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ABSTRACT
There is no other nutrient as important as nitrogen (N) to attain high yields of wheat with
acceptable grain protein. Proper N management requires an understanding of the seasonal N
needs of the crop and a realistic estimate of the yield potential. An accurate estimation of
available N in the soil, a step many producers skip, is important to determine how much fertilizer
N is needed to maximize yield. Nitrogen available during early vegetative through boot growth
stages affects yield potential, while N applications after the boot stage are primarily used to
increase protein. A late-season N application is often needed to achieve protein standards for
hard red and white wheat and durum wheat. Plant tissue testing shows promise for predicting the
need for a late-season N application.
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INTRODUCTION
Nitrogen is typically the most limiting nutrient for irrigated or high rainfall wheat production,
and as such nitrogen fertilizer is almost always needed to achieve desired yield and protein
content. Protein content is a significant issue for wheat producers throughout California. The
price that a producer receives for hard red spring wheat is determined by the grain protein
content with a discount for wheat with less than 13% grain protein in California and 14% for
grain marketed in the Pacific Northwest. This has significant economic consequences for wheat
producers. A premium is also awarded for protein contents above this level, but the premium per
unit of protein is less than the discount.
Unfortunately, wheat yield and protein content are often inversely related and it is often difficult
to achieve both at the same time, especially with some of the newer higher yielding varieties. For
alfalfa production (the other crop covered in this Symposium), this negative relationship between
yield and forage quality is largely unavoidable, and growers must choose between the two.
Fortunately, for wheat producers it is possible to achieve high yield and protein content at the
same time through proper nitrogen fertility management. The principles of nitrogen fertilizer
management to meet yield and protein goals are be discussed in this paper.

1

S. Orloff (sborloff@ucdavis.edu) UCCE Farm Advisor, Siskiyou County, 1655 S. Main St., Yreka, CA 96097 and D. H. Putnam
(dhputnam@ucdavis.edu), Forage Specialist, Department of Plant Sciences, MS#1, University of California, One Shields Ave.,
Davis, CA 95616; In: Proceedings, 2012 California Alfalfa & Grains Symposium, Sacramento, CA, December 11-12, 2012. UC
Cooperative Extension, Plant Sciences Department, University of California, Davis CA 95616. (See http://alfalfa.ucdavis.edu
for this and other alfalfa symposium proceedings.)

NITROGEN UPTAKE
The nitrogen needs of a wheat plant (and for that matter most plants) change markedly over the
season, and are commonly thought of as occurring in three distinct phases. Cumulative nitrogen
uptake in wheat follows a sigmoid (or “S” shaped) curve giving rise to the three phases (Figure
1). Nitrogen uptake is slow during the early growth phase from emergence into tillering (Phase
1). Rapid accumulation of nitrogen occurs in Phase II, which corresponds to the stem elongation
phase from jointing to heading. Maximum N uptake occurs during this period and can reach 2 –
3 pounds per day totaling approximately 100 to 150 pounds of N per acre or more depending on
the yield potential (Brown et al., 2005). The plant accumulates most of the N by boot stage.
Uptake slows during the third phase. The plant still takes up some N but the rate slows and this
phase is characterized primarily by a redistribution of N within the plant. As the grain forms, N
is translocated from the leaves and stems to the developing grain.

Figure 1. Percent of total biomass and N uptake during the growing season at various wheat
growth stages. From: Nitrogen Management for Hard Wheat Protein Enhancement
Plant biomass production lags behind N uptake and accumulation (Figure 1). By boot stage, the
plant has taken up most of the N but has only accumulated about half of its biomass. It is
important to have adequate N available to the plant preceding the peak uptake periods so that
biomass production and yield potential are not adversely affected.
Early-season (prior to the boot stage) N uptake contributes to yield primarily and has minimal
effect on grain protein. It is critical not to short the plant during this critical early season time
period to realize full yield potential. In addition, early-season nitrogen applications can be
important to break down residue from the previous crop. Yield potential is determined by three
factors 1) the number of head-bearing tillers per unit area, 2) the number of kernels per head, and

