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Nitrogen deficiency during the winter where winter wheat

(Triticum aestivum L.) follows wheat and large amounts of straw

have been plowed down has been a factor limiting yield in the

Willamette Valley of western Oregon. Field experiments were

established to determine if an application of N on the stubble or

before plowing, in addition to standard practice of applying 23 kg

N/ha at planting, would increase yields.

Prior to fertilizer application, the stubble remaining after

harvest was chopped and spread with a modified forage harvester to

provide for even distribution of the straw and chaff rows. Liquid

nitrogen fertilizers were sprayed on the stubble at either a 23,

45, or 90 kg N/ha rate prior to incorporation. Three fertilizer

sources were used, Urea Sulfuric Acid (URS), ammonium sulfate

(AMS), and sewage sludge (SS), to compare the relative efficiency

of each. Various rates of spring fertilizers were applied as

subplots to the fall fertilizer main plots.

Whole plant samples were taken before harvest to determine the



N uptake of each treatment. Samples were separated into grain and

straw components, ground, and analyzed by a micro-Kjeldahl

procedure for N content.

Fall fertilization above the standard 23 kg N /ha applied at

planting had varying effects on yield. In general, there was

little or no response from the additional N during the first

growing season after application. When additional fall N was

applied on a field for two consecutive years, a yield response was

usually realized. Yield increases from URS were equal to or better

than yield increases from AMS. Sewage sludge generally yielded

better than the fall check. Nitrogen uptake was not significantly

influenced by the fall N in the first year of application, but did

show some response where fall N was applied for two consecutive

years.

The additional fall N is not used with the same efficiency as

spring applied N probably because the N is immobilized by the

stubble, soil organic matter, and microorganisms. Further research

is needed to determine the optimum rates and times of N application

during the fall and/or winter. Future experiments need to compare

the efficiency of N applied on the stubble compared with December,

January, or February applications, which could be combined with

herbicide application operations.
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Effects of Nitrogen Applied on Wheat Straw on Winter Wheat
(Triticum aestivum L.) Yields in Western Oregon

INTRODUCTION

Wheat yields of 6,700 kg/ha or more are frequently harvested in

field experiments and farmers fields where five or more consecutive

wheat crops have been produced on deep, well-drained valley floor

and river bottom soils in the Willamette Valley. Take-all decline

has been established on these soils and a low incidence of leaf

diseases or control of leaf diseases is essential to produce these

yields.

Reduced open burning requires that stubble be plowed down (or

removed) on wheat fields. A common fertilizer program is to apply

23 to 33 kg N/ha in the fall at planting followed by 134 to 145 kg

N/ha in the spring. To produce 100 kg of wheat requires

approximately 3.35 kg N, which is equivalent to 225 kg N for 6,720

kg wheat (100 bushels). This suggests that a significant amount of

N (probably 85 to 110 kg N/ha) has to be released from the soil or

decomposing crop residue to supply the 220 to 250 or more kg N

required to produce these yields.

Common N requirement calculations would predict that

incorporating 9,000 to 11,000 kg straw/ha between August harvest

and October planting should immobilize N in decomposition of the

crop residue that might otherwise be available for the growing crop.
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It appears that N is being released from the soil and/or decomposing

straw to supply this N deficit for the growing crop.

Recent observations in the Willamette Valley of western Oregon

indicate that N deficiency during the winter (January to February)

when wheat follows wheat has been a definite factor limiting yield

and increasing plant susceptibility to take-all root rot

(Caeumannomyces graminis var. tritici).

Questions have also been raised concerning the optimum N rate

that should be applied in the fall to eliminate N deficiency during

the winter months when large amounts of straw have been plowed down.

The first step in answering this question was to find out if an

application of N on the stubble or before plowing, in addition to

the 23 kg N/ha at planting, would increase yields. There was also a

need to establish whether the potential response from added fall N

fertilizer was greater the second or third year of application than

on the first year of application; the first year of application

would have to be on at least a second year wheat crop. The answers

to these questions have implications concerning the cycling of N

through the crop residues and/or soil organic matter.
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LITERATURE REVIEW

Fate of Nitrogen Applied to Wheat Straw

Past research has indicated that it is more efficient to add

nitrogen (N) fertilizer at a time that will provide optimum plant

uptake than to recycle N fertilizer thru the wheat straw (Smith

and Peterson, 1982; Smith, et al., 1978; Saffigna, et al., 1982;

Bacon, 1982; Allison, 1973). Some of the fertilizer added to straw

is immobilized by the low N residue and is only partially available

to the succeeding crop. Immobilization of N by decomposing crop

residues decreases N-use efficiency when losses of N occur in each

subsequent turnover (Smith and Peterson, 1982). Some of the applied

fertilizer N is retained by the straw during decomposition, but

significant amounts are lost (Cochran, et al., 1980).

Olson (1982), in a study on winter wheat following winter

wheat, broadcast 80 kg N/ha as (NH4)2SO4 containing 15N

October 4 on a field that was chiseled and disced before planting;

26% of the applied N was immobilized by December 6, and 40% by May

21. Leaching losses below 150-cm. accounted for 6.5% of the

fertilizer N with 10 to 18% lost through denitrification soon after

application. The crop used 41.6% of the applied N. At crop

maturity, over half of the fertilizer N remained in the soil and

crop residue (82% of the remaining fertilizer), mainly in organic

forms, and was immobilized in the top 150-cm. of soil. Only slight

losses of this N would be expected since the N is in organic forms.
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Black and Reitz (1972) determined in an incubation study at 20

C that for each 1,000 ppm of straw incorporated, soil NO3-N levels

were decreased about 10 ppm. Bartholomew (1965) reported that

cereal straws (0.5% N) immobilize from 0.9% to 1.5% organic N or 18

to 30 pounds of N per ton of fresh residue. Cochran, et al. (1980),

in a laboratory experiment using soil columns, found only 36% of the

N applied to incorporated straw was recovered as Kjeldahl N plus

NO3-N. They also found that when N was applied, there was an

initial immobilization of 90% of the added N, followed by a rapid

decrease of immobilization to zero by the seventh week after

application. Net mineralization was occurring by the ninth week.

Saffigna, et al. (1982) determined that 65 to 74% of 15N applied

to wheat stubble (0.32% N) in the field on February 6 before summer

fallow was recovered in soil and stubble when straw was present at

rates of 2, 4, and 8 tonnes per hectare. They hypothesized an

average of 5 kg N/ha is immobilized per tonne of stubble added to

about 4 T/ha, with 3 kg N/ha immobilized per tonne of straw added

between 4 and 8 tonnes per hectare.

Bartholomew (1971) hypothesized that the percentage of the N

contained in the "residue sink" that passes through the mineral form

to the next crop is in the range of 10-30%. Frederickson, et al.

(1982) found the net soil immobilization of fertilizer N by the end

of the first cropping season under field conditions in the Palouse

Region of eastern Washington was 60-70% of the N added to tilled

soil. The recovery of surface applied fertilizer N was less than

50% by two successive wheat crops. Crasswell (1978) determined that
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addition of straw increases immobilization to a maximum of 9 kg N/ha

compared with 4 kg N/ha when straw was not present. Smith and

Douglas (1971) reported that approximately 70% of the N added to

straw under field conditions in southern Idaho was leached out of

the straw into the soil and would be available for crop use. This

left about 27% of the added N to be immobilized in the straw. The N

not immobilized would be subject to leaching losses or crop use.

Smith, et al. (1973) determined that approximately 7.5 kg N

fertilizer per metric ton of straw is required to compensate for

soil N immobilization by the incorporated straw. Allison and Klein

(1962) concluded that if only a portion of the added C material is

readily attacked by microorganisms, as is true of wheat straw, then

the early immobilization of N is reduced.

Reinertsen et al. (1984) leached wheat straw samples with cold

water, extracted water soluble C and N, and studied decomposition of

the leached and nonleached straws. When N was added to the straw

there was more N immobilization than where no N was added. They

postulated that the microbial biomass produced during the

utilization of the soluble C and intermediately-available C

fractions determines the amount of N immobilization that occurs

during wheat straw decomposition. They concluded that the overall

rate of decomposition in the early stages and the amount of N

immobilization is dictated by the size of the soluble C pool and an

intermediately-available C pool that is not soluble in cold water.

