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CROPLAND IRRIGATION
CHARGE

DETERMINE WATER QUALITY BENEFITS OF IRRIGATION ON CROPLAND
* ADDRESS BENEFITS OF NITROGEN, PHOSPHORUS, AND SEDIMENT, IF EXIST, BASED UPON RESEARCH

DETERMINE MAIN CROPS IRRIGATED IN CBW

REFINE CURRENT INTERIM BMP DEFINITION OF CROPLAND IRRIGATION

DETERMINE IF SOIL MOISTURE MANAGEMENT HAS WATER QUALITY BENEFITS

DETERMINE IF FERTIGATION AND APPLICATION OF ORGANIC SOURCES INFLUENCE WATER QUALITY
DETERMINE BASELINE FOR IRRIGATION OPERATING SYSTEMS

IDENTIFY ANY REGIONAL VARIATIONS IN IRRIGATION PRACTICES



CROPLAND IRRIGATION
THINGS LEARNED

LIT REVIEW: 120 PEER-REVIEWED RESEARCH PAPERS (MOST OUTSIDE CBW)
* VERY LIMITED RESEARCH ADDRESSING WQ ISSUES ON IRRIGATED LAND
* SOME RESEARCH NOT APPLICABLE DUE TO DIFFERENT CLIMATIC CONDITIONS
* LIMITED RESEARCH ON IRRIGATION SYSTEMS OTHER THAN CENTER PIVOT.
* LIMITED RESEARCH ON CROPS OTHER THAN CORN

SOME LOCAL RESEARCH LOCALLY ON-GOING, BUT NOT PUBLISHED

RAINFALL IS UNPREDICTABLE IN THE CBW
CBW: 0.3% OF TOTAL WATER WITHDRAWALS ARE FOR IRRIGATION

SOILS VARY
* FROM LOAMY SANDS WITH LOW WATER HOLDING CAPABILITIES TO CLAYS WITH HIGH RUNOFF POTENTIAL

INTENTION OF IRRIGATION IS TO MAXIMIZE CROP YIELD
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— CROPLAND IRRIGATION
THINGS LEARNED

ALL BAY STATES HAVE RECOMMENDATIONS FOR NITROGEN ON IRRIGATED VERSUS NON-IRRIGATED
LANDS

CURRENT RESEARCH DOES NOT SUFFICIENTLY SHOW A WATER QUALITY BENEFIT ASSOCIATED WITH
CROPLAND IRRIGATION

ALL ASPECTS OF IRRIGATION INFLUENCE THE AMOUNT OF NITROGEN LOSS

MOST RESEARCH:
* COMES FROM MID-WESTERN STATES OR MORE ARID AREA
* ADDRESSES ENGINEERING EFFICIENCIES OF DIFFERENT TYPES OF SYSTEMS INSTEAD OF WATER QUALITY 4 .. of
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PANEL RECOMMENDATION

The Expert Panel agreed that there is not sufficient science-based research available to indicate a

reduction in N losses due to irrigation of corn, therefore an N efficiency value cannot be established at

this time.

This does not preclude the possibility of revisiting cropland irrigation as a BMP for a future expert panel,

should a more robust catalogue of scientific research literature addressing cropland irrigation

management and its water quality impacts emerge.

The panel strongly encourages further research on the impacts of cropland irrigation on nutrient and

sediment loss and encourage the readers to review the Ancillary Benefits and Unintended Consequences and

Future Research and Management Needs Section of the recommendations report. (p. ii)
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— PANEL RECOMMENDATIONS:
FUTURE RESEARCH

UNDERSTANDING P BEHAVIOR UNDER IRRIGATED CONDITIONS

CROP RESPONSE AND NITROGEN USE EFFICIENCY

* DATA COLLECTION ON CROP RESPONSE TO IRRIGATION RATE ON THE COASTAL PLAIN

* FIELD TESTS OF NUE ASSUMPTIONS REGARDING NON-IRRIGATED VS. IRRIGATED PLOTS UNDER DELAWARE FIELD CONDITIONS (SIMS ET AL. 2012) AND THE IMPACT
OF THOSE ASSUMPTIONS ON NITROGEN LOSS.

* CBW FIELD RESEARCH ON SUPPLEMENTAL IRRIGATION.

0 INCONCLUSIVE DATA LIMITS THE ASSERTION THAT INCREASED CRUDE PROTEIN IN CORN IS AN INDICATION OF LESS NUTRIENTS SUBJECT TO LEACHING.

