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Fertilizer Recommendations for Wheat 

In the Columbia Basin of Oregon 

In the early 1950's wheat farmers in 
the Columb ia Basin of Oregon began 
using nitrogen ferti lizers in limited 
amounts. With the help of the agri
cultural experiment stations at Moro 
and Pendleton, they soon learned that 
the addition of nitrogen would give 
increased yields of wheat even in areas 
of limited rainfall. When gaseous and 
liquid nitrogen materials were intro
duced into this area, the price of nitro
gen fertilizers dropped materially and 
their use expanded to all wheat pro
ducing counties . 

The experiment stations at Pendle
ton and Moro have been conducting 
re earch on rate, method, and time of 
application of nitrogen fertilizer ma-

terials for many years . In 1953 a coop
erative program for off-station fer
tility testing was developed, utilizing 
the services of the Soil and Water 
Conservation Research Division, Agri
cultural Research Service, United 
State Department of Agriculture; the 
Oregon Agricultural Experiment Sta
tion; and the Oregon Cooperative Ex
tension Service. During the 4-year 
period, 1954 to 1957, 171 experiments 
were conducted in the five major wheat 
producing countie of the Columbia 
Basin of Oregon. 

Attempts were made to locate the ex
perimental sites on all major soils and 
under all of the varied climatic condi
tion of the area. 

Soils Studied 

Approximate soil areas and loca
tions of experimenta l sites are indi
cated in Figure 1. The soils used most 
extensively for wheat production are 
Walla Walla, Ritzville, Condon, and 
Morrow. Other soils of lesser extent 
are Athena, Pilot Rock, McKay, and 
Tub. Most of these soils were de
veloped from loess ( wind blown) ma-

terials, but the depth and development 
of their profiles varies widely owing 
to the effects of climate and other 
factors. Also there may be variation in 
the depth, texture, and water holding 
capacity within individual soil series. 

Characteristics of each of the soils 
stucliecl as they arc reflected in wheat 
yields will be discussed later. 

Climate of Area 

Average annual rainfall of the Co
lumbia Basin area is approximately 8 
inches near Boardman on the Columbia 
River in northern Morrow County and 
increases as the elevation increases in 
every direction toward the mountains. 

The Cascade Mountains lie to the west, 
the Ochoco Mountains to the south, 
and the Blue Mountains to the south 
and east. The general rainfall pattern 
for the wheat-producing area is shown 
in Figure 2. 
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Experimental Procedure 

Of the 171 experiments, 152 were 
on farms in an area of less than 15 
inches of annual rainfall where a 
wheat-fallow system was practiced. 
The remainder were located in an area 
of over 15 inches rainfall where land 
is cropped annually, often alternately 
with wheat and canning peas. Selection 
of each site was made on the basis of 
its representation of the soil series, ap
parent uniformity, past management, 
degree of slope, and proximity to 
roads. In general, slopes of over 5% 
were avoided because of problems re
lated to the conduct of the experiments. 

Farmers selected as cooperators pre
pared seedbeds, planted wheat, sprayed 
weeds, and performed other necessary 
field operations on the experimental 
sites except application of fertilizer 

treatments and harvest of plots. 
In the lower rainfall area nitrogen 

was added at rate of 0, 20, 40, 60, 80, 
and 100 pounds of nitrogen per acre. 
Rates were 50% higher in the higher 
rainfall area. Phosphorus and sulfur 
were added the first year, but as there 
was no indication that they contributed 
to yield increase they were discon
tinued. To some plots at each site, 
nitrogen fertilizer was applied in the 
fall at seeding time; to others, it was 
applied as a top dressing in the spring 
shortly after growth started. To over
come some of the soil variability within 
the boundaries of an experimental site, 
four replications of fertilizer treat
ments were used. Self-propelled port
able plot combines were used to harvest 
experimental plots. 

Results and Discussion 

Equally good responses from nitro
gen applied in fall or spring were ob
tained on about two-thirds of the sites; 
on the remaining third there were ap
proximately equal numbers of cases of 
superiority of fall-applied and spring-
applied nitrogen. For this reason, all 
results given in this bulletin refer to 
fall-applied nitrogen. Yield response 
of wheat to application of nitrogen on 
experimental sites is shown in Table 1. 
Of the 171 experiments conducted, 
significant yield increases from nitro
gen occurred on 125 sites. There was a 
significant yield decrease on 22 sites, 
and on 24 sites nitrogen had no effect. 
Most sites showing a decrease were 
located on shallow soils where moisture 
was the limiting factor and, because of 
early exhaustion of the moisture 
supply. addition of nitrogen indirectly 
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resulted in "burning" of foliage and 
shriveling of grain. Half of the experi
ments which howed a decrease or no 
change in yield with added nitrogen 
did so in 1955-a dry year. 