3) the size of individual kernels. Of these, the density of head-bearing tillers is by far the most
significant. Therefore, an adequate supply of N throughout the vegetative growth stages is
critical to reach maximum potential yield. Nitrogen at tillering is important because it obviously
affects tiller density, and N during jointing is important because of its influence on the number of
kernels per head.
In contrast to early season N, late-season N has minimal impact on yield because tiller density
and kernel number have already been established. Late-season N can improve yield slightly in
deficient plants because it can increase individual kernel size and bushel weight somewhat.
However, of the three factors affecting yield, kernel size is the least important. Late-season N
can, however, have a significant impact on protein concentrations, as will be discussed later.
HOW MUCH NITROGEN TO APPLY
The appropriate amount of N fertilizer to apply can be a difficult question to answer without
knowing how much N the soil will supply, the growth and N uptake dynamics of the crop, and
the yield potential. Preplant soil testing and in-season plant analysis can provide guidelines for
N fertilizer application. However, for planning purposes, yield potential is a very important
consideration. This is not the yield the grower simply wishes to achieve, but rather what yield
can realistically be expected. The main considerations are the availability of irrigation water,
soil properties and weather conditions. Obviously, it does not make sense to apply as much N to
a dryland crop in California as it does a well-irrigated wheat crop. Cool conditions during grain
fill along with an absence of foliar diseases can also improve yield potential appreciably. The
class of wheat is another important consideration, as high protein is important for hard wheat
classes and durum wheat; whereas, lower protein is desirable for many uses of soft wheat.
Estimating Total N Requirement. The amount of N required can be calculated by multiplying
the yield goal by the N requirement per unit of grain yield. The amount of N (soil + fertilizer)
required in the Western US to optimize wheat yields varies from 3.3 to 5.0 pounds of N per 100
pounds of grain (Halvorson et al., 1987). Higher yields with acceptable protein typically require
the upper end of this range because of decreased N-use efficiency with increasing yield.
Significantly more nitrogen is needed when high protein is required in addition to maximum
yield. For example, research and observations in the Pacific Northwest indicate that for that area
2.6 to 3.3 pounds of N per 100 pounds of grain yield is required for maximum yield alone, while
the requirement increases to 4.6 to 5.3 pounds N per 100 pounds of grain to produce wheat with
a protein content of 14 percent.
Fertilizer N Requirement. Fertilizer N rates should be based on the expected crop yield minus
credits for residual soil nitrates and N mineralized from organic matter, manure, and previous
legume crops such as alfalfa. Soil N available to the wheat crop also includes current available
N (nitrate-N and ammonium-N) as well as N that becomes available during the growing season
from soil minerals and organic matter.
Soil N. All too often growers fertilize based on past practices alone and fail to consider the
residual N in the soil. Residual soil N levels can vary considerably and are strongly influenced
by the preceding crop and the N fertilization practices associated with that cropping system.

