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Water Quality Enhancement Activity — WQL04 — Plant tissue testing and
analysis to improve nitrogen management

Enhancement Description
Use plant tissue tests to adjust nitrogen
application rates.

Land Use Applicability
Cropland.

Benefits

The use of either plant tissue testing or leaf
tissue testing is an adaptive nitrogen
management technique used to adjust
nitrogen application rates in-season (leaf
tissue test) or for the following crop year
(stalk test). Test such as these help provide a thorough analysis of how nitrogen is being used by
the current crop, giving a basis for adjustments to nitrogen rates. The end result is a more
complete utilization of the nitrogen applied and less nitrogen remaining in the soil to be lost to
the environment through nitrate leaching or soil emissions of nitrous oxide.

Criteria

This enhancement requires the use of an analysis of appropriate plant tissue to monitor the
uptake of nitrogen and other nutrients during the growing season and to make necessary
adjustments in nutrient applications. The purpose is to correlate the application of N during the
growing season to plant needs. In addition, deficiencies in other plant nutrients that would
restrict N uptake and utilization must also be corrected. Follow guidelines from the laboratory
and local land grant university for interpretation of the results and appropriate adjustments in the
application of N and other nutrients.

1. In addition to leaf tissue analysis, the following testing and analysis information is
specific to nitrogen management for corn.

a. Corn stalk testing and analysis - The nitrogen status of the corn crop can be
determined by measuring the nitrate concentrations in the lower portions of
cornstalks at the end of the growing season. This involves taking an 8” sample of
the cornstalk after black layer development in corn. The stalk is analyzed for
nitrate to determine if the corn received insufficient, sufficient, or excessive levels
of nitrogen. Since this test is conducted after the current corn crop is mature, the
results are used to “fine-tune” nitrogen recommendations in the next corn crop.
Follow your Land Grant University guidelines for the use of this type of test.
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b. Corn leaf tissue testing and analysis - Chlorophyll meter readings can be used to
determine the nitrogen status of corn late in the vegetative growth period. This
involves planting “reference strips” where 10-25% more nitrogen is applied than
recommended. Then a chlorophyll meter is used to compare the reference strips
with the rest of the field to determine if nitrogen is deficient. Additional late
season nitrogen is applied if needed. For additional information, follow your Land
Grant University guidelines for using and interpreting the results of a chlorophyll
meter test.

2. Use similar guidelines for plant tissue testing for other crops that require significant

nitrogen inputs.

Producer must have a current soil test (no more than 3 years old).

4. Nutrient application rates are within the “Land Grant University (LGU) recommendations
based on soil testing and established yield goals and considering all nutrient sources.

w

Documentation Requirements

Documentation for each treatment area (field) and year of this enhancement describing these

items:

A map showing where the activities are applied.

Test used (stalk, leaf or other plant tissue)

Dates of test(s)

Acres for each treatment area

Soil test results for each treatment area

Manure analysis results (if applicable)

Crop yields (both yield goals and measured yield(if available))

Amounts of all nutrients applied in each treatment area

Plant tissue test results (including reference strips)

0. Change in annual N applied due to adaptive management change per treatment
area
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Corn Stalk or Leaf Tissue Tests for N Application

The following guidance on taking and interpreting the PHNT for corn is taken from Oregon State
University Extension publication EM8978-E, Silage Corn Nutrient Management Guide-Western
Oregon, available at: http://extension.oregonstate.edu/catalog/pdf/em/em8978-e.pdf

Oregon Criteria

Postharvest nitrate test

The postharvest nitrate test (PHNT) measures soil
nitrate-N not used by the crop. The PHNT looks backward
in time and evaluates the balance between N supply and
crop N uptake. Nitrate-N accumulates in the soil when the
total of applied N plus plant-available N mineralized from
soil organic matter exceeds corn N uptake.

Use the postharvest test to:

* Evaluate the balance between N supply from manure
and other sources and crop N demand
* Identify imbalances in N supply among fields on a
farm
+ Identify fields that may respond to changes in timing
or amount of manure application or other agronomic
practices
If fall soil nitrate-N is high, consider ways to reduce
the N surplus in the future. Evaluate the overall N supply,
including:
+ Timing and amount of current-season application(s) of
N fertilizer, manure, or lagoon water
* Plant-available N mineralized from a previous cover
crop of perenmial grass crop
Note that a low PHNT does not indicate that too little
N was applied. Continual mineralization of N can provide
enough plant-available N for a erop without accumulation
of nitrate-N in the soil. Also, the PHNT does not predict
the amount of plant-available N that will be mineralized
from soil organic matter or crop residues in the fall.