Table 1. Yiel d responses occurring on 
experimental sites as a result of 

nitrogen fertili zation 

Number of experiments for 
which the following type of 

Year yield response occurred 

Increases Decreases No change 

1954 36 4 8 
1955 25 12 10 
1956 39 0 3 
1957 25 6 3 

Total 125 22 24 



Results from nitrogen fertilizer ex
periments for each of the four major 
soil series (Morrow, Condon, Ritz
ville, and Walla Walla) are presented 
in the following sections. This infor
mation will be given in terms of actual 
yield of grain produced in bushels per 
acre. An increase in yield is referred to 
a a "response" to nitrogen and is u eel 
in that sense throughout this bulletin. 
The reason for using "response" rather 
than actual yield is that general yield 
le,·els Yary from year to year depend
ing on many factors, very few of 
which can be controlled. However for 
each year, whether good or bad, re
sponse to nitrogen fertilizer can gen
erally be measured by noting the dif
ference in yield from the check ( or 
zero ) treatment. 

\Vith the discussion of results of the 
experiments on each soil series, a sug
gested recommendation for the use of 
nitrogen fertilizer is given. This is 
based largely on experimental results 
and, in part, on general knowledge of 
the soi ls and other factors contributing 
to production of wheat in the area. 
Unless otherwise noted, recommenda
tions are for a wheat-fallow cropping 
system. 

Morrow Soils 
Depth of these soils ranged from 

2 to 2i feet. Rainfall averages from 
12 to 15 inches per year, which is 
usually sufficient to wet the entire 
profile during the winter months. The 
number of experiments on Morrow 
silt loam and the number which gave 
an increase in yield with each level 
of added nitrogen are shown in Fig
ure 3. Of the 12 experiments con
ducted, 7 gaye maximum yields with
out nitrogen, 2 with rates of 20, and 
1 each with 40, 60, and 80 pounds of 
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Figure 3. Number of sites and rates 
of nitrogen producing max imum 

yields on Morrow silt loam. 

nitrogen per acre. Four of the five ex
periments which responded to added 
nitrogen did so in 1956, the year of the 
highest spring moisture in these soil . 
Average yields for all plots indicated 
that lack of moisture storage due to 
the shallow depth of these Morrow 
soils was perhaps the limiting factor 
in wheat production. 

Although only 40% of the experi
mental sites gave a respon e to added 
nitrogen the year of application, an 
increase in yield occurred on some of 
these plots the following crop year 
when no additional nitrogen was ap
plied. This increa es the odds that 
some nitrogen may be beneficial for 
production of wheat on these soils. 

Suggested use of nitrogen 

Under average moisture conditions, 
maximum yields are generally obtained 
without the use of nitrogen. In seasons 
of above-average spring rainfall or 
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where above-average stored soil mois
ture occurs, good responses can be ex
pected from 20 to 40 pounds of spring
applied nitrogen. 

Condon Soils 

Over the 4-year period 32 experi
ments were conducted on Condon silt 
loam. Condon sites ranged in depth 
from 2 to 5 feet in a 10 to 14 inch 
rainfall area. Response to added nitro
gen was closely correlated with depth. 
Figure 4 clearly indicates that the ma
jority of the shallow sites (2 to 3 feet) 
did not respond to added nitrogen, but 
all those that were deeper ( over 3 feet) 
responded. This is probab ly explained 
by differences in stored soil water . 
Data in Table 2 indicate that the deeper 
Condon soils contained about 50% 

more water in the fall and about 80% 
more water in the spring than did the ! 

shallower soils. For the deeper sites 
where moisture was more abundant, 
nitrogen was an important factor in the 
production of wheat. In the first group 
only 30% responded to added nitrogen, 
while in the second group 70% re
sponded to 20 pounds of added nitro
gen and the remainder to 40 pounds . 
The majority of the shallower soils 
which responded to an application of 
nitrogen did so in 1956. 

Of the large number of sites on the 
shallow soils that did not respond to 
applied nitrogen the year of app lica
tion, many will undoubtedly respo nd 
to residua l nitrogen the next crop year. 
This may also be true of the sites on 
deeper soils that responded to only 20 
pounds of nitrogen. 

