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Nitrogen is the nutrient most often responsible for
limiting yield of irrigated wheat in southern Idaho.
Adequate nitrogen is necessary for producing maximum
wheat yields, but excess nitrogen contributes to lodging and
can reduce yields or cause high grain protein levels
undesirable in soft white wheat. A sound fertility program
should provide enough nitrogen for maximum yield without
adversely affecting wheat yield or quality.

Plant tissue analysis can be an effective means of
monitoring the nutritional status of a crop. Potential
deficiency can be identified before visual symptoms appear,
and early enough that additional nutrients can be applied
before yields are reduced.

A nitrogen tissue test procedure has been developed for
use as an indicator of the nitrogen status of irrigated spring
wheat cultivars in the southwestern U.S. This tissue test is
based on the capacity of the wheat plant to accumulate
nitrogen in the form of nitrate in the stem tissue when an
abundance of nitrogen is available, particularly during early
vegetative stages of growth. Field experiments have been
conducted in southern Idaho to evaluate this procedure for
use with irrigated soft white winter wheat.

Sampling Procedure

Sampling begins when the wheat seedlings reach the 3- or
4-leaf stage of growth. Initially the plant tissue used for the
sample is the below-ground portion of the stem. Plant tissue
samples are collected most conveniently by lifting the entire
plant from the soil and clipping the roots below the crown at
the soil surface. Later, at jointing, the first 2 inches of the
stem above ground are used.

Collecting a representative sample for analysis is
important if the tissue test is to be a useful indicator of the
need for nitrogen. At least 25 plants should be removed at
random from each field, or each area in the field differing in
soil type, management or appearance of the crop.

Place plant samples in clean paper bags together with a
label telling where the sample was collected. Avoid the use of
plastic bags. Immediately submit the samples to a
laboratory for drying and analysis.

Experiments

Field experiments were conducted (1) to establish the
relationship between tissue nitrate concentration and
optimum nitrogen fertilizer rate, and (2) to determine
whether nitrogen deficiency could be identified early enough
that additional nitrogen fertilizer could be applied to
prevent reductions in yields. Plant tissue was collected at
periodic intervals during the vegetative growth period.

Figs. 1, 2 and 3 show the changes in wheat stem nitrate
concentrations occurring with maturity as a result of
different nitrogen rates and dates. Nitrate concentrations in
stem tissues increased as greater amounts of nitrogen were
applied. Peak nitrate levels and maximum concentration
differences coincided generally with the first or second
sampling date. Stem nitrate concentrations decreased
rapidly during tillering.

Optimum nitrogen fertilizer rates, the rates that gave
maximum yields (80 lb./acre at Roswell and 120 lb./acre at
Parma, Figs. 1 and 2), were associated with tissue nitrate
concentrations between 3,000 and 4,000 parts per million
(ppm) at the 3- to 4-leaf stage of samplings. This range
therefore represents adequate tissue nitrate for early season
samples.

At jointing, tissue nitrate concentrations associated with
optimum nitrogen rates were approximately 1,000 ppm.
Grain yields were reduced when nitrate levels fell below
3,500 and 1,000 ppm nitrate nitrogen at 3- to 4-leaf and
jointing stages, respectively.

Nitrogen fertilizer applied in the fall at planting time is
subject to leaching loss and microbiological tie-up over
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Fig. 1. Nitrate concentrations and wheat yields as affected by
fertilization at Roswell, 1977.

4000 T

3000 t

Q.

!

'en 2000 1
o
z:

LLl

10001

o;_

^

TREATMENTS* YIELD PROTEIN

lb N/A bu/A X

o 0 57 8. 0

v> 40 59 8. 0

V 30 70 8. 9

^ 120 93 9. 5

• 160 102 9. 9

22 5/5 5/19

SAMPLING DATES

Fig. 2. Nitrate concentrations and wheat yields as affected by
fertilization at Parma, 1977.

winter. Therefore, early spring application more effectively
increases yield and tissue nitrate than the same rate applied
in the fall. Applications made later in the spring, after
jointing, increased the nitrate content in wheat tissue but
were less effective in increasing yield than early applications.
Therefore, the tissue test on samples taken between 3- to 4-
leaf and jointing stages identifies nitrogen shortages early
enough that additional nitrogen can be applied before yields
are reduced. Deficiencies identified later, from jointing to
boot stage, can be corrected but yields may be lower than
would be obtained from early applications.