Directions for a PHNT

Collect a soil sample to a 12-inch depth. The amount
of nitrate-N 1in the upper 12 inches is a good predictor
of nitrate-N in the rest of the soil profile, provided that
nitrate-N was not moved below 12 inches by irrigation of
fall rains.

Collect soil samples (15 to 30 cores per field) as soon
as possible after harvest (Figure 15). Do not sample fields
that recetved a manure application (including lagoon

water) within the past 30 days. Take samples before heavy
fall rains move nitrate-N below the sampling depth. On
medium- to fine-texture soils (loam or clay), sample
before 5 inches of cummlative rainfall (after September 1).
Coarse soils (sand or sandy loam) have low water-holding
capacities; sample them before 3 inches of cumulative
ramfall after September 1. Sampling Willamette Valley
locations before Ociober 15 1s acceptable in most years.

At sites near the Oregon coast, take PHNT samples before
October 1 Use Table 12 to interpret PHNT analyses.

]
Table 12 —Postharvest nitrate-N test interpretation following
silage com.

Nitrate-N  Interpretation (ppm)

0-20 Aceeptable. PHNT test value can be as low
as 5 to 10 ppm without compromising yield.
21-45 High*

above 45 Excess*

*See EM 8832-E, Post-harvest Soil Nitrate Testing for Manured
Cropping Systems West of the Cascades, for ways to reduce post-
harvest test values for fields treated with dairy manure.

Field research in northwest Washington (Lynden area)
and western Oregon demonstrated that the pre-sidedress
soil nitrate test 1s correlated with the postharvest nitrate
test (Figure 16, page 12). A PSNT test greater than 25 or
30 ppm indicated a high probability of excess N remain-
ing in the soil profile after harvest. In Washington, PSNT
values above 40 ppm usually produced PHNT values of
more than 150 1b/a mtrate-N (0- to 24-1nch depth).

Because of the correlation between PSNT and PHNT
values, vou may prefer to make dual use of the PSNT:
(1) as an indicator of whether sidedress N fertilizer is
needed and (2) as an indicator of postharvest soil
nitrate-IN_
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Figure 16.—The relationship between soil nitrate-N measured in
midsummer (PSINT) and soil nifrate-N measured in fall (PHNT).
Data represent 26 western Oregon fields and 27 sites in Whatcom
ol : an
County, Washington. Sampling depth for the PHNT was 12 inches Pisaias 15, Cibiain & Sl eninghe's Hiately after | tn

in western Oregon and 24 inches in Whatcom County. At all sites, S
lagoon water was not applied after the midsummer (PSNT) test. evaluate adequacy of the N application rate.

This Enhancement requires stalk or leaf tissue testing. OSU publication EM8677,
Laboratories Serving Oregon: Soil, Water, Plant Tissue, and Feed Analysis, provides a list of
laboratories, and is available at: http://extension.oregonstate.edu/catalog/html/em/em8677/

Documenting the Enhancement

1. A map or aerial photo showing fields where the Enhancement is applied.
2. Acres for each Treatment Area (Fields)

Field(s) Acres
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Test Used: Stalk Test Leaf Tissue
Date of Test:

Stalk/Leaf Tissue Test Results (attach)

Manure Analysis Test Results (if applicable)

o0~ W

~

Yield Goal: bushels/acre Measured Yield: bushels/acre
8. Nutrient Application Records By Treatment Area

Fertilizer Application

Total (Gross) Formulation Net Applied (Ibs./acre)
Field Applied (%N-P,05-K,0) N P,0O5 K,0
(Ibs./acre)

9. Stalk Nitrate N:
Below 3500 ppm 3500-5500 ppm Above 5500 ppm

Below 3500 ppm: N supply may have been inadequate or late; root
limitation may have reduced uptake

3500-5500 ppm: Adequate N supply and expected yield

Above 5500 ppm: N supply excessive, late, or both

10. Based on the results above, anticipated change in next year’s Nitrogen application:
Expect to Apply Less N No Change Expect to Apply More N
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Figure 16.—The relationship between soil nitrate-N measured in
midsummer (PSINT) and soil nifrate-N measured in fall (PHNT).
Data represent 26 western Oregon fields and 27 sites in Whatcom
County, Washington. Sampling depth for the PHNT was 12 inches
in western Oregon and 24 inches in Whatcom County. At all sites,
lagoon water was not applied after the midsummer (PSNT) test.