Figure 4. Number of sites and rates of nitrogen producing maximum yields 
on Condon soils. 
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Table 2. The relationship of soil depth to yield and fall and spring soil mois
ture on Condon and Ritzville sites 

Number of 
Soil depth sites 

Condon 
2 to 3 feet ---------·-·---- 19 
Over 3 feet___ _____________ 13 

Ritzville 
Less than 5 feet ______ 14 
5 feet or more __________ 20 

Suggested use of nitrogen 

Where Condon soils are 3 feet or 
less in depth, maximum yield can be 
obtained in most cases without addi
tion of nitrogen fertilizer. In very 
favorable moisture years, 20 to 40 
pounds of nitrogen could be applied 
with good results. 

On the deeper Condon soils one can 
normally expect maximum yields with 
20 to 40 pounds of added nitrogen. 

Ritzville Soils 

There were 34 experiments con
ducted on Ritzville soils during the 4-
year period. Soil depth of these sites 
ranged from 2½ to over 6 feet to under
lying bedrock or restrictive layer. Re
sponse to nitrogen fell into two dis
tinct depth groups - those under 5 feet 
and those 5 feet and over. Figure 5 
hows that the majority (86 % ) of 

maximum yields on the shallow soils 
were with rates of either none or 20 
pounds of added nitrogen. No signifi
cant increases in yield were noted at 
any rate of nitrogen above 40 pounds. 

Average Average Average 
maximum fall soil spring soil 

yield moisture moisture 

En/ A Inches Inches 

28 2.9 3.9 
44 4.2 7.0 

23 2.5 4.5 
30 3.1 6.0 

l t should again be pointed out that 
where a limited effect of nitrogen was 
seen on these shallow soils the year of 
application, a good response may show 
up the next crop year. 

Wheat grown on the deeper sites re
sponded to all rates of added nitrogen, 
with the largest response group at the 
40-pound rate. The total for the 40-
pound and 60-pound rates accounted 
for 75% of the maximum yields. 

Tab le 2 shows that yields averaged 
30% higher on the deeper soils than 
on the shallower soils; 30 bushels per 
acre for the deeper and 23 bushels per 
acre for the shallower soils. The deeper 
soils were also shown to contain 13% 
and 33% more water in the fall and 
spring, respective ly, than did the shal
low soils. This increased moisture stor
age capacity is probably the major 
reason that higher yields were obtained 
on these soils . 

Suggested use of nitrogen 

"C"nder normal moisture conditions 
20 pounds of nitrogen will be adequate 
for Ritzville soils less than 5 feet deep. 
For years of below average moisture 
no nitrogen should be needed. 
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Figure 5 . Number of sites and rates of nitrogen producing maximum yields 
on Ritzv ill e soils. 

The deeper (5 feet and over) Ritz
ville soils will require from 40 to 60 
pounds of added nitrogen for maxi 
mum yield when rnoi lure is adequate. 
However, for years of low rainfall the 
amount of nitrogen should be reduced. 

Walla Walla Soils 
There were 45 experiments on Walla 

·walla soils. Twenty-three of these 
were on soils referred to as \Valla 
Walla silt loam. These included both 
of the major map units shown in the 
soil survey of Umatilla County and the 
Walla Walla silt loam units in the soil 
survey of Sherman County. Twenty
two were on soils referred to as Walla 
Walla coarse silt loam. These included 
the soils at the low rainfall (dry) encl 
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of the climatic range and the coarse 
end of the textural range as recognized 
in the Sherman County soil survey. 
Figure 6 shows the number of sites 
and the rates of added nitrogen where 
maximum yields were obtained for 
each of the two Walla Walla soil 
groups. 

Half of the experiment on Walla 
\Valla silt loam produced maximum 
yields of wheat when 40 pounds of 
nitrogen were applied. The 40- and 60-
pouncl rate together accounted for 
80% of the maximum yield plots . 

Nitrogen added to Walla Walla 
coarse silt loam gave maximum yields 
on 12 out of 22 sites with the 20- and 
40-pound rates of nitrogen. At least 
three sites produced maximum yields 
at each of the 0-, 60-, and 80-pound 
rates of nitrogen. 



Suggested use of nitrogen 

?11aximum wheat yields will be ob
tained, in year of normal moisture, 
with the application of 40 to 60 pounds 
of nitrogen on Walla Walla ill loam, 
and 20 to 40 pounds of nitrogen on 
\,Valla Walla coarse silt loam soils. 
Higher or lower rates can be added 
depending on extremity of moisture 
conditions. 

Athena Soil 

\\'heat is grown following peas or 
barley on Alhena soil, so production 
and fertilizer needs are quite dependent 
upon past management. 

Suggested use of nitrogen 

When wheat follows peas, 30 lo 60 
pounds of nitrogen should be applied. 
For continuous grain, 60 to 120 pounds 
of nitrogen per year are recommended. 