After a period of time elapses and decomposition of the wheat

straw proceeds, some of the applied N is released by mineralization
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and becomes available to the growing crop. Immobilization and

mineralization occur simultaneously in the soil system. Bartholomew

(1965), in a review of past research, reported that mineralization

rates are from less than 2% per year to as high as 10%. He reported

that N immobilized in the decomposition of crop residues is slow to

undergo biological mineralization. Straw-immobilized N will not be

available with the same recovery efficiency as fertilizer N applied

to a growing crop (Smith and Douglas, 1971; Fribourg and

Bartholomew, 1956). Allison and Klein (1962) determined that about

one-third of the immobilized N may become available with time. The

other two-thirds of the immobilized N will only be slowly

mineralized. They also found that net N immobilization paralleled

CO
2

evolution. Immediately after both maximum CO
2

evolution and

net N immobilization ceased, net N mineralization began and CO
2

evolution decreased.

Fertilizer N that is not mineralized during the first growing

season (as much as one-third of the N added as fertilizer) will be

in the organic fraction. An appreciable quantity of the N

assimilated by soil microbes reacts with various decomposition

products to produce organic N products resistant to microbial

activity (Power and Legg, 1978). The stability of this immobilized

N increases with time, and net mineralization from these organic N

products is very slow, about the same as native humus (Allison and

Klein, 1962; Allen, et al., 1973; Stevenson, 1982; Frederickson, et

al. 1982; Smith and Peterson, 1982; Bartholomew, 1965). Allen, et

al. (1973), in a study using 15N-labeled urea, decided that about
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half of the fertilizer N remaining in the soil after the first

growing season, about 15-20% of the N originally applied, could

still be accounted for in the soil five years later. This remaining

fertilizer N is incorporated into the soil organic fraction and is

not readily mineralized or subject to leaching. Stevenson (1982)

has concluded that the Mean Residence Time (MRT), or the average

life, for the N retained after the first season is about five years.

Due to increased humification, any N retained after this period

will have a MRT of about 25 years. After this time, the MRT will be

the same as for the native humus, estimated to be from 200 to 800

years.

Decomposition of Wheat Residues

There has been a general consensus that crop residues

containing less than 1.5% N will require additional N (either from

soil N or fertilizer N) to meet the requirements of the decomposing

microorganisms (Allison, 1955; Smith and Petersen, 1982). Wheat

straw ranges from 0.2 to 0.6% N (Parr and Papendick, 1978; Smith, et

al., 1978). Parr and Papendick (1978) suggest that the application

of inorganic fertilizer N to low N residues can accelerate the rate

of decomposition with the increased rate of decomposition occurring

soon after application. After 6 to 9 months, there was little

difference in the extent of decomposition of the residue whether

fertilizer N was added or not. Smith and Douglas (1971) found a

decrease of 55% in the weight of N in N-treated straw two and

one-half months after it was incorporated into soil in the field.
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After six and one-half months, non-treated straw had increased in N

weights by 12 to 32%. After 13 months in the field, about 75% of

the straw weight was lost with little difference in the amount of

decomposition between the N-treated and the non-treated straw

samples. Smith and Douglas (1968) concluded that residual

fertilizer N or mineralization from organic N sources was utilized

during the decomposition of low N straw applied to soil in a field

situation in southern Idaho. On the average, 44% of the straw

decomposed during a three month period in the summer.

Bartholomew (1965) summarized research work in this area which

suggests that after the initial stages of decomposition of crop

residues, a quantity of organic N remains. This remaining organic N

is considered as that needed to satisfy the decomposing

microorganisms and is estimated from 1 to 2% of the weight of the

fresh residue, including the N originally present in the plant

material (Allison and Klein, 1962). Knapp, et al. (1983) suggest

that the rate of residue decomposition is determined by the

microbial biomass which is produced during the early stages of

decomposition. The size of the biomass is apparantly determined by

the initial quantity of readily available C and N in the residue.

They conclude that organic residue decomposition may be hastened by

the addition of readily available C and N. These samples were

incubated for 240 hours only, so the conclusions may have been

different if allowed to progress over a longer time period or in a

field situation. Smith and Peterson (1982) suggest that

decomposition in the field proceeds at some rate that is not limited
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.by N when N percentages in the crop residues are below the

theoretical equilibrium value of 1.5% N.

Smith and Douglas (1968) felt that decomposition of wheat straw

over a three month period was not increased by adding N fertilizer

to the straw, even though the N content of the decomposing straw

increased with each increment of fertilizer N. However, these

authors later concluded that the addition of inorganic N to low N

plant residues generally increased decomposition rates when large

amounts of straw are incorporated into soil low in residual N and

low in nitrification capacity (Smith and Douglas, 1970 and 1971).

Bartholomew (1965) summarized previous research which indicated

that when N is limiting the development of decomposing

microorganisms, an increase in inorganic N will result in an

increase in net immobilization. However, when the requirements of

the microflora are satisfied, additional N remains unused in the

system and may cause a reduction in the rate of microbial activity

if the concentration is high enough. Smith, et al. (1978)

determined that fertile agricultural soils will provide enough N

from nitrification to satisfy the microbial requirements for straw

decomposition with current N levels found in cereal crop straw.

They state that several field experiments conducted at Kimberly,

Idaho showed that the addition of fertilizer N to the straw did not

accelerate straw decomposition. However, the soil N immobilized may

need to be replaced with fertilizer N to provide adequate N for the

next crop. Cochran, et al. (1980) decided that N additions increase

decomposition of low N residues in a low N soil system initially,
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but eventually the amount of decomposition will be the same whether

N was added or not. According to Campbell (1978) crop residues will

decompose an equivalent amount without adding fertilizer N, so any N

applied at the time of stubble incorporation will be absorbed by the

soil microflora and not by the wheat crop. On dryland wheat in

Montana, 95% of the buried wheat straw decomposed within eighteen

months and the residue increased from 0.3 to 1.2% N without adding

fertilizer N (Brown and Dickey, 1970).

Smith and Peckenpaugh (1985, personal communication) buried

straw in fiberglass cloth bags in the field in the fall and sampled

them four times in 12.5 months. They found that the initial N

concentrations in the straw did not correlate with decomposition

rates. A fraction of the N in the straw was in a soluble form and

was leached out of the straw by fall rain. The low N samples took

up N from the soil while higher N samples lost N to the soil. Wheat

straw samples that ranged from 0.22 to 1.25% N had a range from 0.30

to 0.64% N with an average of 0.43% N within 10 weeks (September 16

to November 22). The N concentration in the straw decreased an

average of 37% by the first sampling in November. Net N

immobilization then occurred in the field and the weights of N

increased in the straw by an average of 16% by March. During the

summer while a corn crop was growing, N decreased by an average of

29% in the straw which indicated that the straw was a source of N

to the growing corn crop. Immobilization and mineralization

occurred at the same time even though N percentages were low and

only immobilization would be expected.
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Residual Fertilizer Nitrogen

Residual fertilizer N has an effect on crop responses to

fertilizer N by supplying some of the needs of the growing crop. In

a study using
15
N-labeled urea, an average of one-third of the

applied fertilizer N could be accounted for in the surface soil

after the end of the first growing season (Allen, et al., 1973).

When they resampled the same plots five years after the initial

application, one-sixth of the fertilizer N remained in the soil and

had a similar composition to that of the native humus N. After the

first year, the percentage of the fertilizer N left in the soil

decreased with an increase in application rate (40% at 56 kg N/ha;

33% at 112 kg N/ha; 26% at 168 kg N/ha). They hypothesize that

there is some threshold amount of N that is required to meet the

nutritional requirement of the microbial population. Beyond this

minimum requirement, relatively more of the fertilizer N will become

available to plants. After five years, the percentage of the

residual fertilizer N (fertilizer remaining after the first growing

season) increased with an increase in application rate. Apparently,

greater mineralization of residual N occurred at the lower

application rates (Allen, et al., 1973). Olson (1982) reported that

residual fertilizer N accounted for 41.5% of that applied, and an

additional 10.7% remained in crop residue.

