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CO2-C  Carbon Dioxide - Carbon 
COC  Chain of Custody 
DQO  Data Quality Objectives 
EPA  Environmental Protection Agency 
Lbs  Pounds 
MDL  Method detection limit 
N  Nitrogen 
NH4-N  Ammonium - Nitrogen 
NIST  National Institute of Standards and Technology 
NO3-N  Nitrate - Nitrogen 
PM  Project Manager 
PO4-P  Phosphate - Phosphorus 
QA  Quality Assurance 
QC  Quality Control 
QAO  Quality Assurance Officer 
QAPP  Quality Assurance Project Plan 
RPD  Relative Percent Difference 
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A4 PROJECT/TASK ORGANIZATION 
 
The following is a list of individuals and organizations participating in the project with their 
specific roles and responsibilities: 
 
U.S. Environmental Protection Agency Region 6 
 
Henry Brewer, EPA Project Officer 

Responsible for managing the project for EPA. Reviews project progress and reviews and 
approves QAPP and QAPP amendments. 

 
Texas State Soil and Water Conservation Board (TSSWCB) 
 
Ashley Alexander, TSSWCB Project Manager 

Responsible for ensuring that the project delivers data of known quality, quantity, and 
type on schedule to achieve project objectives. Provides the primary point of contact 
between ARS and the TSSWCB. Tracks and reviews deliverables to ensure that tasks in 
the work plan are completed as specified in the contract. Notifies the TSSWCB QAO of 
significant project nonconformances and corrective actions taken as documented in 
quarterly progress reports from the ARS Project Co-Lead / Project Manager. 

 
Donna Long, TSSWCB Quality Assurance Officer 

Reviews and approves QAPP and any amendments or revisions and ensures distribution 
of approved/revised QAPPs to TSSWCB participants. Responsible for verifying that the 
QAPP is followed by ARS. Assists the TSSWCB Project Manager on QA-related issues. 
Coordinates reviews and approvals of QAPPs and amendments or revisions. Conveys QA 
problems to appropriate TSSWCB management. Monitors implementation of corrective 
actions. Coordinates and conducts audits 

 
United States Department of Agriculture – Agricultural Research Service (ARS) 
 
Rick Haney, ARS Project Co-Lead / Lab Manager 

Manage Temple and private landowner demonstration sites, conduct soil test analysis, 
assist with soil sample collection, and make fertilizer recommendations. Responsible for 
supervision of laboratory personnel involved in generating analytical data for the project. 
Responsible for ensuring that laboratory personnel involved in generating analytical data 
have adequate training and thorough knowledge of the QAPP and all SOPs specific to the 
analyses or task performed. Responsible for oversight of all laboratory operations 
ensuring that all QA/QC requirements are met, documentation related to the analysis is 
complete and adequately maintained, and that results are reported accurately. Responsible 
for ensuring that corrective actions are implemented, documented, reported and verified. 
Monitors implementation of the measures within the laboratory to ensure complete 
compliance with project data quality objectives in the QAPP. Conducts in-house audits to 
ensure compliance with written SOPs and identify potential problems. 
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Daren Harmel, ARS Project Co-Lead / Project Manager 
Manage Riesel demonstration sites and assist with soil sample collection. Responsible for 
reporting. Responsible for ensuring that tasks and other requirements in the contract are 
executed on time and with the quality assurance/quality control requirements in the 
system as defined by the contract and in the project QAPP; assessing the quality of 
subcontractor/participant work; and submitting accurate and timely deliverables to the 
TSSWCB Project Manager. Responsible for ensuring adequate training and supervision 
of all activities involved in generating analytical and field data.  

 
Texas AgriLife Research, Texas Water Resources Institute (TWRI) 
 
Lucas Gregory, TWRI Quality Assurance Officer (QAO) 

Responsible for coordinating the development and implementation of the project’s QA 
program including writing, maintaining and distributing the QAPP and any appendices 
and amendments, and monitoring its implementation. Responsible for identifying, 
receiving, and maintaining project quality assurance records; coordinating with the 
TSSWCB to resolve QA-related issues; and notifying the ARS Project Co-Leads and 
TSSWCB Project Manager of particular circumstances which may adversely affect the 
quality of data. Coordinates the research and review of technical QA material and data 
related to water quality monitoring system design and analytical techniques. Responsible 
for the facilitation of audits and the implementation, documentation, verification and 
reporting of corrective actions. Provides copies of QAPP and any amendments or 
revisions to each project participant. 

 
Figure A4.1 Organization Chart 
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A5 PROBLEM DEFINITION/BACKGROUND 
 
The Texas Nonpoint Source Management Program (TCEQ and TSSWCB, 2005) states that 
“Nutrients, pesticides, and other pollutants can come from a variety of sources including over-
fertilized fields, runoff from improperly managed animal operations and waste applications, 
inaccurate pesticide sprayer settings, and dozens of other sources.” This project is directly aimed 
at reducing the potential for overapplying nitrogen (N) fertilizer based on current soil test 
methodology in Texas. 
 
Traditional soil nitrogen tests determine only the inorganic N in soil in the form of NO3-N, but 
fail to account for plant available NH4-N, plus a mineralizable portion of the soil organic N pool. 
Organic matter in the soil provides plant-available N when soil microbes mineralize organic C. 
Since organic C and organic N are highly linked, organic N is broken down to plant available N. 
This very important component of soil microbiology has been traditionally under-appreciated 
because of the difficulty of accurately assessing mineralization with lab techniques, especially its 
contribution to providing N to enhance crop production. Since traditional soil tests do not 
recognize the contribution of available NH4-N or mineralizable soil N in the estimation of plant 
available N, current soil test recommendations are often higher than necessary, which result in 
overapplication of N fertilizer. 
 
This excess application increases N inputs into Texas rivers and lakes, which can accelerate 
eutrophication and substantially increase water treatment costs. Excess N in the Mississippi 
River, some of which is contributed by Texas watersheds, contributes to a major environmental 
problem - Gulf of Mexico hypoxia. Steve DiMarco, a Texas A&M researcher, has also recently 
claimed the existence of a Texas Gulf Coast hypoxic zone. Such hypoxic (low oxygen) areas are 
absent of most marine life and threaten to inexorably damage important ecosystems. 
 
The Texas Commission on Environmental Quality (TCEQ) is currently in the process of revising 
Texas Surface Water Quality Standards for the 2009 triennial review. Major revisions to the 
Standards are being drafted, including the establishment of numeric nutrient criteria for 
reservoirs and modifications to contact recreation use and bacteria criteria. Numeric nutrient 
criteria will also be established for major rivers and small streams over the next decade. As a 
result numerous Texas water bodies which currently have concerns for nutrients will likely be 
impaired once the nutrient criteria are adopted. 
 
