from about 1 dS/m to 
4 dS/m between the surface and 36 inches in depth.  Since average EC increases by a 
factor of 4, SAR and ESP should increase by a factor of 2 from the surface SAR of 1 or 
surface ESP of 2 percent.  The actual increase is much larger.  The larger increase in 
ESP is attributed to selective removal of calcium and magnesium from solution due to 
formation of calcite and magnesium-calcite in deeper soil layers, and to selective 
removal of ions by clay minerals (e.g. ion exchange). 
 
The more pronounced increase in sodium with depth than calcium and magnesium is 
illustrated in (Figure 3-12). SAR, as expected, also increases with depth and reaches a 
maximum value around 4 to 5 feet (Figure 3-13). 
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Figure 3-11.  Trend in average ESP with depth in composite samples from 

fields irrigated with Tongue River water. 
 

 
Figure 3-12.  Trend in average sodium, calcium and magnesium with depth in 

composite samples from fields irrigated with Tongue River 
water. 
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Figure 3-13.  Trend in average SAR with depth in composite samples from 

fields irrigated with Tongue River water. 
 
 
Increasing EC with depth is consistent with withdrawal of about 85 to 90 percent of 
rainfall and applied irrigation water through crop uptake and evaporation.  Additionally, 
the observed increase in ESP and SAR is attributed to evaporative concentration of salts 
and due to precipitation of calcite and magnesium-calcite compounds. 
   
A geochemical model was used to determine whether evaporation and formation of soil 
minerals (e.g. calcite and gypsum) would simulate both the EC and SAR trends 
observed with depth.  The model used, called PHREEQC (Parkhurst and Appelo 1999), 
is commonly used for geochemical evaluations involving evaporation and chemical 
precipitation.  The composition of typical Tongue River water was input into the model 
and plant removal of water was then simulated by evaporating the water in steps until 
only 2 percent of the original water remained.  The model simulations included three 
differing assumptions about formation of soil minerals.  In the first case, no minerals 
were permitted to form.  In the second case, calcite (CaCO3) and gypsum (CaSO4·H2O) 
were allowed to form.  In the third case, calcite, gypsum and a calcite phase containing 
magnesium substituting for the calcium (Ca(1-x)Mg(x)CO3) were allowed to form.  All 
minerals included in the simulations are commonly observed in AMPP soils. 
 
The model results were evaluated in two ways.  First, calculated values of EC and SAR 
derived from the simulated evaporation of Tongue River water were compared to 
saturated paste extracts obtained from deep horizons of AMPP Tongue River irrigated 
soils.  Additionally, shallow boreholes were installed in selected AMPP fields to observe 
whether shallow groundwater occurred in AMPP soils, and also to sample the chemistry 
of shallow groundwater.  If deep percolation from irrigated soils reaches the shallow 
groundwater, the chemistry should be similar to the saturated paste extracts for the 
deeper soil horizons.  The water quality of samples obtained from the boreholes was 
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also compared to model simulations.  Water quality data from the shallow boreholes, 
and depth to groundwater, are presented in Figures 3-14 to 3-15. 
   

 
 

Table 3-14.  Trends in EC in shallow borehole water samples in selected AMPP 
fields in the upper Tongue River. For location DA, it looks like the last 
year of data is not recorded on the graph 
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Table 3-15.  Trends in SAR in shallow borehole water samples in selected AMPP 

fields in the middle Tongue River. 
 
 
 
Results of the geochemical modeling are shown in Figure 3-16, and the ternary 
diagrams of Figure 3-17. The model shows that if no soil minerals formed, SAR in the 
deeper soil layers at an EC of 5 to 10 dS/m would only be in the range of 2 to 3.  If 
calcite and gypsum form (which does not remove magnesium from soil water), SAR 
would range from 3 to 8 in the EC range of 5 to 10.  If a magnesium calcite is also 
allowed to form, then SAR could range from 3 to 17, which is close to the observed 
range found in soil extracts.  The trend in EC versus SAR in soil extracts yielded a 
slightly higher SAR at a specific EC level than was predicted by the geochemical model.  
This small difference is attributed to the effects of ion exchange on SAR levels. 
 
The trend in EC and SAR in water samples obtained from shallow boreholes was very 
similar to observations in soil extracts, which lends support to the hypothesis that 
shallow groundwater quality is determined by percolation of water from irrigated soils.  
Additionally, EC and SAR levels observed in deep soil horizons and in boreholes 
corresponded to a range in simulated leaching fraction from 5 percent or less to greater 
than 30 percent.  The most commonly observed EC and SAR values corresponded to a 
leaching fraction of 10 to 20 percent. 
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Figure 3-16.  Comparison of simulated Tongue River water evaporation to 

saturated paste extract and shallow borehole water quality. 
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Figure 3-17.  Ternary diagrams of soluble calcium, magnesium and sodium in 

simulated Tongue River water evaporation, saturated paste 
extracts and shallow borehole water samples. 

 
 

3.3.2 Differences Between AMPP Sites 
  
All soil properties analyzed in AMPP significantly differed between sites.  This is not 
surprising given the natural variability in soil properties.  Some soil properties are 
unlikely to be affected by differences in agronomic management or CBNG development.  
Differences in these properties are therefore likely caused by natural differences in 
geology and soil development processes.   
 
Soil properties that change little through time (sand, silt, clay, saturation water content, 
organic matter and lime) were averaged for all composite samples to a depth of 36 
inches (12 inches for organic matter).  Although there are significant differences between 
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sites (Figure 3-18 to 3-23), there is no systematic change with location along the Tongue 
River.  Sand content (Figure 3-18) averaged 25 percent, but was less than 15 percent at 
sites GC, EA, BC, BD, and BHA.  Site BD had corresponding higher silt content (Figure 
3-19) while remaining sites were higher in clay (Figure 3-20).  Average clay content 
across all sites was only 28 percent, which dispels conventional wisdom that Tongue 
River irrigated fields have high clay soils.  While a few sites, notable site BC, have 
relatively high clay content, most soils are medium-textured with loam or silt loams 
predominant.  
 
Saturation percentage, which is the water content at which soil appears saturated, 
(Figure 3-21) averages about 40 percent by weight, and generally parallels clay content.  
Sandier soils have saturation percentage around 30 percent while finer textured soils 
reach as high as 60 percent.  Saturation percentage is important, because it is the water 
content at which the saturated paste extract solution is prepared.  As such, saturation 
percentage influences measured EC, soluble calcium, magnesium, and sodium levels.  
As saturation percentage increases, ion concentrations decrease. 
 
Organic matter content (Figure 3-22) varies from 1 to 2 percent in the upper 12 inches, 
while lime content (Figure 3-23) ranges from 4 to 10 percent with a possible decrease in 
lime content from the upper to lower river. 
 
 

 
Figure 3-18.  Average sand content (percent) in the <2mm fraction to 36 

inches in AMPP sites for each sampling period. 
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Figure 3-19.  Average silt content (percent) in the <2mm fraction to 36 

inches in AMPP sites for each sampling period. 
 

 
Figure 3-20.  Average clay content (percent) in the <2mm fraction to 36 

inches in AMPP sites for each sampling period. 
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Figure 3-21.  Average saturation percentage water content to 36 inches in 

AMPP sites for each sampling period. 
 

 

 
Figure 3-22.  Average organic matter content (percent) to 36 inches in AMPP 

sites for each sampling period. 
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Figure 3-23.  Average lime content (as CaCO3 percent) to 36 inches in AMPP 

sites for each sampling period. 
 

Soil pH, EC, ESP and SAR (Figure 3-24 to 3-28) are properties that are more sensitive 
to short term changes in management, water quality, and climate than the static soil 
properties discussed above.  As such, changes in these properties through time are 
carefully scrutinized to detect changes due to CBNG development or other factors.   
 
Statistically significant changes through time (section 3.2.3) occurred only for pH, CEC, 
lime, soluble calcium and ESP.  Other apparent changes through time are too small to 
be considered statistically meaningful.  Average pH of all soils (Figure 3-24) fell in a very 
narrow range of 7.6 to 8.0 that reflects control of soil pH by abundant lime in Tongue 
River soils.  When lime is present, soil pH tends to remain between 7.5 and 8.3 unless 
very high sodium levels exist.  In sodic soils, pH may exceed 9.0.  Overall average pH 
changed from 7.8 to 7.6 between first and last soil sampling event, though this change is 
attributed to laboratory techniques. 
 
Depth-weighted average EC in the upper 36 inches is shown in (Figure 3-25).  The 
average for all soils was around 2.5 dS/m and most individual fields fell close to this 
average value.  Sites GC, DB, and BA had lower than average EC, probably owing to 
application of a greater quantity of irrigation water at these sites.  Site DA, had higher 
than average EC, which was probably caused by contributions from tributary runoff onto 
this field, that prior to 2003 was non-irrigated.  In irrigation research, soil EC is often 
expressed on a “root zone uptake weighted” basis.  This approach reflects the fact that 
most water uptake (about 40 percent) occurs in the upper 25 percent of the root zone, 
and only about 10 percent of the water is taken up from the deepest part of the root zone 
(e.g. 36 to 48 inches).  Root zone uptake weighted EC (Ayers and Westcot 1991) 
(Figure 3-26) was similar to depth weighted average EC (in the upper 3 feet of soil).  
Depth weighted ESP (Figure 3-27) averaged just over 4 percent and most soils had 
field-average ESP values close to this value.  The only exception was site DA, which 
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was recently brought under irrigation and which also had high EC values.  Greasewood, 
a common indicator of sodium-enriched soils, is abundant in the vicinity of this field near 
the mouth of Foster Creek.   
 
SAR values (Figure 3-28) were similar to ESP, with an average value of just under 4 
percent.  Only site DA had SAR significantly higher than 4 percent. 
 
Average ESP in AMPP soils decreased from around 4 in the first 3 measurements to 
less than 3 in the fall 2005 sampling.  This change, which is statistically significant, may 
be due to subtle differences in the laboratory analytical technique, or may be due to 
increased rainfall and irrigation in 2005, which rinsed sodium from the soils.  ESP levels 
again increased to around 5 percent in 2007 and 2008. 
 
 

 
Figure 3-24.  Average paste pH to 36 inches in AMPP sites for each sampling 

period. 
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Figure 3-25.  Average paste EC (dS/m) to 36 inches in AMPP sites for each 

sampling period. 
 

 
Figure 3-26.  Root zone water uptake averaged paste EC (dS/m) to 48 inches 

in AMPP sites for each sampling period. 
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Figure 3-27.  Average ESP (percent) to 36 inches in AMPP sites for each 

sampling period. 
 

 
Figure 3-28.  Average paste extracts SAR to 36 inches in AMPP sites for 

each sampling period. 
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3.2.3 Trends in AMPP Soil through Time 
 
Only five soil properties exhibited any statistically significant changes through time 
(Appendix E).  These included pH, CEC, lime content, soluble calcium and ESP (Figure 
3-29 to 3-32).  Except for ESP and soluble calcium, these properties are usually 
regarded as static rather than dynamic soil properties.  Soil pH (Figure 3-29), however, 
may vary through time response to fertilization or changes in ESP.  The pH decreased 
slightly from 7.76 in fall 2003 to 7.58 in fall 2005, increased to 7.86 in fall 2007 and 
decreased subsequently to 7.63 in 2008, which is likely due to laboratory influences 
such as instrument calibration. While differences in average CEC (Figure 3-30) and lime 
content (Figure 3-28) were larger than for pH, the authors could not conceive of a 
process (other than laboratory measurement bias) that could cause significant changes 
in these properties.  Small year to year variations in lime content (Figure 3-31) are 
attributed to small laboratory measurement variations. 
 
The decrease in ESP (Figure 3-32) could have been caused by an increase in rainfall 
and applied irrigation water in 2005, which represented a return to normal rainfall after 4 
or more years of drought.  ESP decrease from fall, 2004 to 2005 (from 5.5 to 3.2 
percent) also corresponded to a measured increase in CEC from 22.3 to 26.5 meq/100 
g, which was probably the result of changes in laboratory practices.  However, even after 
correcting for CEC bias, the 72 percent decrease in ESP still represents a 45 percent 
decline in exchangeable sodium (in meq/100 g).  Therefore, the decrease in ESP is 
assumed to be a real phenomenon that is related to increased rainfall and subsequently 
greater leaching. ESP increased from 3.7 percent to 5.0 percent between fall 2006 and 
fall 2007, despite relatively high rainfall and ample availability of irrigation water in 2007.  
For 2008, ESP declined slightly to 4.8.  No obvious explanation satisfactorily explains 
ESP trends as a function of irrigation water quality or climate, though systematic 
differences in irrigation management may account for these observations. 
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Figure 3-29.  Trend in average pH from composite samples irrigated with 

Tongue River water. 
 

 
Figure 3-30.  Trend in average cation exchange capacity from composite 

samples irrigated with Tongue River water. 



Tongue River Agronomic Monitoring & Protection Program                                              Page 46 
2009 Progress Report                                                                                            September 2009 
 

 
Figure 3-31.  Trend in average lime content from composite samples irrigated 

with Tongue River water. 
 
 

 
Figure 3-32.  Trend in average exchangeable sodium percentage from 

composite samples irrigated with Tongue River water. 
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3.3.3 Variation in Intake Rate through Time 

 
Soil infiltration or intake rate is an important 
property for sustained irrigation.  Ideal soils 
should have an intake rate between 0.2 and 
2.0 inches per hour (Scherer et al. 1996).  
Reduced intake rate is symptomatic of 
sodium induced permeability problems.   
 
Intake rate was measured in selected AMPP 
soils in fall 2003, spring and fall 2004, fall 
2007 and fall 2008.  A device called a 
tension infiltrometer (Figure 3-33) was used 
to measure intake rate. 
 
Soil hydraulic properties are inherently 
variable so that even when numerous 
measurements of a property like intake rate 
are recorded, estimate of mean hydraulic 
properties results are still highly variable.   
 
Two to three intake rate readings were 
collected from all sampled fields on each of 
the five dates listed above.   

Figure 3-33.  Device used to measure              
      soil intake rate for the 

AMPP soils 
 
In general, there were no statistical differences in intake rate between measurement 
dates that indicate a consistent trend in intake rate (Figure 3-34).  Fall 2004 had a 
statistically lower intake rate than in previous measurements, but was not significantly 
different from 2007 or 2008.  Some soils had frozen surface layers in fall 2004, which 
was thought to contribute to the lower intake rate readings.  Infiltration measurements in 
fall 2005 and 2006 were not taken because of frozen soil surfaces and/or zones.  
Sampling events were in late October 2005 and mid-December 2006. 
 
Additionally, even though average intake rate ranged from 0.4 inches per hour at site BC 
to 2.0 inches per hour at site DB, there were no statistically significant differences 
between sites because of large within field variability (Figure 3-35).  Nonetheless, all 
sites had intake rates that were within the range that is suitable for flood or sprinkler 
irrigation according to Scherer et al. (1996). 
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Figure 3-34.  Average Soil Intake Rates over Time 
.  
 
 

 
Figure 3-35.  Average Soil Intake Rates at AMPP Sites. 
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3.4 Variation in Crop Yield and Mineral Content 
 
Crop production was estimated based on grower records in 2003 (Table 3-3). During the 
2004 through 2008 growing seasons, plant clippings were taken in Tier 2 fields at every 
soil sample collection point (GPS waypoint) prior to each forage cutting by cooperators.  
If a crop is normally hayed, collected plant material is air dried, , then net weight is 
determined, forage processed through a chipper/shredder, and a representative sample 
sent to a laboratory for analysis. Crops that are normally ensiled (primarily corn) are 
processed immediately to replicate this harvest process. Yields are adjusted to 12 
percent moisture content for hayed forages and 70 percent for ensiled crops. Feed 
analyses include nutritional parameters as well as a complete mineral determination 
(sodium, calcium, sulfur, and others).  Irrigation water applied and yield information is 
contained in Table 3-3 for 2003 and 2004, Table 3-4 for 2005 and 2006, and Table 3-5 
for 2007 and 2008.  Detailed harvest data and agronomic management utilized for each 
AMPP field are summarized in Tables 3-6 to 3-10 for the 2004, 2005, 2006, 2007 and 
2008 growing seasons, respectively.  More complete forage analysis data is contained in 
Appendix F. 
 
Large differences in forage yields were evident between sites, but yield variations 
showed no systematic changes through time. A myriad of factors have affected forage 
crop yields including age of stand, quantity of irrigation water used, fertilizer applied, 
weed and insect control, climate, and number and timing of cuttings. Although it is 
difficult using existing data to precisely determine causes of yield variations among 
AMPP fields, it is clear that there is no systematic decline in yields that could be 
associated with CBNG production.  
 
Yield results are somewhat difficult to compare due to differences in cropping systems 
between fields. However, large differences in yield were evident between sites, even 
when similar crops, such as alfalfa or mixed grass and alfalfa, were compared. 
Variations in crop yield did not appear to correspond to differences in either EC (Figure 
3-36) or ESP (Figure 3-37) of the fields. Only the amount of irrigation water used (Figure 
3-38) seemed to influence forage yields. 
 
Overall AMPP crop and forage yields were comparable to the range of yields generally 
obtained by growers in southeastern Montana.  Lack of correlation between crop yields 
and soil salinity or sodium levels, and generally good crop and forage yields indicates 
that salinity and sodium in Tongue River water have no adverse effect on irrigated crops. 
 
Vegetation takes up minerals contained in soil and water.  If sodium increases in 
irrigation water, sodium concentration in the plant material will also increase.  Tier 2 
forage mineral analysis provided a means of detecting changes in the abundance of 
sodium in water or soils, which could be the result of CBNG development.  Forage 
sodium monitoring provides an indicator of sodium content in irrigation water, but should 
not be used to infer a deleterious effect on forage quality.  If sodium content increases in 
forages, it does not imply that the forage is toxic or otherwise unsuitable for animal 
consumption.  As sodium content of forage increases, livestock merely decrease their 
salt intake.  Reduced supplemental salt intake has been observed in cattle that drink 
CBNG water.  
 
No changes in sodium content of forages have been detected for the period of 2004 to 
2008 due to CBNG development.  In 2004 and 2005, forage sodium contents were 
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relatively constant in fields that were in the same crop both years. However, for 2006, 
nine of the ten fields that have had the same crop for at least two of the three years had 
sodium levels at or below the previous two years (Figure 3-39).  The exception was 
alfalfa at the EA site, near Brandenburg Bridge, which increased in sodium substantially 
in the third cutting.   This resulted in the 2006 average sodium content for EA to 
increase, compared to 2005.  EA third cutting alfalfa had 0.36 percent sodium. The first 
and second cuttings were 0.06 percent and 0.04 percent, respectively. This site was 
fallowed in 2004 and alfalfa established in 2005.  In 2006, first year of full production, 
first cutting was destroyed by a severe hail storm as it was being swathed. The alfalfa 
struggled to recover  for the second cutting, and was not irrigated for the second or third 
cuttings.  Lack of irrigation may have caused sodium to increase.  Third cuttings have 
tended to have higher sodium levels than first and/or second.  For 2007, eight of eleven 
that have been the same crop for at least three out of four years were at or below the 
2004-2006 average sodium levels.  As of 2008, six of six fields that have had the same 
crop since 2004 and are within the Tongue River Drainage, have forage sodium levels 
that are at or below 2004 figures (MA, LA, GA, EA, BC, and YAA). DB, which has had 
the same crop from 2004 through 2007, has a slight elevated sodium when compared to 
2004   OAA’s sodium content has varied from 0.01 to 0.06 percent during 2004 to 2008, 
This site has been in grass/alfalfa since before 2004.  It is along Otter Creek, near 
Ashland.  OAA has not been irrigated during the 2004 to 2008 period, so natural 
precipitation has caused its sodium content variations.  YBA, which is irrigated with 
Yellowstone River water and has been in alfalfa since second cutting in 2005, has had  a 
steady increase in sodium content from 2006 (0.14%) to 2008 (0.19%). The Yellowstone 
River above Miles City, which is where water is taken from for YBA, contains no CBNG 
discharge water. 
 