Stevenson (1982) concluded that part of the fertilizer N added

to many agricultural soils will remain in the top layer in organic

forms for many decades. The fact that part of the fertilizer N
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remains in the soil for years does not mean that N levels in soil

will increase through repeated fertilization. Any fertilizer N

incorporated into newly formed humus, when adequately large amounts

of residues are incorporated, will be compensated for by

mineralization of an equivalent amount of older humus, therefore a

steady-state of organic N levels in the soil is maintained

(Stevenson, 1982). He also states that by continually applying

ammoniacal fertilizers, a slight increase in fixed NH
4
+ content

may occur. Frederickson, et al. (1982) broadcast
15

N to a spring

wheat crop which used 25 to 40% of the fertilizer N. A winter wheat

crop was then grown in the same microplots to assess the

availability of the residual fertilizer N and the available straw N.

They determined that the N added to wheat straw was initially more

available to crops than residual fertilizer N or soil N, but still

less than 10% of the total N taken up by the winter wheat.

Availability of residual fertilizer N to the following winter wheat

crop ranged from 2 to 5% of that originally applied, or from 3 to 8%

if calculated on the basis of the labeled N remaining after harvest

of the preceeding crop.

Nitrogen Uptake

The amount of N taken up by a wheat crop is determined by the N

needs of the plant in a given environment. Crop recovery of

applied fertilizer N can give an indication of the N-use efficiency

of the applied N. When large amounts of carbonaceous residues are
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added to a soil system, the observed check uptake of N is higher

than that estimated by regression (Terman and Brown, 1968).

Estimated percent recovery by difference increases as the amount of

N applied increases. This may result from fixation and/or

immobilization of the initial increments of applied N. A portion of

the initial increments of applied N was retained in the soil system

regardless of the application rate. After correcting for the amount

of N initially immobilized and/or fixed at all rates, the linear

regression coefficients were a valid expression of recovery of

applied fertilizer N (Terman and Brown, 1968). Uptake of 15N by a

winter wheat crop ranged from 8 to 11% of the total N added in

straw, 3 to 8% for residual fertilizer N, and a similar amount for

soil N (Frederickson, et al., 1982). Nitrogen uptake was

significantly lower with mixed straw-mixed fertilizer treatments,

which indicates that the straw in the soil immobilizes some of the

fertilizer N applied to straw (Elliot, et al., 1981).

Timing of N fertilization can affect the amount of N recovered

by the wheat crop. Olson, et al. (1979) measured N recoveries of 44

and 57% of fall and spring applied N, respectively. In a different

experiment Olson (1982) determined that the winter wheat crop used

41.6% of the fall applied N.

In a study of nitrogen recovery in the field in western Oregon

51
using N labeled fertilizer, Kjelgren (1984) found that as dry

matter increased the N content of the plants decreased. His data

suggested that uptake of spring fertilizer N is complete

approximately 40 days after application, or in the watery kernal
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stage. Nitrogen-use efficiencies up to 60 to 70 were reported for

deep, well drained soils where diseases are not a major problem. He

found 70% of the N recovered in the plants was found in the grain.

A substantial amount of N is then returned to the soil in the straw

in this environment.

Marginal Rates of Substitution

Agricultural economists measure the relative productivity of

jointly used inputs by the method of marginal rates of substitution

(MRS) (Heady, et al., 1955). The MRS is the ratio of the marginal

productivity of an input, X2, and the marginal productivity of

another input, X1. This gives a measure of the relative

productivity of the two inputs at a given point on the production

surface. Mathematically, consider the yield response function,

Y=f(X
1,

X
2
)

where Y=yield; X1 and X2 represent inputs used to produce Y.

The MRS equation is:

MRS=-[(dY/dX
2
)/(dY/dX

1
)]

The estimated response surface can be used to make economic

recommendations for fertilizer N. When the expected prices for

wheat and N fertilizers are known, a profit equation can be formed

and the level of fertilizer N which maximizes expected profit

determined (Heady, et al., 1955).

Haby, et al. (1983) used this procedure of MRS to focus on the

relative efficiency of fertilizer N and residual soil NO3-N. The
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estimated yield response relationship indicated a diminishing MRS of

soil NO3 -N for fertilizer N. Thus, the ability of residual soil

NO3 -N to replace fertilizer N decreases as residual soil NO3 -N

is increased relative to fertilizer N while maintaining a

predetermined yield level. Mathematically, the MRS of residual

NO3 -N for fertilizer N was substantially less than one. The

results gave strong evidence that residual soil NO3 -N is not as

efficient as fertilizer N in producing winter wheat grain yields.
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MATERIALS AND METHODS

Experiments were established during the 1982-83 and 1983-84

growing seasons to evaluate the response from higher rates of fall

applied N on winter wheat where wheat follows wheat with the stubble

plowed down. Nitrogen solutions were sprayed on the stubble before

plowing on a series of experiments; this was in addition to the

established practice of banding about 23 kg N/ha with the seed at

planting. The location, legal description, soil series, and number

of years of consecutive wheat crops are given in Table 1 for the

experiments established.

Fall Fertilization

Prior to fertilizer application, the stubble that remained

after harvest was chopped and spread with a modified forage

harvester to provide for even distribution of the straw and chaff

rows. Liquid nitrogen fertilizer was sprayed on the stubble before

incorporation to insure that it would have maximum contact with the

residue. The nitrogen sprayed on the stubble was in addition to the

23 kg/ha banded at seeding. Different fertilizer materials were

used to compare the relative efficiency of each source.

Urea-Sulfuric Acid (URS), a reaction product of urea and sulfuric

acid containing 17% N and 18% S, was applied at all sites. Ammonium

sulfate (AMS) solution was applied in comparison with URS on all but

two locations. Liquid AMS has 8.4% nitrogen and 9.6% sulfur.
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Table 1. Location, legal description, soil series, and years in wheat
for the experimental sites.

Grower
County/Town

Legal
Description

Soil Series
Taxonomic Name

Years in
Wheat

Christensen
Yamhill
Amity

Keyt

Polk

Perrydale

1982-83 Locations

W 1/4

Section 26
T.5 S, R.5 W

NE 1/4

Section 23
T.6 S, R.5 W

Woodburn
fine-silty, mixed, mesic
Aquultic Argixeroll

Willamette

fine-silty, mixed, mesic
Pachic Ultic Argixeroll

1982-83 and 1983-84 Locations

five

two

Coon

Linn
Shedd

Hyslop

SE 1/4

Section 30
T.12 S, R.4 W

SW 1/4

Woodburn
fine-silty, mixed, mesic

Aquultic Argixeroll

Woodburn

*four

*one
Benton Section 5 fine-silty, mixed, mesic or

Corvallis T.11 S, R.4 W Aquultic Argixeroll four

NWES SW 1/4 Willamette *one
Clackamas Section 25 fine-silty, mixed, mesic or

Aurora T.3 S, R.1 W Pachic Ultic Argixeroll three

1983-84 Locations

Davidson NE 1/4
Marion Section 30
St. Paul T.4 S, R.2 W

Sharf NE 1/4

Polk Section 24
Perrydale T.6 S, R.5 W

Woodburn
fine-silty, mixed, mesic
Aquultic Argixeroll

Woodburn-Amity

fine-silty, mixed, mesic
Argiaquic Xeric Argialboll

seven

six

*-Years in wheat given for 1982-83. Add one year for 1983-84.
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Sewage sludge (SS) was compared with the commercial N sources on two

locations, the NWES and Hyslop sites. Total N content in the SS was

determined using a micro-Kjeldahl procedure. Application rates were

calculated from the total N content which includes organic and

inorganic N. The SS applied at the NWES site came from the Salem

waste-water treatment plant and was applied with the treatment plant

tanker truck. Sewage sludge from the Corvallis waste-water

treatment plant was applied at the Hyslop farm with a research plot

sprayer tank. Each location included a fall stubble check treatment

and all plots had about 23 kg N/ha plus 20 kg P/ha banded with the

seed at planting.