In addition to adverse environmental effects, excess N fertilizer application increases input costs 
for agricultural producers. Overapplying N fertilizer wastes money on unnecessary inputs and 
reduces profitability. The problem is that traditional soil test procedures and resulting 
recommendations fail to account for mineralizable N in the soil that is released and made plant 
available. Thus, farmers do not knowingly apply excess N; they apply at the recommended N 
rates. The issue lies with fertilizer recommendations based on conventional soil test results. 
 
Although agriculture is not the only contributor to the problem of excess N in our Nation’s 
waters, agriculture should do its part to reduce N loading. Basing fertilizer application rates on 
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soil tests that more accurately account for the total amount of plant available N in the soil, 
including mineralizable N, could have tremendous socio-economic and environmental benefits. 
 
The innovative soil test methodology, demonstrated in this project, represents an important 
agronomic advancement with the potential for major socio-economic and environmental 
benefits. The environment will benefit as less N will be introduced into streams and rivers. 
Similarly, input costs will decrease as N fertilizer inputs are reduced. The cost savings should 
result in increased profitability. The economic incentive associated with the enhanced soil test 
methodology will increase the broadscale adoption of the methodology by laboratories and 
landowners alike and thus measurable improvements in runoff water quality. Additional benefits 
of reduced N application include reduced market demand for N thereby reducing petroleum 
inputs required to generate N fertilizer. 
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A6 PROJECT/TASK DESCRIPTION 
 
Current soil test procedures and fertilizer N recommendations will be adjusted in this project by 
the inclusion of NH4-N analysis and a new method (1-day CO2-C), which uses soil microbial 
activity to rapidly estimate N mineralization. Since the majority of soil nutrients are cycled 
through the soil microbial biomass, testing soil microbial activity provides an excellent snapshot 
of the soil health prior to fertilization. Over many years of research, this method has reliably 
separated soils by their fertility. The more fertile the soil, the more CO2-C produced in a 24 hour 
period. Consequently, microbial ability to mineralize N from organic N is linked to the fertility 
of a given soil. 
 
The current project will demonstrate this enhanced soil test methodology that accounts for all 
sources of plant available N in the soil, including NO3-N, available NH4-N, and mineralizable N 
(Task 5). These soil N sources provide N to crops and represent N that is not adequately 
accounted for by producers. The project will demonstrate the potential for reduced N runoff due 
to reduced N application based on this soil test methodology by establishing demonstration sites 
on research facilities (Tasks 2, 3) and on private land (Task 4). Crop yield, economic throughput, 
fertilizer cost, and water quality data (Task 6) data will be presented (Task 7) at local and 
national producer and scientific meetings. 
 
This project is based on the principle that voluntary, practical, and cost-efficient management 
alternatives can effectively solve nonpoint source problems. Substantial producer buy-in (Tasks 
4, 7) is expected based on the potential for increased profitability when using the improved plant 
available N methodology to adjust N fertilizer recommendations. The practical nature of this 
enhancement should also appeal to producers; it will simply result in less fertilizer N applied. 
 
A 20-50% reduction in agricultural fertilizer use would have been unthinkable without recent 
increases in fuel and fertilizer costs. However, dramatic increases in input costs have now forced 
farmers to consider input costs. Prior to recent increases, fuel and fertilizer costs were relatively 
low. As a result, farmers assumed that maximizing yield maximized profit and thus applied N 
fertilizer at rates to ensure N deficiency did not limit yields. In the current economic climate, a 
more appropriate strategy for maximizing profit and maintaining productivity is balancing input 
costs with expected yield and commodity prices. This project will demonstrate an innovative soil 
test methodology for achieving this balance. 
 
Through a separate project, not funded by this or other Clean Water Act §319(h) funds, the water 
quality impacts of reduced N fertilizer application on demonstration sites (Tasks 3) will be 
evaluated. Storm and baseflow water quality samples will be collected from USDA-ARS 
watersheds in Riesel and analyzed for NO3-N, NH4-N, and PO4-P. An expected 10-20% 
reduction in N runoff will be evaluated with these corroboratory data (Task 3). 
 
In order to produce results in a timely manner, the project will follow the timeline described in 
Table A6.1. 
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Table A6.1. Project Plan Milestones 
Task Project Milestones Agency Start End 
1.1 Prepare & submit quarterly reports to TSSWCB & participants ARS 09/08 08/12 
1.2 Perform accounting functions ARS 09/08 08/12 
1.3 Host coordination meetings with TSSWCB & partners ARS 09/08 08/12 
1.4 Develop project final report ARS 03/11 08/12 
2.1 Establish 10 demo sites at Temple ARS 01/09 08/12 
2.2 Gather land mgt, crop yield, and economic data on 

demonstration sites 
ARS 01/09 03/12 

2.3 Collect annual soil samples on Temple demonstration sites ARS 01/09 03/12 
3.1 Establish 8 demonstration sites at Riesel ARS 01/09 08/12 
3.2 Gather land mgt, crop yield, and economic data on 

demonstration sites 
ARS 01/09 03/12 

3.3 Collect annual soil samples on Riesel demonstration sites ARS 01/09 03/12 
3.4 Collect and analyze runoff from Riesel demonstration sites ARS 01/09 03/12 
4.1 Establish 10-20 demonstration sites on private land ARS 01/09 08/12 
4.2 Gather land mgt, crop yield, and economic data on 

demonstration sites 
ARS 01/09 03/12 

4.3 Collect annual soil samples on private land demonstration sites ARS 01/09 03/12 
4.4 Compensate cooperators for demonstration site establishment ARS 01/09 08/12 
5.1 Soil processing and testing ARS 01/09 07/12 
5.2 Comparison of N soil test methods ARS 01/09 08/12 
6.1 Develop QAPP TWRI 09/08 12/08 
6.2 QAPP Annual Revisions TWRI 01/09 08/12 
6.3 Develop and maintain project website TWRI 03/09 08/12 
7.1 Conduct field days at demonstration sites ARS 03/09 08/12 
7.2 Make presentations at scientific meetings ARS 09/08 08/12 
7.3 Make presentations at producer meetings ARS 09/08 08/12 
7.4 Prepare refereed publication ARS 10/10 08/12 
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A7 QUALITY OBJECTIVES AND CRITERIA 
 
The project objective is to demonstrate (1) enhanced soil test methodology that accounts for all 
sources of plant available N in the soil, including NO3-N, available NH4-N, and mineralizable N 
and (2) the potential for reduced N runoff resulting from the reduced N application based on this 
soil test methodology. The measurement performance specifications to support the project 
objective are specified in Table A7.1. Laboratory Measurement Quality Control Requirements 
and Acceptability Criteria are provided in Section B5. 
 