With elevated sodium levels in CBNG water, increases in sodium content of forage crops 
should be among the first effects of CBNG activity because plants take-up what is 
applied to the soil.  Alfalfa at site MA, which located near most of the CBNG water 
discharge sites, had a sodium level of 0.07 percent in both 2004 and 2005.  It then 
declined to 0.04 percent in 2006, returned to 0.07 percent in 2007, and was 0.8 percent 
during 2008.  LA, which is below all CBNG water discharge points and above the 
Tongue River Reservoir, has had a steady sodium decline from 0.06 percent in 2004, 
0.05 percent in 2005, 0.04 percent in 2006, 0.03 percent in 2007, and 0.02 percent in 
2008.  Sodium decline in 2006 forages could be attributed to the significant ESP decline 
in fall 2005 soil samples (Figure 3-28). 
 
Sodium levels have varied between AMPP locations due to soil EC and ESP as well as 
crops being grown (Figure 3-38).  In 2004, the highest sodium level (0.47%) was in hay 
barley at YBA, which is irrigated with Yellowstone River water.  In 2005, YBA also had 
the highest sodium level (0.59%) which was hay barley under seeded to alfalfa for first 
cutting.  However, sodium was only 0.17% in the pure alfalfa hay harvested for second 
cutting in 2005.  Site DA, which has the highest soil EC and ESP, had a sodium level of 
0.27% in the 2004 alfalfa/grass, but only 0.02% in the 2005 corn silage.  For 2006, this 
field was in peas the first cutting (no feed analysis) and hay millet for the second crop 
(0.22%).  For 2007, it was seeded to alfalfa/grass.  First cutting was predominantly 
weeds, such as kochia, and had a sodium content of 0.81%.  Second cutting was 
alfalfa/grass (0.25% sodium).  In 2008, sodium increased in 5 fields and decreased in 4 
fields that remained in the same crop.  Overall, sodium content decreased in 2008 by 30 
% compared to 2007 levels. 
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Another example of plants absorbing what is applied to the soil was that mineral content 
changed at individual AMPP locations in response to fertilizer applications. In 2004, 
phosphorus in alfalfa hay at YAA site increased from 0.20 percent to 0.29 percent in the 
first cutting to second cutting, respectively. The landowner applied 20-100-0 (actual N-
P205-K2O) per acre after first cutting.  Normally, phosphorus levels decline from first to 
third cutting.  Other minerals remained unchanged when comparing the same crop from 
year to year at individual AMPP locations.  
 
Table 3-3.  Generalized cropping system, irrigation management, and crop yields 

in 2003 and 2004 
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Table 3-4.  Generalized cropping system, irrigation management, and crop 

yields in 2005 and 2006 
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Table 3-5.  Generalized cropping system, irrigation 

management, and crop yields in 2007 and 
2008 
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Table 3-6.  Agronomic management and crop yields in 2004 
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Table 3-7.  Agronomic management and crop yields in 2005 
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Table 3-8.  Agronomic management and crop yields in 2006 
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Table 3-9.  Agronomic management and crop yields in 2007 
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Table 3-10.  Agronomic management and crop yields in 2008 
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Figure 3-36.  Trend in average electrical conductivity compared to forage 

yields for fields irrigated with Tongue River water in 2003 
through 2008. 

 

 
Figure 3-37.  Trend in average exchangeable sodium percentage compared 

to forage yields for fields irrigated with Tongue River water - 
2003 through 2008 
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Figure 3-38.  Comparison of AMPP forage yield to amount of irrigation water 

applied in 2003 through 2008 
 

 
Figure 3-39.  Average sodium content in forage harvested in 2004 through 

2008 
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3.5 Variation in Trace Metal Abundance 
 
Selected trace metals were analyzed at two depths (0 to 6 and 36 to 60 inches) in AMPP 
soils (Table 3-11).  All trace elements were within a safe range for crops grown in 
Montana.  Boron and zinc, which are also plant nutrients, were adequate to slightly 
deficient.  Element concentrations showed only minor variation between sites or with 
depth with the exception of barium which was at times elevated in surface horizons.  
Higher barium near the soil surface was attributed to lower sulfate levels in shallow soils.  
Barium solubility is usually controlled by formation of barite (BaSO4), which has a low 
solubility.  At lower sulfate concentrations, the equilibrium concentration of barium tends 
to increase. 
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Table 3-11.  Average levels of trace elements in AMPP soils. 
Site Depth (inches) Barium 

mg/L  
Method 

SW6010B 

Boron mg/L  
Method 

SW6010B 

Fluoride 
mg/kg  

Method 
A4500-F C 

Selenium 
mg/L  

Method 
SW6010B 

Zinc mg/kg  
Method 

SW6010B 

MA 0 to 6 5.35 1.03 ND 0.06 1.10 
MA 36 to 60 1.22 1.10 1.18 0.05  
LA 0 to 6 3.10 0.75 1.25 0.06 1.20 
LA 36 to 60 0.52 0.70 1.28 0.05  
GA 0 to 6 5.00 1.03 1.13 0.07 0.67 
GA 36 to 60 1.05 1.20 1.52 0.06  
GB 0 to 6 ND 0.30 ND ND 0.39 
GB 36 to 60 ND 0.70 1.90 0.04  
GC 0 to 6 4.35 0.72 1.20 0.08 0.68 
GC 36 to 60 2.90 0.85 1.10 0.08  
EA 0 to 6 3.65 1.00 ND 0.07 0.74 
EA 36 to 60 1.10 1.25 1.18 0.05  
DB 0 to 6 4.16 1.10 1.10 0.05 1.24 
DB 36 to 60 1.94 1.10 1.00 0.05  
DA 0 to 6 2.20 1.20 ND 0.04 0.69 
DA 36 to 60 0.89 1.16 1.23 0.04  
BA 0 to 6 4.05 1.10 1.20 0.04 0.81 
BA 36 to 60 1.77 1.20 1.10 0.05  
BD 0 to 6 9.00 ND ND ND 1.17 
BD 36 to 60 ND ND ND ND 0.50 
BC 0 to 6 3.68 1.03 1.23 0.05 0.90 
BC 36 to 60 0.47 1.53 1.27 0.08  
YAA 0 to 6 4.65 0.92 1.30 0.05 0.49 
YAA 36 to 60 1.20 1.09 1.52 0.05  
MB 0 to 6 4.55 0.88 ND 0.04 0.29 
MB 36 to 60 0.75 0.95 1.27 0.04  
OAA 0 to 6 6.40 0.90 ND 0.08 0.91 
OAA 36 to 60 1.53 0.79 1.10 0.06  
YBA 0 to 6 3.45 1.01 1.40 0.06 0.58 
YBA 36 to 60 2.10 1.29 1.65 0.04  
BHA 0 to 6 4.63 0.97 1.30 0.04 0.94 
BHA 36 to 60 3.90 1.10 1.70 0.05  
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4.0 Tier 2 – Trends for Individual Fields 
 
4.1 Tongue River Irrigated and Dryland Sites  
 

4.1.1 Site MA 
 
A side roll (wheel line) was installed at site MA in 2000.  It was replaced with a pivot in 
2003.   New alfalfa was planted in August 2003.  Alfalfa was not harvested in 2003, but 
yielded 2.1 to 2.2 tons per acre in 2004 and 2005.  About 27 inches of irrigation water 
was applied in 2004, but there was no irrigation in 2005 due to deep wheel tracks.  In 
2006, 10.9 inches of irrigation water were applied to the alfalfa which yielded 1 ton per 
acre in a single cutting.  Although the alfalfa was not irrigated or fertilized in 2007, it 
yielded 2.7 tons per acre in one cutting owing to ample spring rains.  Alfalfa yield was 
1.16 tons per acre in 2008 with 8 inches of applied irrigation water. 
 
Soil characteristics remained relatively unchanged from 2003 through 2008 at site MA, 
despite changing irrigation management (Table 4-1 and 4-2).  EC was low near soil 
surface, increased to a maximum at a depth of 24 to 36 inches and again decreased at 
depth (Figure 4-1). This pattern of EC with depth indicates that a shallow water table 
exists at least during the irrigation season, causing water (and contained salts) to flow 
downward from the soil surface and upward from the water table.  Salinity at 24 to 36 
inches increased from fall 2003 to spring 2004, but has steadily decreased from fall 2004 
to 2007. In 2008, salts and sodium increased slightly below 36 inches, probably due to 
accumulation in the capillary fringe above the water table.  EC in shallow groundwater 
(Figure 3-14 and 3-15) ranged from 800 to 1,000 μS/cm and SAR values were less than 
1.2, indicating that shallow groundwater at this location was similar to Tongue River 
water. 
 
As of fall 2008, EC, SAR and ESP in the top 24 inches are at or below fall 2003 levels 
indicating no sodium accumulation in the primary root zone.  Below 36 inches, EC, SAR, 
and ESP increased slightly (Figures 4-1, 4-2 and 4-3).  The pH (Figure to 4-4) of the 0 to 
2 and 0 to 6 inch depths were nearly identical on all dates and remain near 7.5, further 
indicating that the sodium status of this soil has not measurably changed through time.  
If sodium is increasing in either irrigation water or soil, it would accumulate in the top six 
inches, particularly in the upper two.  The pH increases as sodium increases in soil and 
water.  A sodic soil has a pH of greater than 8.5   
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Table 4-1.  Soil pH, EC, saturation extractable ions and SAR for site MA 
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1-Fall, 2003
0 2 7.6 0.76 40.7 3.8 1.8 2 1.2 5.4
0 6 7.4 0.81 41.3 4.4 2.1 2.6 1.5 5.5
6 12 7.5 0.82 42.2 4.6 2.6 2.3 1.2 4.1

12 24 7.7 1.33 42.8 4.4 5 4.7 2.2 3.5
24 36 7.7 3.61 41.9 15.5 28.3 13.3 2.8 2.5
36 60 7.7 2.9 36.5 9.3 21.5 10 2.6 2.4
60 96 7.7 1.52 29 4.8 6.8 5.3 2.2 2.4

2-Spring, 2004
0 2 7.6 1.4 43.6 8.29 4.35 1.66 0.7 5.6 0.71
0 6 7.7 0.73 43.1 3.51 1.67 1.01 0.6 3.6 0.71
6 12 7.8 0.53 43.4 2.73 1.51 1.36 0.9 3.6 2.12

12 24 8 1.08 44.6 3.62 4.01 3.33 1.7 3.6 1.55
24 36 7.9 6.1 45.8 22.5 48.8 18.2 3 2.6 0.71
36 60 8.1 3.51 40.7 7.13 21.1 11.2 3 2.2 0.56
60 96 8.1 0.82 30.4 2.26 2.96 3.18 2 2.8 0.42

3-Fall, 2004
0 2 7.3 0.74 40.5 3.78 2.54 1.34 0.76 7.2
0 6 7.4 0.66 40.6 3.09 1.56 1.83 1.2 4
6 12 7.5 1.03 41.2 4.16 3.37 3.06 1.6 3.4

12 24 7.7 1.77 43.6 5.16 7.23 5.41 2.2 3.2
24 36 7.7 5.53 40 15.3 42.1 17.5 3.3 2.4
36 60 7.7 2.36 37.4 4.64 10.1 7.06 2.6 2.4
60 96 7.6 1.77 27.9 5.1 7.1 4.83 2 2

4-Fall, 2005
0 2 7.4 1.09 45.8 5.56 3.52 0.56 0.26 8.96
0 6 7.5 0.88 44.4 4.86 2.65 0.97 0.5 7.15
6 12 7.5 0.97 43.9 4.89 3.2 2.49 1.2 5.49

12 24 7.7 1.68 43.6 5.84 7.09 4.54 1.8 3.76
24 36 7.8 4 44.5 9.13 25.7 11.2 2.7 3.03
36 60 7.8 3.27 39.8 6.64 18.7 12.2 3.4 2.89
60 96 7.7 2.23 28.9 7.09 11.7 6.14 2 2.46

5-Fall, 2006
0 2 7.5 1.64 48.2 7.81 5.34 1.51 0.59 6.99 0.54
0 6 7.5 1.11 48 5.88 3.29 2.13 0.99 7.99 0.36
6 12 7.8 0.49 42.5 2.58 1.44 1.5 1.1 3.6 0.1

12 24 8 0.6 42.1 2.3 2.21 2.3 1.5 4 0.05
24 36 8 3.23 40.6 11.1 21 16 4 2.6 1.16
36 60 7.9 2.9 37.6 8.8 19.1 12.4 3.3 2.4 0.39
60 96 7.8 1.84 27 6.35 8.94 5.19 1.9 2.4 0.05

6-Fall, 2007
0 2 7.7 0.92 46.3 4.72 2.98 0.76 0.39 6.79 0.7
0 6 7.6 0.86 48 4.84 2.75 1.07 0.55 15.2 0.91
6 12 7.8 0.51 44.5 2.42 1.6 1.52 1.1 4.8 0.3

12 24 8 0.68 45.1 2.35 2.55 2.29 1.5 4.4 0.3
24 36 8 2.81 41.6 8.76 18 9.89 2.7 3.2 0.6
36 60 8 3.04 41.2 6.55 19.5 13.3 3.7 2.8 1.27
60 96 8 1.45 31.8 4.07 6.6 5.27 2.3 2.8 0.56

7-Fall, 2008
0 2 7.5 0.68 45.7 3.11 1.9 0.74 0.47 5.17 0.34
0 6 7.4 0.66 43.4 3.12 1.85 1.01 0.64 5.07 0.68
6 12 7.7 0.45 41.4 1.86 1.19 1.3 1 2.92 0.39

12 24 8 0.71 41.4 1.77 2.32 2.84 2 3.18 0.49
24 36 7.9 2.59 40.7 6.17 15.4 8.22 2.5 2.58 0.73
36 60 7.9 4.81 37.3 10.5 31.6 17.8 3.9 2.39 1.2
60 96 7.8 2.96 27.8 8.86 16.5 9.16 2.6 1.99 0.82  
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Table 4-2.  Soil texture, lime, CEC and ESP for site MA 
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1-Fall, 2003
0 2 31 49 20 L 8.4 27.1 0.7 2.2
0 6 26 50 24 SiL 8.6 26.3 0.6 2
6 12 26 51 23 SiL 9 23.2 0.6 2.4

12 24 26 50 24 SiL 10.5 17.7 1 4.7
24 36 28 48 24 L 10 25.3 1.5 3.9
36 60 44 37 19 L 9.2 16.5 1.1 4.6
60 96 58 29 13 SL 8.5 15.4 0.8 4

2-Spring, 2004
0 2 30 48 22 L 8.1 24.7 0.53 1.8
0 6 28 50 22 SIL 10.7 24.4 0.49 1.8
6 12 25 51 24 SiL 8.8 21.1 0.57 2.4

12 24 21 55 24 SiL 10.8 23.4 0.83 2.9
24 36 26 51 23 SiL 9.8 21.4 1.58 3.5
36 60 36 43 21 L 10.9 19.2 1.24 4.1
60 96 57 28 15 SL 9.4 14.4 0.74 4.4

3-Fall, 2004
0 2 38 45 17 L 8.3 27.9 0.58 1.9
0 6 35 44 21 L 8.8 29.6 0.78 2.4
6 12 29 50 21 SiL 9.2 28.4 0.82 2.4

12 24 26 51 23 SiL 11.5 28.7 1.1 3
24 36 29 51 20 SiL 10.7 25.5 1.93 4.8
36 60 40 45 15 L 11.5 21.3 1.35 5.1
60 96 61 29 10 SL 9.4 16.9 0.93 4.7

4-Fall, 2005
0 2 28 50 22 SiL 9.1 27 0.64 2.3
0 6 27 52 21 SiL 9.1 27.2 0.42 1.4
6 12 28 52 20 SiL 9.3 27.1 0.6 1.8

12 24 26 54 20 SiL 11.9 25.3 0.84 2.5
24 36 27 53 20 SiL 10.5 23.2 1.38 3.8
36 60 36 46 18 L 11.3 19.3 1.25 4
60 96 71 19 10 SL 9.6 15.7 0.38 1.3

5-Fall, 2006
0 2 32 47 21 L 8.8 29.2 0.44 1.3
0 6 36 45 19 L 8.5 26.6 0.54 1.7
6 12 27 53 20 SiL 9.6 25.8 0.49 1.7

12 24 27 53 20 SiL 10.5 26.8 0.65 2.1
24 36 34 48 18 L 11.4 21 1.7 5
36 60 42 40 18 L 9.5 17.7 1.34 5
60 96 72 19 9 SL 7.7 12.2 0.6 3.8

6-Fall, 2007
0 2 29 51 20 SiL 8.3 24.3 0.48 1.8
0 6 29 50 21 SiL 8.3 24.3 0.48 1.8
6 12 28 52 20 SiL 9.4 23.8 0.62 2.3

12 24 31 47 22 L 10.5 20.3 0.77 3.3
24 36 32 50 18 SiL 10.5 19.4 1.52 5.7
36 60 38 46 16 L 10.8 16.9 1.74 7
60 96 58 30 12 SL 8.6 13.8 0.82 4.7

7-Fall, 2008
0 2 28 50 22 SiL 8.4 26.4 0.37 1.3
0 6 30 50 20 SiL 8.2 26.1 0.42 1.5
6 12 28 50 22 SiL 8.8 24.1 0.57 2.2

12 24 24 54 22 SiL 11.2 23.2 0.8 2.9
24 36 30 50 20 SiL 9.5 20.5 1.2 4.2
36 60 42 40 18 L 10.2 17.1 1.6 5.6
60 96 62 26 12 SL 8.6 12.1 0.88 5.2  
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Figure 4-1.  Trends in EC with depth for site MA  

 

 
Figure 4-2.  Trends in ESP with depth for site MA 
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Figure 4-3.  Trends in SAR with depth for site MA 
 

 
Figure 4-4.  Trends in pH with depth for site MA 
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4.1.2 Site LA 
 
Site LA (Table 4-3 and 4-4) consists of an older stand of predominantly grass (95 
percent) and alfalfa (5 percent) that is irrigated with a side-roll system.  Yields have 
varied from 3.5 to 5.4 tons per acre with 21 inches of irrigation water applied in 2003, 14 
inches in 2004, 6 inches in 2005, 12 inches in 2006, 9 inches in 2007 and 12 inches in 
2008.   
 
Salinity has been variable through time (Figure 4-5), perhaps in response to irrigation 
quantity and timing.  Salinity decreased in the upper 3 feet from 2003 to 2004, with a 
commensurate increase below 3 feet.  Salinity increased from 2004 to 2006, which may 
have been the result of reduced irrigation.  However, EC decreased from 2006 to 2008 
even though only 9 to 12 inches of water were applied.  Five acres in the northwe4st 
field corner were under water for about half of the growing season due to the high level 
of water in the Tongue River Reservoir in 2007. The water table is locally within 3 feet of 
the soil surface at site LA (Figure 3-14 and 3-15) and had an EC of 2.7 dS/m and a SAR 
of 3 to 4.6.  The elevated water table probably accounts for the pattern of EC with depth, 
causing maximum EC levels to form just above the water table.   
 