The liquid nitrogen fertilizers were applied with a sprayer

system built by Rears Manufacturing Company of Eugene, Oregon. The

sprayer has a centrifugal pump and either stainless steel or

polypropylene fittings, nozzles, and boom to avoid corrosion from

URS. The URS was diluted with water to a 3:1 or a 1:1 ratio of

water to URS. Fall treatments were established as main plots in a

split plot experimental design.

On the grower field sites, the spring treatments were applied

as subplots to the fall fertilizer treatments. Plots were sprayed

in the fall on an 8 meter-wide strip of various lengths on all sites

except Hyslop farm, where a three meter-wide by eleven meter-long

plot dimension was used. Spring treatments were applied

perpendicular to the fall treatments so that the individual plots

containing both fall and spring treatments were then three meters

wide and 8 meters long. At the NWES site, plots were eight meters
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wide and six meters long after spring fertilizer treatments were

established. Spring fertilizers were applied on the same 3x11 meter

plots as the fall fertilizers at the Hyslop farm site.

Spring Fertilization

Spring fertilizers were applied between February 25 and March

15 in both years. During 1982-83 spring fertilizers were applied at

zero, 45, 110, or 180 kg N/ha on the grower fields. At the Hyslop

site, either 45 or 90 kg N/ha were applied and at the NWES site 0,

67 or 135 kg N/ha rates were established. All sites received 100 to

110 kg Cr/ha. In 1983-84, all of the grower fields received

split applications of spring fertilizers, the first in late February

or early March and the second in late March. The total N and Cl

rates per hectare were the same as in 1982-83, except that an

additional rate of 245 kg N/ha was established at the Coon and Sharf

sites. The early spring application consisted of 45 kg N/ha and 45

kg C1 /ha. At the Hyslop and NWES sites, rates of 90 or 135 kg

N/ha were applied in one application in mid-March. All spring

fertilizers were hand-broadcast. All plots received approximately

30 kg S/ha to prevent any sulfur deficiencies from developing.

Materials used in the spring fertilization operation include

ammonium chloride (26-0-0) to provide 90 to 110 kg Cr/ha,

ammonium sulphate (21-0-0-24) to provide 30 kg S/ha, and urea

(45-0-0) to provide the remaining N.

Herbicides for weed control were applied in both years either
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by the growers with their equipment or with a plot sprayer. In the

1983-84 season all plots received an application of Benlate

(benomyl) to control Circosporella foot rot and Tilt

(propiconazol) to reduce Septoria leaf and glume blotch.

Nitrogen Uptake Study

Whole plants were sampled in the field just before harvest at

three locations during both the 1982-83 and 1983-84 crop years.

Whole plant samples were also taken in April and again in June

during the 1983-84 season. Two rows of wheat, each one-meter long

and at least three rows in from the edge of the plot were sampled.

These whole plant samples were weighed before being threshed in a

Vogel thresher. The grain was collected and weighed. Straw weights

were calculated by difference, and a grain:straw ratio was

calculated. Grain yields were measured with a Hege plot combine and

calculated on a per hectare basis. The straw weight per hectare was

determined by dividing the grain weight by the grain:straw ratio.

After the samples were separated into grain and straw

components lab analysis was performed to determine %N and %P in

each. Subsamples of the grain and straw were taken from the

original two-meter sample, ground, subsampled again, and then

brought into the lab for subsequent chemical analysis. The standard

micro-Kjeldahl procedure used at the 0.S.U. Plant Analysis Lab was

done for %N and %P determinations. The N uptake in kilograms per

hectare was calculated by the following equation:



21

N uptake=[(grain wt./ha)(grain %N/100)+(straw wt./ha)(straw %N/100)]

Tables 2-7 show the average weights, %N, and uptake values of the

treatments that were sampled at each location.

Linear regression analysis was performed on the N uptake data.

Fertilizer nitrogen recovery is calculated by difference from the

regression of N uptake. Since a check, or zero N treatment, was

included in the sampling the recovery could be calculated using

Y= a+bx, where:

Y= total N in plant part, kg/ha.

a= intercept of regression line; this approximates the N uptake

by the plant part from an unfertilized plot, kg/ha.

b= slope of the regression line; this approximates the fraction

of fertilizer N recovered in the plant part.

x= amount of fertilizer N applied.

The total N recovery is an estimate of the total amount of nitrogen

in the plant part contributed from two sources: soil derived, as

estimated by a, and fertilizer derived, as estimated by bx. The

regression parameter b is an estimate of that fraction of fertilizer

N which the plant recovered. Multiplying b by 100 will give the

percent recovery of fertilizer N.

There were a limited number of N uptake samples where

experimental errors were obvious (ie. the third sampling date showed

less N uptake than the second sampling). A missing plot value was

calculated for these samples; the values have been identified with a

footnote in each table.
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Data Analysis

The wheat was harvested in late July or early August with a

Hege plot combine that harvested a one and one-half meter swath from

each plot. The samples were collected from each plot, weighed on a

milk scale, and subsampled for a test weight calculation. Prior to

harvest, all the plots lengths were measured so the plot yield could

be calculated on a per hectare basis.

All of the experiments were analyzed with a two-way analysis of

variance for yield and for N uptake. The grower field sites were

analyzed as randomized block split plot designs. At the NWES site

the plots were established in a randomized block split-split plot

design. On the Hyslop farm site the experiment was a randomized

block split plot design with a factorial set of split plots. A

least significant difference (LSD) was calculated for all

experimental data.

On the grower field sites quadratic regression analysis was

also performed on the yield data using the regression model:

Y= a+ b
1
(FN)+ b

2
(SN)- b

3
(SN)

2
+ b

4
(FNxSN)

where, Y= grain yield, kg/ha

a= constant

b
1
= fall nitrogen coefficient

b
2
= spring nitrogen coefficient

b
3
= square of spring nitrogen coefficient

b
4
= interaction of fall and spring nitrogen coefficient

The fall applied nitrogen had basically a linear yield response, so
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the fall nitrogen squared term was dropped from the regression

model. With the regression analysis the contribution of the fall N

compared to the spring N on yield could be determined.

A method for determining the relative efficiency of two jointly

used inputs on grain yield is the Marginal Rates of Substitution

(MRS) analysis. The MRS shows the ability of the fall N to

substitute for the spring N in promoting grain yield. If the

calculated MRS value is negative one than the substitution of fall N

for spring N would be the same. When the MRS is more than -1.0,

then the efficiency of the fall N is not as good as the spring N in

producing grain yields.

Linear regression analysis was performed on the N-uptake data

to determine the amount of nitrogen used by the plant versus the

applied N. The linear regression model used was:

Y= a+ b
1
(FN)+ b

2
(SN)+ b

3
(FNxSN)

where, Y= N-uptake, kg/ha

a= constant

bi= fall nitrogen coefficient

b
2

spring nitrogen coefficient

b
3
= interaction of fall and spring nitrogen coefficient

Using this regression function the amount of fall applied N that was

taken up by the wheat plant could be determined and compared to the

amount of spring applied N that was taken up.
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RESULTS AND DISCUSSION

Effects of Fall Applied N on Grain Yield

Fall-applied N fertilizers added to the standard 23 kg N/ha

rate applied at seeding had a varying effect on grain yields. In

general, there was little or no response in grain yield to higher

fall rates of applied N during the first season (Tables 2-4, 6, 8,

9). When fall N was applied on a field for two consecutive years, a

yield response was usually realized (Tables 5, 7, 10). When there

was a response from an added rate of fall N fertilization, yield

increase from urea sulfuric acid (URS) was equal to or better than

yield increase from ammonium sulfate (AMS). In some experiments

both URS and AMS gave increased yields over the fall N check.