Table A7.1. Measurement Performance Specifications 

Parameter Units Extractant Analysis 
Method 

Method 
Reference 

Reproducibility 
Limits5 

Precision 
Limits6 

Percent 
Complete 

Plant available 
phosphate lbs P2O5 / acre H3A ICP Haney et al. 

20061 1 S.D. Mean RPD<10% 90% 

1-day CO2-C N/A N/A Solvita Haney et al. 
20082 1 S.D. Mean RPD<10% 90% 

Mineralizable N lbs N / acre N/A 0.5 x 1-day 
CO2-C 

Haney et al. 
20013 1 S.D. Mean RPD<10% 90% 

Total Inorganic N 
NO3-N+NH4-N lbs N / acre H3A RFA Haney et al. 

20061 1 S.D. Mean RPD<10% 90% 

Total N lbs N / acre N/A 
Mineralizable 

N + Total 
Inorganic N 

Haney et al. 
20044 1 S.D. Mean RPD<10% 90% 

1  Haney, R.L., E.B. Haney, L.R. Hossner, and J.G. Arnold. 2006. Development of a new soil extractant for simultaneous 
phosphorus, ammonium, and nitrate analysis. Communications in Soil Science and Plant Analysis, 37: 1511-1523, 2006. 
(Appendix C1) 
2  Haney, R.L., W.F. Brinton, and E. Evans. 2008. Soil CO2 respiration: comparison of chemical titration, CO2 IRGA analysis 
and the Solvita gel system. Renewable Agriculture and Food Systems: 23(2); 171-176. (Appendix C2) 
3  Haney R.L., F.M. Hons, M.A. Sanderson, and A.J. Franzluebbers. 2001. A rapid procedure for estimating nitrogen 
mineralization in manured soil. Biol. Fertil Soils (2001) 33:100-104. (Appendix C3) 
4  Haney R.L., A.J. Franzluebbers, E.B. Porter, F.M. Hons, and D.A. Zuberer. 2004. Soil carbon and nitrogen mineralization: 
influence of drying temperature. Soil Sci. Soc. Am. J. 68:489-492 (2004). (Appendix C4) 
5  1 S.D. Mean = standard deviation of laboratory check sample means where mean value that will be obtained from the 
continued analysis of laboratory check samples 
6  RPD = relative percent deviation 
 
Precision 
 
The precision of data is a measure of the reproducibility of a measurement when an analysis is 
repeated. It is strictly defined as the degree of mutual agreement among independent 
measurements as the result of repeated application of the same process under similar conditions. 
The precision of all analyses will be determined by analyzing a standard laboratory check sample 
once per batch or once per 30 samples, whichever is the greater frequency. The laboratory check 
sample will be subjected to analytical steps subjected to the unknown samples. Relative percent 
difference (RPD) of duplicate analyses (X1 and X2) will be calculated with the formula with the 
precision limits indicated in Table A7-1: 
 
  Relative Percent Difference =   (X1 - X2)    x 100% 
         (X1 + X2)/2 
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Accuracy 
 
Accuracy is the degree of conformity with a standard. Accuracy relates to the quality of a result, 
and is distinguished from precision, which relates to the quality of the operation by which the 
result is obtained. The relative accuracy of the analytical process will be monitored via 
comparison of the laboratory check sample(s) data. This differs from traditional accuracy 
assessments since there is no proper procedure for spiking soil to add a known to the sample. 
Due to the inherent heterogeneity of soil, a variety of reactions can occur, making accuracy 
difficult to determine. These reactions may include precipitation, anion exchange, and cation 
exchange. Instead, reproducibility will be used. 
 
Reproducibility 
 
Reproducibility will be determined by evaluation of a laboratory soil check sample within each 
sub-batch of 30 samples. Recovery of critical data for each check sample will be compared to the 
historic project data associated with the laboratory soil check sample. Values with greater than 
one standard deviation of the mean will be determined to be substandard and all extracted 
solutions between the previous acceptable laboratory soil check sample and the next acceptable 
laboratory soil check sample will be re-analyzed. 
 
Database checks for validity will be performed on an on-going basis by the ARS Project Co-
Lead / Lab Manager. Data will be reviewed for abnormalities or any unusual results. Any 
unusual results will be traced for error sources. In the event no error is found, the data will be 
assumed normal and appropriate for decision determinations. If an error is found and cannot be 
resolved, the raw samples will be prepared again and reanalyzed. If there is not sufficient raw 
sample for preparation, the data will be discarded based upon the decisions of the ARS Project 
Co-Leads and TWRI QAO. 
 
Representativeness 
 
Site selection and sampling of the soil using accepted sampling methods will assure that data 
represents the conditions at the site. Representativeness also depends on the number of samples 
taken to accurately reflect the technological effectiveness at a given site. In order to ensure that 
sufficient numbers of samples are collected to represent each field, the following minimum 
sample numbers will be employed: 

• Fields <10 acres = A minimum of 10 cores (i.e. 1 core/acre minimum) will be composited 
into 1 sample for each experimental unit. 

• Fields 10-100 acres = A minimum of 10-20 cores (i.e. 1-5 core/acre minimum) will be 
composited into 1 sample for each experimental unit. 

• Fields >100 acres = A minimum of 20 cores will be composited into 1 sample for each 
experimental unit. 
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Comparability 
 
Confidence in the comparability of data sets from this project to those for similar uses is based 
on the commitment of project staff to use only accepted sampling and analysis methods and 
QA/QC protocols in accordance with quality system requirements and as described in this QAPP 
and project SOPs (Appendix C). Comparability is also guaranteed by reporting data in standard 
units, by using accepted rules for rounding figures, and by reporting data in a standard format. 
The ARS Project Co-Leads will closely coordinate activities to ensure that proper protocols are 
utilized. 
 