ESP, SAR and pH levels (Figures 4-6 to 4-8) in site LA were more stable than EC.  
Sodium was low near the surface and increased moderately with depth indicating that 
site LA generally maintains adequate leaching. 
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Table 4-3.  Soil pH, EC, saturation extractable ions and SAR for site LA 
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Table 4-4.  Soil texture, lime, CEC and ESP for site LA 
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1-Fall, 2003
0 2 29 49 22 L 6.7 41.2 1 1.9
0 6 25 48 27 CL 7.1 39.7 1.9 3.1
6 12 27 47 26 L 7.7 39.7 2.3 3.5

12 24 23 50 27 CL 8.2 36.2 2.3 3.6
24 36 38 42 20 L 7.4 30.5 2 3.7
36 60 53 33 14 SL 8.7 27.5 2.3 5.1
60 96 62 28 10 SL 8.5 23.1 2 5.2

2-Spring, 2004
0 2 34 41 25 L 6.7 29.1 0.6 1.6
0 6 33 43 24 L 6.4 26.1 0.71 2.2
6 12 32 44 24 L 7.8 22.6 0.93 3.1

12 24 28 44 28 CL 7.7 25.1 1.76 4.2
24 36 44 33 23 L 7 19 2.48 6.4
36 60 47 32 21 L 7.4 16.6 2.27 6.9
60 96 73 16 11 SL 6.7 10.6 1.34 7.7

3-Fall, 2004
0 2 32 44 24 L 6.3 33 0.61 1.4
0 6 30 46 24 L 6.7 29.4 0.77 2
6 12 29 45 26 L 7.8 28.3 0.69 2

12 24 26 46 28 CL 7.5 26.9 0.94 2.7
24 36 41 36 23 L 6.9 23.5 1.42 3.8
36 60 45 33 22 L 7.1 23.8 2.08 5.4
60 90 60 26 14 SL 8.1 16.3 1.75 6.8

4-Fall, 2005
0 2 34 45 21 L 7.1 31.9 0.41 0.9
0 6 34 45 21 L 7.2 30.6 0.5 1.3
6 12 32 46 22 L 8.2 26.9 1.03 2.3

12 24 30 46 24 L 7.8 25.9 1.53 2.5
24 36 40 40 20 L 7.7 22.3 2.3 3.9
36 60 55 29 16 SL 7.3 20.2 2.29 4.6
60 96 61 25 14 SL 8.4 16.8 1.91 4.7

5-Fall, 2006
0 2 37 46 17 L 6.3 35.1 0.59 1.3
0 6 34 49 17 L 6.3 31.6 0.8 2.1
6 12 29 50 21 SiL 7 33 0.92 2

12 24 27 52 21 SiL 7.5 29.5 1.94 3.8
24 36 36 45 19 L 7.3 26.4 3 5.7
36 60 49 34 17 L 6.8 22.6 1.94 5.3
60 96 70 21 9 SL 7.1 17.2 1.14 4.4

6-Fall, 2007
0 2 34 46 20 L 6.3 30.7 0.8 2.4
0 6 34 44 22 L 6.2 29.8 0.75 2
6 12 31 45 24 L 8.1 26.1 1.58 4.2

12 24 32 44 24 L 9.3 25.7 1.72 4.7
24 36 37 40 23 L 8.2 22.7 2.25 6.5
36 60 24 56 20 SiL 6.7 18.1 2.24 7.7
60 96 61 29 10 SL 8.2 15 2.7 9.2

7-Fall, 2008
0 2 34 42 24 L 4.8 33.4 0.45 1.2
0 6 30 46 24 L 9.5 30 0.65 1.7
6 12 34 40 26 L 7.5 29.6 1.5 3.5

12 24 24 56 20 SiL 3.2 20.4 1.8 5.6
24 36 32 44 24 L 6.4 25.2 1.5 4.3
36 60 52 30 18 L 6.7 18.5 1.7 6
60 96 62 24 14 SL 7.6 15.5 1.7 8.4  
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Figure 4-5.  Trends in EC with depth for site LA 

   

 
Figure 4-6.  Trends in ESP with depth for site LA 
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Figure 4-7.  Trends in SAR with depth for site LA 

 

 
Figure 4-8.  Trends in pH with depth for site LA 
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4.1.3 Site GA 
 
Site GA (Table 4-5 and 4-6) is also irrigated with a side-roll sprinkler and contains an 
alfalfa/grass stand.  This field is located on a bench of the Tongue River.  Yields were 
2.8 to 3.6 tons/per acre within the AMPP monitoring area, but were reported to be higher 
for the field overall.  Portions of the field that were lower in the floodplain (outside of the 
AMPP monitoring area) most likely had slightly better yields.  Applied irrigation water 
varied from 12 to 20 inches in 2003 through 2008.   
 
Soil EC generally increased from less than 1 dS/m in the upper foot to 5 to 7 dS/m at 3 
feet in depth, and then decreased at 8 feet.  Surface EC levels did not change through 
time, but tended to decrease at 3 feet in 2004 and 2005, then again increased in 2006 
and decreased in 2007 and 2008 (Figure 4-9).  Removal of salts was due to increased 
duration of each irrigation set from 12 to 24 hours in 2004.  It may have also been due to 
higher rainfall in 2005, 2007 and 2008.  Depth to water at site GA was 8 to 9 feet and EC 
was 1.4 to 1.7 dS/m while SAR ranged from 3.4 to 4.6 (Figure 3-14 and 3-15).  Soil ESP, 
SAR, and pH were generally unchanged through time (Figure 4-10 to 4-12), with the 
exception of ESP at 8 feet which varied widely.  ESP decreased from 2004 to 2005 at 
site GA.  
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Table 4-5.  Soil pH, EC, saturation extractable ions and SAR for site GA 

 
  

D
ep

th
 (i

nc
he

s)

pH
 (P

as
te

) s
_u

_ 
 M

et
ho

d 
A

SA
M

10
-

3_
2

El
ec

tr
ic

al
 C

on
du

ct
iv

ity
 (P

as
te

) 
m

m
ho

s/
cm

  M
et

ho
d 

A
SA

M
10

-3

Sa
tu

ra
tio

n 
Pe

rc
en

ta
ge

 w
t%

  M
et

ho
d 

U
SD

A
27

a

C
al

ci
um

 (P
as

te
) m

eq
/l 

 M
et

ho
d 

SW
60

10
B

M
ag

ne
si

um
 (P

as
te

) m
eq

/l 
 M

et
ho

d 
SW

60
10

B

So
di

um
 (P

as
te

) m
eq

/l 
 M

et
ho

d 
SW

60
10

B

So
di

um
 A

ds
or

pt
io

n 
R

at
io

 u
ni

tle
ss

  
M

et
ho

d 
C

al
cu

la
tio

n

A
lk

al
in

ity
 (P

as
te

) m
eq

/L
  M

et
ho

d 
A

SA
10

-3

B
ic

ar
bo

na
te

 (P
as

te
) m

eq
/L

  M
et

ho
d 

A
SA

10
-3

C
ar

bo
na

te
 (P

as
te

) m
eq

/L
  M

et
ho

d 
A

SA
10

-3

C
hl

or
id

e 
(P

as
te

) m
eq

/L
  M

et
ho

d 
A

SA
10

-3

1-Fall, 2003
0 2 7.7 0.76 45.1 4.2 2.4 1.4 0.8 5.9
0 6 7.8 0.59 45.1 3.1 1.6 1.4 0.9 4.3
6 12 7.7 0.69 43.2 3.5 1.9 2.4 1.4 5.2
12 24 7.9 1.84 50.2 6.3 6.4 8.9 3.5 3.6
24 36 8.1 6.8 40.1 21 32.7 40.6 7.8 2.2
36 60 8 5.82 36.2 16.8 22.9 37.1 8.3 2.4
60 96 8.1 1.37 30.5 2.4 3.2 7 4.2 3

2-Spring, 2004
0 2 7.7 0.67 43.9 4.48 2.51 1.19 0.6 6.2 1.41
0 6 7.7 0.64 42.3 4.4 2.32 1.48 0.8 5.2 3.24
6 12 7.8 0.63 40.3 3.65 1.9 2.19 1.3 4.4 0.71
12 24 7.9 2.13 41.7 8.3 7.94 9.96 3.5 3.6 0.85
24 36 8 6.34 39.1 19.1 28.4 31.7 6.5 3.2 1.55
36 60 8 5.98 31.4 16.8 28.4 30 6.3 2.4 1.83
60 96 8.2 1.91 31.7 3.38 3.81 9.59 5.1 3.4 0.56

3-Fall, 2004
0 2 7.4 1.05 44.8 5.29 3.46 1.61 0.77 9.3 ND ND
0 6 7.4 0.92 45.7 4.64 2.58 2.74 1.4 ND ND ND
6 12 7.6 0.78 42.8 3.87 2.34 2.66 1.5 5.2 ND ND
12 24 7.7 2.24 41.4 8.16 6.88 7.84 2.9 4.5 ND ND
24 36 7.8 4.71 40.4 12.9 21.6 20.8 5 ND ND ND
36 60 7.9 5.23 33 12 21.5 28.3 6.9 2.9 ND ND
60 90 8 3.06 30.4 4.48 7.58 18.1 7.4 3.2 ND ND

4-Fall, 2005
0 2 7.3 0.88 46.8 5.48 2.88 0.77 0.38 6.5
0 6 7.3 0.91 47.7 5.23 2.8 1 0.5 6.72
6 12 7.6 0.6 41.8 3.57 1.98 1.66 1 5.35
12 24 7.8 1.44 45.9 4.1 4 5.52 2.7 4.34
24 36 7.8 4.16 41.8 12.3 18.1 20.9 5.4 3.32
36 60 8 5.93 37.9 12.3 28.8 40 8.8 2.75
60 96 7.8 2.46 29.8 3.88 7.11 13.3 5.7 2.31

5-Fall, 2006
0 2 7.2 0.9 68.7 5.26 3.27 1.08 0.52 7.1 0.13
0 6 7.3 0.81 50.5 4.63 2.39 1.39 0.74 6.29 0.07
6 12 7.5 0.66 40.5 3.67 2 1.3 0.77 4.46 ND
12 24 7.7 1.45 42.5 4.7 4.31 5.14 2.4 4.46 0.04
24 36 7.9 6.86 40.9 17.4 30.5 42.2 8.6 2.84 1.47
36 60 8 7.89 34.3 14.4 31.6 53.4 11 1.89 2.13
60 96 7.9 2.31 29.9 3.23 5.17 12.2 6 2.16 0.39

6-Fall, 2007
0 2 7.6 1.07 48.6 6 3.45 1.77 0.81 8.79 0.88
0 6 7.7 0.85 48.3 4.52 2.84 1.23 0.64 8.99 0.81
6 12 7.8 0.55 43.4 2.96 1.59 1.66 1.1 4.5 0.42
12 24 7.9 3.01 40.9 10.5 11.8 14.7 4.4 4 1.27
24 36 8 5.59 40.8 16.9 28.8 35.7 7.5 3.8 1.55
36 60 8.1 6.47 34.6 16 32.5 35.6 7.2 2.8 2.11
60 96 8.1 2.19 34.6 4.48 6.96 11.2 4.7 2.37 0.91

7-Fall, 2008
0 2 7.4 0.88 47.6 5.32 2.61 0.78 0.39 8.75 0.25
0 6 7.5 0.71 45.6 4.47 2.2 0.94 0.51 6.96 0.28
6 12 7.6 0.87 43.2 4.64 2.4 1.39 0.74 4.17 0.3
12 24 7.6 2.42 39.6 10.8 8.63 8.5 2.7 3.18 0.69
24 36 7.8 4.08 39 12.6 21.5 22.2 5.4 2.98 0.89
36 60 7.9 5.31 34.6 13.1 26.9 31.6 7.1 2.78 1.1
60 96 8 2.24 28.8 3.49 6.22 13.8 6.3 3.18 0.74
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Table 4-6.  Soil texture, lime, CEC and ESP for site GA 
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1-Fall, 2003
0 2 35 41 24 L 5.6 33.4 0.4 1.1
0 6 29 45 26 L 5.6 29.4 0.5 1.6
6 12 28 44 28 CL 6 13.7 0.6 3.5

12 24 28 44 28 CL 7.3 20.5 1.5 5
24 36 33 45 22 L 7.2 22.7 2.9 5.4
36 60 56 28 16 SL 5.5 17.5 2.7 7.6
60 96 76 16 8 SL 5.3 17 0.9 3.8

2-Spring, 2004
0 2 30 44 26 L 5.7 23.7 0.56 2.1
0 6 38 39 23 L 5.7 21.2 0.61 2.6
6 12 30 47 23 L 6.4 19.2 0.69 3.2

12 24 29 46 25 L 7.4 20 1.41 5
24 36 44 39 17 L 6.8 14.8 2.16 6.2
36 60 59 30 11 SL 5.9 9.97 1.76 8.2
60 96 82 11 7 LS 4.9 4.54 1.08 17

3-Fall, 2004
0 2 36 40 24 L 5.7 26.3 0.49 1.6
0 6 34 43 23 L 5.8 26.8 0.74 2.3
6 12 26 48 26 L 6.7 23.4 0.74 2.7

12 24 34 44 22 L 7.2 21.2 1.34 4.8
24 36 43 39 18 L 6.7 17.7 1.89 5.9
36 60 56 30 14 SL 6.2 13.8 2.32 10
60 90 66 22 12 SL 6.1 11.3 1.83 11

4-Fall, 2005
0 2 43 37 20 L 5.7 31.6 0.39 1.1
0 6 34 45 21 L 6.1 25.6 0.55 2
6 12 31 48 21 L 6.6 24.8 0.53 1.9

12 24 30 46 24 L 7.6 22.4 1.08 3.7
24 36 38 44 18 L 7.3 20.6 2.05 5.7
36 60 43 39 18 L 7.3 16.9 2.47 5.7
60 96 69 20 11 SL 6.1 13 1.22 6.3

5-Fall, 2006
0 2 11 55 34 SiCL 7.7 41 0.59 1.3
0 6 29 48 23 L 5.6 33.4 0.54 1.4
6 12 33 48 19 L 5.9 25.3 0.51 1.8

12 24 30 51 19 SiL 7.3 23.4 0.91 2.9
24 36 44 43 13 L 6.9 19 2.98 6.6
36 60 56 35 9 SL 6.3 13.9 3.51 12
60 96 78 19 3 LS 5 11.7 1.25 7.5

6-Fall, 2007
0 2 36 42 22 L 5.4 27.7 0.49 1.4
0 6 28 46 26 L 5.3 28.2 0.6 1.9
6 12 30 46 24 L 5.8 27.3 0.62 2

12 24 34 44 22 L 6.5 21.9 1.77 5.3
24 36 41 41 18 L 6.4 20.9 3.15 8.1
36 60 50 36 14 L 6 16.3 2.68 8.9
60 96 71 23 6 SL 5.1 14 1.22 5.9

7-Fall, 2008
0 2 14 60 26 SiL 5.6 26.9 0.37 1.2
0 6 32 42 26 L 5.6 26.3 0.45 1.6
6 12 28 46 26 L 5.9 25.9 0.54 1.9

12 24 30 46 24 L 7.1 21.4 1.2 4.2
24 36 34 46 20 L 6.9 19 2.1 6.6
36 60 42 40 18 L 6.6 14.9 2.4 8.9
60 96 70 18 12 SL 5.3 11.4 1.4 8.6  
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Figure 4-9.  Trends in EC with depth for site GA  

 

 
Figure 4-10.  Trends in ESP with depth for site GA 
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Figure 4-11.  Trends in SAR with depth for site GA 

 

 
Figure 4-12.  Trends in pH with depth for site GA 
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4.1.4 Site GB 
 
Site GB (Table 4-7 and 4-8) is a dryland field that was sampled only in 2003 to provide a 
comparison between irrigated and dryland fields that had the same soil mapping unit and 
similar landscapes.  Soil EC, ESP, SAR and pH (Figures 4-13 to 4-16) are very similar 
between sites GA and GB except salts had been leached by the irrigation water from the 
12-24 inch depth in GB to 24-36 inch depth in GA. 
 
Table 4-7.  Soil pH, EC, saturation extractable ions and SAR for site GB 

 
 
 

Table 4-8.  Soil texture, lime, CEC and ESP for site GB 
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Figure 4-13.  Trends in EC with depth for site GB  

 

 
Figure 4-14.  Trends in ESP with depth for site GB 
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Figure 4-15.  Trends in SAR with depth for site GB 

 

 
Figure 4-16.  Trends in pH with depth for site GB 
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4.1.5 Site GC 
 
Site GC (Table 4-9 and 4-10) is a flood-irrigated alfalfa field that has been land-leveled.  
Alfalfa yields varied from 2.5 to 3.2 tons per acre and 24, 16, and 18 inches of irrigation 
water was applied in 2004, 2005, and 2006, respectively.  Due to the alfalfa stand 
thinning from age, it was torn out and planted to hay barley in 2007.  Yield was 1.4 tons 
per acre because of being planted late spring.  Twelve inches of water were applied in 
2007.  An irrigated grass mixture with 10 percent alfalfa was planted spring 2008 and 
yielded 1.8 tons per acre in 2008 with 18 inches of applied water. 
 