In the 1982-83 growing season, the first year of fall applied

N, there were no significant differences in grain yield treatment

means between the fall check and fall N rates on the Coon (Table 2),

Christensen (Table 4), NWES (Table 8), or Hyslop (Table 9) sites.

The one exception was on the Keyt farm (Table 3) where the yield

increase from 45 kg N/ha as AMS and URS was significantly higher at

the 10% significance level than the fall check. However, this was

on a location with higher soil organic matter (OM), legumes in the

rotation, and cereal crop straw plowed down for many years.

During the 1983-84 growing season there were significant (5%)

yield increases from some of the fall N treatments (Tables 5, 7, 10)

on the Coon, NWES, and Hyslop sites. All of these sites had fall N
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Table 2. Grain yield, grain %N, straw yield, straw %N, and total
nitrogen uptake at 1982-83 Coon site.

N Fert. Applic. Grain Straw N Uptake

TotalFall1 Spring Yield N Yield N

kg/ha

0 0

kg/ha % kg/ha

2 476 1.5 3 436 0.26

kg/ha

44.7

23 URS 0 2 684

45 URS 0 2 072 1.5 2 630 0.33 39.9

0 45 3 450 1.3 5 338 0.28 60.4

23 URS 45 3 552

45 URS 45 3 396 1.4 5 074 0.30 63.1

0 110 5 373 1.5 6 555 0.29 98.0

23 URS 110 5 535

45 URS 110 5 195 1.5 7 336 0.30 99.1

0 180 5 927 1.7 8 488 0.36 132.5

23 URS 180 5 855

45 URS 180 5 937 1.8 8 282 0.36 135.1

LSD
0.05'

507

Average for 0,

0

45,

3

and

766

110 kg spring N/ha

23 URS 3 924

45 URS 3 554

Average for 0,

0

45,

4

110,

306

and 180 kg spring N/ha

23 URS 4 406

45 URS 4 150

LSD
0.05:0.05

230

#- All plots received 225 kg/ha of 10-20-22 which also supplied

45 kg Cl/ha and 12 kg S/ha.
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Table 3. Grain yield, grain %N, straw yield, straw %N, and total
nitrogen uptake at 1982-83 Keyt site.

N Fert. Applic. Grain
Yield

Straw N Uptake

TotalFall# Spring Yield N N

kg/ha kg/ha % kg/ha kg/ha

0 0 2 736 1.3 3 456 0.28 44.4
45 AMS 0 3 077 1.3 3 396 0.25 47.2
45 URS 0 3 147 1.3 3 565 0.28 51.0

0 45 3 802 1.2 4 874 0.25 58.6
45 AMS 45 4 124 1.2 4 940 0.28 65.0
45 URS 45 4 175 1.2 5 770 0.28 66.9

0 110 5 583 1.3 8 380 0.30 97.9

45 AMS 110 6 224 1.3 9 000 0.32 111.9

45 URS 110 6 238* 1.3 8 344* 0.28 104.2

0 180 6 454 1.5 9 149 0.29 123.2
45 AMS 180 6 821 1.4 10 916 0.38 140.3

45 URS 180 6 922 1.5 9 677 0.34 136.8

LSD
0.05:0.05

485

Average for 0, 45,

0 4

and 110 kg spring N/ha

040

45 AMS 4 475

45 URS 4 520

Average for 0, 45,

0 4

110,

644

and 180 kg spring N/ha

45 AMS 5 062
45 URS 5 120

LSD0.10: 445

*- Missing data. Used average of other three reps.
All plots received 225 kg/ha of 10-20-22 which also supplied

45 kg Cl/ha and 12 kg S/ha.
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Table 4. Grain yield, grain %N, straw yield, straw %N, and total
nitrogen uptake at 1982-83 Christensen site*.

N Fert. Applic.
Yield

Grain Straw N Uptake
TotalFall# Spring N Yield N

kg/ha

0 0

kg/ha

2 888

% kg/ha

1.3 4 288 0.25

kg/ha

48.5

45 AMS 0 3 006 1.4 4 319 0.26 52.2

45 URS 0 2 811 1.3 4 091 0.25 47.2

0 45 3 961 1.3 6 040 0.25 66.4

45 AMS 45 4 193 1.3 6 662 0.24 72.7

45 URS 45 4 241 1.3 6 090 0.26 70.3

0 110 5 736 1.3 8 825 0.28 102.6

45 AMS 110 5 809 1.4 6 966 0.27 99.4
45 URS 110 5 915 1.4 8 596 0.28 105.7

0 180 6 631 1.5 9 085 0.31 128.5

45 AMS 180 6 487 1.5 8 411 0.32 122.6

45 URS 180 6 290 1.5 8 609 0.34 125.0
LSD0.05: 366

Average for 0,

0

45,

4

and

195

110 kg spring N/ha

45 AMS 4 336

45 URS 4 322

Average for 0,

0

45,

4

110,

804

and 180 kg spring N/ha

45 AMS 4 874
45 URS 4 814

LSD
0.05:0.05

459

*- Straw was baled and removed prior to fall N fertilization.
Yt- All plots received 225 kg/ha of 10-20-22 which also supplied
45 kg Cl/ha and 12 kg S/ha.
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Table 5. Grain yield, grain %N, straw yield, straw %N, and total
nitrogen uptake at 1983-84 Coon site.

N Fert. Applic. Grain Straw N Uptake
Fall# Spring Yield N Yield N April June Aug.

kg/ha

0 0

kg/ha

1 957

kg/ha

1.8 5 941 0.45 35.6

kg/ha

47.0 61.3
45 AMS 0 2 066 1.7 5 264 0.35 44.8 59.7 55.1
45 URS 0 3 119 1.7 7 430 0.28 54.3 65.2 75.3
90 URS 0 2 979 1.8 6 585 0.26 35.3 74.5 68.4

0 45 3 441 1.6 9 835 0.28 62.2 82.6 81.9
45 AMS 45 3 508 1.6 8 450 0.23 86.3 105.2 76.2
45 URS 45 3 626 1.6 11 995* 0.30 73.4 68.6 95.1
90 URS 45 4 250 1.6 10 971 0.24 67.2 108.8 95.1

0 110 5 504

45 AMS 110 5 432
45 URS 110 6 036
90 URS 110 6 536

0 180 6 280 1.9 14 402 0.39 120.7 231.1 177.0
45 AMS 180 6 625 2.0 13 445 0.40 121.2 216.6 186.4
45 URS 180 6 600 2.0 18 698 0.41 103.0 225.7 210.0
90 URS 180 6 516 2.0 13 205* 0.40 111.9 264.4 182.4

0 245 6 939
45 AMS 245 7 100

45 URS 245 7 214
90 URS 245 7 440

LSD 0,05:
0.05

499

Average for 0,
0

45,

3

and
634

110 kg spring N/ha

45 AMS 3 669

45 URS 4 260

90 URS 4 588

Average for 0,
0

45,

4

110,

824
180, and 245 kg spring N/ha

45 AMS 4 946

45 URS 5 319

90 URS 5 544

LSD
0.05'

480

*- Missing data. Used average of other three reps.
#- All plots received 225 kg/ha of 10-20-22 which also supplied
45 kg Cl/ha and 12 kg S/ha>
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Table 6. Grain yield, grain %N, straw yield, straw %N, and total
nitrogen uptake at 1983-84 Davidson site.