Completeness 
 
Although 100 percent of collected data should be available, accidents, insufficient sample 
volume, or other problems must be expected. A goal of 90 percent data completeness will be 
required for data usage. Should less than 90 percent data completeness occur, the ARS Project 
Co-Leads will initiate corrective action. Data completeness will be calculated as a percent value 
and evaluated with the following formula: 
 
 % completeness  = SV x 100 
                      ST 
 
 where: SV = number of samples with a valid analytical report 
  ST = total number of samples collected 
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A8 SPECIAL TRAINING/CERTIFICATION 
 
Laboratory analysts have a combination of experience, education, and training to demonstrate 
knowledge of their function. In addition, all personnel involved in sampling, sample analyses, 
and statistical analyses have received the appropriate education and training required to 
adequately perform their duties. 
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A9 DOCUMENTS AND RECORDS 
 
Hard copies of all field data sheets, chain of custody forms (COCs), laboratory data files, field 
data entry sheets, and corrective action reports (CARs) will be archived by the ARS Project Co-
Leads for at least five years from the end of the project. Instrument (general maintenance 
records) logs will be maintained by the ARS Project Co-Lead / Lab Manager. All electronic data 
are backed up on a DVD monthly and are simultaneously saved in an external network folder 
and the computer’s hard drive. In addition, the ARS Project Co-Leads will archive electronic 
forms of all project data for at least five years from the end of the project. A CAR form is 
presented in Appendix A and a copy of a COC is presented in Appendix B. 
 
Quarterly progress reports will note activities conducted in connection with the project’s soil 
analyses, items or areas identified as potential problems, and any variations or supplements to the 
QAPP. CARs will be utilized when necessary. CARs will be maintained in an accessible location 
for reference at ARS. CARs that result in any changes or variations from the QAPP will be made 
known to pertinent project personnel and documented in an update or amendment to the QAPP. 
All quarterly progress reports and QAPP revisions will be distributed to personnel listed in 
Section A3. Finally, the TSSWCB may elect to take possession of records at the conclusion of 
the specified retention period. 
 
QAPP Revision and Amendments 
 
Until the work described is completed, this QAPP shall be revised as necessary and reissued 
annually on the anniversary date, or revised and reissued within 120 days of significant changes, 
whichever is sooner. The last approved versions of QAPPs shall remain in effect until revised 
versions have been fully approved; the revision must be submitted to the TSSWCB for approval 
before the last approved version has expired. If the entire QAPP is current, valid, and accurately 
reflects the project goals and the organization’s policy, the annual re-issuance may be done by a 
certification that the plan is current. This will be accomplished by submitting a cover letter 
stating the status of the QAPP and a copy of new, signed approval pages for the QAPP. 
 
QAPP amendments may be necessary to reflect changes in project organization, tasks, schedules, 
objectives and methods; address deficiencies and nonconformances; improve operational 
efficiency; and/or accommodate unique or unanticipated circumstances. Written requests for 
amendments are directed from the TWRI QAO to the TSSWCB PM and are effective 
immediately upon approval by the TSSWCB PM and QAO. Amendments to the QAPP and the 
reasons for the changes will be documented and distributed to all individuals on the QAPP 
distribution list by the TWRI QAO. Amendments shall be reviewed, approved, and incorporated 
into a revised QAPP during the annual revision process. 
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B1 SAMPLING PROCESS DESIGN 
 
The primary project objective is to demonstrate enhanced soil test methodology that accounts for 
all sources of plant available N in the soil, including NO3-N, available NH4-N, and mineralizable 
N. The enhanced soil test methodology will be demonstrated by establishing demonstration sites 
on ARS research facilities at Riesel and Temple, as well as on private land. Table A7.1 lists the 
parameters to be tested. All parameters are considered “critical” to achieving the objectives of 
the project. 
 
ARS will establish 10 demonstration sites, including 5 control sites, at the Temple ARS research 
facility to demonstrate the enhanced soil test method and its ability to predict plant available N 
resulting in reduced N application. On each site, tillage, weed and insect control, crop 
production, and fertilizer application including both organic and inorganic formulations, will be 
performed. The control sites will be treated the same as the other sites, except will receive no 
fertilizer. ARS will gather and record land management, crop yield, and economic data to 
demonstrate the economic benefits of reduced N application resulting from use of the enhanced 
soil test methodology. ARS will collect annual soil samples for testing to determine plant 
available N prior to fertilization. In addition, monthly soil samples may also be collected to track 
within year plant available N changes at selected sites. 
 
ARS will establish 8 demonstration sites, including a control site, at the Riesel ARS research 
facility to demonstrate the enhanced soil test method and its ability to predict plant available N 
resulting in reduced N application. Riesel sites Y6, Y8, Y10, Y13, W12, W13, and SW16 will 
receive fertilization based on the enhanced soil test methodology. On each site, tillage, weed and 
insect control, crop production, and fertilizer application including both organic and inorganic 
formulations, will be performed. Site 7-1 at Riesel will serve as the control site and will be 
treated the same as the other sites, except it will receive no fertilizer. ARS will gather and record 
land management, crop yield, and economic data to demonstrate the economic benefits of 
reduced N application resulting from use of the enhanced soil test methodology. ARS will collect 
annual soil samples for testing to determine plant available N prior to fertilization. Also, monthly 
soil samples may be collected to track within year plant available N changes at selected sites. 
 
ARS will establish 10-20 sites on private land to demonstrate the ability of the enhanced soil test 
method to determine plant available N. Cooperators will perform tillage, weed and insect control, 
fertilizer application, and crop production on demonstration sites. All cooperators will set up at 
least one control plot from which to determine plant available N contributed by the soil with no 
fertilizer addition. Cooperators may also choose to establish plots that will be fertilized with N 
rates based on the enhanced N soil test. Cooperators will gather and record land management and 
crop yield data for the demonstration sites. Cooperators or ARS personnel will collect annual soil 
samples for soil test analysis to determine plant available N. 
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Figure B1.1 Locations of Demonstration Sites 
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B2 SAMPLING METHODS 
 
Soil samples will be collected at least annually from each demonstration site using a soil corer. 
Sampling protocol will involve removing any plant debris through moving, raking and etc.; 
collecting each soil core to a depth of 6 inches (15 cm); compositing the cores in a 5 gallon 
bucket; transferring a subsample of the composite to a Ziploc bag; and transporting the sample to 
the ARS Lab in Temple. In order to ensure that sufficient numbers of samples are collected to 
represent each field, the following minimum sample numbers will be employed: 

• Fields <10 acres = A minimum of 10 cores (i.e. 1 core/acre minimum) will be composited 
into 1 sample for each experimental unit. 

• Fields 10-100 acres = A minimum of 10-20 cores (i.e. 1-5 core/acre minimum) will be 
composited into 1 sample for each experimental unit. 

• Fields >100 acres = A minimum of 20 cores will be composited into 1 sample for each 
experimental unit. 