NUTRIENT SOURCE

* EXPLORE THE IMPACT OF LITTER AND MANURE APPLICATION UNDER IRRIGATED CONDITIONS

NUTRIENT MANAGEMENT

* RESEARCH ON MOST EFFICIENT N RATES FOR IRRIGATED CORN AND OTHER CROPS TO ENSURE THAT NUTRIENT APPLICATION RECOMMENDATIONS ARE BASED OFF
THE LATEST SCIENTIFIC DATA.
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= PANEL RECOMMENDATIONS:
FUTURE RESEARCH (CONTINUED)

WATER QUALITY

SENSITIVITY ANALYSES OF STUDIES LOOKING AT N LEACHING ASSOCIATED WITH IRRIGATION TO ACCOUNT FOR
POTENTIAL NOISE IN THE OBSERVED DATA.

DEVELOPMENT OF MODEL SCENARIOS TO ADDRESS IMPACTS OF VARIOUS ENVIRONMENTAL CONDITIONS ON
POTENTIAL FOR NUTRIENT LEACHING AND TRANSPORT.

* IDENTIFICATION OF MODELING DATA THAT DOES EXIST THAT CAN INFORM EVALUATION OF IRRIGATION UNDER DIFFERENT
ENVIRONMENTAL CONDITIONS.

MONITORING WATER AND LAND MANAGEMENT PRACTICES IN A STRATEGIC MANNER TO COLLECT THE DATA MOST
CRITICAL TO INFORMING MODELING SCENARIOS.

* A LONG-TERM (5-8 YEAR) STUDY WITH BROAD PARTICIPATION IS NEEDED TO GET A BETTER SENSE OF AVERAGE CONDITIONS.

RESEARCH AND DATA INFORMING THE CONDITIONS UNDER WHICH A WATER QUALITY BENEFIT COULD BE EXPECTED
FROM CROPLAND IRRIGATION

* (E.G., WEATHER, WATER MANAGEMENT, NUTRIENT MANAGEMENT, HEALTHY SOIL PRACTICES, SOIL ORGANIC MATTER CONTENT).
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PANEL RECOMMENDATIONS:
FUTURE RESEARCH (CONTINUED)

IRRIGATION MANAGEMENT

* CBW RESEARCH ON VARIABLE RATE IRRIGATION TO ADDRESS IRRIGATION ON FIELDS ENCOMPASSING WETLANDS OR UNEVEN
SOIL MOISTURE CONDITIONS.

* CBW RESEARCH ON THE INTERACTION OF IRRIGATION MANAGEMENT WITH OTHER MEASURABLE VARIABLES

* (E.G., YIELDS, BIOMASS, SOIL MOISTURE).



\—/ TIMELINE AND NEXT STEPS

January 16, 2019
February 26, 2019

March 12, 2019
March 21, 2019 (AgWG meeting)

April 15, 2019
April 18, 2019

April 18 — May 7, 2019

May 9, 2019

May 16, 2019 (AgWG meeting)
June 10, 2019

Aciion

Recommendations Report released for review

Webinar and Public Meeting: Recommendations of the Cropland Irrigation
Expert Panel

Final day for partnership feedback (no feedback received)

Panel Chair requests approval from AgWG; decision postponed pending
DE feedback

DE feedback submitted to AQWG leadership and Expert Panel

Panel Chair acknowledges receipt of DE feedback and anticipated panel
review in time for decision for approval at May AgWG meeting.

Draft responses compiled and shared with panel; panel convenes to discuss
feedback and responses; consensus from the panel on the responses and
acceptable revisions to the report

Revised report and responses from panel distributed for AgWG

2
Panel Chair requests approval from AgWG, with DE feedback considered QJ

Panel Chair requests approval from Water Quality GIT, with DE feedback (
considered 9 :
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DE FEEDBACK SUMMARY:

#1: Edits for clarity or substance

#2: (MODELING) DE expects that a modeling exercise be
undertaken either by this expert panel or by a new expert panel
before a final report be approved without an efficiency estimate.
This effort is endorsed by the BMP EP Protocol and there is no
justification in this report why such an exploration was not
attempted by this panel.

#3: (RESEARCH APPLICABILITY) Studies of irrigation in the
Midwest or other regions have limited applicability in the CBW or
the Delmarva; should not be included or considered in the report
or the panel’s conclusions.

