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Predicting the Nitrogen Needs of Wheat Using Stem Nitrate Analysis

Thomas Doerge and Mike Oilman

ABSTRACT

The high yielding spring wheats grown in Arizona usually require applications of
fertilizer nitrogen (N) to achieve optimum yields and acceptable quality. The University
of Arizona's currently recommended procedure of preplant soil plus periodic stem tissue
analysis for NO3 -N to predict the N needs of wheat is not widely used by Arizona
growers. A nitrogen fertility trial was conducted at the Maricopa Agricultural Center
during the 1985 -86 crop year to evaluate the accuracy and practicality of the currently
recommended procedure for predicting the optimum N rate for 'Aldura' durum wheat
grown on a sandy soil low in residual N. Five rates of N from 0 to 500 lbs Nia were
applied in four split applications. Three additional N treatments were made using
equivalent amounts of three different N sources (urea, ammonium nitrate, and calcium
nitrate) as indicated by the current UA procedure. Maximum grain yields of over 6500
lbsla and protein levels above 13% were attained with the application of 215 to 250 lbs
Nia. The amount of N predicted by the UA procedure (215 lbs Nia) did attain maximum
grain yield and resulted in the most favorable adjusted economic return of all the
fertilizer treatments used in the trial. Though additional work is needed, the stem NO3 -N
tissue test was practical to use and proved quite accurate in predicting the N needs of
durum wheat.

INTRODUCTION

Nitrogen (N) is the nutrient most often limiting to wheat production in Arizona. Current University of
Arizona recommendations for N applications to wheat are based on a preplant NO3 -N soil test plus stem
NO3 -N tissue tests taken at the 3 -4 leaf, jointing, and boot growth stages (Pennington et al.,1983). Few
Arizona growers currently use this testing procedure because they find it inconvenient to sample plants at
regular intervals, they are unable to obtain accurate or representative samples, and they have problems
interpreting the stem tissue test itself.

The factors affecting the interpretation of the test include the method, timing and chemical form of the
N fertilizer application, as well as the nature of organic residues previously incorporated. The test has the
additional limitation that it is not considered an accurate indicator of N status once stem nitrate levels have
become deficient (B.R. Gardner, personal communication). Application of additional N after N deficiency
has been detected by tissue testing has failed to influence stem nitrate levels.

The tissue test was calibrated on rather heavy soils (Glendale clay barns and silty clay loams) of
moderate to high residual N fertility, using ammonium nitrate as the N source (Gardner and Jackson, 1976).
Further evaluation of the accuracy and practicality of the test on soils of varying texture and with other N
sources is needed.

An experiment was conducted at the Maricopa Agricultural Center with the following objectives: 1)
to determine the optimum rate of N fertilization on a coarse textured soil low in residual N; 2) to evaluate
the accuracy of the currently recommended soil and stem nitrate test procedure in predicting the optimum N
rate for wheat; and 3) to evaluate the effect of three different N sources on the levels of NO3 -N in stem
tissue.
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METHODS AND MATERIALS

A nitrogen fertility trial with durum wheat was conducted on a Casa Grande sandy loam (coarse
loamy, mixed, hyperthermic, Typic Natrargid (reclaimed)) at the Maricopa Agricultural Center. The plot
area was cropped with unfertilized sudan grass for five months prior to the planting of wheat to reduce the
level of available N in the rooting zone. Chemical properties of the surface soil were pH, 8.2; sodium
bicarbonate extractable P, 18 ppm; electrical conductivity, 1.6 dS /m; ammonium acetate extractable
sodium, 0.89 meq /100g; organic matter, 0.5 %; and free CaCO3, high. The cation exchange capacity in an
adjacent field with the same soil series was 10.6 meq/100g.

Prior to planting, composite soil profile samples taken in one foot increments were analyzed for nitrate
and ammonium -N using IN KC1 extraction and Kjeldahl steam distillation. Nitrate -N values were 2.8, 1.1,
and 0.8 ppm in the 0 -1, 1 -2, and 2 -3 foot samples, respectively. All profile NH4 -N values and the NO3 -N
values in the 3 -4, 4 -5, and 5 -6 foot samples were e 0.3 ppm.

The rates, timing, and N sources of the eight treatments used are listed in Table 1. The N rates for
treatments 1 -5 were preassigned while those for treatments 6 -8 were equivalent and based on preplant soil
and stem nitrate tests taken from treatment 6 during the growing season in accordance with the current UA
procedure (Pennington et al., 1983).