All soil properties (Figure 4-17 to 4-20) were uniform with depth and through time 
indicating that this field has a higher leaching fraction than other AMPP fields and was 
well-drained (e.g. no water table within 8 feet of surface).   
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Table 4-9.  Soil pH, EC, saturation extractable ions and SAR for site GC. 
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Table 4-10.  Soil texture, lime, CEC and ESP for site GC 
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1-Fall, 2003
0 2 15 52 33 SiCL 10.5 37.5 0.7 1.7
0 6 12 53 35 SiCL 9.7 42.2 0.6 1.3
6 12 8 57 35 SiCL 8.8 39.1 0.8 1.8

12 24 10 59 31 SiCL 9.2 33.3 0.9 2.2
24 36 24 52 24 SiL 9.5 28.7 0.7 2.2
36 60 31 47 22 L 8.7 24.2 0.7 2.4
60 96 52 32 16 L 8.1 17.6 0.6 3.4

2-Spring, 2004
0 2 11 52 37 SiCL 8 36.8 0.71 1.6
0 6 5 56 39 SICL 8.2 29.3 0.81 2.5
6 12 7 53 40 SiC 8.5 30.3 0.99 3

12 24 12 55 33 SiCL 9.2 25.7 1.11 4
24 36 25 49 26 L 8.7 22.1 0.89 3.6
36 60 30 46 24 L 8.1 18.3 1.05 5.2
60 96 40 51 9 SiL 5.9 10.8 0.99 8

3-Fall, 2004
0 2 12 53 35 SiCL 8 31.5 0.63 1.5
0 6 13 51 36 SiCL 8.2 30.9 0.63 1.6
6 12 11 52 37 SiCL 8.9 22.6 0.78 2.8

12 24 12 54 34 SiCL 9.3 25.2 0.82 2.6
24 36 22 50 28 CL 9.1 25 0.74 2.4
36 60 40 40 20 L 8.1 20.9 0.68 2.9
60 90 63 26 11 SL 6.8 15.1 0.51 3

4-Fall, 2005
0 2 16 49 35 SiCL 8.6 43.1 0.49 1
0 6 12 53 35 SiCL 9 35.9 0.55 1.3
6 12 7 56 37 SiCL 9.8 30.2 0.64 1.8

12 24 15 54 31 SiCL 10.1 32.7 0.71 1.7
24 36 22 50 28 CL 9.4 27 0.67 1.8
36 60 40 40 20 L 10 21.5 0.63 2.5
60 96 61 28 11 SL 8.2 16.8 0.39 2

5-Fall, 2006
0 2 35 46 19 L 5.1 28.4 0.46 1.5
0 6 10 55 35 SiCL 8.2 38.3 0.63 1.4
6 12 9 58 33 SiCL 8.8 31.8 0.67 1.9

12 24 17 57 26 SiL 9.2 29.4 0.67 2
24 36 29 49 22 L 7.8 24.5 0.75 2.5
36 60 31 50 19 SiL 8.5 22 0.73 2.9
60 96 68 24 8 SL 5.9 14.7 0.49 2.9

6-Fall, 2007
0 2 10 53 37 SiCL 7.8 30.4 0.58 1.6
0 6 10 54 36 SiCL 7.8 34.1 0.61 1.6
6 12 12 53 35 SiCL 7.8 30.2 0.67 2

12 24 15 52 33 SiCL 8.3 27.9 0.75 2.3
24 36 18 52 30 SiCL 8 26.6 0.82 2.6
36 60 50 34 16 L 7.1 17.3 0.69 3.4
60 96 73 17 10 SL 6 13.4 0.56 3.7

7-Fall, 2008
0 2 4 58 38 SiCL 8.1 29.7 0.43 1.3
0 6 8 52 40 SiC 7.9 29.4 0.51 1.5
6 12 8 52 40 SiC 8.3 28.8 0.55 1.7

12 24 20 50 30 SiCL 8.7 22.3 0.56 2.3
24 36 18 54 28 SiCL 8 22.3 0.68 2.7
36 60 20 56 24 SiL 7.6 18.9 0.67 3.1
60 96 54 30 16 SL 7.2 14.4 0.56 3.4
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Figure 4-17.  Trends in EC with depth for site GC 
   

 
Figure 4-18.  Trends in ESP with depth for site GC 
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Figure 4-19.  Trends in SAR with depth for site GC 

 

 
Figure 4-20.  Trends in pH with depth for site GC 
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4.1.6 Site EA 
 

Site EA (Table 4-11 and 4-12) was in a transitional cropping pattern with hay millet in 
2003, fallow in 2004, and new alfalfa established in 2005.  This field is flood irrigated.  
About 10 inches of irrigation water was applied in 2003.  Irrigation was increased in 2005 
to 18 inches to support the new alfalfa stand.  Only 6 inches of irrigation water was 
applied in 2006 and none was applied in 2007 although the field yielded over 4 tons per 
acre in 2006 and 3.2 tons per acres in 2007 suggesting that the field is sub-irrigated.  EA 
was not irrigated in 2008 but yielded 2.3 tons per acre in two cuttings.   
 
The third cutting in 2006 had a sodium content of 0.35 percent while the first two cuttings 
averaged 0.05 percent.  EA was irrigated only once in 2006 and that was prior to the first 
cutting.  That cutting was destroyed at harvest time (early June) from a hail that killed 90 
per cent of a neighboring corn field.  The third cutting was a result of any? sub-irrigation 
when 2006 growing season water levels in the Tongue River at Brandenburg Bridge 
were substantially below long-term average, 155 vs. 605 cfs, respectively (Figure 4-5). 

 
EC at site EA (Figure 4-21), like at most AMPP sites, was low (<2 dS/m) near surface 
and increased to around 5 dS/m at 3 to 5 feet in depth.  Salinity decreased significantly 
in 2005 in the upper 4 feet in response to increased leaching from irrigation and rainfall.  
EC at depth remained low in 2006, but increased slightly in subsequent years, probably 
owing to the lack of irrigation to remove salts.  The pattern of EC with depth was similar 
in 2007 with one exception - measured EC was 12.1 at the 6 to 12 inch depth while the 0 
to 6 and 12 to 24 inch depths remained low.  Soil SAR and ESP were also elevated in 
2007 at this depth only.  This unusual increase in EC was confirmed by a repeated 
analysis of a subsample split obtained in the lab.  Elevated EC, SAR, and ESP were not 
evident in the 2008 samples indicating these 2007 elevated parameters may have been 
due to a mis-labeled or mis-managed sample.   
 
ESP, SAR and pH (Figure 4-22 to 4-24) exhibited an increase with depth as occurs in 
most AMPP soils.  ESP and SAR decreased from 2004 through 2006 owing to irrigation 
management, but increased in 2007 and 2008, perhaps owing to the lack of irrigation 
coupled with evaporation from a water table.  EC, SAR and ESP were all at or above fall 
2007 levels for all depths, most likely due to lack of irrigation.  Site EA had a water table 
at 7 feet in depth (Figure 3-14 and 3-15) with an EC of 1.9 dS/m and an SAR of 2.9. 
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Table 4-11.  Soil pH, EC, saturation extractable ions and SAR for site EA 
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Table 4-12.  Soil texture, lime, CEC and ESP for site EA 
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Figure 4-21.  Trends in EC with depth for site EA  

 

 
Figure 4-22.  Trends in ESP with depth for site EA 
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Figure 4-23.  Trends in SAR with depth for site EA 

 

 
Figure 4-24.  Trends in pH with depth for site EA 
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4.1.7 Site DA 
 
Site DA (Table 4-13 and 4-14) was a dryland field in 2003 in which a center pivot was 
installed and was first operated in late summer in 2003. Over the years, DA received  
event water during high flows in Foster Creek. The field was in alfalfa/grass in 2003 and 
2004 with 2004 yields of 1.6 tons per acre.  Corn yield in 2005 was 31 tons per acre.  
The field was cropped with peas followed by millet in 2006 with yields of 18 bushels and 
0.9 tons/ per acre, respectively.  The field was seeded to alfalfa/grass spring 2007.  First 
cutting contained a high percentage of weeds, particularly kochia, resulting in a sodium 
level of 0.81 percent.  Second cutting was over 95 percent alfalfa/grass and had a 
sodium level of 0.25, which is the same as 2004 levels (0.27 percent average) when the 
field was last in alfalfa/grass.  Alfalfa yielded 2.3 and 4.6 ton per acre in 2007 and 2008, 
respectively.  Applied irrigation water  was 24, 13, 12, 13 and 12 inches in 2004 through 
2008, respectively.  
 
EC at site DA (Figure 4-25) reflects historical effects from tributary drainages.  The field 
is located near the mouth of a tributary to the Tongue River, which intermittently conveys 
water with elevated EC and SAR.  As a result, soil EC was the highest of any AMPP 
field, increasing from 2 to 3 dS/m near surface to 9 dS/m at 3 feet in depth.  Surrounding 
dryland fields have abundant greasewood, which is an indicator of sodium-enriched 
soils. 
 
EC levels decreased dramatically in the upper 2 feet of soil between 2004 and 2006.  
This was due to the change in water source, application of 24 inches of irrigation water 
in 2004, 13 inches in 2005 plus above average 2005 growing season, and 12 to 13 
inches of irrigation water in 2006 through 2008.  Soluble salts were effectively removed 
from the upper 2 feet of soil by the end of the second cropping season on this new pivot, 
but salts were still present in the 3 to 5 foot zone.  Similar to site EA, EC increased 
abruptly at the 36 to 48 inch depth to 8.7 dS/m in 2007.  In this case, a split sample 
obtained in the lab had an EC of 0.91 indicating a QA error.  A similar discrepancy was 
noted in the split sample analysis for SAR (18.4 and 1.7), so the lab data for this sample 
is assumed to be invalid.  The vertical EC and SAR profile in 2008 was less erratic than 
in 2007, and reflected continued declines in EC and SAR.  Site DA has a high water 
table at 3 feet, which may account for the slow removal of salts below 3 feet.  Water in 
boreholes had an EC of 4.5 to 11 dS/m and an SAR of 12 to 20 (Figure 3-14 and 3-15). 
 
ESP, SAR and pH (Figure 4-26 to 4-28) at site DA also reflect the influences of the 
elevated EC and SAR tributary water that historically spread over this field.  ESP in the 
upper 5 feet appeared to decrease from 12 to 15 percent in 2003 and 2004 to around 4 
percent in 2005 and 2006, indicating a rapid decrease in exchangeable sodium status.  
However, CEC was also much higher in 2005 and 2006 than in earlier years, which 
probably results from lab error.  Overestimation of CEC would explain the apparent ESP 
decrease.   SAR probably provides a more realistic measure of sodium status at site DA 
from about SAR 17 in 2003 to 11 in 2008 at 12 to 24 inches.  
  



Tongue River Agronomic Monitoring & Protection Program                                              Page 92 
2009 Progress Report                                                                                            September 2009 
Table 4-13.  Soil pH, EC, saturation extractable ions and SAR for site DA 
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Table 4-14.  Soil texture, lime, CEC and ESP for site DA 
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1-Fall, 2003
0 2 50 38 12 L 7.5 14.9 0.9 5.1
0 6 49 36 15 L 7.5 15.3 2.7 9.1
6 12 45 40 15 L 7.9 16.5 3.1 6.3

12 24 45 39 16 L 7.9 14.6 4.6 11
24 36 60 31 9 SL 8.2 10.4 3.3 13
36 60 69 21 10 SL 6.9 13.2 3.2 10
60 96 82 14 4 LS 6.3 8.8 2.4 20

2-Spring, 2004
0 2 52 37 11 L 7.1 15.8 0.88 3.6
0 6 47 40 13 L 7.1 16.5 1.34 4.8
6 12 43 42 15 L 7.2 13.7 2.75 9.7

12 24 55 34 11 SL 7.8 13.2 3.58 14
24 36 66 25 9 SL 6.3 7.72 2.61 17
36 60 69 23 8 SL 6.2 7.69 2.04 15
60 96 84 11 5 LS 4.5 5.44 1.67 22

3-Fall, 2004
0 2 51 37 12 L 7.4 12.8 0.63 3.7
0 6 50 37 13 L 7.3 13.1 0.94 5.2
6 12 49 39 12 L 7.8 13.1 1.77 7.4

12 24 60 30 10 SL 7.1 9.26 3.54 17
24 36 61 29 10 SL 7.4 9.83 3.69 17
36 60 76 18 6 SL 6.6 9.74 3.27 18
60 90 67 25 8 SL 6 9.14 2.53 14

4-Fall, 2005
0 2 51 37 12 L 7.7 20 0.39 1.7
0 6 48 39 13 L 7.8 21.2 1.36 3.1
6 12 54 34 12 SL 7.7 21.6 1.6 2.4

12 24 67 25 8 SL 7.3 16.1 1.74 3.7
24 36 67 27 6 SL 8 11.8 2.54 3.7
36 60 69 21 10 SL 6.7 12.7 3.03 5.2
60 96 85 11 4 LS 5.9 5.18 1.91 17

5-Fall, 2006
0 2 52 34 14 L 6.9 43.2 0.72 1.3
0 6 52 35 13 L 7.1 22.8 1.03 3.3
6 12 46 40 14 L 9.9 20.9 2.03 5.1

12 24 63 27 10 SL 7.1 15.3 2.82 6.9
24 36 64 28 8 SL 6.4 15.8 2.36 4.9
36 60 70 22 8 SL 6.1 13.2 3.45 8.5
60 96 84 11 5 LS 5.6 13.5 2.43 9.6

6-Fall, 2007
0 2 53 37 10 SL 6.5 18.4 0.52 2.2
0 6 50 39 11 L 6.6 19.1 0.7 2.8
6 12 51 39 10 L 7 17.3 0.97 4.3

12 24 50 40 10 L 7.1 16.1 5.07 16
24 36 20 55 25 SiL 6.6 28.9 0.75 2.1
36 60 52 34 14 L 6.3 17.3 8.86 17
60 96 68 24 8 SL 5.5 14.6 4.39 17

7-Fall, 2008
0 2 45 39 16 L 7.1 17.9 0.65 3
0 6 47 37 16 L 7.2 17.4 0.57 2.8
6 12 47 37 16 L 7.6 15.7 1.9 7.8

12 24 55 31 14 SL 7.5 15.1 3.2 13
24 36 51 37 12 L 7.6 12.5 3.8 17
36 60 65 24 11 SL 6.2 11.2 3.2 14
60 96 67 23 10 SL 4.6 11.3 2.6 15
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Figure 4-25.  Trends in EC with depth for site DA 
  

 
Figure 4-26.  Trends in ESP with depth for site DA 
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Figure 4-27.  Trends in SAR with depth for site DA 

 

 
Figure 4-28.  Trends in pH with depth for site DA 
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4.1.8 Site DB 
 

Site DB (Table 4-15 and 4-16) is located just north of site DA on somewhat more clay-
rich soils.  Site DB was in alfalfa that yielded 3.4 to 4.5 t/ac until 2007.  The field was 
planted to spring wheat in 2008 that yielded 48 bu/ac.  The field is irrigated from a center 
pivot system applying from 12 (2007) to 26 (2006) inches per year from 2003 to 2007.  
Only 2 inches were applied in 2008. 
 
A spike in 2007 second cutting sodium level (0.24 percent) resulted in the highest 
average sodium level of 0.17 percent during the first four years of this study.  The 2004 
average was 0.15 percent with 2005 (0.13) and 2006 (0.08).  Sodium was lowest in 
2006, which was the year that the highest amount of irrigation water was applied (26 
inches).  Conversely, the highest sodium level resulted in 2007, which had the lowest 
amount of irrigation water applied (12 inches) to the forage crop present from 2003 to 
2007. 
 
EC at site DB (Figure 4-29), unlike site DA, increases only slightly from 1 dS/m near 
surface to 2 to 3 dS/m as depth.  EC near the surface did not vary appreciably between 
years, but varied somewhat more widely in subsoil layers.  
 
ESP, SAR and pH pattern with depth was similar to many irrigated AMPP sites (Figure 
4-30 to 4-32), showing low levels near surface and moderately higher levels at depth.  
ESP decreased markedly between 2004 and 2005 but increased in later years.  These 
changes in ESP are most likely attributed to CEC measurements errors.  SAR levels at 
site DB are a better indicator of sodium status, and did not vary widely between years.  A 
slight increase in subsoil SAR in 2008 is attributed to the minimal amount of applied 
irrigation water.   
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Table 4-15.  Soil pH, EC, saturation extractable ions and SAR for site DB 
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Table 4-16.  Soil texture, lime, CEC and ESP for site DB 
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1-Fall, 2003
0 2 17 43 40 SiC 3.8 38.1 1.1 2.4
0 6 21 42 37 CL 4.1 33.6 1.1 2.7
6 12 26 46 28 CL 5 25.5 1.4 4.7

12 24 36 46 18 L 7.8 17.6 1.5 7
24 36 44 42 14 L 7.7 13.7 1.3 8
36 60 56 34 10 SL 4.3 10.9 1.1 8.2
60 96 60 31 9 SL 6.7 11.6 1.1 7.4

2-Spring, 2004
0 2 24 47 29 CL 5.5 27.6 0.72 2.2
0 6 22 47 31 CL 4.8 30.2 0.78 2
6 12 19 53 28 SiCL 5.7 26.6 1.08 3.3

12 24 31 48 21 L 7.7 18.6 1.36 5.9
24 36 50 39 11 L 5.5 13.1 0.89 5.7
36 60 64 27 9 SL 7.1 7.59 0.68 7.3
60 96 65 28 7 SL 7 6.75 1.11 12

3-Fall, 2004
0 2 22 40 38 CL 4.8 28.5 0.85 2.3
0 6 20 44 36 SiCL 4.3 29.9 0.94 2.3
6 12 23 47 30 CL 5.5 26 1.23 3.5

12 24 40 44 16 L 7.6 15 1.34 7.1
24 36 49 39 12 L 7.6 11.3 1.34 8.8
36 60 60 29 11 SL 4.1 10.4 1.33 9
60 90 67 24 9 SL 7.1 9.73 1.74 13

4-Fall, 2005
0 2 22 43 35 CL 5.4 44 0.61 1.2
0 6 24 43 33 CL 5.1 39.4 0.75 1.5
6 12 26 46 28 CL 6 34.5 1.02 2.2

12 24 36 46 18 L 7.8 23.2 1.18 3.1
24 36 52 36 12 L 7.8 17.1 0.98 3.3
36 60 65 26 9 SL 7.5 13 0.78 4.2
60 96 67 25 8 SL 7.2 12 1.11 5

5-Fall, 2006
0 2 27 38 35 CL 4 46.7 0.87 1.5
0 6 27 42 31 CL 4.6 38.5 0.89 1.9
6 12 22 49 29 CL 4.7 27.2 1.2 3.6

12 24 41 38 21 L 7.7 23 1.04 3.3
24 36 51 39 10 L 7.5 23.7 1.03 3
36 60 64 30 6 SL 6.6 18.1 1.07 4
60 96 65 30 5 SL 6.2 15.8 1.69 6.8

6-Fall, 2007
0 2 25 47 28 CL 5.1 32.7 0.73 1.8
0 6 26 46 28 CL 5 33.8 0.74 1.9
6 12 22 49 29 CL 5.4 30.9 1.22 3.3

12 24 42 38 20 L 6.1 22.9 1.71 5.8
24 36 46 41 13 L 7.1 17.8 1.4 6
36 60 61 31 8 SL 6.4 13.3 1.31 7.8
60 96 61 31 8 SL 6.5 11.6 1.38 8.4

7-Fall, 2008
0 2 43 21 36 CL 5.1 33.7 0.57 1.5
0 6 17 43 40 SiC 4.7 31.9 2.3 6.8
6 12 23 47 30 CL 5.9 28.8 3.2 10

12 24 29 53 18 SiL 7.9 18.7 1.2 4.9
24 36 35 50 15 SiL 7.4 16.1 1.3 6.2
36 60 37 53 10 SiL 6.4 11.2 1.3 8.9
60 96 45 43 12 L 7 12.8 2.1 11  
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Figure 4-29.  Trends in EC with depth for site DB  

 

 
Figure 4-30.  Trends in ESP with depth for site DB 
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Figure 4-31.  Trends in SAR with depth for site DB 

 

 
Figure 4-32.  Trends in pH with depth for site DB 
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4.1.9 Site BA 
 
Site BA (Table 4-17 and 4-18) borders the Tongue River and is flood irrigated with water 
from the T&Y canal just below Pumpkin Creek.  The field was in continuous corn from 
2003 to 2005 with yields ranging from 19 to 28 tons per acre.  Corn yield was 19 tons 
per acre in 2004 due to the late freeze on May 12 which resulted in only two-thirds of a 
stand at harvest time.  The field was planted to spring wheat in 2006, which yielded 55 
bushels per acre   Corn was planted again in 2007 and yielded 26.3 tons per acre. The 
2007 yield was lower than 2005 because the stand was approximately 90 percent of 
2005.   Applied irrigation water varied from 20 to 25 inches in most years, except for the 
2006 spring wheat crop when it was reduced to 12 inches.  In 2008 alfalfa was 
established under a hay barley cover crop which yielded 2.9 tons per acre with 
application of 18 inches of irrigation water. 
 