 
Recording Data 
 
For the purposes of this section and subsequent sections, all field and laboratory personnel will: 
(1) write legibly in indelible, waterproof ink with no modifications, write-overs or cross-outs; (2) 
correct errors with a single line followed by an initial and date; and (3) close-out incomplete 
pages with an initialed and dated diagonal line. 
 
Deviations from Sampling Method Requirements or Sample Design, and Corrective Action 
 
Examples of deviations from sampling method requirements include inadequate sample volume 
collected, failure to preserve samples appropriately, contamination of sample bottle during 
collection, storage temperature and holding time exceedance, and sampling at the wrong site. 
Deviations invalidate resulting data and may require corrective action including samples being 
discarded and re-collected. It is the responsibility of the ARS Project Co-Leads and TWRI QAO 
to ensure that the actions and resolutions to the problems are documented and that records are 
maintained in accordance with this QAPP. In addition, these actions and resolutions will be 
conveyed to the TSSWCB PM both verbally and in writing in progress reports and by 
completion of a corrective action report (CAR) as shown in Appendix A. CARs will be included 
with project progress reports. In addition, significant conditions (i.e., situations which, if 
uncorrected, could have a serious effect on safety or on the validity or integrity of data) will be 
reported to the TSSWCB immediately both verbally and in writing. 
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B3 SAMPLE HANDLING AND CUSTODY 
 
Chain-of-Custody 
 
Proper sample handling and custody procedures ensure the custody and integrity of samples 
beginning at the time of sampling and continuing through transport, sample receipt, preparation, 
and analysis. The chain-of-custody (COC) form is used to document sample handling during 
transfer from the field to the laboratory. The sample number, location, date, changes in 
possession and other pertinent data will be recorded in indelible ink on the COC. The sample 
collector will sign the COC and transport it with the sample to the laboratory. At the laboratory, 
samples are inventoried against the accompanying COC. Any discrepancies will be noted at that 
time and the COC will be signed for acceptance of custody. In the instance that the field sample 
collector and laboratory sample processor are one in the same, a field-to-lab COC will be 
unnecessary. A copy of a blank COC form used on this project is included in Appendix B. 
 
Sample Labeling 
 
Samples will be labeled on the container with an indelible, waterproof marker. Label information 
will include site identification, date, sampler’s initials, and time of sampling. The COC form will 
accompany all sets of sample containers. 
 
Sample Handling 
 
Following collection, samples will be transported to the laboratory and stored at ambient 
temperature until analysis. The ARS Project Co-Lead / Lab Manager has the responsibility to 
ensure that holding times are met with all samples. Any problem will be documented with a 
CAR. 
 
Failures in Chain-of-Custody and Corrective Action 
 
All failures associated with chain-of-custody procedures as described in this QAPP are 
immediately reported to the TWRI QAO and ARS Project Co-Leads. These include such items 
as delays in transfer, resulting in holding time violations; violations of sample preservation 
requirements; incomplete documentation, including signatures; possible tampering of samples; 
broken or spilled samples, etc. The TWRI QAO and ARS Project Co-Leads will determine if the 
procedural violation may have compromised the validity of the resulting data. Any failures that 
have reasonable potential to compromise data validity will invalidate data and the sampling 
event should be repeated. The resolution of the situation will be reported to the TSSWCB Project 
Manager in the project progress report. Corrective action reports will be prepared by the TWRI 
QAO and submitted to the TSSWCB Project Manager along with project progress report. 
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B4 ANALYTICAL METHODS 
 
Within 2 weeks of arrival at the lab (and typically less than 1 week), each soil sample is dried at 
40oC for 24-48 hours (depending on moisture level) and ground to pass through a 5-mm sieve. 
The parameters and analytical methods are listed in Table A7.1 and described in detail in 
Appendix C. In the event of a failure in the analytical system, the ARS Project Co-Leads will be 
notified. The TWRI Quality Assurance Officer and ARS Project Co-Leads will then determine if 
the existing sample integrity is intact, if re-sampling should and/or can be done, or if the data 
should be omitted. 
 
Failures in Measurement Systems and Corrective Actions 
 
Failures in field and laboratory measurement systems involve, but are not limited to such things 
as instrument malfunctions, failures in calibration, blank contamination, quality control samples 
outside QAPP defined limits, etc. In many cases, the field technician or lab analyst will be able 
to correct the problem. If the problem is resolvable by the field technician or lab analyst, then 
they will document the problem on the field data sheet or laboratory record and complete the 
analysis. If the problem is not resolvable, then it is conveyed to the ARS Project Co-Leads, who 
will make the determination in coordination with the TWRI QAO. If the analytical system failure 
may compromise the sample results, the resulting data will not be reported to the TSSWCB as 
part of this project. The nature and disposition of the problem is reported on the data report. The 
TWRI QAO will include this information in the CAR and the ARS Project Co-Lead / Project 
Manager will submit it with the Progress Report which is sent to the TSSWCB Project Manager. 
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B5 QUALITY CONTROL 
 
The ARS lab will determine the precision of their analyses. Annual laboratory audits, sampling 
site audits, and quality assurance of field sampling methods will be conducted by the TSSWCB 
or their designee. Table B5.1 outlines the required analytical quality control for the parameters of 
interest. No spiked sample analyses will be performed in the course of this project due to the 
varied adsorptive capacities of different soil types in relation to the majority of elements being 
evaluated. Adding elements to soils would always yield varying returns due to the chemical 
properties of the soils. The spiking of soil samples risks precipitation of those parameters. Matrix 
blanks, and known standards not used in the calibration of the instrument, will be employed in 
place of spiked samples to insure accurate and proper recovery of each parameter. All standards 
with added concentrations of elements or compounds to be analyzed will be comprised of 
purchased NIST solutions whenever possible and practical. These matrix blanks and/or standards 
will be included in each batch of samples analyzed. Recovery of each parameter in the non-
calibration standards must be within 10% of known value. 
 
Table B5.1. Required Quality Control Analyses 
Soil Parameters Blank Standard Duplicate 
Plant available phosphate A A B 
1-day CO2-C A A B 
Mineralizable N A A B 
Total Inorganic N 
NO3-N+NH4-N 

A A B 

Total N A A B 
A - Where specified, blanks and standards shall be performed each day that samples are analyzed. 
B - Where specified, duplicate analyses of the laboratory soil check sample extract shall be performed every 30 samples each day 
that samples are analyzed. At least two laboratory soil check samples will be extracted every day. 
 