For more information
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with Manure. Washington State University. PNW 533.
http-/feru cahe wsu eduw/CEPublications/paw0533/
pow333 pdf

Downing, T., D. Sullivan, J. Hart, and M. Gamroth. 2007.
Manure Application Rates for Forage Production.
Oregon State University. EM 8583-E. hitp:/fextension.
oregonstate eduw/catalog/pdf/em/emB585-e pdf

Hart, J. 1990. Fertilizer and Lime Materials. Oregon State
University. FG 52-E_ http://extension oregonstate edu/
catalog/html/fg/fg52-e/

Hart, J. 2008. Laboratories Serving Oregon: Soil, Water,
Plant Tissue, and Feed Analysis. Oregon State Univer-
sity. EM 8677 hitp://extension.oregonstate edu/
catalog/html/em/em8677/

Hart, J., M. Gangwer, M. Graham, and E. Marx. 1997.
Dairy Manure as a Fertilizer Source. Oregon State
University. EM 8386. hitp://extension.oregonstate.
edu/catalog/html/em/emB8586/

Sullivan, D, and C. Cogger. 2003. Post-harvest Soil
Nitrate Testing for Manured Cropping Systems West of
the Cascades, Oregon State University. EM 8832-E.
http:/fextension oregonstate edu/catalog/pdfiem/
em8832-e pdf

Sullivan, D., C. Cogger, and A. Bary. 1997, Which Test
Is Best? Customizing Dairy Manure Nutrient Testing.
Oregon State University. PN'W 505 http://extension.
oregonstate edu/catalog/pdfipow/pows05 pdf

Oregon NRCS Enhancement Activity

Other publications

Bittman, 5., C. Kowalenko, D. Hunt, T. Forge, and X. Wu.
2006. Starter phosphorus and broadeast nutrients on
corn with contrasting colonization by myecorrhizae.
Agron. J. 98:394—-401.

Cogger, C. 2000. Abbotsford/Sumas Aguifer Nitrate
Management Praject Addendum to Final Report.
Washington State University-Puyallup.

Flvon, R. (New Mexico State University agronomist).
2006. Personal communication with handout, “Can
excess soil copper cause plant chlorosis in high pH
s0117" prepared for Western Nutrient Management
Conference planning commitiee meeting.

Gale, E. 2004. Estimating plant-available nitrogen
release from manures, composts, and crop residues.
M.S. thesis, Oregon State University, Corvallis.

Jackson, T. 1957. Summary of Fertilizer Work on Field
Corn in the Willamette Valley. Oregon State Univer-
sity, SP-17-274.

Jackson, T., and J. Hay. 1965. Factors affecting response
of sweet corn to Zn in the Willamette Valley. Proc.
16" Ann. Fert. Conf. Pacific N W. Salt Lake City, UT.
July 13-15.

Johnston, A and . Dowbenko. 2004 . Essential elements
in corn. 1 5. Bittman and C.G. Kowalenko (eds.).

Advanced Silage Corn Management. Pacific Field
Corn Assoc., Agassiz, BC.

Karlen, D., R. Flannery, and E. Sadler. 1988. Aerial accu-
mulation and partitioning of nutrients by corn. Agron.
J.80:232-242,

Kusonwirivawong, C. 2005. Nitrogen mineralization from
organic amendments during the second vear follow-
ing application. M_.5. thesis, Oregon State University,
Corvallis.

Magdoff, F., D. Ross, and J. Amadon. 1984 A soil test
for nitrogen availability to corn. Seil Sei. Soc. Am. T
48:1301-1304.

Marx, E.S. 1995 Evaluation of soil and plant analvsis
as components of a nitrogen monitering program for
corn. M.S. thesis, Oregon State University, Corvallis.

Mathews, M. 2001. Timing nitrogen applications in corn
and winter forage. Jn Proc. 31" California Alfalfa
and Forage Symposivm, Modesto, CA. Dec. 12-13.
University of Califernia Cooperative Extension, Davis,
CA_ http://groups ucanr.org/T NM/files/6370 pdf

Nelson, N, and R Mikkelsen. 2008. Meeting the phos-
phorus requirements on orgamce farms. Better Crops
92:1. http://www.ipni net/e-catalog/index htm

Ritchie, S., J. Hanway, and G. Benson. 1957. How a
Corn Plant Develops. Special Report 48 lowa State
University Cooperative Extension Service, Ames, TA.

Page 4 of 4 June 2, 2010