Sodium levels were 0.02 percent for all three years of corn, regardless of stand and 
yield.  Corn had the same level of sodium when planted at DA site, which had much 
higher salt and sodium levels indicating that corn has little tendency to take up sodium.   
 
Use of ample irrigation water has maintained relatively low EC levels throughout the soil 
profile at site BA (Figure 4-33). BA has had the highest average amount of irrigation 
water applied at 21 inches per acre since 2003. The field, which is located on a bench 
above the Tongue River, appears to be well-drained, accounting for the low EC levels in 
the 3 to 8 foot zone. 
 
ESP and SAR at site BA are also low, reflecting the irrigation management and good 
drainage conditions (Figures 4-34 to 4-36).  Like many other fields, ESP decreased 
between 2004 and 2005, remained low in 2006, but increased slightly in 2007 through 
2008. 
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Table 4-17.  Soil pH, EC, saturation extractable ions and SAR for site BA 
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Table 4-18.  Soil texture, lime, CEC and ESP for site BA 
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Figure 4-33.  Trends in EC with depth for site BA  

 

 
Figure 4-34.  Trends in ESP with depth for site BA 
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Figure 4-35  Trends in SAR with depth for site BA 

 

 
Figure 4-36.  Trends in pH with depth for site BA 
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4.1.10 Site BC 
 
Site BC (Table 4-19 and 4-20) is an older stand of grass/alfalfa that is flood irrigated with 
Tongue River water obtained from the T&Y Canal.  Site BC soils are the highest in clay 
content of any AMPP fields.  Yields were 3.7, 2.7, 1.7, 3.9, 1.6, and 0.9 tons per acre in 
2003 through 2008.  In 2007 and 2008, BC had been grazed prior to each cutting 
accounting for at least 50 % reduction in measured yield.  Applied irrigation water was 
18, 15, 12, 0, 6 and 12 inches in 2003 through 2008, respectively. 
 
Forage sodium content has generally been declining since 2004.  Test levels have been 
0.13, 0.12, 0.11, 0.8 and 0.11 percent from 2004 through 2008, respectively. 
 
EC (Figure 4-37) increased from around 1 dS/m in the upper 18 inches to around 7 dS/m 
below 3 feet in depth.  As of fall 2008, EC is at or below fall 2003 levels for all depths. 
The soil is probably poorly drained judging from the elevated salinity and its location in 
the lower Tongue River floodplain.  The pH (Figure 4-40) was typical of AMPP soils 
showing no change through time,  ESP (Figure 4-38) appeared to increase from 2003 to 
2004, decrease again in 2005 then rebound in later years.  The 2008 SAR (Figure 4-39) 
is below fall 2003 levels in the top 24 inches.  Below 36 inches, results have been 
variable. 
  



Tongue River Agronomic Monitoring & Protection Program                                              Page 107 
2009 Progress Report                                                                                            September 2009 
Table 4-19.  Soil pH, EC, saturation extractable ions and SAR for site BC 
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Table 4-20.  Soil texture, lime, CEC and ESP for site BC 
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Figure 4-37.  Trends in EC with depth for site BC 
   

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

0 2 4 6 8 10 12 14 16 18 20 22 24

D
ep
th
 (i
nc
he
s)

Exchangeable Sodium Percentage (%)

Tongue River AMPP

1-Fall, 2003
2-Spring, 2004
3-Fall, 2004
4-Fall, 2005
5-Fall, 2006
6-Fall, 2007
7-Fall, 2008

Site BC - Irrigated/Flood on Tongue River, 47A -
Harlake silty clay

ESP (%)

 
Figure 4-38.  Trends in ESP with depth for site BC 
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Figure 4-39.  Trends in SAR with depth for site BC 

 
Figure 4-40.  Trends in pH with depth for site BC 
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4.1.11 Site BD 
 
Site BD (Table 4-21 and 4-22) is a dryland field located across the Tongue River from 
site BC that was sampled in 2003 to identify differences in salinity, SAR, ESP, and pH 
between irrigated and dryland soils.  This site had the same soil mapping unit as BC and 
YBA at Fort Keogh.  The area had spreader dikes installed. 
 
Soil EC (Figure 4-41) ranged from 1 to 3 dS/m at 12 and 36 inches, respectively.  ESP 
(Figure 4-42) increased from 1 near-surface to around 6 percent at depth, while SAR 
(Figure 4-43) varied from 0.5 to 7 across the same depth intervals.  Soil pH (Figure 4-44) 
ranged from 7.1 to 8.1, similar to most AMPP soils.  This dryland soil had slightly lower 
EC and sodium levels than its irrigated counterparts indicating that the irrigated soil does 
not have adequate drainage or is not provided with enough irrigation water to induce 
leaching for salinity control. 
 
Table 4-21.  Soil pH, EC, saturation extractable ions and SAR for site BD 
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Table 4-22.  Soil texture, lime, CEC and ESP for site BD 
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Figure 4-41.  Trends in EC with depth for site BD 
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Figure 4-42.  Trends in ESP with depth for site BD 
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Figure 4-43.  Trends in SAR with depth for site BD 

 

 
Figure 4-44.  Trends in pH with depth for site BD 
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4.1.12 Site YAA 
 
Site YAA (Table 4-23 and 4-24) is a flood-irrigated alfalfa field located in the T&Y 
irrigation district on a terrace of the Yellowstone River about 8 miles downstream of the 
confluence of the Tongue River with the Yellowstone River.  Alfalfa yields were 2.0, 5.0, 
3.4, 4.6, 3.7 and 3.3 tons per acre in 2003 through 2008, respectively, while applied 
irrigation water was 12 to 18 inches per year. 
 
Soil EC (Figure 4-45) increased in a linear fashion from 1 dS/m near surface to around 5 
to 6 dS/m in the 5 to 8 foot zone. Water obtained at 6 feet below the surface from a 
shallow borehole had an EC of 6 to 9.6 dS/m and a SAR of 17 to 21(Figure 3-14 and 3-
15).  ESP and SAR appeared to increase during drought years in 2003 and 2004, and 
then decreased in 2005 and 2006, similar to the pattern for other AMPP sites (Figure 4-
46 and Figure 4-47).  EC and sodium levels increased from 2006 to 2008, but remained 
similar to 2004/2005 levels; pH (Figure 4-48) did not change appreciably through time.  
As of fall 2008, EC, and SAR are at or near fall 2003 levels indicating no sodium or 
salinity build-up. 
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Table 4-23.  Soil pH, EC, saturation extractable ions and SAR for site YAA 
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Table 4-24.  Soil texture, lime, CEC and ESP for site YAA 
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Figure 4-45.  Trends in EC with depth for site YAA. 

   

 
Figure 4-46.  Trends in ESP with depth for site YAA 
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Figure 4-47.  Trends in SAR with depth for site YAA 
 

 
Figure 4-48.  Trends in pH with depth for site YAA 
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4.2 Tongue River Tributary AMPP Sites 

  
4.2.1 Site MB 

 
Site MB (Table 4-25 and 4-26) is irrigated with water from Prairie Dog Creek and is 
located in Wyoming just above the confluence with the Tongue River.  A hay millet crop 
was harvested from the field in 2003.Hay barley was planted in 2004 but was not 
harvested due lack of broadleaf weed control.  MB was fallowed in 2005.  Grass was 
seeded in 2006, but was not irrigated and failed to establish.  MB was mostly weeds in 
2007 and 1.1 tons per acre of hay millet was harvested in 2008. Irrigation was erratic 
with 6 to 12 inches applied in 2003 to 2004, but no irrigation through 2007.  In 2008, 24 
inches of irrigation water was applied. 
 
 
In fall 2003 composite samples, EC (Figure 4-49) was generally below 1 dS/m in the 
upper 24 inches, but increased to around 3 dS/m from 24 to 36 inches and again 
decreased to less than 2 dS/m from 5 to 8 feet. This pattern of salinity may be due to the 
water table being within 6 to 8 feet of the surface.  SAR and ESP increased only 
modestly with increasing depth. 
 
Measured EC, SAR, ESP, pH (Figures 4-49 to 4-52) showed few trends through time. 
Low precipitation amounts and limited irrigation may account for the lack of change in 
soil chemistry.   
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Table 4-25.  Soil pH, EC, saturation extractable ions and SAR for site MB 
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Table 4-26.  Soil texture, lime, CEC and ESP for site MB 

 
 



Tongue River Agronomic Monitoring & Protection Program                                              Page 122 
2009 Progress Report                                                                                            September 2009 

 
Figure 4-49.  Trends in EC with depth for site MB 

  

 
Figure 4-50.  Trends in ESP with depth for site MB 
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Figure 4-51.  Trends in SAR with depth for site MB 

 

 
Figure 4-52.  Trends in pH with depth for site MB 
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4.2.2 Site OAA 
 
Site OAA (Table 4-27 and 4-28) was formerly flood irrigated with water from Otter Creek, 
but has not been non-irrigated from 2003 through 2008. Yields were 1 to 2 tons of 
dryland (or subirrigated) grass/alfalfa mix hay during this period. 
 
Despite higher EC and SAR typically found in water from Otter Creek, site OAA had a 
surprisingly low EC (Figure 4-53), ESP (Figure 4-54), and SAR (Figure 4-55). Trends in 
pH are shown in (Figure 4-56).  The chemistry was similar to Tongue River soils, which 
may be because the field has been mostly rain fed as opposed to irrigated with more 
saline Otter Creek water.  It is also possible that the field was only irrigated from Otter 
Creek historically when flows were higher and EC values more comparable to the 
Tongue River.    
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Table 4-27.  Soil pH, EC, saturation extractable ions and SAR for site OAA 
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1-Fall, 2003
0 2 7.7 0.88 51.3 5.7 2.3 0.6 0.3 8.1
0 6 7.8 0.64 50.8 3.9 2 0.8 0.4 5.8
6 12 7.6 0.48 42.7 2 1.4 1.2 0.9 3.8

12 24 8 0.78 40.5 2.8 2 3 1.9 3.1
24 36 8.1 0.89 37.3 2.2 1.9 4.3 3 3.2
36 60 8.1 0.96 44.5 2.8 2.4 4.3 2.6 3
60 96 8.2 2.57 39.7 5.3 10 15 5.4 2.7

2-Spring, 2004
0 2 7.4 0.48 44.6 2.99 1.25 0.54 0.4 7 0.42
0 6 7.4 0.62 42.6 3.66 2.02 0.84 0.5 7.4 0.42
6 12 7.7 0.69 38.6 2.77 2.06 1.26 0.8 4.8 0.71

12 24 7.8 0.63 33.5 2.01 1.58 2.51 1.9 4.6 0.42
24 36 7.9 1.59 33.2 4.53 4.09 5.81 2.8 3.6 0.71
36 60 7.9 2.08 36.4 4.51 6.06 8.92 3.9 4.4 0.56
60 96 8.1 3.87 37 6.16 14.5 23.7 7.4 2.8 1.27

4-Fall, 2005
0 2 7.1 1.19 55.4 7.61 3.39 1.19 0.51 3.47
0 6 7.3 0.78 47.8 4.73 2.8 0.45 0.23 7.23
6 12 7.6 0.59 40.9 2.96 2.76 0.78 0.46 5.35

12 24 7.8 1.15 37 2.97 2.88 5.01 2.9 4.34
24 36 7.8 1.75 34.6 3.94 3.72 9.08 4.6 3.9
36 60 7.8 1.79 40.4 4.67 4.93 9 4.1 3.69
60 96 8.1 2.64 39 3.93 8.1 16.3 6.6 3.03

5-Fall, 2006
0 2 7.3 0.95 51.8 5.98 2.28 0.18 0.09 7.03 0.1
0 6 7.3 0.79 51.5 4.7 2.52 0.24 0.13 6.22 0.05
6 12 7.6 0.54 45 2.61 2.24 0.57 0.37 3.85 0.07

12 24 7.7 0.86 40.6 2.28 1.81 4.1 2.9 6.08 0.08
24 36 7.7 2.61 36.9 5.52 6.13 13.8 5.7 3.38 0.38
36 60 7.7 3.08 40 9.17 11.6 12.9 4 2.43 0.45
60 96 7.9 4.01 38.8 9.52 13.4 20.7 6.1 2.03 1

6-Fall, 2007
0 2 7.5 0.78 52.7 4.86 1.83 0.77 0.42 6.59 0.56
0 6 7.3 0.95 49.7 5.93 2.95 0.66 0.31 12.8 0.53
6 12 7.7 0.57 42 2.94 2.42 0.58 0.35 5.99 0.56

12 24 7.9 0.55 43.2 1.7 1.42 2.7 2.2 5.19 0.28
24 36 8.1 0.68 34.5 1.11 0.95 4.64 4.6 5.19 0.56
36 60 8 2.65 42.2 7.35 7.87 14.6 5.3 3.33 1.06
60 96 8.1 3.17 39.2 6.17 9.42 17.4 6.2 3.5 0.88

7-Fall, 2008
0 2 7.2 0.55 50.1 3.64 2.65 0.48 0.68 9.54 0.52
0 6 7.4 0.76 44.7 4.42 2.04 0.52 0.29 6.76 0.44
6 12 7.6 0.5 36 2.38 1.73 0.54 0.38 4.37 0.36

12 24 7.8 0.58 35.4 1.39 1.17 2.14 1.9 4.37 0.27
24 36 7.8 0.66 31.2 1.5 1.23 3.02 2.6 4.37 0.25
36 60 7.7 2.62 37.4 8.43 8.49 12.6 4.3 2.98 0.48
60 96 7.9 3.16 36.7 6.96 13.5 17.8 5.6 2.58 0.53  
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Table 4-28.  Soil texture, lime, CEC and ESP for site OAA. 
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1-Fall, 2003
0 2 28 47 25 L 8.1 29.6 0.5 1.7
0 6 30 49 21 L 9.5 27.9 0.6 1.9
6 12 27 51 22 SiL 8.5 25.6 0.4 1.5

12 24 27 51 22 SiL 8.9 21.2 0.6 2.4
24 36 41 42 17 L 9 18.2 0.9 3.8
36 60 21 51 28 CL 9.2 25.3 1.1 3.8
60 96 36 42 22 L 6.7 21.7 1.6 4.5

2-Spring, 2004
0 2 39 44 17 L 6.9 19 0.44 2.2
0 6 31 48 21 L 7.5 21.6 0.44 1.9
6 12 30 49 21 L 8.1 19.9 0.43 1.9

12 24 38 45 17 L 8.3 16.5 0.68 3.6
24 36 41 44 15 L 8.4 14.1 1.03 6
36 60 35 46 19 L 8.4 16.3 1.37 6.4
60 96 34 47 19 L 8.3 15.3 2 7.4

4-Fall, 2005
0 2 32 49 19 L 7.6 30 0.52 1.5
0 6 32 50 18 SiL 7.4 27.6 0.28 0.9
6 12 30 50 20 SiL 8.9 23.1 0.39 1.6

12 24 37 45 18 L 9.3 20.1 0.82 3.1
24 36 43 44 13 L 9 15.6 1.07 4.9
36 60 35 46 19 L 9.7 20.1 1.12 3.8
60 96 37 45 18 L 10.3 17.1 1.53 5.2

5-Fall, 2006
0 2 37 48 15 L 6.7 27.3 0.32 1.1
0 6 27 56 17 SiL 7.5 35.7 0.38 1
6 12 23 56 21 SiL 8.2 26.5 0.49 1.7

12 24 31 50 19 SiL 8.5 21.1 0.92 3.6
24 36 39 40 21 L 8.2 16.5 1.38 5.3
36 60 31 52 17 SiL 8.5 17.9 1.56 5.8
60 96 33 52 15 SiL 9.3 17.2 2.05 7.3

6-Fall, 2007
0 2 34 48 18 L 6.4 24.6 0.42 1.5
0 6 32 47 21 L 6.4 24.8 0.39 1.5
6 12 27 51 22 SiL 7.3 23.6 0.39 1.6

12 24 34 45 21 L 7.4 22.3 0.78 3
24 36 40 44 16 L 7.8 16.3 1.12 5.9
36 60 28 49 23 L 7.6 22.4 1.87 5.6
60 96 32 46 22 L 7.9 19.8 2.05 6.9

7-Fall, 2008
0 2 38 42 20 L 7 23.7 0.32 1.1
0 6 30 48 22 L 7.2 23.2 0.37 1.5
6 12 32 46 22 L 7.9 18.4 0.35 1.8

12 24 28 48 24 L 8.5 18 0.82 4.1
24 36 40 42 18 L 8.5 13.3 0.85 5.7
36 60 27 59 14 SiL 8.8 17.6 1.4 5.1
60 96 36 44 20 L 8.8 15.9 1.9 7.9
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Figure 4-53.  Trends in EC with depth for site OAA 

  

 
Figure 4-54.  Trends in ESP with depth for site OAA 
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Figure 4-55.  Trends in SAR with depth for site OAA 

 

 
Figure 4-56.  Trends in pH with depth for site OAA 
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4.3 Reference AMPP Sites in Other River Basins 
 

4.3.1 Site YBA 
 
Site YBA (Table 4-29 and 4-30) is located on the Fort Keogh Experiment Station on a 
bench above the Yellowstone River.  The field was in barley for grain in 2003, barley for 
hay in 2004, hay barley under seeded to alfalfa in 2005, and established alfalfa in 2006, 
2007, and 2008.  Yields were 80 bushels, 2.7 tons, 4.0 tons, 6.4, and 4.9 and 5.4 tons 
per acre in 2003 through 2008, respectively.  It is flood irrigated, receiving 0, 8, 7, 24, 12 
and 18 inches of applied irrigation in 2003 through 2008.   
 
Highest forage sodium contents thus far in AMPP have been in the hayed barley in 2004 
and first cutting 2005 at 0.47 and 0.59 percent, respectively.  Since the second cutting in 
2005, alfalfa has had an average sodium content of 0.15 percent, ranging from 0.10 to 
0.22 percent.  Annual average sodium content for 2005 to 2008 has been 0.17, 0.14, 
0.16 and 0.19 percent, respectively.  For 2006 through 2008, sodium increased from first 
cutting to third cutting. 
 
Soil EC (Figure 4-57) increased after the non-irrigated barley in 2003, and then 
decreased in 2004 through 2008 when the field was irrigated.  Similarly, ESP decreased 
in the upper 3 feet both in 2004 and remained lower in 2005 through 2008 (Figure 4-58) 
because of increased leaching with irrigation and rainfall.  SAR (Figure 4-59) showed an 
increasing trend at depth between 2003 and 2005, but pH did not change (Figure 4-60). 
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Table 4-29.  Soil pH, EC, saturation extractable ions and SAR for site YBA 
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Table 4-30.  Soil texture, lime, CEC and ESP for site YBA 
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Figure 4-57.  Trends in EC with depth for site YBA  

 

 
Figure 4-58.  Trends in ESP with depth for site YBA 
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Figure 4-59.  Trends in SAR with depth for site YBA 
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Figure 4-60.  Trends in pH with depth for site YBA 
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4.3.2 Site BHA 
 
Site BHA (Table 4-31 and 4-32) is a reference field flood-irrigated with Big Horn River 
water.  It was planted to beets (39 tons per acre), winter wheat (120 and 77 bushels per 
acre), sugar beets (45 tons per acre), and 2 years of malt barley (120 and 115 bu/ac) in 
2003 through 2008, respectively.  In 2006, cooperator yield was 36.7 tons per acre due 
to having to top the beets twice.  BHA was harvested late November 2003 due to heavy 
precipitation beginning early October.  By late November, beets had frozen and needed 
topping twice to remove the frozen portion of the beet.  Quantity of irrigation water was 
24 inches in 2003 to 12 inches in 2004, zero in 2005, 24 inches in 2006, 6 inches in 
2007 and 2008.  Amounts varied due to changes in crop requirements and precipitation 
received.  
 