In the database, missing values will be left as blanks. The ARS Project Co-Leads will graphically 
screen data to highlight questionable data points. Questionable data will be traced through the 
COC forms, CARs, and, as necessary, through research laboratory notebooks and field data 
sheets to ensure that data are properly entered. Changes will be made only if an error is found in 
transcription into the database. Values determined to be below laboratory method detection 
limits  (RFA 0.1 ppm; ICP 0.01 ppm; Solvita 0.5 ppm; C/N analyzer 0.1 ppm) will be noted in 
the comment column of the database and used in statistical analyses as one-half the method 
detection limit (MDL), as recommended by Gilliom and Helsel (1968) and Ward et al. (1988). 
Values that are greater than the upper method detection limit will be diluted and reanalyzed. 
 
It is the responsibility of the ARS Project Co-Leads to verify that the data are representative. The 
use of peer reviewed sampling and analytical methods will ensure that measured data accurately 
represent field conditions. The data’s precision, accuracy, and comparability generated in the 
ARS Lab will be the responsibility of the ARS Project Co-Lead / Lab Manager. The ARS Project 
Co-Leads also have the responsibility of determining that the 90 percent completeness criteria is 
met, or will justify acceptance of a lesser percentage.  
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Failures in Quality Control and Corrective Action 
 
Corrective action will involve identification of the possible cause (where possible) of the 
contamination failure. Any failure that has potential to compromise data validity will invalidate 
data, and the sampling event should be repeated. The resolution of the situation will be reported 
to the TSSWCB in the quarterly progress report. The CAR’s will be maintained by the ARS 
Project Co-Leads and the TSSWCB PM. 
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B6 INSTRUMENT/EQUIPMENT TESTING, INSPECTION AND MAINTENANCE 
 
Manufacturers’ recommendations for scheduling testing, inspection, and maintenance of each 
piece of equipment will be followed or exceeded. Maintenance and inspection logs will be kept 
on each piece of laboratory equipment. The ARS Project Co-Lead / Lab Manager will routinely 
review laboratory instrument logbooks for maintenance and operational irregularities. 
 
To minimize downtime of all measurement systems, all field sampling equipment and laboratory 
equipment, must be maintained in a working condition. Also, backup equipment or common 
spare parts will be made available if any piece of equipment fails during use. This will ensure 
that repairs or replacements can be made quickly, allowing measurement tasks to be resumed. 
All staff who use chemicals, reagents, or equipment whose parts require periodic replacement 
and other consumable supplies receive instruction concerning the remaining quantity (unique for 
each supply) which should prompt a request to order additional supplies. 
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B7 INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY 
 
All instruments or devices used in obtaining data will be used according to appropriate 
laboratory or field practices. Standards and purchased solutions used for instrument or method 
calibrations shall be of known purity and be National Institute for Standards and Testing (NIST) 
traceable whenever possible. When NIST traceability is not available, standards shall be of 
American Chemical Society (ACS) or reagent grade quality, or of the best attainable grade. All 
certified standards will be maintained traceable with certificates on file in the laboratory. 
Dilutions from all primary standards will be recorded in the standards log book and given unique 
identification numbers. The date, analyst initials, stock standards sources with lot number and 
manufacturer, and the dilution concentrations/ratios will also be recorded in the standards log 
book and be identified by a unique standards number which will also be placed on the standards 
bottle. 
 
Calibrations for the ICP are performed with a minimum of four standards of increasing 
concentrations and a reagent blank. Standards shall not exceed the linear range of the instrument 
or method. Calibration shall be verified immediately after a set of standards is analyzed and 
continuously throughout an analytical run, every 44 samples, and at the end of an analysis to 
verify that the instrument or method has not drifted or changed more than 10% since calibration. 
The initial calibration verification and continuing calibration verification will be matched to the 
generated standard curve and screened for acceptability. If the values are not acceptable, the 
samples, within the group of 44 samples not passing, will be re-analyzed. Laboratory equipment 
and devices needing calibration and recalibration are numerous and varied. All equipment will 
have verifiable calibration documentation maintained and available for inspection in the 
laboratory. Laboratory standards will be checked to verify that the concentrations are those 
which are prescribed for the analytical method. 
 
All instruments or devices used in obtaining data will be calibrated prior to use. Each instrument 
has a specialized procedure for calibration and a specific type of standard used to verify 
calibration. All calibration procedures will meet the requirements that are specified by the 
equipment manufacturer, as well as any instructions specified by applicable analytical methods. 
All information concerning required data calibration will be recorded in the project laboratory 
book by the person performing the calibration and will be accessible for verification during 
either a laboratory or field audit. 
 
All calibration procedures used in the field or laboratory will meet or exceed the calibration 
frequencies published in the test methods used for this project. Additional calibration procedures 
may be conducted if laboratory personnel determine additional calibration is warranted as 
beneficial to this project. Instruments and laboratory equipment used in the analyses of these that 
require calibration prior to use will be calibrated before each day’s analyses. 
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B8 INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES 
 
All supplies and consumables received by ARS are inspected upon receipt for damage, missing 
parts, expiration date, and storage and handling requirements. Labels on reagents, chemicals, and 
standards are examined to ensure they are of appropriate quality, the packing slip is initialed by 
staff member and marked with receipt date. Volumetric glassware is inspected to ensure class 
"A" classification, where required. 
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B9 NON-DIRECT MEASUREMENTS 
 
Through a separate project, not funded by this or other Clean Water Act §319(h) funds, the water 
quality impacts of reduced N fertilizer application on demonstration sites (Tasks 3) will be 
evaluated. Storm and baseflow water quality samples will be collected from USDA-ARS 
watersheds in Riesel and analyzed for NO3-N, NH4-N, and PO4-P. An expected 10-20% 
reduction in N runoff will be evaluated with these corroboratory data (Task 3). 
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B10 DATA MANAGEMENT 
 
Field Collection and Management of Routine Samples 
 
All field collection will be completed as described in Section B2 of the QAPP. A field notebook 
is filled out in the field for each site visit. Samples collected will be labeled and transported to 
the laboratory. A COC form will be used. Site name, time of collection, comments, and other 
pertinent data are copied from the field notebook to the COC.  
 