Preplant fertilizer, including a uniform application of 100 lbs P2O5 /a as treble superphosphate, was
hand -broadcast and worked into the surface 4 to 6 inches of soil prior to pre -irrigation. All mid -season
applications of N were hand -broadcast on to dry soil no more than two hours before irrigation. 'Aldura'
wheat seed was drilled into moist soil on flat borders at the rate of 80 lbs /a on 21 November, 1985.
Individual plots were 8 X 50 feet and all treatments were replicated four times in a randomized complete
block design.

A total of 28 inches of water containing 75 lbs NO3 -N was applied in seven irrigations (including pre-
irrigation). Rainfall during the growth period was 2.9 inches. Access tubes for a neutron probe were
installed in each of the treatment No. 3 plots, and was used to schedule irrigations to supply adequate but
not excessive soil moisture (Erie et al., 1982). A visual estimate of the percent area lodged within each plot
was recorded on 6 May, 1986 (hard dough stage). No pesticides of any kind were applied.

Table 1. Rates, timing and N sources applied to 'Aldura' wheat grown
on a Casa Grande sandy loam

Treatment
No. N Source

Nitrogen Applied
Preplant 5 -6 leaf Boot Flower Total

lbs N/a
1 0 0 0 0 9
2 Urea 30 65 0 30 125
3 Urea 60 125 35 30 250
4 Urea 90 190 65 30 375
5 Urea 120 250 100 30 500
6 NH4NO3 60 50 75 30 215
7 Ca(NO3 )2 60 50 75 30 215
8 Urea 60 50 75 30 215

Stem tissue samples were taken on 27 December and at 14 -day intervals between 17 January and 11
April. This sampling period covered the time from the 3 -4 leaf stage to the milk stage of growth. The plant
part sampled was the stem between ground level and the seed for samples taken prior to jointing and the
two inches of stem just above ground level for the remaining dates. Samples were dried, ground, and
analyzed for NO3 -N content using a specific ion electrode.

Using a small plot combine, grain yields were measured on 28 May from a 3.5 foot swath varying in
length from 20 to 30 feet. A subsample of grain was dried, ground and analyzed for total
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ammonium +organic -N using the Kjeldahl digestion -steam distillation method. A subsample of grain from
each plot was separated into vitreous and non -vitreous kernels for determination of percent yellowberry.
Bushel weights were also determined on subsamples from all plots.

RESULTS AND DISCUSSION

Determination of Optimum N Rate

The application of up to 250 lbs N/a increased wheat yields to the maximum level attained at this site.
Applications of N above this resulted in decreased grain yield, increased lodging and higher protein
content. Plots receiving at least 215 lbs N/a produced grain with protein levels exceeding 13% which is
generally considered acceptable for durum wheat. The N treatments had no significant effect on either
bushel weight or percent yellowberry (Table 2).

Figure 1 shows the pattern of nitrate -N content of wheat stems throughout the growing season for
treatments 1 -5. The stem nitrate -N levels measured in the present study were much lower than those
reported by Gardner and Jackson (1976). In fact, the stem NO3 -N values from all of the treatments except
the 500 lb N/a treatment had fallen below the 'deficient' level (2000 ppm NO3 -N) by the mid- jointing
stage or earlier. These results support the statement that it is not possible to accurately assess the nitrogen
status of wheat using stem nitrate -N levels once the plant has entered the deficient range. Plots receiving
250 lb N/a attained maximum grain yields even though the plants had fallen below 2000 ppm NO3 -N by the
mid- tillering stage of growth (Figure 1). This emphasizes that mid -season applications of N can be used to
supply adequate N for attaining maximum grain yields even though the stem NO3 -N levels have entered the
'deficient' range.

Table 2. Growth characteristics of 'Aldura' wheat receiving various
N treatments

Treatment
No. Lodging

Grain
Protein Yellowberry

Bushel
Weight

Grain
Yield

% % % lbs/bu lbs /a

1 0 9.8 0 62.6 3635
2 0 11.8 0 63.0 5320
3 5 13.4 0 63.1 6564
4 46 16.1 0 63.4 5733
5 50 14.9 0 63.4 5333
6 1 14.2 0 63.0 6370
7 0 13.6 0 62.6 6042
8 4 13.6 0 63.0 6549

LSD .05 23 0.5 N.S. N.S. 1120
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Figure I. Seasonal stem nitrate -N levels measured in 'Aldura' wheat receiving various N applications
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Accuracy of Soil + Tissue Testing Procedure

Figure 2 shows the mean nitrate -N levels measured in treatments 6 -8, which each received 215 lbs N/a
as ammonium nitrate, calcium nitrate, and urea, respectively. The highest stem nitrate -N levels early in the
season resulted from the use of ammonium nitrate. This is probably due to the presence of a relatively
immobile N114 -N source, some of which remained concentrated in the immediate vicinity of the newly
forming root system following preirrigation. Certainly all or most of the preplant NH4 -N from this source
would have been nitrified in the 40 days between fertilizer application and the first stem sampling.