N Fert. Applic. Grain Straw N Uptake

Fall# Spring Yield N Yield N April June Aug.

kg/ha kg/ha

0 0 4 385

%

1.4

kg/ha

8 329

%

0.18

kg/ha

29.7 48.0 75.3

45 URS 0 4 393 1.3 9 766 0.17 35.2 46.4 73.0

90 URS 0 4 514 1.3 9 654 0.18 30.9 56.1 78.3

0 45 6 247 1.3 10 766 0.20 63.0 71.2 104.8

45 URS 45 6 194 1.3 12 222 0.18 62.5 77.3 102.9

90 URS 45 6 588 1.3 13 058 0.18 71.7 98.9 105.2

0 110 8 031

45 URS 110 8 037
90 URS 110 8 392

0 180 8 915 1.6 16 446 0.28 101.7 136.0 190.8

45 URS 180 8 607 1.7 18 434 0.34 107.3 180.5 210.8

90 URS 180 8 878 1.7 16 324 0.32 125.2 181.0 204.6

LSD
0.01:

563
0.01

Average for 0, 45, and 110 kg spring N/ha

0 6 221

45 URS 6 208

90 URS 6 498

Average for 0, 45, 110, and 180 kg spring N/ha

0 6 894

45 URS 6 808

90 URS --- 7 093
LSD

0.05:
354

0.05

#- All plots received 225 kg/ha of 10-20-22 which also supplied

45 kg Cl/ha and 12 kg S/ha.
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Table 7. Grain yield, grain %N, straw yield, straw %N, and total
nitrogen uptake at 1983-84 Hyslop site.

N Fert. Applic. Grain Straw N Uptake
Fall# Spring Yield N Yield N April June Aug.

kg/ha
Second year wheat

kg/ha % kg/ha kg/ha

0 90 2 953 1.5 5 694 0.31 48.9 49.8 63.3
0 135 4 170 1.8 6 555 0.29 74.7 92.6 93.6

90 SS 90 3 857 1.6 6 499 0.31 66.4 84.9 81.9
90 SS 135 4 450 1.8 8 225 0.35 72.9 73.4 106.7
90 AMS 90 3 505 1.6 6 467 0.30 56.8 97.8 74.7
90 AMS 135 5 103 1.7 7 360 0.41 62.9 115.6 116.5
45 URS 90 3 845 1.5 6 501 0.26 56.0 74.7 84.9
90 URS 135 4 663 1.7 7 726 0.36 76.9 90.9 107.5
LSD

0.05
: 424

Average for 90 and 135 kg spring N/ha on second year wheat

0 3 562

90 SS --- 4 154
90 AMS 4 304
45 & 90 URS 4 254
LSD 511

0.05'

Fifth year wheat

0 90 4 439 1.6 7 600 0.29 73.4 85.0 94.0
0 135 6 145 1.7 8 805 0.29 76.8 116.2 129.0

90 SS 90 5 245 1.6 7 706 0.30 75.3 95.6 108.2
90 SS 135 6 761 1.8 10 317 0.32 72.5 113.9 153.8
90 AMS 90 5 943 1.6 8 481 0.24 72.5 108.3 116.1
90 AMS 135 6 291 1.8 8 255 0.35 96.4 113.0 140.2
45 URS 90 5 641 1.6 8 663 0.22 81.9 96.8 107.0
90 URS 135 6 567 1.8 8 880 0.27 80.8 134.8 142.8
LSD

0.05:
412

0.05

Average for 90 and 135 kg spring N/ha on fifth year wheat

0 5 292
90 SS 6 003
90 AMS 6 117

45 & 90 URS 6 104

LSD
0.05:

467
0.05

#- All plots received 225 kg/ha of 10-20-22 which also supplied
45 kg Cl/ha and 12 kg S/ha.
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Table 8. Grain yield at 1982-83 NWES site.

N Fert. Applic. Grain
Fall# Spring Yield

kg/ha kg/ha

0 0 2 278

110 SS 0 3 300

45 AMS 0 2 305

45 URS 0 2 540

0 67 3 810

110 SS 67 4 771

45 AMS 67 3 091

45 URS 67 4 005

0 135 4 764

110 SS 135 5 658

45 AMS 135 4 852

45 URS 135 5 000

LSD
0.05:0.05

739

Average for 0, 67, and 135 kg spring N/ha

0 3 617

110 SS 4 576

45 AMS 3 416

45 URS 3 848

#- All plots received 225 kg/ha of 10-20-22
which also supplied 45 kg Cl/ha and 12 kg S/ha.



32

Table 9. Grain yield at 1982-83 Hyslop site.

N Fert. Applic.
Fall# Spring

Grain
Yield

kg/ha
First year wheat

0 45

0 90

kg/ha

6 256
7 708

90 SS 45 5 739

90 SS 90 8 333

0 67 5 450

0 110 7 237

0 110 7 439

LSD
0.05:0.05

595

Average for spring N rates

0 6 818

90 SS 7 036

Fourth year wheat

0 45 2 789

0 90 4 247

90 SS 45 2 796

90 SS 90 4 825

23 URS 45 3 078

45 AMS 90 4 274

45 URS 90 3 474
LSD

0.05'
595

Average for spring N rates

0 3 518

90 SS 3 810

#- All plots received 225 kg/ha of 10-20-22
which also supplied 45 kg Cl/ha and 12 kg S/ha.
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Table 10. Grain yield at 1983-84 NWES site.

N Fert. Applic. Grain
Fall# Spring Yield

Second Year Wheat

kg/ha kg/ha

0 90 4 039

110 SS 90 6 854

90 AMS 90 5 289

90 URS 90 5 544

0 135 5 813

110 SS 135 6 848

90 AMS 135 6 424

90 URS 135 6 088

LSD
0.05

: 1 340

Average for 90 and 135 kg spring N/ha

0 4 926
110 SS 6 851

90 AMS 5 856

90 URS 5 816
LSD

0.05
: 1 102

Fourth Year Wheat

0 90 3 985

110 SS 90 7 997

90 AMS 90 6 270

90 URS 90 6 754

0 135 5 557

110 SS 135 7 950

90 AMS 135 6 377

90 URS 135 6 660

LSD
0.05

: 1 340

Average for 90 and 135 kg spring N/ha
0 4 771

110 SS --- 7 974
90 AMS 6 324

90 URS 6 707

LSD0.05: 1 102

All plots received 225 kg/ha of 10-20-22
which also supplied 45 kg Cl/ha and 12 kg S/ha.
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Table 11. Grain yield at 1983-84 Sharf site*.

N Fert. Applic. Grain

Fall# Spring Yield

kg/ha kg/ha

0 45 2 376

45 AMS 45 2 460

45 URS 45 2 283
90 URS 45 2 476

0 110 4 297
45 AMS 110 5 348
45 URS 110 4 152
90 URS 110 4 818

0 180 6 401

45 AMS 180 6 542
45 URS 180 5 977
90 URS 180 6 713

0 245 7 044
45 AMS 245 7 211

45 URS 245 6 715
90 URS 245 7 314

LSD
0.05:0.05

440

Average for 45 and 110 kg spring N/ha

0 3 016

45 AMS 3 423
45 URS 2 906

90 URS 3 257

Average for 45,

0

110,

4

180,

499

and 245 kg spring N/ha

45 AMS 4 804

45 URS 4 282

90 URS 4 759

LSD0.05: 642

*- Straw was baled and removed prior to fall N fertilization.

All plots received 225 kg/ha of 10-20-22
which also supplied 45 kg Cl/ha and 12 kg S/ha.
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fertilizers applied for two consecutive years. At the Davidson

(Table 6) and Sharf (Table 11) sites, where fall N was applied for

the first time, yield response from fall applied N fertilizers was

not evident. Straw was removed prior to fall fertilizer application

on the Sharf site.

At the NWES site (Table 10), on second or fourth year wheat and

with two consecutive years of increased fall N application, there

was a significant (1% level) increase in yield from fall treatments

of 90 kg fall N/ha as either AMS, URS, or sewage sludge (SS).

Yields were equal for fall treatments of AMS or URS, but both of

these had significantly lower yields than treatments with 110 kg N

per hectare as SS .

When response from spring N rates were identified for each fall

N treatment, the fall N rates produced higher yields than the fall

check at the 5% level (Figure 1). However, yields were decreased

when 135 kg spring N per hectare was applied on the URS and SS fall

treatments. This could possibly be attributed to a priming effect

of these two materials on the soil organic N, which caused N to be

released from the soil organic matter. With the extra N available

to the growing crop, the 135 kg spring N/ha rate was above the

optimum level. The grain yield began to decline from excessive

vegetative growth and possible increases in Septoria. Because

there were only two spring N rates, a quadratic regression function

of yield versus N rate could not be developed.