EC, SAR, and ESP at site BHA were elevated in the 0 to 2 inch depth in 2003 (Figure 4-
61 to 4-63), but subsequently decreased.  The 0-2 inch SAR, and ESP were elevated 
again fall 2006, EC was somewhat elevated in that depth fall 2007. This pattern is 
probably because soil must be moist for digging beets.  Once the beets were defoliated, 
soil moisture (and salts) rapidly moved to the surface and evaporated, leaving the salts 
behind.  In 2004, 2005, 2007 and 2008, the small grain canopy was more open than with 
the beet tops, therefore the soil surface dried slowly, reducing the wicking of salts 
upward.  After 2006, it appears that beet leaves also accumulated sodium that is present 
at the soil surface after mechanical defoliation.  ESP and SAR were significantly higher 
in 2006 when compared to soil samples collected after small grain crops.  This occurred 
even after all the precipitation in 2006, but decreased in 2007 and 2008.  Except for the 
0 to 2 inch depth, EC, ESP, SAR, and pH (Figure 4-64) values are relatively unchanged 
with depth or through time except for an overall increase in EC in 2007, indicating that 
the soil is well-drained and is adequately leached to maintain a salt balance.  An 
apparent increase in ESP in 2007 is attributed to low measured values for CEC. 
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Table 4-31.  Soil pH, EC, saturation extractable ions and SAR for site BHA 
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Table 4-32.  Soil texture, lime, CEC and ESP for site BHA 
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Figure 4-61.  Trends in EC with depth for site BHA  

 

 
Figure 4-62.  Trends in ESP with depth for site BHA 
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Figure 4-63.  Trends in SAR with depth for site BHA 
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Figure 4-64.  Trends in pH with depth for site BHA 
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5.0 Summary and Recommendations 
  
• Ten Tongue River fields irrigated with water from the Tongue River are being 

monitored for their baseline soil chemistry and to detect soil chemical 
changes that may occur through time. 
   

• AMPP consists of three tiers of sampling. Tier 1 soil sampling and crop 
monitoring is provided to facilitate development of crop systems management 
plans, provided as a service to participating growers. Tier 2, described in this 
report, is a systematic basin-wide soil sampling effort repeated each fall since 
2003. Tier 3, described in a separate report, consists of test plots to evaluate 
irrigation with varying mixtures of CBNG produced water and Tongue River 
water. 

 
• Tier 2 fields represent a wide variety of cropping systems including alfalfa, 

grass, hay barley, and corn.  Forage yields (grass, alfalfa, and alfalfa/grass) 
ranged from 1 to 6 tons/ per acre. Yields were comparable to average yields 
from Big Horn, Custer and Rosebud Counties in 2003 through 2008. 
Variations in crop yields observed between AMPP fields were not correlated 
to differences in salinity or sodium levels. Other factors, especially crop and 
irrigation management, appeared to more strongly affect yields. 

 
• EC and SAR of Tongue River irrigation water varies seasonally in response 

to the quantity of surface water flow.  During high flow periods in May and 
June when surface water is dominated by snowmelt of mountain snowpack, 
EC and SAR are lowest. At other times of the year, groundwater baseflow, 
which is higher in EC and SAR, provide a larger proportion of flow. 

  
• The general chemistry of Tongue River surface water, shallow groundwater, 

and soil water are a calcium-magnesium-sulfate type water.  Produced water 
from CBNG operations is quite distinct being almost exclusively sodium and 
bicarbonate.  Therefore, modest downstream increases in the proportion of 
sodium and sulfate in the Tongue River are likely due to input of shallow 
groundwater and/or irrigation return flows. 

 
• Measured SAR is often used to predict ESP that would develop in soils with 

sustained irrigation.  In most regions, ESP follows a linear relationship with 
SAR developed by USDA (1954).  SAR and ESP relationship is weak in the 
AMPP data, however.  SAR tends to under-predict ESP at a SAR of 5 or less, 
and over-predict ESP above SAR 10.  ESP measurements are thought to be 
more subject to error than SAR measurements.  Therefore SAR is probably a 
better indicator of sodium status than ESP. 

 
• All Tongue River soils had water infiltration or intake rates that are considered 

suitable for sustained irrigation.  There was no correlation between intake 
rate and either clay content or ESP. Intake rates did not vary through time. 

 
• EC and SAR of irrigation water vary between years in response to 

precipitation.  Wet years have lower EC and SAR than dry years.  There is a 
tendency for EC and SAR to gradually increase in a downstream direction. 
Despite these seasonal, annual, and spatial variations in EC and SAR, the 
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Tongue River generally meets Montana irrigation water quality standards, 
except occasionally below the T&Y Diversion Dam.  Hydrology of the Tongue 
River is described in more detail in the 2009 Tongue River Hydrology Report 
(HydroSolutions, 2009).   

 

• Since water from CBNG operations contains excessive levels of sodium, 
sodium content of plant tissue may provide an early indication of CBNG 
effects.  Plant tissue samples collected from irrigated crops and forages did 
not show a trend of increasing sodium levels indicating that CBNG activity is 
not affecting major ion uptake (including sodium) by crops. 
 

• Irrigated soils that are clay in texture and have a predominance of swelling 
clays (e.g. smectite) are known to be more susceptible to the adverse effects 
of sodium.  Tongue River AMPP soils are not high-clay, and do not have 
predominantly smectite clays.  Scientific literature indicates that the “safe” 
level of SAR in irrigation water for these soils would be 8 or higher (Bauder, 
no date). 

 
• Except for site DA, soils monitored in AMPP were non-saline and non-sodic 

to a depth of 3 feet according to criteria developed by the Brown Salinity Lab. 
 
• Irrigated Tongue River soils are mostly loam, or silty clay loam in texture, and 

have an average clay content of about 26 percent near surface decreasing to 
about 19 percent at 48 inches in depth.  Clay-textured soils (e.g. with more 
than 40 percent clay sized particles in the < 2 mm sized fraction) are scarce 
in the Tongue River floodplain. 

 
• AMPP soils are generally non-saline and non-sodic near surface.  Average 

EC is about 1.2 dS/m in the upper 6 inches and increases to around a 
maximum EC of 4 dS/m at 36 inches in depth, and gradually decrease to 3 
dS/m at 8 feet. Average ESP is less than 2 percent in the upper 6 inches and 
increases with depth to 7 percent at 60 inches. 

 
• Despite these generalizations, soils monitored in Tier 2 varied significantly 

between sites, and most soil properties exhibited some characteristic pattern 
with depth.  Spatial differences between AMPP soils did not appear to relate 
to the location of CBNG activities.  It appeared to be caused by random 
variation in soil properties caused by the variable nature of river flood 
deposits that the soils formed in, and due to differences in agronomic 
management. 

 
• There were no statistically significant changes in EC or SAR through time in 

AMPP soils.  Similar results have occurred for the four non-Tongue River 
irrigated fields.  ESP levels showed a statistically significant decrease 
between the 2004 and 2005 samples, which may have been due to greater 
quantity of available rainfall and irrigation water in 2005 than in previous 
years.  ESP remained low in 2006, but increased again in 2007 and remained 
near 5 in 2008.  Variations in ESP were attributed to CEC and exchangeable 
sodium measurement errors. 



Tongue River Agronomic Monitoring & Protection Program                                              Page 141 
2009 Progress Report                                                                                                       June 2009 

6.0 Literature Cited 
 
Ayers, R.S. and D.W. Westcot. 1994. Water quality for agriculture.  FAO Irrigation And 

Drainage Paper 29 Rev. 1.  Rome. 
 
Bauder, J. Quality and Characteristics of Saline and Sodic Water Affect Irrigation 

Suitability, Montana State University-Bozeman. 
http://waterquality.montana.edu/docs/methane/irrigation_suitability.shtml 

 
HydroSolutions Inc. 2008. 2008 Tongue River Hydrology Report - Tongue River 

Information Program. Final Report submitted to MT Bd. of Oil & Gas Cons. MT 
Dept of Nat. Res. and Cons. 50 pgs. 

 
Parkhurst, David L. and C. A. J. Appelo. 1999.  User’s Guide to Phreeqc (Version 2) A 

Computer Program for Speciation Batch-Reaction One-Dimensional and Inverse 
Geochemical Calculations.  Water-Resources Investigations Report 99-4259. 

  
Scherer, Thomas F., Bruce Seelig and David Franzen. 1996. Soil, Water and Plant 

Characteristics Important to Irrigation. EB-66, February 1996. North Dakota State 
University & Extension Service. 
http://www.ag.ndsu.edu/pubs/ageng/irrigate/eb66w.htm 

 
Schoeneberger, P.J., Wysocki, D.A., Benham, E.C., and Broderson, W.D. (editors), 

2002.  Field book for describing and sampling soils, Version 2.0. Natural 
Resources Conservation Service, National Soil Survey Center, Lincoln, NE. 

 
USDA Salinity Lab. 1954. Diagnosis and Improvement and Saline and Alkali Soils. 

USDA Handbook 60. U.S. Govt. Print. Offc. 159 pgs. 



Tongue River Agronomic Monitoring & Protection Program                                              Page 142 
2009 Progress Report                                                                                                       June 2009 

Appendices
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Appendix A – AMPP Flyer sent to Tongue River Irrigators  
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Appendix B – Quality Assurance Sample Results  
 
Table B-1.  AMPP blind field duplicate analyses for suite 1 
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Table B-2.  AMPP blind field duplicate analyses for suite 2 
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Table B-3.  AMPP blind field duplicate analyses for suite 3 through 5 
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Table B-4.  AMPP blind field duplicate relative percent difference for suite 1 data 

pairs 
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Table B-5.  AMPP blind field duplicate relative percent difference for suite 2 
data pairs 
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Table B-6.  AMPP blind field duplicate relative percent difference for suite 3 

through 5 data pairs 
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Appendix C – Spatial Variability of Soils  
 
Depth Variability of Soil Data 
 
Variability of field measurements due to sampling and laboratory techniques was found 
to account for variations of up to 15 to 30 percent.  Another source of soil variability is 
natural spatial variation that occurs laterally and with depth.  AMPP was designed to 
minimize effects of spatial variability by using composite soil samples and by using 
standardized soil sample depths.  However, it is important to understand the magnitude 
of spatial variability, especially when comparing AMPP data to soils data compiled from 
other sources.  
 
Soil properties often vary with depth.  Natural soil-forming processes and agricultural 
management tend to amplify differences in soil properties within the soil profile.  These 
changes result principally from the fact that water content, water movement, 
temperature, and biological activity in soils all vary with depth.  Surface soil layers 
typically have more flux of water, have more pronounced seasonal variation in water 
content and temperature, and have more biological activity (e.g. root mass and microbial 
activity) than in deeper layers.  Through hundreds to thousands of years, these 
processes tend to increase organic matter levels, decrease pH, and remove soluble 
salts and lime near the soil surface.  Soluble salts, lime, and clay minerals often 
accumulate within or near the base of the root zone at 24 to 30 inches. 
 
Tongue River soils data were used to assess the degree of variability in soil properties 
with depth.  Most soil properties including physical properties such as texture and 
chemical properties such as EC and exchangeable sodium percentage (ESP) were 
found to vary significantly with depth.  The effect of soil depth on soil properties is 
important because any monitoring program which seeks to compare two or more soils, 
or identify trends in soil properties through time must carefully control depth.   Soil 
properties in areas within a field that have been eroded, leveled, or have received recent 
sediment deposition may be significantly different than more stable portions of the same 
field. 
 
Spatial Variability of Soil Data 
 
Another important factor which influences variability of soil monitoring data is lateral 
spatial variability.  In order to assess the degree of spatial variability in AMPP fields, 
each composite subsample collected in the upper 24 inches from two representative 
fields were individually analyzed.  Field MA, which was 60 acres in size, was sampled 
using 12 subsamples, while field YAA (19.3 acres) had 10 subsamples.   
 
Results of the spatial variability tests are shown for field MA in Table C-1 and Figure C-1 
through C-3.  Spatial location of the individual samples is shown on the X and Y axis, 
while the size of the symbol at each location indicates the value measured for each soil 
property.  Results for the 0 to 6, 6 to 12, and 12 to 24 inch layer are shown on the left, 
middle and right, respectively.  Results for selected parameters in field YAA are shown 
in Table C-1 and Figure C-4. 
 
A measure of the variability of the individual samples can be obtained by determining the 
standard deviation, a measure of variability.  Standard deviation is divided by the mean 
to determine the coefficient of variability (CV).  A series of measurements that has a CV 
of 20 percent means that 67 percent of the samples will fall within 80 to 120 percent of 
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the mean while about 16 percent of samples will be less than 80 percent of the mean 
and 16 percent greater than 120 percent of the mean. 
 
Results of spatial variability testing (Table C-4) showed that soil pH had little variability, 
soil texture had CV values from 10 to 40 percent, and chemical properties such as EC, 
SAR, and ESP had greatest variability. CV ranged from 20 percent to over 100 percent.  
In general, the variability of chemical properties was greatest deeper in the soil profile.  
The large variability that occurs within a field indicates that a reliable soil testing program 
designed to identify trends should use the same sampling locations each time the field is 
sampled.
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Table C-1.  Spatial variability of individual samples collected at three depths from randomly spaced locations in fields MA and YAA  

Site and Depth pH, 
Saturated 

Paste 

Conduct-
ivity, 

Paste 
Extract 

Calcium, 
Saturated 

Paste 

Magnesium, 
Saturated 

Paste 

Sodium, 
Saturate
d Paste 

Sodium 
Adsorp-

tion 
Ratio 
(SAR) 

Saturation Cation Ex-
change 

Capacity 

Exchange
able 

Sodium 
Percent-

age 

Lime as 
CaCO3 

Sand Silt Clay 

 Coefficient of Variability (Population standard deviation divided by the mean) 

MA 0-6 1.2% 14.7% 14.9% 19.3% 36.8% 35.4% 9.7% 19.1% 18.7% 20.6% 30.3% 11.5% 10.8% 

MA 6-12 1.7% 21.7% 31.5% 36.0% 48.7% 52.0% 14.5% 17.6% 20.6% 18.6% 44.2% 12.4% 20.0% 

MA 12-24 3.2% 55.3% 37.4% 87.3% 107.7% 96.1% 11.4% 27.8% 48.6% 19.4% 53.5% 17.6% 17.4% 

              
YAA 0-6 1.7% 77.4% 120.2% 120.9% 55.2% 17.6% 13.7%       
YAA 6-12 1.9% 63.3% 94.1% 96.5% 48.0% 17.1% 16.9%       
YAA 12-24 1.3% 65.1% 64.2% 72.8% 88.0% 46.9% 13.7%       
Field MA is 60 acres in size and consisted of 12 subsamples, field YAA is 19.3 acres in size and consists of 10 subsamples. 
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Figure C-1.  Variation in electrical conductivity (dS/m) and exchangeable sodium percentage 

(percent) for 12 composite samples from site MA collected at three depths 0 to 6 
inches (green-left), 6 to 12 inches (yellow-middle), and 12 to 24 inches (red-right).  The 
size of the symbol indicates the EC and ESP values 
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Figure C-2.  Variation in sodium adsorption ratio and pH for 12 composite samples from site MA 

collected at three depths 0 to 6 inches (green-left), 6 to 12 inches (yellow-middle), and 12 
to 24 inches (red-right).  The size of the symbol indicates the SAR and pH values 
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Figure C-3.  Variation in clay and sand content (percent) for 12 composite samples from site MA 

collected at three depths 0 to 6 inches (green-left), 6 to 12 inches (yellow-middle), and 
12 to 24 inches (red-right).  The size of the symbol indicates the clay and sand values 
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Figure C-4.  Variation in electrical conductivity (dS/m) and sodium adsorption ratio for 10 composite 

samples from site YAA collected at three depths 0 to 6 inches (green-left), 6 to 12 inches 
(yellow-middle), and 12 to 24 inches (red-right).  The size of the symbol indicates the EC 
and SAR values 
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Table C-2 illustrates the magnitude of errors that may result from selecting a single soil 
sample (as opposed to a composite sample as was used in the AMPP) to represent an 
entire field.  For example, in field MA, average surface EC was 0.67 dS/m, but individual 
samples varied from 0.53 to 0.91 dS/m.  Even greater differences occurred at depth, 
where in field YAA, average EC from 12 to 24 inches was 1.33 dS/m, but individual 
samples varied from 0.67 to 3.77 dS/m.  Table C-3 provides an estimate of error 
associated with estimated mean EC at 0 to 6 and 12 to 24 inches in field MA for varying 
numbers of composite samples.  Estimated mean for a field cannot be precisely derived 
using 10 or even 100 composite subsamples. However, 10 subsamples yield precision 
that is comparable to larger numbers of subsamples, and is far superior to use of a 
single sampling location.  Additionally, when the same subsample locations are used 
each time a field is sampled, field variability is eliminated and chronological results 
should more precisely identify trends than if subsample locations are changed each 
sampling event.  
 
 

Table C-2.  Average, low, and high electrical conductivity measurements from 
samples collected at three depths in fields MA and YAA  

 Location Average Lowest Highest Std Dev Coef Var 
Electrical Conductivity Paste (dS/m) 

MA 0-6 0.67 0.53 0.91 0.10 14.7% 
MA 6-12 0.79 0.48 1.11 0.17 21.7% 
MA 12-24 1.14 0.57 3.00 0.63 55.3% 
YAA 0-6 1.22 0.73 4.01 0.94 77.4% 
YAA 6-12 1.11 0.72 3.20 0.70 63.3% 
YAA 12-24 1.33 0.67 3.77 0.86 65.1% 

Field MA is 60 acres in size and consisted of 12 subsamples, field YAA is 19.3 acres in size and 
consists of 10 subsamples. 
 
 

Table C-3.  Effect of number of composite sub-samples on the potential error in 
measuring the electrical conductivity (dS/m) at site MA for the 0 to 6 
and 12 to 24 inch depths  

 Location Sample Size Mean Std Error Lowest 5 
percent 

Highest 95 
percent 

MA 0-6 1 0.67 0.10 0.51 0.83 
MA 0-6 2 0.67 0.07 0.55 0.78 
MA 0-6 5 0.67 0.04 0.60 0.74 
MA 0-6 10 0.67 0.03 0.62 0.72 
MA 0-6 100 0.67 0.01 0.65 0.68 
MA 12-24 1 1.14 0.63 0.10 2.19 
MA 12-24 2 1.14 0.45 0.41 1.88 
MA 12-24 5 1.14 0.28 0.68 1.61 
MA 12-24 10 1.14 0.20 0.81 1.47 
MA 12-24 100 1.14 0.06 1.04 1.25 
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Appendix D – Initial Soil Sampling and Characterization 
 
Sixteen fields were selected for study in Tier 2 AMPP (Table D-1).  Ten fields were 
irrigated with Tongue River water and were located along the entire length of the River 
from above the Tongue River Reservoir to the lower T&Y Irrigation District east of Miles 
City.  Two additional Tongue River fields were selected that were non-irrigated, but were 
located in a similar landscape position and had similar soils as the nearby Tier 2 fields.  
Two fields were irrigated with water from Tongue River tributaries (Hanging Woman and 
Otter Creek), and two reference fields were irrigated with Yellowstone River or Big Horn 
River water.  Throughout this report, sites are discussed in order starting with the most 
upstream Tongue River sites, and ending with sites irrigated with Tributary water or 
other irrigation sources. 
 