#4: (NUE as water quality determinant) The panel should
recommend a nitrogen efficiency for cropland irrigation based on
estimates of improved nitrogen use efficiency (NUE); the panel
confused or did not fully account for NUE.

#5: Various edits/comments pertaining to section summarizing
University of Delaware study (Shober et al., 201 8).

*  Considered minor clarifying edits on a piecemeal basis

*  Will not accept inserted /revised text that is not adequately
cited /supported

*  Will not accept any edits that change the substance of the
panel’s reasoning or conclusions.

* Disagrees with the commenter and feels that the report, as
written, appropriately justifies its conclusions.

* A new panel cannot be considered until the partnership finalizes
the current report and releases the current panel for the
completion of its charge.

* Limitations of the available research studies acknowledged
throughout the report.

*  Will not remove sections or statements that summarize such studies
- serves as useful documentation for future expert panels or
research efforts.

* Data considered from Virginia Tech field trials presented by
Wade Thomason (p. 25; Figure 8).

* There was not sufficient data for the panel to define an overall
nitrogen efficiency based solely on changes in NUE of corn.

The panel appreciates the suggested edits from the study author

(Amy Shober) and will incorporate these cumulative edits in its

revised draft. (Note: revisions to this section were made and 10
accepted, therefore not marked up in May 9 version for readability)
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DE LETTER TO PANEL

The report both dismisses (p16) and embellishes
(pp16-25) the relevance of mid-west research studies
as a proxy for CBW effects for irrigation. As the
report states, the ubiquity of irrigation in the mid-west
limits the applicability of the results to our region and
systematically limits the comparison to dryland
production, which for the CBW is a baseline condition.
These papers, rather than be categorically
summarized and cited, should merely be referenced as
the independent variables are insufficiently similar to
CBW to influence the report's findings, again stated on
page 16 of the report.

[DE questions inclusion of limited-applicability research]

Panel Response

The panel worked to summarize available information.
Given the panel’s recommendations for future research
needs, it was important to document information even
if obtained from studies in other regions. This section
will be kept as-is.

11

~— @



DE LETTER TO PANEL

The term of baseline conditions are used
interchangeably to refer to regional agriculture status
quo, model conditions without a BMP, irrigation system
parameterization and soil moisture /background N
levels.

[DE questions inconsistent use of “baseline’’ throughout

report l

The panel acknowledges that terms like "baseline
condition" are used with variable meanings, especially
in CBP technical documents and discussions that span
modeling and real-world considerations. The panel
feels that its usage of "baseline conditions" is
appropriate when viewed in context of the
respective statements, but we will consider editing
specific instances for clarity.
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DE LETTER TO PANEL

The report should diligently list for all studies whether
antecedent groundwater (used as irrigation) nitrate
was measured, reported or corrected for when
considering the nutrient use efficiency of irrigated
crops compared to dryland acreage. Also reported
consistently should be the method by which irrigation
rates were determined.

[DE questions consistency of inclusion of research
methods for cited studies]

Panel Response

In the cases when studies did account for this, it was
noted in the report.
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DE LETTER TO PANEL

The final version of this report, perhaps inadvertently,
largely ignores the other major pathway for nutrient
loss, overland flow. This component should be carefully
considered and added as a parameter for rating
irrigation. Improper sprinkler irrigation can promote
overland loss according to newly cited research
presented in these comments and some measure was
taken to better incorporate this concept in the marked
up report.

[DE questions absence of overland flow as a considered
pathway for nutrient loss.]

The panel focused primarily on nutrient losses
below the root zone (the primary pathway for N
loss), as other BMP panels have done for cropland
BMPs. The panel chair reached out to irrigation
experts for research on overland flow related to
irrigation, but could not find anything that would affect
the panel’s existing conclusions. Anecdotal information
indicates that nutrient loss by overland flow is
magnified when irrigation is not managed based on
soil moisture or weather forecasts.
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The report's scientific literature review mixes
approaches for assessing nitrogen benefits on
irrigation. Nitrogen use efficiency (NUE) is a proxy for
the reduced leaching or overland flow of nitrogen,
and measured soil nitrate below the root zone is an
acceptable direct measure for leaching loss. These
approaches for effectively measuring an irrigation
treatment would rarely if ever be mixed and the
report should consider them separately. The comingling
of approaches may have resulted in confusion when
searching for effectiveness because no study reviewed

had both.