Other Soils 
Due to limited re earch data on 

other soils, only an average range of 
nitrogen rates is given below. These 
are the ranges in which the largest 
number of experiments produced max
imum responses to added nitrogen. 
\\'heat is grown on all of these soils 
after fallow. 

Pi lot Rock ·--- None to 20 lbs. of T per acre 
McKay ----------------20 to 40 lbs. of N per acre 
Tub ______________________ 20 to 40 lbs. of N' per acre 

Figure 6 . Number of sites and rates of nitrogen producing maximum yields 
on Walla Walla soils. 
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Factors Affecting Wheat Yields 

Factors which affect production of 
wheat are many and varied. Some of 
the most important ones are discussed 
briefly below. 

Residual nitrogen effect 

The amount of nitrogen applied to a 
given crop may not be fully utilized 
the year of application. The unused 
portion of this fertilizer may remain 
in the soil through the fallow period as 
residual nitrogen to be taken up and 
used by the next crop. It was shown 1 

in eight locations on Walla Walla silt 
loam that average response to residual 
nitrogen was approximately one-third 
that obtained for the first crop. At nine 
sites on Ritzville silt loam carry-over 
of nitrogen from one crop year to the 
next gave an average increase in yield 
equal to that of the first crop. On Con
don soils, where response to nitrogen 
may be small, residual effect was even 
more pronounced in three locations. 
For three sites on Morrow soil re
sponse to residual nitrogen was great 
enough to compensate for the reduction 
in yield that resulted from nitrogen 
fertilization of the first crop. 

When a field has a history of re
peated use of high rates of nitrogen, 
it may be economical to make a down
ward adjustment in the general ferti
lizer 1·ecommendations to compensate 
fo1· thi. carry-over effect. 

Residue management 

\i\Then heavier than average amounts 
of wheat stubble are returned to a 

'Charles M. Smith. Residiwl nitrogen re
sponse with wheat in eastern Oregon. Pro
ceedings, Tenth Annu:il Fertilizer Con fer
ence of the Pacific N orlhwesl, Tacoma, 
Washington. July 7-9, 1959. 
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soil, it is often necessary to add ackli
tional nitrogen to prevent a depression 
in yield. Usually 10 to 20 pounds of 
nitrogen per acre will overcome this 
depressing effect. 

Precipi tation 

Amount and distribution of rain and 
snow govern to a large degree the 
amount of soil moisture and subse
quent response from use of ferti
lizers. Even in years of normal precipi
tation, soil moisture may be limiting 
because rain or snow falls on frozen 
ground during the winter and is lost 
by runoff. Rain distribution must be 
considered, particularly in the spring. 

Soil depth 

The deepe1· a soil, the more moisture 
it can store for crop needs. Shallow 
soils, even though they become satu
rated in the winter, may nm out of 
moisture before the crop is fully ma
tured. This may result in no increase 
in yield from applied nitrogen or a de
pression in yield if the fertility level 
is too high in relation to available 
moisture. 

Soil textures 

Textures also effect the moisture 
storage capacity of a soil. Coarse tex
tured soils, even though deep, may 
have less total moisture storage capac
ity than shallower, fine-textured soils. 
This mu t be kept in mind, particularly 
when predicting nitrogen fertilizer 
needs for different textured soils of the 
same soil series. 



Crop rotation 

Some farmers are following a crop 
rotation system that includes alfalfa, 
sweet clover, peas, or other legumes. 
vVhen a legume crop is plowed under 
and the land returned to wheat produc
tion, it is usually not necessary to acid 
nitrogen fertilizer for the first three 
crops, after which rates can be gi-adu
ally increased. Experimental results 
indicate that some effects will be visible 
for al least six subsequent wheat crops. 

Other essential plant food elements 

Plant food elements other than nitro
gen may be limiting to the extent that 
nitrogen will not give maximum yield 
increases. Farmers should determine 
by means of soil tests or field trials 
whether phosphorus fertilizer is needed. 
Jn some areas sulfur deficiency symp
toms have been noted. Field-strip 
trial should be employed to determine 
the need for sulfur 01- other plant 
nutrients. 

Effect of Nitrogen on Wheat Quality 

\Vheats grown on these experiments 
were of the soft white varieties whose 
milling quality would haYe been im
paired if their protein contents had 
risen to undesirable levels . On plots 
where added nitrogen increased yields 
significantly , protein content stayed 

below lOo/c until more nitrogen was 
applied than was needed for maximum 
yields . \Vhere nitrogen decreased or 
had no effect on yield, protein content 
markedly increased above 10% with 
each increment of nitrogen. 
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