 

Table D-1.  Characteristics of sites selected for Tier 2 AMPP monitoring 

Site Irrigation Irrigation 
Water 

Source 

County Mapped  
Soil Series 

Mapped Classification 

MA Irrigated/Pivot Tongue Big Horn Hfa - 
Haverson 
loam 

fine-loamy, mixed 
(calcareous) mesic Ustic 
Torrifluvents 

LA Irrigated/Side-
roll 

Tongue Big Horn Hfa - 
Haverson 
loam 

fine-loamy, mixed 
(calcareous) mesic Ustic 
Torrifluvents 

GA Irrigated/Side-
roll 

Tongue Rosebud 99 - Havre 
loam 

fine-loamy, mixed 
(calcareous) frigid Ustic 
Torrifluvents 

GB Dryland NA Rosebud 99 - Havre 
loam 

fine-loamy, mixed 
(calcareous) frigid Ustic 
Torrifluvents 

GC Irrigated/Flood Tongue Rosebud 99 - Havre 
loam 

fine-loamy, mixed 
(calcareous) frigid Ustic 
Torrifluvents 

EA Irrigated/Flood Tongue Rosebud 197 - Yamac 
loam 

fine-loamy, mixed Borollic 
Camborthids 

DB Irrigated/Pivot Tongue Custer 901 - Sonnett 
thin surface 

fine, montmorillonitic frigid 
Typic Eutroboralfs 

DA Dryland (03) 
then 
Irrigated/Pivot 

Tongue Custer 99 - Havre 
silty clay 
loam 

fine-loamy, mixed 
(calcareous) frigid Ustic 
Torrifluvents 

BA Irrigated/Flood Tongue Custer 79A - 
Yamacall 
loam 

fine-loamy, mixed, frigid Aridic 
Ustochrepts 

BD Dryland NA Custer 47A - Harlake 
silty clay 

fine, montmorillonitic 
(calcareous) frigid Aridic 
Ustifluvents 

BC Irrigated/Flood Tongue Custer 47A - Harlake 
silty clay 

fine, montmorillonitic 
(calcareous) frigid Aridic 
Ustifluvents 

YAA Irrigated/Flood Tongue Custer 53A - Kobase fine, montmorillonitic, frigid 
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Site Irrigation Irrigation 
Water 

Source 

County Mapped  
Soil Series 

Mapped Classification 

silty clay 
loam 

Aridic Ustochrepts 

MB Irrigated/Flood Prairie 
Dog 

Sheridan 171 - 
Kishona 
(50%) 
Cambria 
(30%) 

fine-loamy, mixed 
(calcareous) Mesic Ustic 
Torriorthernts 

OAA Irrigated/Flood Otter Rosebud 99 - Havre 
loam 

fine-loamy, mixed 
(calcareous) frigid Ustic 
Torrifluvents 

YBA Irrigated/Flood Yellowsto
ne 

Custer 47A - Harlake 
silty clay 

fine, montmorillonitic 
(calcareous) frigid Aridic 
Ustifluvents 

BHA Irrigated/Flood Big Horn Big Horn Bs - Bew silty 
clay loam 

fine, montmorillonitic mesic  
Ustollic Haplargids 

 
Tongue River Irrigated and Dryland Sites  
 
Site MA 
 
Site MA is the most upstream sample in the AMPP program, and is located just north of 
the Wyoming-Montana boundary and about 4.1 km (2.5 miles) from the point where the 
Tongue River first enters Montana (Figure D-1).  The site is located below most, but not 
all, of the Fidelity water discharge points and is above the confluence of Prairie Dog 
Creek, a tributary that drains nearly 25 percent of the upper Tongue River watershed.  
The center pivot sprinkler irrigated field lies on a nearly level floodplain area within a 
large meander bend of the Tongue River floodplain (Figure D-2).  At the time of the first 
sampling, the field had been recently planted to alfalfa and had a poor to moderate crop 
stand with significant weed growth and some bare areas. 
 
The soil mapping unit sampled within the field is Hfa - Haverson loam and Hfd - 
Haverson silty clay loam (Figure D-3).  These soils are undeveloped floodplain soils with 
18 to 35 percent clay.  They have moderate amounts of organic matter that is stratified 
with depth, and contain ample amounts of lime throughout the profile.  The two units 
differ only in that Hfd has a slightly more clayey surface layer. 
 
The pedon described and sampled at site MA was fairly typical of soils mapped as 
Halverson loam (Table D-2).  Clay content was variable with depth and ranged from 22 
to 30 percent.  Dominant clay minerals were illite and kaolinite, which are non-swelling 
clays that are not easily affected by excess sodium.  Soil pH (7.6) was mildly alkaline 
and moderate levels of lime (10 percent) occurred at all depths.  Both pH and lime 
content were unchanged with depth owing to the lack of soil profile development in these 
recent river deposits.  EC was moderate (1 to 2 dS/m) throughout the profile.  Both SAR 
(0.4 to 1.0) and ESP (1.8 to 2.3) were low at all depths.   Nutrient levels were generally 
adequate except for available zinc which was moderately low, and nitrogen which was 
also low for crops other than alfalfa.  This crop obtains its own nitrogen source from the 
atmosphere. 
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Figure D-1.  Map of site MA  
 

 
Figure D-2.  Landscape view of site MA  
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Figure D-3.  Soil profile description and photo of soil at site MA  
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Table D-2.  Soil profile chemical, physical, and mineralogical data for site MA  

 
 
Site LA 
 
Site LA is located just upstream of the Tongue River Reservoir below all Fidelity water 
discharge points and below the confluence of Prairie Dog Creek (Figure D-4).  The 
sprinkler irrigated field uses a side roll system and lies on a nearly level portion of the 
Tongue River floodplain.  This field contains brome, orchard, and blue grasses with 
occasional alfalfa plants (Figure D-5). 
 
The soil mapping unit sampled is Hfa - Haverson loam (Figure D-6), the same as was 
mapped at site MA.  These soils are undeveloped floodplain soils with 18 to 35 percent 
clay.  They have moderate amounts of organic matter that is stratified with depth, and 
contain ample amounts of lime throughout the profile. 
 
The pedon described and sampled at site LA (Table D-3) was more clayey than other 
soils mapped as Halverson loam.  Clay content was variable with depth and generally 
ranged from 29 to 42 percent, except for a horizon from 28 to 42 inches which had 50 
percent clay.  This soil was more strongly layered than at site MA., This layering is the 
result of successive stream sediment deposits which vary slightly in texture.  Layered 
soils may have slower internal drainage than unlayered soils.  Dominant clay minerals 
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were kaolinite and illite, which are non-swelling clays that are not easily affected by

 
Figure D-4.  Map of site LA  
 

 
Figure D-5.  Landscape view of site LA  
 



Tongue River Agronomic Monitoring & Protection Program                                              Page 167 
2009 Progress Report                                                                                            September 2009 

 
Figure D-6.  Soil profile description and photo of soil at site LA  
 
 
excess sodium.  Swelling clays (smectite) accounted for 20 to 23 percent of the clay 
minerals.  Soil pH was weakly alkaline (7.6 to 8.0) and moderate levels of lime (10 
percent) at all depths.  Both pH and lime content were unchanged with depth owing to 
the lack of soil profile development.  EC was moderately low at this location (0.8 to 1.1 
dS/m), but was higher at other locations in the field.  Both SAR (1.3 to 1.9) and ESP (1.2 
to 2.7) were low at all depths.   Nutrient levels were variable with nitrogen deficient for 
irrigated grass.  Soil test levels of phosphorus, potassium, sulfur and zinc were generally 
adequate. 
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Table D-3.  Soil profile chemical, physical, and mineralogical data for site LA 

 
 
Site GA 
 
For several miles downstream of the Tongue River Reservoir, the floodplain is narrow 
and little irrigation occurs.  Site GA is about 25 miles downstream of the Tongue River 
Reservoir, and is below the confluence of Hanging Woman Creek near Birney (Figure D-
7).  The sprinkler-irrigated field uses a side roll system and straddles the Tongue River 
floodplain and a low terrace situated a few feet above the active floodplain.  At the time 
of the first sampling, this field had an older stand of alfalfa-grass on the north half and a 
newer alfalfa stands in the south half (Figure D-8). 
 
The soil mapping unit sampled is 99 – Havre loam (Figure D-9), the dominant soil 
mapped throughout most of the Tongue River floodplain.  These soils mapped in both 
Rosebud and Custer Counties are similar to Haverson soils mapped in Big Horn County.  
They are undeveloped floodplain soils with 18 to 35 percent clay, which have moderate 
amounts of organic matter that is stratified with depth, and contain ample amounts of 
lime throughout the profile. 
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Figure D-7.  Map of site GA and GB 
  

 
Figure D-8.  Landscape view of site GA  
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Figure D-9.  Soil profile description and photo of soil at site GA 
 
  
The pedon described and sampled at site GA (Table D-4) was much higher in clay 
content than soils typically mapped as Havre loam and represents an inclusion of a 
different soil series.  Clay content was variable with depth and generally ranged from 32 
to 48 percent.  Composite samples collected across the entire field had an average clay 
content of only 23 percent, which is typical of Havre loam.  Dominant clay minerals were 
kaolinite and illite, which are non-swelling clays that are not easily affected by excess 
sodium.  Soil pH was mildly alkaline (7.7 to 8.0) and moderate levels of lime (5 to 8 
percent) at all depths.  Both pH and lime content were relatively unchanged with depth 
owing to the lack of soil profile development.  EC was low at this location (0.6 to 0.9 
dS/m) throughout the profile, but was higher at other locations in the field.  Both SAR 
(0.9 to 1.4) and ESP (1.2 to 1.8) were low at all depths.  Patches of greasewood were 
found near an irrigation ditch a few hundred feet from this site indicating that higher 
sodium levels occur in the vicinity.  Nutrient levels were variable with nitrogen deficient 
for irrigated alfalfa-grass.  Soil test levels of phosphorus, sulfur, potassium and zinc were 
generally adequate. 
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Table D-4.  Soil profile chemical, physical, and mineralogical data for site GA. 

 
 
Site GB 
 
Site GB (Figure D-7) was located adjacent to and southwest of field MA.  Site GB was a 
dryland soil, which had the same soil mapping unit as field GA.  The field is in a native 
range condition (Figure D-10) and contains a mixture of perennial grasses (blue grama, 
crested wheatgrass, needle-and-thread, red three-awn, and smooth brome), forbs 
(yellow sweetclover) and shrubs (silver sagebrush and greasewood).  A separate soil 
profile description was not performed on this field because it was thought to be similar to 
field GA.   
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Figure D-10.  Landscape view of site GB  
 
 
Site GC 
 
Site GC is located a few miles further north of sites GA and GB, and is about 30 miles 
downstream of the Tongue River Reservoir (Figure D-11).  The flood-irrigated field has 
been leveled and contains border dykes to facilitate even distribution of water.  The field 
lies on the Tongue River floodplain and had an established alfalfa stand at the time of 
the first sampling (Figure D-12). 
 
The soil mapping unit sampled within the field is 99 – Havre loam (Figure D-13), the 
same soil mapped at sites GA and GB just upstream.  Havre loam is an undeveloped 
floodplain soil with 18 to 35 percent clay, which has moderate amounts of organic matter 
that is stratified with depth, and contains ample amounts of lime throughout the profile.  
The soil profile was lighter in color than GA soil, indicating that the soil pit may have 
been located in a portion of the field that was scalped of much of the surface soil during 
leveling.  Measured organic matter content (4.2 percent) seems excessive given the light 
soil color.  High lime content may have interfered with the organic matter measurement. 
 
The pedon described and sampled at site GC (Table D-5) was higher in clay content 
than soils typically mapped as Havre loam.  Like the soil pedon at site GA, it represents 
an inclusion of a different soil series.  Clay content was variable with depth and generally 
ranged from 30 to 47 percent, with an average of around 40 percent in the upper 40 
inches.  Composite samples collected across the entire field had an average clay 
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content of only 32 percent, which is at the upper end of the Havre loam.  The dominant 
clay minerals were kaolinite and illite,  

 
Figure D-11.  Map of site GC  
 

 
Figure D-12.  Landscape view of site GC  



Tongue River Agronomic Monitoring & Protection Program                                              Page 174 
2009 Progress Report                                                                                            September 2009 
 

 
Figure D-13.  Soil profile description and photo of soil at site GC 
 
  
which are non-swelling clays that are not easily affected by excess sodium.  The soil had 
a mildly alkaline pH (7.7 to 8.1) and moderate levels of lime (8 to 10 percent) at all 
depths.  Both pH and lime content were relatively unchanged with depth owing to the 
lack of soil profile development.  EC was very low and uniform at this location (0.6 to 0.9 
dS/m) and was low at other locations in the field as well.  Both SAR (0.7 to 0.9) and ESP 
(1.4 to 2.0) were low in the pedon and in the field composite samples.  Site GC had the 
lowest EC, SAR and ESP of any soils sampled.  Nutrient levels were generally adequate 
for alfalfa production. 
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Table D-5.  Soil profile chemical, physical, and mineralogical data for site GC 

 
 
Site EA 
 
Site EA is located just upstream of the Brandenburg Bridge on the west side of the 
Tongue River (Figure D-14).  The site is located on a low terrace above the floodplain, 
and is flood-irrigated.  At the time of the first sampling, the field contained hay millet 
stubble (Figure D-15).  The field was not planted, irrigated or harvested in 2004.  It was 
planted to alfalfa in the spring of 2005. 
 
The soil mapping unit sampled within the field is 197 - Yamac loam (Figure D-16).  This 
soil differs from soils typically mapped lower on the floodplain in that it has a subsurface 
horizon enriched in clay.  The soil was higher in clay content (averaging greater than 35 
percent clay) than typical floodplain soils.   
 
The pedon described and sampled at site EA (Table D-6) was probably typical of soils 
mapped as Yamac, except that lime content was higher in the surface layer than typical 
values, and the subsurface layers were darker than usually observed.  Additionally, clay 
content was slightly higher than occurs in Yamac soils.  These differences may indicate 
that the clay-enriched subsoil may have resulted from more deposition of texturally 
contrasting layers rather than soil development processes.   Clay content was variable 
with depth and ranged from 13 to 50 percent.  The soil was strongly layered as a result 
of successive stream sediment deposition, creating layers which varied in texture.  
Layered soils may have slower internal drainage than unlayered soils.  Dominant clay  
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Figure D-14.  Map of site EA  
 

 
Figure D-15.  Landscape view of site EA  
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Figure D-16.  Soil profile description and photo of soil at site EA  
 
 
minerals were kaolinite and illite, which are non-swelling clays that are not easily 
affected by excess sodium.  Swelling clays (smectite) accounted for 13 to 14 percent of 
clay minerals.  The soil had a mildly alkaline pH (7.5 to 8.6) and moderate levels of lime 
(6 to 9 percent) at all depths.  EC was higher than average at this location (1.4 to 8 
dS/m) with higher levels found at depth.  EC levels were slightly lower in the composite 
samples. SAR (1.5 to 17) and ESP (1.8 to 8.4) were also higher than average for the 
Tongue River and increased with depth.   Soil test levels of nitrogen were low for 
irrigated grass, but since the field was seeded to alfalfa in 2005, nitrogen content was 
not a concern.  Levels of phosphorus, potassium, sulfur and zinc were generally 
adequate. 
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Table D-6.  Soil profile chemical, physical, and mineralogical data for site EA 

 
 
Site DA 
 
Site DA is located between Brandenburg Bridge and the T&Y Irrigation Diversion Dam 
(Figure D-17) and is near the mouth of Foster Creek, an ephemeral tributary that joins 
the Tongue River from the east.  The field is somewhat sub-irrigated and has been 
sporadically irrigated with event water.  It was brought under full irrigation when a pivot 
was constructed in August 2003.  The field lies on the Tongue River floodplain and had 
an established alfalfa/grass stand at the time of the first sampling (Figure D-18). 
 
The soil mapping unit sampled within the field is 99 – Havre loam (Figure D-19), the 
same soil mapped extensively along the Tongue River.  The soil profile was much 
sandier in texture at this site owing to sediment from Foster Creek. The pedon described 
and sampled at site DA (Table D-7) was lower in clay content than soils typically 
mapped as Havre loam and represents an inclusion of a different soil series that has 
from 18 to 35 percent clay.  The soil very nearly fits the sandy particle size class, 
especially deeper in the profile.  Clay content was variable with depth and averaged less 
than 10 percent in the upper 40 inches.  Dominant clay minerals consisted of nearly 
equal parts of kaolinite and smectite with lesser amounts of illite.  Dominant clays are 
non-swelling clays that are not easily affected by excess sodium.  The soil had a mildly 
alkaline pH and moderate levels of lime at all depths.   
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Figure D-17.  Map of site DA  
 

 
Figure D-18.  Landscape view of site DA  
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Figure D-19.  Soil profile description and photo of soil at site DA 
  
 
Both the pH and lime content were relatively unchanged with depth owing to the lack of 
soil profile development.  EC was widely variable with the highest value (EC = 8.9 dS/m) 
occurring at a depth of 8 to 21 inches.  SAR (1 to 20) and ESP (5 to 24) were also much 
higher than other Tongue River soils, low, probably as a result of runoff of high EC and 
sodium-enriched water from the nearby tributary.  This soil was so recently placed under 
irrigation that its soil chemical status had not reached equilibrium with Tongue River 
irrigation water.  As of fall 2005, EC, SAR, and ESP had significantly decreased in the 6-
12 and 12-24 inch depths due to 24 inches of irrigation water in 2004 and 15 inches of 
irrigation water plus above normal precipitation in 2005.   Nutrient levels were generally 
very low for nitrogen, phosphorus and potassium. 
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Table D-7.  Soil profile chemical, physical, and mineralogical data for site DA 

 
 
Site DB 
 
Site DB is located a few miles further north of site DA, and is situated between 
Brandenburg Bridge and the T&Y Irrigation Diversion Dam (Figure D-20).  The center 
pivot sprinkler-irrigated field lies on a terrace above the Tongue River floodplain and had 
an established alfalfa stand at the time of the first sampling (Figure D-21). 
 
The soil mapping unit sampled within the field is 901 – Sonnett (Figure D-22), which is 
classified as a fine-textured smectite-dominant soil with a pronounced subsurface layer 
with elevated clay content.  These soils are atypical of others mapped in the floodplain.  
The mapped soil differed substantially from the soil that actually occurred in the field.  
 