[DE questions the panel’s narrative approach to discussing
NUE and soil nitrate measurements below the root zone.]

DE LETTER TO PANEL o

The panel considered data from Virginia Tech field
trials presented by Wade Thomason (p. 25; Figure 8).
There was not sufficient data for the panel to define
an overall nitrogen efficiency based solely on
changes in NUE of corn.

~ N
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DE LETTER TO PANEL

- Additionally, Delaware would like to reiterate, commensurate
with the BMP Expert Panel review protocol, modeling exercises
can be used to justify the benefit of a BMP where peer-
reviewed or unpublished data fail to provide a reliable
estimate. The CBPO submitted version of this report states that
there was not sufficient science-based evidence to indicate a
reduction (p16). While we believe there is this evidence, as
presented in this letter, further simple model experimentation
calculating N savings as prevented loss of N from drought
induced underperformance in cropland under regional nutrient
management can be cited as evidence for an efficiency so long
as it is weighted less than other local, science-based research.

Delaware expects that this effort be undertaken either by this
expert panel or by a new expert panel before a final report
be approved without an efficiency estimate. This effort is
endorsed by the BMP EP Protocol and there is no justification in
this report why such an exploration was not attempted by this
panel.

[DE questions panel’s decision not to engage in a modeling

exercise to justify cropland irrigation as best management practice

for water quality.]

The panel agrees that future modeling analysis should
be done to supplement future research and improve our
understanding of nutrient leaching and transport.
However, this panel strongly disagrees that it is the
appropriate forum for such analysis. The panel report
documents the panel's thought process and logic for its
existing conclusion and it will not consider such
additional analysis on its own. The panel stands behind
its conclusion and furthermore does not have available
time or resources to continue such work that it undertook
starting in 2016. The panel disagrees with the
commenter and feels that the report, as written,
appropriately justifies its conclusions. Furthermore, a
new panel cannot be considered until the partnership
finalizes the current report and releases the current
panel for the completion of its charge.
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DE LETTER TO PANEL

Degree-earning research is recommended by
Delaware reviewers as references to be subsequently
and natively added to this report. The suggested 15%
nitrogen efficiency, justified by Soroka (2015), has
been added in a red-line review of the report, but the
Panel is the only body empowered to dictate a
summary of the newly provided research in the
appropriate sections of the report.

[DE recommends a 15% N efficiency based on Soroka (2015
master’s thesis from University of DE)]

The panel thanks Delaware for providing the thesis
paper. However, the panel firmly rejects the suggested
15% nitrogen efficiency value. This value, derived
from analysis of 35 years of corn variety trials at the
University of Delaware, suggest that rainfed plots are
"80 and 85% as efficient as irrigated plots in
converting applied N to grain yield."

The panel considered NUE as described in the Virginia
Tech sub-section of the Recent Irrigation Research in the
Chesapeake Bay Watershed section. The panel’s best
professional judgment led them to conclude that a
nitrogen efficiency cannot be determined at this
time.



DE LETTER TO PANEL

Included as an attachment to this letter is an itemized
summary of comments from the two named reviewers
to facilitate the Expert Panel's response. Delaware
hopes concurrence of the suggested changes can be
accommodated by the expert panel and is dually
supportive of on-going research to continue to justify
the water quality benefits and limitations of this
practice. The comments, suggestions and concerns
raised in these documents shall in no way diminish the
effort of the Expert Panel convened to tackle this
scientific question.

[DE included an itemized summary of the suggested edits for the

Expert Panel Recommendations Report]

The comments are summarized below in this table (See
Appendices D-E) alongside responses.

The panel thanks Delaware for its extensive review
and feedback, but under the BMP Protocol is
empowered to reject or disagree with suggested
revisions to the report. If the Partnership wishes to
include changes over the objection of the expert
panelists, the BMP Protocol provides for that option.
The panel stands behind its conclusions and
recommendations as written and with the
acceptable minor changes acknowledged within this
table (See Appendices D-E)



DECISION ITEMS

DECISION: THE AgWG IS ASKED TO APPROVE THE RECOMMENDATION REPORT OF THE
CROPLAND IRRIGATION EXPERT PANEL.

DECISION: THE AgWG IS ASKED TO MAKE A DETERMINATION FOR CONTINUANCE OR REMOVAL
OF THE INTERIM BMP EFFICIENCY FOR CROPLAND IRRIGATION.