Nitrogen deficiency symptoms were evident particularly
at the lowest nitrogen rates at Parma. Wheat plants first
became pale and then yellow, depending on the degree of the
deficiency. Deficiency symptoms appeared during tillering
and were associated with tissue nitrate concentrations less

than 1,000 ppm.

Grain protein was increased with addition of nitrogen
fertilizer but remained at acceptable levels for soft white
wheat. Grain protein increased slightly when nitrogen was
applied after the jointing stage. Maximum grain yields for
the two locations differed primarily due to differences in soil
moisture during late fall and early spring at Parma.

Factors other than sampling date may influence tissue
nitrate levels. Cold temperatures, inadequate moisture and
other stresses prohibiting normal plant growth and
development may increase nitrate concentrations in plants.
Awareness of these conditions is necessary for the correct
interpretation of wheat stem tissue analysis.
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CD 10/22* 70 8. 9

A 4/5* 84 8. 6

V 4/22* 88 9. 1

o 5/17 * 72 9. 8
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Fig. 3. Nitrate concentrations and wheat yields as affected by
application date at Parma, 1977.

♦Fertilizer applied at the rate of 80 pounds nitrogen per acre.



Stem tissue nitrate concentrations can identify the need
for additional nitrogen, and the actual amount of additional
nitrogen fertilizer that will be needed for maximum grain
yield can be determined from past experience and fertilizer
experiments.

Summary
Nitrate concentrations in the wheat stem between the

bottom of the crown and the soil surface are useful

indicators of the need for additional nitrogen. Nitrogen
shortages can be identified sufficiently early to give ample

time for nitrogen to be applied before yields are reduced.
Based on field studies near Parma, nitrate concentrations
necessary for maximum production should be at least 3,500
ppm at the 3- to 4-leaf stage and 1,000 ppm at jointing. This
procedure can be an effective means of assuring maximum
yield and increasing the efficiency of fertilizer use.

The Authors — Brad D. Brown is a research associate at the

Southwest Research and Extension Center, Parma, and J. Preston
Jones is a professor of soil science in the Department of Plant and
Soil Sciences, University of Idaho, Moscow.
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The State is truly our campus. We desire to work for ail citizens of the
State striving to provide the best possible educational and research information
and its application through Cooperative Extension in order to provide a high
quality food supply, a strong economy for the State and a quality of life desired
by all.

AuttisM. Mullins

Dean, College of Agriculture
University of Idaho

SERVING THE STATE

This is the three-fold charge of the College of Agriculture at your state
Land-Grant institution, the University of Idaho. To fulfill this charge, the Col
lege extends its faculty and resources to all parts of the state.

Service ... The Cooperative Extension Service has active programs in 42 of
Idaho's 44 counties. Current organization places major emphasis on county
office contact and multi-county specialists to better serve all the people. These
College of Agriculture faculty members are supported cooperatively by federal,
state and county funding to work with agriculture, home economics, youth and
community development.

Research ... Agricultural Research scientists are located at the campus in
Moscow, at Research and Extension Centers near Aberdeen, Caldwell, Parma,
Sandpoint. Tetonia, Twin Falls and at the U.S. Sheep Experiment Station,
Dubois and the USDA/ARS Soil and Water Laboratory at Kimberly. Their work
includes research on every major agricultural program in Idaho and on econo
mic and community development activities that apply to the state as a whole.

Teaching ... Centers of College of Agriculture teaching are the University class
rooms and laboratories where agriculture students can earn bachelor of science
degrees in any of 20 major fields, or work for master's and Ph.D. degrees in
their specialties. And beyond these are the variety of workshops and training
sessions developed throughout the state for adults and youth by College of Agri
culture faculty.
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