The pedon described and sampled at site DB (Table D-8) was lower in clay content than 
Sonnett soils and did not have a clayey subsoil horizon.  Soils at site DB resembled the 
Havre loam mapped extensively elsewhere along the floodplain.  Clay content generally 
decreased with depth and varied from 8 to 35 percent.  Composite samples collected 
across the entire field had an average clay content of only 21 percent, which is similar to 
the pedon location and is typical of the Havre loam.  Dominant clay minerals were non-
swelling clays that are not easily affected by excess sodium.  Swelling 
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Figure D-20.  Map of site DB  
 

 
Figure D-21.  Landscape view of site DB  
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clays (smectite) accounted for 35 percent of the clay minerals.  Soil pH ranged from was 
moderately to strongly alkaline pH (7.8 to 9.2) and had moderate levels of lime (5 to 10 
percent) at all depths.  EC was higher than average at this location (1.4 to 8 dS/m) with 
higher levels found at depth.  EC levels were the highest of any soil sampled with EC 
varying from 3 dS/m near surface to over 18 dS/m, which was much higher than the soil 
EC based on composite sampling, which averaged 1.43 dS/m in the upper 36 inches.  
SAR (11 to 66) and ESP (6 to 23) were also higher than average for the Tongue River 
and increased with depth.   By contrast, SAR and ESP of composite samples was 3 and 
6, respectively, in the upper 36 inches.  The large difference between the site DB pedon 
and composite samples provides a striking example of natural soil spatial variability.  
Nutrient levels were variable with nitrogen deficient for irrigated grass, but adequate for 
alfalfa.  Soil test levels of nitrogen, phosphorus, potassium, sulfur and zinc were 
generally adequate. 
 

 
Figure D-22.  Soil profile description and photo of soil at site DB  
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Table D-8.  Soil profile chemical, physical, and mineralogical data for site DB  

 
 
Site BA 
 
Site BA is located just downstream of the T& Y Irrigation Dam (Figure D-23), and is 
flood-irrigated from the T&Y Canal.  The field lies on the Tongue River floodplain and 
had recently disked-under corn stubble at the time of the first sampling (Figure D-24). 
 
The soil mapping unit sampled within the field is 79A – Yamacall loam (Figure D-25), 
which is somewhat similar to the Havre and differs mostly by having a weakly developed 
subsurface horizon. The subsurface horizon that is diagnostic of the Yamacall series 
was lacking at this location. The soil most resembled the abundant Havre.  They are 
undeveloped floodplain soils with 18 to 35 percent clay, which have moderate amounts 
of organic matter that is stratified with depth, and contain ample amounts of lime 
throughout the profile.   
 
The pedon described and sampled at site BA (Table D-9) had clay content around 28 
percent except for a thin layer of loamy fine sand from 27 to 36 inches in depth.  
Composite samples collected across the entire field had an average clay content of only 
19 percent, which is at the lower end of the Havre loam and was coarser textured than 
the pedon sample.  Smectite was the most abundant clay mineral, but non-swelling clays  
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Figure D-23.  Map of site BA  
 

 
Figure D-24.  Landscape view of site BA  
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that are not easily affected by excess sodium still accounted for more than 50 percent of 
the clay mineral abundance. The soil had a uniform pH (7.7 to 7.9) and moderate levels 
of lime (6 to 7 percent) at all depths.  EC was very low (less than 1 dS/m) with somewhat 
higher levels found in composite samples.  SAR (1 to 2) and ESP (2 to 4) were also low.  
Nutrient levels were variable with low nitrogen following the corn crop while levels of 
phosphorus, potassium, sulfur and zinc were generally adequate. 

 

 
 
Figure D-25.  Soil profile description and photo of soil at site BA  
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Table D-9.  Soil profile chemical, physical, and mineralogical data for site BA  

 
 
Site BC 
 
Site BC is located a few miles south of Miles City, and is flood-irrigated using water from 
the T&Y Canal (Figure D-26).  The field lies on the Tongue River floodplain and had an 
established alfalfa/grass stand at the time of the first sampling (Figure D-27).  
Orchardgrass was inter-seeded spring of 2004 so the stand is now grass/alfalfa. 
 
The soil mapping unit sampled within the field is 47A – Harlake silty clay (Figure D-28), 
indicating a higher clay content than most other soils mapped in the Tongue River 
floodplain.  Finer textured soils may be expected to occur on lower portions of the river 
floodplain where stream gradient decreases near the confluence with the Yellowstone 
River.  Harlake soils have greater than 35 percent clay, and smectite is the dominant 
clay.  
 
The pedon described and sampled at site BC (Table D-10) was similar in clay content to 
the Harlake series, but smectite was not the dominant clay mineral.  Mineralogy was 
mixed and calcareous.  Soil pH was mildly alkaline (7.4 to 8.0) and had moderate levels 
of lime (5 to 8 percent) at all depths.  EC was low at all depths except below 
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Figure D-26.  Map of site BC  
 

 
Figure D-27.  Landscape view of site BC  
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5 feet where the EC was 11.6 dS/m.  SAR (2 to 20) and ESP (2 to 12) were about 
average within the upper 5 feet, but increased at depth as did EC.   Nutrient levels were 
variable with adequate nitrogen, phosphorus, sulfur and zinc and moderate levels of 
potassium. 

 

 
Figure D-28.  Soil profile description and photo of soil at site BC  
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Table D-10.  Soil profile chemical, physical, and mineralogical data for site BC  

 
 
Site BD 
 
Site BD (Figure D-29).is located close to BC, but is situated on the west side of the 
Tongue River in a dryland field (Figure D-30).  Several prominent spreader dikes 
crossed the field and served to distribute runoff from tributary drainages across the field.  
Vegetation consisted of perennial native (western wheatgrass) and introduced (crested 
wheatgrass) species, annual grassy weeds (cheatgrass) and scattered stands of silver 
sage and western snowberry.  
 
The soil mapping unit sampled within the field is 47A – Harlake silty clay (Figure D-31), 
the same as mapped across the river at BC.  However, the pedon described and 
sampled at site BD (Table D-11) was lower in clay content than Harlake soils and was 
more representative of the Havre series. Clay content was variable with depth and 
generally ranged from 22 to 36 percent, with an average of around 28 percent in the 
upper 40 inches.  Composite samples collected also had an average clay content of 28 
percent, which is typical of the Havre loam.  Dominant clay minerals were a mixture of 
non-swelling clays (kaolinite and illite) that are not easily affected by excess sodium.   
 
Swelling clays (smectite) accounted for 36 to 43 percent of the clay minerals, which is 
greater than is typical farther upriver. The increased proportion of smectite clays at this 
location may be due to changes in geologic parent material.  The Lebo Shale member 
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Figure D-29.  Map of site BD 
  

 
Figure D-30.  Landscape view of site BD  
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of the Fort Union formation, which outcrops near Miles City, may contain more abundant 
smectite than the Tongue River member that occurs further upstream. Soil pH was 
mildly alkaline (7.3 to 7.8) and had moderate levels of lime (4 to 8 percent) at all depths.  
EC was relatively low (1 to 3 dS/m) with higher levels found in the middle of the profile 
near the base of the root zone.  SAR (1 to 2) and ESP (1 to 3) were also low.  As 
expected for native range or tame pasture, nitrogen levels were low but other nutrients 
were generally adequate. 
 

 
Figure D-31.  Soil profile description and photo of soil at site BD  
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Table D-11.  Soil profile chemical, physical, and mineralogical data for site BD 

 
 
Site YAA 
 
Site YAA is actually within the Yellowstone River floodplain and is located about 10 miles 
northeast of Miles City (Figure D-32).  The field is in the T&Y Irrigation District so 
receives Tongue River water as an irrigation source.  The flood-irrigated field uses 
border dikes to facilitate even distribution of water and had an established alfalfa stand 
at the time of the first sampling (Figure D-33). 
 
The soil mapping unit sampled within the field is 53 A – Kobase silty clay loam (Figure 
D-34), which is similar to the Harlake series mapped upstream on the Tongue River, 
differing only in having a weakly develop subsoil horizon.  The Kobase series has more 
than 35 percent clay, moderate soil profile development, and smectite is the dominant 
clay mineral. 
 
The pedon described and sampled at site YAA (Table D-12) was much lower in clay 
content than typical Kobase soils and more closely resembles the Havre loam.  Clay 
content was variable with depth and generally ranged from 22 to 44 percent, with an 
average of 28 percent in the composite samples, which is typical of Havre loam.  The 
dominant clay mineral was smectite, at 51 to 62 percent of the clays.  Soil pH was mildly 
alkaline (7.8 to 8.1) and the soil had moderate levels of lime (5 to 7.5 percent) at all 
depths.  EC was similar to levels found in flood irrigated soils in the Tongue 
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Figure D-32.  Map of site YAA 
  

 
Figure D-33.  Landscape view of site YAA  
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River floodplain (1 to 3.7 dS/m) with higher levels found at depth.  SAR (2.2 to 13) and 
ESP (2.5 to 9.6) were moderate and generally increased with depth.  Soil test levels of 
nitrogen, sulfur and zinc were adequate for alfalfa while phosphorus and potassium were 
low. 
 

 
Figure D-34.  Soil profile description and photo of soil at site YAA  
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Table D-12.  Soil profile chemical, physical, and mineralogical data for site YAA. 

 
 
Tongue River Tributary AMPP Sites  
 
Site MB 
 
Site MB is located near the confluence of Prairie Dog Creek and the Tongue River in 
Sheridan County, Wyoming (Figure D-35).  The irrigated field lies on a gently sloping 
upper terrace about 15 feet above the Tongue River floodplain, and is flood-irrigated 
using water diverted from Prairie Dog Creek.  At the time of the first sampling, the field 
contained hay millet stubble with significant weed growth consisting of kochia, Russian 
thistle, lambsquarter, field bindweed, and Canada thistle (Figure D-36). 
 
The soil mapping unit sampled within the field is 171 - Kishona (50 percent) Cambria (30 
percent) (Figure D-37).  These soils are weakly developed floodplain soils with 18 to 35 
percent clay, which have moderate amounts of organic matter that is stratified with 
depth, and contain ample amounts of lime throughout the profile. 
 
The pedon described at site MB differed slightly from the typical soils mapped in unit 171 
(Figure D-13).  The soil profile contained higher than average clay content ranging from 
33 percent near the surface to 40 percent in a subsoil layer (3 to 17 inches). This soil 
profile zone contained increased clay content called an argillic horizon.  Dominant clay 
minerals were kaolinite and illite, which are non-swelling clays that are not easily 
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Figure D-35.  Map of site MB 
  

 
Figure D-36.  Landscape view of site MB.  
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affected by excess sodium.  Soil pH was mildly alkaline (7.6) and lime content was low 
for surface soil (1.3 percent), and both pH and lime content increased with depth.  EC 
was moderately low (< 1 dS/m) in the upper 30 inches and increased to 3.0 dS/m in the 
deepest horizon (31 to 66 inches).  Both SAR (0.5 to 2.3) and ESP (1.6 to 3.8) were low 
throughout all depths.   Nutrient levels were generally adequate, except for available zinc 
which was low. 
 
The composite soil samples collected from site MB were similar to most soils irrigated 
with Tongue River water despite the slightly higher average salinity found in Prairie Dog 
Creek.  Owing to irrigation management, average salinity (based on a weighted average 
in the upper 36 inches of the profile) was slightly lower than average for the Tongue 
River soils.  Site MB also had lower than average SAR and ESP.  While clay content 
was slightly higher in these soils, they were in other aspects similar to most soils 
irrigated with Tongue River water. 
 

 
 
Figure D-37.  Soil profile description and photo of soil at site MB  
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Table D-13.  Soil profile chemical, physical, and mineralogical data for site MB 

 
 
Site OAA 
 
Site OAA is located near the mouth of Otter Creek, a tributary that joins the Tongue 
River  near Ashland (Figure D-38).  The field is flood-irrigated using Otter Creek water, 
which has a higher average EC and SAR than water from the Tongue River mainstem.  
At the time of the first sampling, the field had a stand of crested wheat and brome 
grasses with sparse patches of alfalfa (Figure D-39). 
 
The soil mapping unit sampled within the field is 99 – Havre loam (Figure D-40), the 
dominant soil series found in the Tongue River floodplain.  The pedon described and 
sampled at site OAA (Table D-14) averaged just 18 percent clay, which is at the lower 
limit for Havre loam.  Clay content was variable with depth and was somewhat finer near 
the surface, decreasing to only 13 percent at depth.  Dominant clay minerals were 
kaolinite and illite, which are non-swelling clays that are not readily affected by elevated 
levels of sodium.  Smectite content was only 14 percent of the clays. The soil had mildly 
alkaline pH (7.7 to 8.2) and moderate levels of lime (5 to 7.5 percent) at all depths.  EC 
was quite low (0.5 to 0.9 dS/m) when compared to Tongue River soils despite the higher 
average EC of Otter Creek.  This may indicate that the field is only irrigated during the 
early part of the season when salinity is lower in Otter Creek.  SAR (<1 to 4) and ESP (1 
to 4) were moderately low as well, similar to EC. 
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Figure D-38.  Map of site OAA 
  

 
Figure D-39.  Landscape view of site OAA.  
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Figure D-40.  Soil profile description and photo of soil at site OAA  
 
 
Soil test levels of nitrogen and phosphorus were low while other nutrients had generally 
adequate levels of abundance. 
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Table D-14.  Soil profile chemical, physical, and mineralogical data for site OAA  

 
 
Reference AMPP Sites in Other River Basins 
 
Site YBA 
 
Site YBA is located on a low bench above the Yellowstone River (Figure D-41) just west 
of Miles City on the Fort Keogh Research Center.  The field is flood-irrigated with 
Yellowstone River water which is generally similar in quality to the Tongue River.  At the 
time of the first sampling, the field had a stand of volunteer barley and weeds following a 
barley grain crop harvested earlier in 2003 (Figure D-42). 
 
The soil mapping unit sampled within the field is 47A – Harlake silty clay loam, the same 
soil mapped upstream on the lower Tongue River (in Custer County) at sites BC and BD 
(Figure D-43).  The Harlake series differs from Havre by having more than 35 percent 
clay with smectite as the dominant clay mineral.  The Harlake series, like the Havre, 
does not exhibit significant soil development and is typical of recent floodplain soils (e.g. 
variable texture and organic matter content with depth). 
 
The pedon described and sampled at site YBA (Table D-15) averaged just 22 percent 
clay, which is much less than is found in Harlake soils and is near the lower limit for 
Havre loam. Clay content varied from 24 percent in the upper 20 inches and decreased 
to 18 percent at 20 to 40 inches.  The dominant clay mineral was smectite (54 percent), 
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Figure D-41.  Map of site YBA  
 

 
Figure D-42.  Landscape view of site YBA  
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Figure D-43.  Soil profile description and photo of soil at site YBA  
 
 
with the remainder composed of kaolinite and illite.  The soil was mildly alkaline in pH 
(7.7 to 8.0) and had moderate levels of lime (6 to 9 percent) at all depths.  EC had a 
similar range within the profile found in typical flood-irrigated Tongue River soils (0.8 to 3 
dS/m), which was low near the surface and increased with depth.  SAR (1 to 5) and ESP 
(2 to 6) were moderately low as well, similar to the pattern for EC.  Soil test levels of 
phosphorus and potassium were low while other nutrients were generally adequate. 
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Table D-15.  Soil profile chemical, physical, and mineralogical data for site YBA  

 
 
Site BHA 
 
Site BHA is located on the west side of the Big Horn River just south of Hardin, Montana 
(Figure D-44).  The field is flood-irrigated with Big Horn River water, which has a slightly 
higher average EC than the Tongue River.  Sugar beets were grown at site BHA in 
2003, and were harvested just prior to sampling. 
 
The soil mapped within the field is Bs – Bew silty clay loam.  The Bew series, which is 
mapped in Big Horn County, has more than 35 percent clay, is dominated by smectite, 
and contains a lime-depleted and clay-enriched subsoil horizon (Figure D-45).  The 
pedon described and sampled at site BHA (Table D-16) averaged more than 40 percent 
clay, but did not contain evidence of secondary clay accumulation or lime removal by 
weathering.  Consequently, this site contained a slightly different soil that, while similar 
to Bew, was less developed.  The dominant clay mineral was illite with lesser amounts of 
kaolinite, with smectite comprising only 10 percent of the clay fraction.   
 
The soil had a mildly alkaline pH (7.5 to 7.7) and had lower levels of lime (2.4 to 6.3 
percent) typically found in the Tongue River soils.  The lower lime content probably 
results from differences in the stream sediments from which the soils formed.  EC was 
low (0.8 to 1.2 dS/m), and was similar to many of the lower EC, flood-irrigated Tongue 
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Figure D-44.  Map of site BHA  
 

 
Figure D-45.  Soil profile description and photo of soil at site BHA. 
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River soils.  SAR (2 to 3 dS/m) and ESP (2.7 to 3.4) were relatively uniform and were 
moderately low, indicating that amply applied irrigation water has leached excessive 
salts from the profile.  SAR and ESP in the 0-2 inch depth of the composite samples 
were 5.4 and 6.1, respectively.  Both had significantly been reduced to 3.8 and 2.8 by 
April 2004 and 3.0 and 3.3 by fall 2005, respectively.  Most likely, SAR and ESP were 
elevated due to the warm dry fall prior to initial sampling.  When the beet tops were 
removed, soil moisture rapidly moved to the surface and evaporated, leaving salts 
behind in the top 2 inches of soil.  This field was planted to winter wheat in 2004 and 
2005, so the plant canopy was more open and the soil drier at harvest than what is 
normal for beets.   When the wheat was harvested, moisture did not rapidly move to the 
soil surface.  Plant available nutrient levels were abundant. 
 
 
Table D-16.  Soil profile chemical, physical, and mineralogical data for site BHA  
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Appendix E – Tier 2 Analysis of Variance Results  
 
Table E-1.  Analysis of variance for Tier 2 AMPP results to determine whether 

results vary by site, time of sampling, or depth. 

 
 
 
Table E-2.  Analysis of variance for Tier 2 AMPP results to determine whether 

results vary by time of sampling, or depth. 
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Table E-3.  Comparison of means for Tier 2 AMPP results to determine whether 
results vary by time of sampling, or depth (factors shown in red 
cause statistically significant variation 
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Table E-3.  (Continued 
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Table E-4.  Analysis of variance for Tier 2 AMPP results to determine whether 

results vary by site or time of sampling 
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Table E-5.  Comparison of means for Tier 2 AMPP results to determine whether 

results vary by site or time of sampling (factors shown in red cause 
statistically significant variation 
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Table E-5.  (Continued) 
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Table E-6.  Analysis of variance for Tier 2 AMPP results to determine whether 

results vary by site or depth 
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Table E-7.  Comparison of means for Tier 2 AMPP results to determine whether 
results vary by site or depth (factors shown in red cause statistically 
significant variation 
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Table E-7.  (Continued). 
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Appendix F – Tier 2 Forage Analysis Results  
 
Table F-1.  Forage analysis for site MA 
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Table F-2.  Forage analysis for site MB. 
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Table F-3.  Forage analysis for site LA. 
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Table F-4.  Forage analysis for site GA. 

 
 
 
  



Tongue River Agronomic Monitoring & Protection Program                                              Page 221 
2009 Progress Report                                                                                            September 2009 

Table F-5.  Forage analysis for site GC. 

 
 
 
  



Tongue River Agronomic Monitoring & Protection Program                                              Page 222 
2009 Progress Report                                                                                            September 2009 

Table F-6.  Forage analysis for site OAA. 
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Table F-7.  Forage analysis for site EA. 
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Table F-8.  Forage analysis for site DA. 
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Table F-9.  Forage analysis for site DB. 
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Table F-10.  Forage analysis for site BA. 
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Table F-11.  Forage analysis for site BC. 
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Table F-12.  Forage analysis for site YAA. 
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Table F-13.  Forage analysis for site YBA. 
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Table F-14.  Forage analysis for site BHA. 

 
 