The greater mobility of urea in irrigation water probably resulted in the movement of much of the
preplant applied urea -N below the young root systems. This could well be responsible for the lower early -
season stem N 03 -N levels measured in plants fertilized with urea compared to ammonium nitrate. Later in
the season, root systems had proliferated deeper into the subsoil and presumably were able to absorb much
of the N applied as urea.

The use of calcium nitrate consistently resulted in the lowest stem nitrate -N levels. This may well be
due to greater leaching losses of applied N in the border irrigations which averaged four inches per
application. However, it should be noted, that by the early tillering stage, there was little practical difference
in the stem nitrate -N levels of plants fertilized with these three N sources.
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Figure 2. Seasonal stem nitrate -N levels in 'Aldura' wheat receiving application of different N sources
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The grain yields resulting from these three N treatments were not significantly different from each
other (P < 0.05) and were indistinguishable from yields obtained in treatment No. 3 (250 lbs N /a). As
mentioned previously, the N rate used in treatments 6,7, and 8 was determined using the currently
recommended interpretations of preplant soil analysis and mid -season stem analysis values.

Optimum grain yields and acceptable quality were obtained in this soil- system, reflecting well on the
accuracy of the currently recommended procedure under these conditions. The effectiveness of this
procedure is further emphasized by the adjusted economic returns calculated for each N treatment (Table 3).

Use of the recommended diagnostic procedure has the additional benefit of increased potential N -use
efficiency resulting from the split applications of N that are required when using this method. Increasing N-
use efficiency is especially important on soils subject to high mid -season losses of N due to leaching and/or
denitrification.

Under the conditions of this experiment and using the commodity costs indicated, the highest adjusted
economic return occured when N was derived from urea at a rate of about 215 to 250 lbs N/a or from
ammonium nitrate at the rate of 215 lbs N /a. Further experimentation using other dry and liquid N sources
would provide much needed additional data for selecting the most cost effective N management program
for a particular set of agronomic conditions.
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Table 3. Estimated adjusted economic returns for various N fertilizer treatments to
'Aldura' wheat

Treatment N Rate N Source Estimated
N Cost

Adjusted Economic
Return*

1

lbs /a

0

$/lb $/a

200
2 125 Urea 0.27 259
3 250 Urea 0.27 310
4 375 Urea 0.27 243
5 500 Urea 0.27 185
6 215 NH4NO3 0.35 303
7 215 Ca(NO3)2 0.60 218
8 215 Urea 0.27 319

LSD 0.05 65

* Assumes prices of 6.00, 5.75, and 5.50 per cwt. for grain with protein contents of above 14 %,,1343.9 %,
and below 13 %, respectively.

SUMMARY

Clearly, the interpretation of the stem nitrate -N tissue test requires care and some expertise.
Interpretation of values will be difficult, if not impossible, unless sampling begins early in the season and is
repeated at regular and diagnostic intervals. This need for periodic sampling is particularly true in soils
with low initial N fertility levels which could result in deficient stem nitrate -N contents early in the season.

Nitrogen applications made in accordance with the procedure currently recommended by the UA were
successful in achieving the maximum grain yield and acceptable protein levels under the conditions of this
experiment. Whether a comparable yield could have been attained using somewhat less than 215 lbs N/a
cannot be determined from the information available.

The non -responsiveness of stem nitrate -N levels to mid- season applications of N in wheat plants
already below the so- called deficient level cannot be explained from the results presented. For plants in this
condition, N may be too rapidly translocated into the growing plant to show accumulation in the lower stem
tissue. In addition, conversion of newly absorbed N to non -nitrate forms may occur so rapidly under 'N
deficient' conditions that it is simply not measured when only the nitrate form of N in the stem tissue is
determined.

Direct urea or ammonium uptake prior to the hydrolysis and/or nitrification of these forms of fertilizer
N seems an unlikely explanation to this question, as stem NO3 -N levels were consistently higher in wheat
fertilized with all ammonium -N (urea) or ammonium + nitrate -N sources (ammonium nitrate) compared to
wheat receiving only nitrate -N (calcium nitrate) (Figure 2).

Additional work is needed to more fully explain the behavior of stem NO3 -N levels under the wide
range of factors known to influence the N status of wheat. Nonetheless, the stem nitrate -N tissue test
proved to be a useful tool in predicting the N needs of irrigated spring wheat.
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