At the Hyslop farm site in 1983-84 (Table 7), on both second

and fifth year wheat, there was a significant (5%) yield increase
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ams urs ss
90 110

FALL N (kg/ha)

Fig. 1. Effects of fall N fertilization on grain yield . Average for
90 and 135 kg spring N/ha rates. 1983-84 NWES location.

.
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from the three sources of N applied on the stubble (Figure 2).

Yield differences between the different fall N sources were not

significant. The rate of spring applied N did affect the response

from added rates of fall applied N. There was a significant

increase in yield from the three sources of fall applied N at the 90

kg/ha spring rate, but at the 135 kg spring N/ha, the URS and SS did

not have a significantly higher grain yield than the fall N check.

A quadratic regression function could not be developed for this

experiment with only two spring N rates.

At the Coon farm site in 1983-84, there was a response from

fall N rates (Figure 3). The grain yield for the fall check was

significantly lower at the 5% level than fall URS at 45 and 90 kg

N/ha, but not different than 45 kg N/ha as AMS. After the spring N

rates are increased above 110 kg N/ha, the response was less than at

lower spring N rates (Table 5).

Using the quadratic regression function for grain yield on the

1983-84 Coon site:

Y=1941.27+ 11.388(FN)+ 37.363(SN)- 0.070(SN2)- 0.026(FNxSN)

where, Y=yield in kg/ha

FN=fall applied fertilizer in kg/ha

SN=spring applied fertilizer in kg/ha

FNxSN=interaction of fall and spring applied N

the estimated yield can be calculated based on fall and spring

applied N inputs. The expected yields generated by this response

surface at varying levels of fall fertilizer N and spring fertilizer

N are presented in Appendix Table 5.
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ams urs ss
0 90

FALL N (kg /had

Fig. 2. Effects of fall N fertilization on grain yield . Average for90 and 135 kg spring N/ha rates. 1983-84 Hyslop location.
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ams urs urs
0 45 90

FALL N (kg/ha)

Fig. 3. Effects of fall N fertilization on grain yield . Average for
0, 45, 110, 180, and 245 kg spring N/ha rates. 1983-84 Coon

location.
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Utilizing the quadratic regression equation for the 1983-84

Coon site, the predicted yield at a given level of N can be

calculated. In Figure 4 the multiple quadratic function was used to

calculate the expected winter wheat grain yield when applying

various levels of spring N for the 1983-84 Coon location. The

highest rate of fall N provided the largest grain yield at any given

spring N level up to 180 kg N/ha. From the regression coefficients

for fall N and for spring N, it is apparent that the magnitude of

the fall N on yield is smaller than spring N, but there is a

response to fall N fertilization in the second year of fall N

application.

Figure 5 shows the regression function for the 1982-83 Coon

location where fall N was applied for the first time. In this

instance fall N caused a yield decrease with 45 kg fall N/ha having

the lowest yield at the low spring N rates, although not

significantly lower. The coefficient for fall N is negative in the

regression equation, which expresses the negative yield response to

the first year of fall N fertilization on this location.

Another benefit of utilizing the estimated response function is

that the data can be used to make an economic assessment of the

costs of fall applied N related to the expected grain yield increase

from fall fertilization. If the expected prices for wheat and N

fertilizer are known, a profit equation can be formulated and the

level of fall N fertilizer which should be applied for maximum

expected profit can be determined.

The quadratic regression function for grain yield can also be
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Fig. 5. Grain yield response to spring N fertilization

at three fall Nrates. 1982-83 Coon location.
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utilized to develop an algebraic expression for the marginal rate of

substitution (MRS) of fall applied N for spring N:

MRS=-[(dY/d(FN)/dY/d(SN)]

MRS=-[8.626+.062(FN)-.026(SN)/37.363-.140(SN)-.026(FN)]

Appendix Tables 1-7 give the computed values for the yield response

relationship for various fall and spring N combinations. If fall

applied N and spring applied N were utilized with the same

efficiency in producing grain yields, then the MRS would be equal to

negative one. From the calculated values it becomes readily

apparent that fall applied N is not utilized with the same

efficiency as spring applied N for the production of grain. The

fall applied N has about one-half or less of the efficiency as

spring applied N in increasing grain yields for a given N level.

Fall fertilizer is less effective than spring fertilizer partially

because of differences in the demand for N at the time of

application. Fall-applied N is present when the microbial

population has a high demand for N in order to decompose the

recently incorporated wheat residue, thus immobilization of

inorganic N is high. Spring-applied N is present at the time of

maximum N uptake and thus has a greater effect on yield.

There are, however, other reasons to be considered in assessing

the impacts of fall applied N fertilizers. During late winter and

early spring, winter wheat plants often show an N deficiency in the

Willamette Valley of western Oregon, especially where wheat follows

wheat with straw plowed down. The wet soil conditions which often

occur in late winter and early spring limit the number of trips
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growers can make over their fields without serious stand damage.

Under these conditions a fall application of N limits N deficiency

and increased susceptibility to plant diseases like take-all root

rot (Gaeumannomyces graminis var. tritici). Visual

observations of the wheat plants in the experimental plots during

late winter indicated that the plants in the plots receiving fall N

rates looked greener and slightly larger than the corresponding fall

N check plants. The plants in the first year of added fall N

application also appeared healthier in late winter than where fall N

was limited to N banded with the seed at planting; however, this did

not translate into a significant increase in grain yield. Some

experimental sites are now in their third consecutive year of fall N

applications, but whether or not the grain yield is increased

further or has leveled off after two consecutive years is not yet

known.

Nitrogen Uptake

During both the 1982-83 and 1983-84 growing seasons whole plant

samples were taken to determine the N-uptake from the various

treatments. In 1982-83, N-uptake samples were taken on the Coon

(Table 2), Keyt (Table 3), and Christensen (Table 4) farm sites. On

the Coon and Christensen sites the N-uptake was not increased from

fall application of added N. Spring application of N increased

N-uptake (significant at the 1.0% level) on all locations. The

coefficient of multiple determination for the Coon site was 0.948
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and for the Christensen site 0.872. Response from fall applied N on

the Keyt farm in 1982-83 departed from the other 1982-83 experiments

with the first year of stubble treatments. At this site the fall

check had significantly lower N-uptake (at the 10% level) than the

45 kg N/ha as AMS treatment. The coefficient of multiple

determination for this site was 0.784.

A possible reason for the difference in grain yield response

and N-uptake on the Keyt farm site, where fall N was applied for the

first time, might be attributed to the crop history of the field

where the grower has used a rotation of clover-wheat or

clover-wheat-wheat for many years. The soil organic matter level in

this field is higher (3.5-4.0%) than any of the other sites where

fall N was applied.

The effect of fall stubble treatments on N-uptake was evaluated

at the Coon, Davidson, and Hyslop sites during the 1983-84 growing

season. Fall stubble treatments did not increase N-uptake on the

Davidson site (Table 6), where fall N fertilization was applied for

the first time. The coefficient of multiple determination for

N-uptake at this site was 0.956. There was a significant increase

in N-uptake where fall N was applied on the stubble for two

consecutive years at the Coon and Hyslop farm locations. At the

Coon site (Table 5), the fall N check had significantly (.05) less

N-uptake than the 45 kg N/ha as URS. None of the other treatments

had significantly different amounts of N-uptake than the fall check.

This site had a coefficient of multiple determination of 0.891. At

the Hyslop farm site (Table 7), the treatment mean of the fall N
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check was significantly lower at the 0.1% level than either AMS,

URS, or SS at the 90 kg N/ha rate. The coefficient of multiple

determination for the Hyslop site was 0.884. These results give

further evidence that there is some benefit from fall applied N

fertilizers if carried out for at least two consecutive years.

On the 1983-84 Coon location the N-uptake values from the

August sampling were sometimes lower than the June sampling,

especially when 180 kg spring N/ha was applied (Table 5). Daigger

et al. (1976) reported that wheat plants lose from 25 and 80 kg N/ha

between anthesis and maturity. Most of this loss was in the stems

(73 to 75%). They also reported increased N losses with increasing

rates of N application, which corresponds to the Coon farm results.