Residual soil N can be assessed by sampling the soil for nitrate-N. While not all the N in the soil
is in the nitrate form, most of the readily available N is. Mineralization of N, or the conversion
of N from an organic form to an inorganic state as a result of microbial decomposition, can make
a significant contribution (5 to 40% of the total N needed) to the N needs of the wheat crop
(Anderson et al. 2010). However, since most California soils are typically very low in organic
matter, especially those in the Central Valley, mineralizable N is often ignored. A nitrogen
mineralization soil test including nitrate and ammonium-N has been developed to predict the
spring fertilizer needs of soft white winter wheat in Oregon. While this approach is more
accurate than using soil nitrate-N alone, it has not been evaluated for California and for other
wheat classes.
Soil sampling should occur close to planting, as nitrate-N levels vary depending on biological
activity and fluctuate with changes in temperature and moisture. In addition, nitrate-N can be
easily leached. Although under ideal conditions the roots of a wheat plant can reach 4 to 5 feet,
soil sampling to a depth of 2 feet is often adequate to assess residual nitrate-N because
approximately 70 percent of the wheat roots are found in that zone. Failure to account for nitrateN in the soil can result in over-application of nitrogen fertilizers. Sample the first and second
foot depth increments separately. Pounds of nitrate-N potentially available per acre in each foot
of soil can be estimated by multiplying parts per million of nitrate-N by 4 (assuming an acre
furrow slice of soil is approximately 2,000,000 pounds). Then sum the pounds of nitrate-N in
the two one-foot increments. Keep in mind that some of this potentially available soil N may
become unavailable for crop uptake due to leaching, denitrification (loss as a gas), or
immobilization (uptake by microbes).
Legume crops fix atmospheric N, which in turn affects the amount of nitrogen in the soil
available to subsequent grain crops. The amount of residual N following a legume crop is not
easily quantified. Alfalfa is the predominant legume grown in rotation with grain in California.
An N credit of around 40 to 60 pounds of N per acre is usually given to an alfalfa crop that
precedes small grains. However, the N credit should be reduced if the alfalfa stand in the last
year of production is sparse and weedy.
Irrigation water can be another source of N for the crop but it is oftentimes small enough that it is
not considered. Exceptions include when the water source is well water that contains high levels
of nitrates or lagoon water from a dairy operation. Pounds of nitrogen per acre in the irrigation
water can be calculated by multiplying the parts per million of nitrate-N in the water by 0.226
and by the number of acre-inches per acre of water to be applied.
LATE-SEASON NITROGEN FERTILIZATION
The total amount of N applied is important, but the timing of the application is critical as well,
especially when it comes to the protein content of the wheat kernel. An adequate supply of N
during vegetative growth stages is essential to maximize yield, but does not ensure an acceptable
protein concentration. A late-season N application may be required to reach protein goals
because only after most of the N required for yield is supplied will additional N applications
increase grain protein content. Nitrogen applications made from the boot stage up to 2 weeks
after flowering have proven effective for increasing grain protein. Applications close to

flowering usually have the greatest impact. If the total amount of N required to reach both yield
and protein goals is all applied preplant, there may be insufficient N available at heading to
achieve the desired protein level because there is a risk of excessive vegetative growth and
lodging and higher potential for leaching. The amount of N needed is a function of the desired
protein concentration, the yield level and the wheat cultivar (varieties differ in their ability to
accumulate N). The amount of N typically applied with a late-season application intended for
protein enhancement is in the neighborhood of 30 to 50 pounds of N per acre. The higher the
yield, the more N required to increase the protein content.
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Figure 2. Appropriate cereal growth stages and N application timing effects on yield and protein.
From: Practices to Increase Wheat Grain Protein
IN-SEASON EVALUATION OF NITROGEN STATUS
An ability to assess the N status of a wheat plant during the growing season is helpful to gauge
the potential need for additional N applications. Plant tissue sampling is probably the most
effective technique. The nitrate-N concentration of the basal stem segment (bottom 1 -2 inches of
the stem) has been the recommended technique in California. Critical values can be found in
Extension publications from the different Western states. California guidelines caution against
using stem nitrate values to guide N fertility management after heading when the goal is to
enhance grain protein (Munier, et al.). However, stem nitrate values have been used successfully
for this purpose with durum wheat in Arizona (Knowles et al, 1991). More work is needed to
define critical values under different environments and to determine if they are cultivar specific.
Total N in the flag leaf (samples collected at heading) has been used successfully in the Pacific
Northwest to predict the need for supplemental N to achieve the desired protein concentration. A
total N concentration in the flag leaf of 4.2 percent was associated with a grain protein content of
nearly 14 percent. There was little increase in protein content from a late-season N application
when flag leaf total N was at this concentration. Flag leaf N concentration is useful to indicate
whether a protein increase is likely with a late-season N application, but does not indicate the
amount of N required or precisely the level of protein increase that can be expected.

CONCLUSION
An adequate supply of N is essential to attain high wheat yield at desired protein levels. While
some of the N needs of the plant are captured from soil residual N (nitrate and ammonium) and
mineralizable N from organic matter, commercial N fertilizer is almost always needed to reach
yield and protein goals. Precisely how much N to apply and when should be based on the
expected yield level and the amount of soil residual N available. Effective N management
throughout the season is essential for assuring both high production and grain protein. Nitrogen
applications made during vegetative growth stages increase yield, while applications after
heading typically have little impact on yield but increase grain protein. Oftentimes a late-season
N fertilizer application is necessary to reach protein requirements. Proper N fertilizer application
timing is important so that nutrients are available when required by wheat plants and to reduce
potential adverse environmental effects such as excessive nitrate leaching.
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