Laboratory Data 
 
Once the samples are received at the ARS lab, samples are logged and stored at ambient 
temperature until processed. The COC will be checked for number of samples, proper and exact 
I.D. number, signatures, dates, and type of analysis specified. If any discrepancy is found, proper 
corrections will be made. The COC and accompanying sample bags/bottles are submitted to the 
ARS laboratory analyst, with relinquishing and receiving personnel both signing and dating the 
COC. All COC and soils data will be manually entered into an electronic spreadsheet. The 
electronic spreadsheet will be created in Microsoft Excel software on an IBM-compatible 
microcomputer with a Windows Operating System. The project spreadsheet will be maintained 
on the computer’s hard drive, which is also simultaneously saved in a network folder. Data 
manually entered in the database will be reviewed for accuracy by the ARS Project Co-Leads to 
ensure that there are no transcription errors. Hard copies of data will be printed and housed in the 
laboratory for a period of five years. Any COC’s and analysis records related to QA/QC of lab 
procedures will be housed at the ARS Lab. All pertinent data files will be backed up monthly on 
an external hard drive. Current data files will be backed up on an external hard drive monthly 
and stored in separate area away from the computer. Original data recorded on paper files will be 
stored for at least five years. Electronic data files will be archived to CD after approximately the 
end of the project, and then stored with the paper files for the remaining 4 years.  
 
Data Validation 
 
Following review of laboratory data, any data entry that is not representative of environmental 
conditions, because it was generated through poor field or laboratory practices, will not be 
submitted to the TSSWCB. This determination will be made by the ARS Project Co-Leads, 
TWRI QAO, TSSWCB QAO, and other personnel having direct experience with the data 
collection effort. This coordination is essential for the identification of valid data and the proper 
evaluation of that data. The validation will include the checks specified in Table D2.1. 
 
Data Dissemination 
 
At the conclusion of the project, the ARS Project Co-Leads will provide a copy of the complete 
project electronic spreadsheet via recordable CD to the TSSWCB PM, along with the final 
report. The TSSWCB may elect to take possession of all project records. However, summaries of 
the data will be presented in the final project report. 
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C1 ASSESSMENTS AND RESPONSE ACTIONS 
 
The following table presents types of assessments and response actions for data collection 
activities applicable to the QAPP. 
 
Table C1.1 Assessments and Response Actions 

Assessment 
Activity 

Approximate 
Schedule 

Responsible 
Party 

Scope Response 
Requirements 

Status 
Monitoring 

Oversight, etc. 
Continuous 

ARS Project 
Co-Lead / 

Project 
Manager 

Monitoring of project status 
and records to ensure 

requirements are being 
fulfilled. Monitoring and 

review of laboratory 
performance and data quality 

Report to TSSWCB 
in Quarterly Report. 

Ensure project 
requirements are 
being fulfilled. 

Laboratory 
Inspections 

Dates to be 
determined by 

TSSWCB QAO 
TSSWCB QAO 

Analytical and quality control 
procedures employed at 

laboratory 

30 days to respond 
in writing to 

TSSWCB to address 
corrective actions 

Monitoring 
Systems Audit 

Dates to be 
determined by 

TSSWCB 
TSSWCB QAO 

Field sampling, handling and 
measurement; facility review; 
and data management as they 

relate to project 

30 days to respond 
in writing to 

TSSWCB to address 
corrective actions 

 
Corrective Action 
 
The TWRI QAO and ARS Project Co-Leads are responsible for implementing and tracking 
corrective action procedures as a result of audit findings. Records of audit findings and 
corrective actions are maintained by the TSSWCB Project Manager and TWRI QAO. Corrective 
action documentation will be submitted to the TSSWCB Project Manager with the progress 
report. If audit findings and corrective actions cannot be resolved, then the authority and 
responsibility for terminating work is specified in agreements or contracts between participating 
organizations. 
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C2 REPORTS TO MANAGEMENT 
 
Quarterly progress reports will be generated by ARS personnel and will note activities conducted 
in connection with the water quality monitoring program, items or areas identified as potential 
problems, and any variation or supplement to the QAPP. The CARs forms will be utilized when 
necessary and will be maintained in an accessible location for reference at ARS and TWRI. The 
CARs that result in changes or variations from the QAPP will be made known to pertinent 
project personnel, documented in an update or amendment to the QAPP and distributed to 
personnel listed in Section A3. Following any audit performed by the ARS or TSSWCB, a report 
of findings, recommendations and responses are sent to the TSSWCB Project Manager in the 
quarterly/monthly progress report. 
 
Field measurements and all sampling for the project will be done according to the QAPP. 
However, if the procedures and guidelines established in this QAPP are not successful, 
corrective action is required to ensure that conditions adverse to quality data will be identified 
promptly and corrected as soon as possible. Corrective actions include identification of root 
causes of problems and successful correction of identified problems. The CARs will be filled out 
to document the problems and the remedial action taken. 
 
Laboratory data reports contain the results of all analyses, as well as specified QC measures 
listed in section B5. This information is reviewed by the ARS Project Co-Leads and compared to 
the pre-specified acceptance criteria to determine acceptability of data. This information is 
available for inspection by the TSSWCB. 
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D1 DATA REVIEW, VERIFICATION AND VALIDATION 
 
All data obtained from field and laboratory measurements will be reviewed and verified for 
conformance to project requirements, and then validated against the data quality objectives 
which are listed in Section A7. Only those data which are supported by appropriate quality 
control data and meet the data quality objectives defined for this project will be considered 
acceptable. This data will be submitted to the TSSWCB. 
 
The procedures for verification and validation of data are described in Section D2, below. The 
ARS Project Co-Leads are responsible for ensuring that field data are properly reviewed and 
verified for integrity. The ARS Project Co-Lead / Lab Manager is responsible for ensuring that 
laboratory data are scientifically valid, defensible, of acceptable precision and accuracy, and 
reviewed for integrity. The ARS Project Co-Lead / Project Manager will be responsible for 
ensuring that all data are properly reviewed and verified, validated, and submitted in the required 
format as described by the TSSWCB Project Manager. Finally, the TWRI QAO is responsible 
for validating that all data to be reported meet the objectives of the project and are suitable for 
reporting to TSSWCB. 
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D2 VERIFICATION AND VALIDATION METHODS 
 
All field and laboratory data will be reviewed, verified and validated to ensure they conform to 
project specifications and meet the conditions of end use as described in Section A7. The staff 
and management of the respective field, laboratory, and data management tasks are responsible 
for the integrity, validation and verification of the data each task generates or handles throughout 
each process. The field and laboratory tasks ensure the verification of raw data, electronically 
generated data, and data on chain-of-custody forms and hard copy output from instruments. 
 
Verification, validation and integrity review of data will be performed using self-assessments 
and peer review, as appropriate, followed by technical review by the ARS Project Co-Leads. The 
data to be verified (listed by task in Table D2.1) are evaluated against project specifications 
(Section A7) and are checked for errors, especially errors in transcription, calculations, and data 
input. Potential outliers are identified by examination for unreasonable data. If a question arises 
or an error or potential outlier is identified, the manager of the task responsible for generating the 
data is contacted to resolve the issue. Issues which can be corrected are corrected and 
documented electronically or by initialing and dating the associated paperwork. If an issue 
cannot be corrected, the ARS Project Co-Leads consult with the TWRI QAO and TSSWCB PM 
to establish the appropriate course of action, or the data associated with the issue are rejected. 
 