Hooker et al. (1980) reported NH
3
volatilization losses from wheat

plants accounted for some of the losses in total tissue N following

anthesis. Since the final sampling was taken at harvest, total N

losses from wheat plants similar to those reported by Daigger et al.

(1976) may have occurred at this site.
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CONCLUSIONS

During the 1982-83 and 1983-84 growing seasons winter wheat

experiments were established to determine if there is a grain yield

response to higher rates of fall applied N fertilizer when wheat

follows wheat than the 23 kg N/ha banded at planting. The results

of these two seasons of field experiments have led to the following

conclusions:

1. There is a yield response from additional fall applied N

where wheat follows wheat during the second year of

application when all stubble has been plowed down.

2. The N-use efficiency of fall applied N is lower than for

spring applied N. Regression analysis and MRS calculations

give an indication of the relative efficiencies of the time

of fertilizer application.

3. A large portion of the fall applied N is probably

immobilized by the stubble, soil organic matter, and

microorganisms. Some of the fall N will be available

during the next spring with lesser amounts available in

succeeding years.

4. Optimum yields where wheat follows wheat require more than

23 kg N/ha at seeding, in the fall, or early winter. The

additional N should be applied before February 15 and

probably is in the 23 to 45 kg N/ha range.

5. Further research is needed to determine the optimum rates

and times of N application during the fall and/or winter.
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Future experiments need to compare the efficiency of N

applied on the stubble compared with December, January, or

February applications, which could be incorporated with

herbicide application operations, versus N applied in

March.
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Appendix Table 1. Calculated estimated yield and MRS at a low total
N level and a high total N level on the 1982-83 NWES location.

For 100 kg/ha total N:

Fall N Spring N Yield MRS

kg/ha kg/ha

0.0 100.0 4 060 -0.505

22.5 77.5 3 850 -0.499

45.0 55.0 3 640 -0.493

90.0 10.0 3 200 -0.483

For 200 kg/ha total N:
Fall N Spring N Yield MRS

kg/ha kg/ha

0.0 200.0 5 620 -0.576

22.5 177.5 5 490 -0.565

45.0 155.0 5 340 -0.555

90.0 110.0 5 020 -0.537

Y= 2108.09+ 9.8224(FN)+ 21.3645(SN)- 0.0189(SN
2
)- 0.00939(FxSN)

R
2= 0.7686

MRS= -[(9.8224- 0.00939(SN))/(21.3645- 0.0378(SN)- 0.00939(FN))]
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Appendix Table 2. Calculated estimated yield and MRS at a low total
N level and a high total N level on the 1982-83 Coon location.

Fall N
For 100 kg/ha total N:

Spring N Yield MRS

kg/ha kg/ha

0.0 100.0 5 050 +0.164

22.5 77.5 4 530 +0.169

45.0 55.0 3 880

For 200 kg/ha total N:

+0.173

Fall N Spring N Yield MRS

kg/ha kg/ha

0.0 200.0 5 990 -0.718

22.5 177.5 5 920 -0.013

45.0 155.0 5 731 +0.076

Y= 2474.43- 6.7043(FN)+ 33.8545(SN)- 0.0814(SN
2
)+ 0.03821(FxSN)

R
2
= 0.8814

MRS= -[(-6.7043+ 0.03821(SN))/(33.8545- 0.1628(SN)+ 0.03821(FN))]
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Appendix Table 3. Calculated estimated yield and MRS at a low total
N level and a high total N level on the 1982-83 Keyt location.

For 100 kg/ha total N:

Fall N Spring N Yield MRS

kg/ha kg/ha

0.0 100.0 5 380 -0.433

22.5 77.5 5 090 -0.366

45.0 55.0 4 730

For 200 kg/ha total N:

-0.324

Fall N Spring N Yield MRS

kg/ha kg/ha

0.0 200.0 6 810 -1.064

22.5 177.5 6 790 -0.790
45.0 155.0 6 700 -0.627

Y= 2754.81+ 8.2086(FN)+ 32.2984(SN)- 0.0601(SN2)+ 0.00280(FxSN)

R
2
= 0.8283

MRS= -[(8.2086+ 0.00280(SN))/(32.2986- 0.1203(SN)+ 0.00280(FN))]
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Appendix Table 4. Calculated estimated yield and MRS at a low total
N level and a high total N level on the 1982-83 Christensen location.

Fall N
For 100 kg/ha total N:

Spring N Yield MRS

kg/ha kg/ha

0.0 100.0 5 620 -0.011

22.5 77.5 5 160 -0.046
45.0 55.0 4 650

For 200 kg/ha total N:

-0.074

Fall N Spring N Yield MRS

kg/ha kg/ha

0.0 200.0 6 750 +1.248

22.5 177.5 6 580 +0.464
45.0 155.0 6 370 +0.211

Y= 2813.67+ 3.9464(FN)+ 36.5303(SN)- 0.0843(SN2)- 0.03734(FxSN)

R
2
= 0.9017

MRS= -[(3.9464- 0.03734(8N))/(36.5303- 0.1685(SN)- 0.03734(FN))]
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Appendix Table 5. Calculated estimated yield and MRS at a low total

N level and a high total N level on the 1983-84 Coon location.

Fall N

For 100 kg/ha total N:
Spring N Yield MRS

kg/ha kg/ha

0.0 100.0 4 980 -0.389

22.5 77.5 4 630 -0.360

45.0 55.0 4 230 -0.349

90.0 10.0 3 310 -0.331

Fall N
For 200 kg/ha total N:

Spring N Yield MRS

kg/ha kg/ha

0.0 200.0 6 630 -0.646

22.5 177.5 6 530 -0.558

45.0 155.0 6 390 -0.502

90.0 110.0 5 970 -0.432

Y= 1941.27+ 11.3876(FN)+ 37.3630(SN)- 0.0696(SN2)- 0.0262(FxSN)

R
2
= 0.9018

MRS= -[(11.3876- 0.0262(SN))/(37.3630- 0.1393(SN)- 0.0262(FN))]
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Appendix Table 6. Calculated estimated yield and MRS at a low total
N level and a high total N level on the 1983-84 Sharf location.

Fall N
For 100 kg/ha total N:

Spring N Yield MRS

kg/ha kg/ha

0.0 100.0 4 250 -0.096

22.5 77.5 3 600 -0.078

45.0 55.0 2 850 -0.064

90.0 10.0 1 100 -0.043

For 200 kg/ha total N:

Fall N Spring N Yield MRS

kg/ha kg/ha

0.0 200.0 6 420 -0.284

22.5 177.5 6 150 -0.209

45.0 155.0 5 790 -0.160

90.0 110.0 4 800 -0.102

Y= 476.33+ 1.8151(FN)+ 45.6785(SN)- 0.0798(SN2)+ 0.01045(FxSN)

R
2
= 0.8681

MRS= -[(1.8151+ 0.01045(SN))/(45.6785- 0.1597(SN)+ 0.01045(FN))]
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Appendix Table 7. Calculated estimated yield and MRS at a low total

N level and a high total N level on the 1983-84 Davidson location.

Fall N
For 100 kg/ha total N:

Spring N Yield MRS

kg/ha kg/ha

0.0 100.0 7 790 -0.098

22.5 77.5 7 280 -0.086

45.0 55.0 6 660 -0.079

90.0 10.0 5 040 -0.069

For 200 kg/ha total N:

Fall N Spring N Yield MRS

kg/ha kg/ha

0.0 200.0 8 710 +0.317

22.5 177.5 8 760 -0.721

45.0 155.0 8 690 -0.215

90.0 110.0 8 180 -0.111

Y= 4304.88+ 3.1568(FN)+ 47.6867(SN)- 0.1283(SN2)- 0.01002(FxSN)

R
2
= 0.9364

MRS= -[(3.1568- 0.01002(SN))/(47.6867- 0.2566(SN)- 0.01002(FN))J