The ARS Project Co-Leads, with assistance from the TWRI QAO, are responsible for validating 
that the verified data are scientifically valid, legally defensible, of known precision, accuracy, 
integrity, meet the data quality objectives of the project, and are reportable to TSSWCB. One 
element of the validation process involves evaluating the data for anomalies. The ARS Project 
Co-Leads may designate other experienced experts to perform this evaluation. Any suspected 
errors or anomalous data must be addressed by the manager of the task associated with the data, 
before data validation can be completed. 
 
A second element of the validation process is consideration of any findings identified during the 
monitoring systems audit conducted by the TWRI QAO or TSSWCB QAO assigned to the 
project. Any issues requiring corrective action must be addressed, and the potential impact of 
these issues on previously collected data will be assessed. Finally, the ARS Project Co-Leads 
validate that the data meet the data quality objectives of the project and are suitable for reporting 
to the TSSWCB. 
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Table D2.1. Data Verification Procedures 
Data to be Verified TWRI 

QAO 
ARS Project 

Co-Leads 
TSSWCB 
PM/QAO 

Analysis techniques consistent with SOPs 
and QAPP X X X 

Instrument calibration data complete X X X 
Bacteriological records complete  X X 
Sample documentation complete X X X 
Sample identifications X X X 
Chain of custody complete/acceptable X X X 
Sample preservation and handling X X X 
Holding times X X X 
QC samples analyzed at required frequencies  X X 
QC samples within acceptance limits  X X 
Instrument readings/printouts X X X 
Calculations X X X 
Laboratory data verification for integrity, 
precision, accuracy, and validation  X X 

Laboratory data reports  X X 
Data entered in required format X X X 
Site ID number assigned   X 
Absence of transcription error X X X 
Reasonableness of data X X X 
Electronic submittal errors X X X 
Sampling and analytical data gaps X X X 
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D3 RECONCILIATION WITH USER REQUIREMENTS 
 
Data produced by this project will be evaluated against the established DQOs and user 
requirements to determine if any reconciliation is needed. Reconciliation concerning the quality, 
quantity or usability of the data will be reconciled with the user during the data acceptance 
process. Corrective Action Reports will be initiated in cases where invalid or incorrect data have 
been detected. Data that have been reviewed, verified, and validated will be summarized for their 
ability to meet the data quality objectives of the project and the informational needs of decision-
makers and cooperators. 
 
The final data for the project will be reviewed to ensure that it meets the requirements as 
described in this QAPP. Data summaries along with descriptions of any limitations on data use 
will be included in the final report. Only data that has met the data quality objectives described in 
this QAPP will be reported and included in the final project report. Data and information 
produced thru this project will be used to demonstrate enhanced soil testing methodology that 
accounts for all sources of plant available N in the soil, including NO3-N, available NH4-N, and 
mineralizable N. Ultimately, producers will use the information produced by this project for 
determining proper fertilizer needs and reduce nutrient runoff from their fields and pastures. 
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Corrective Action Report 
 
 

CAR #:______________ 
 
Date:____________________  Area/Location:_____________________ 
 
Reported by:____________________ Activity:__________________________ 
 
State the nature of the problem, nonconformance, or out-of-control situation: 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
Possible causes: 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
Recommended corrective action: 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
CAR routed to:________________________________ 
 
Received by:__________________________________ 
 
Corrective Actions taken: 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
Has problem been corrected?              YES   NO 
 
ARS Project Co-Lead / Lab Manager:_______________________________________________ 
 
ARS Project Co-Lead / Project Manager:_____________________________________________ 
 
TWRI Quality Assurance Officer:__________________________________________________ 
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USDA-ARS LAB 
CHAIN OF CUSTODY RECORD 

Project Name: 

# 
of

 c
on

ta
in

er
s 

 

Analyses Required  
           

Station ID Date Time 
(24hr) 

Matrix Description Sample 
ID 

                  

                  

                  

                  

                  

                  

                  

Relinquished by: (Signature) 
 

Date: Time: Received by: (Signature) Date: Time: Laboratory remarks: 

Relinquished by: (Signature) 
 

Date: Time: Received by: (Signature) Date: Time: 
Lab log # 

Relinquished by: (Signature) 
 

Date: Time: Received for lab by: (Signature) Date: Time: Laboratory Name: 
ARS Lab 
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APPENDIX C. 
Standard Operating Procedures 

 
C1: Development of a new soil extractant for simultaneous phosphorus, ammonium, and nitrate analysis1 
C2: Soil CO2 respiration: comparison of chemical titration, CO2 IRGA analysis and the Solvita gel system2 
C3: A rapid procedure for estimating nitrogen mineralization in manured soil3 
C4: Soil carbon and nitrogen mineralization: influence of drying temperature4 
 
 
1  Haney, R.L., E.B. Haney, L.R. Hossner, and J.G. Arnold. 2006. Development of a new soil extractant for simultaneous 
phosphorus, ammonium, and nitrate analysis. Communications in Soil Science and Plant Analysis, 37: 1511-1523, 2006.  
2  Haney, R.L., W.F. Brinton, and E. Evans. 2008. Soil CO2 respiration: comparison of chemical titration, CO2 IRGA analysis and 
the Solvita gel system. Renewable Agriculture and Food Systems: 23(2); 171-176. 
3  Haney R.L., F.M. Hons, M.A. Sanderson, and A.J. Franzluebbers. 2001. A rapid procedure for estimating nitrogen 
mineralization in manured soil. Biol. Fertil Soils (2001) 33:100-104.  
4  Haney R.L., A.J. Franzluebbers, E.B. Porter, F.M. Hons, and D.A. Zuberer. 2004. Soil carbon and nitrogen mineralization: 
influence of drying temperature. Soil Sci. Soc. Am. J. 68:489-492 (2004). 
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Appendix C1 
 

Development of a new soil extractant for simultaneous 
phosphorus, ammonium, and nitrate analysis 
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Appendix C2 
 

Soil CO2 respiration: comparison of chemical titration, 
CO2 IRGA analysis and the Solvita gel system 
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Appendix C3 
 

A rapid procedure for estimating nitrogen 
mineralization in manured soil 
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Appendix C4 
 

Soil carbon and nitrogen mineralization: 
influence of drying temperature 
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