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/ 
During the 191 and 19S2 seasons two separate experiments 

were carried cut at the Pendleton branch experiment station to 
study the effects of variations in rate and time cf application 
of nitrogen on wheat grown on (1) trashy fallowed and (2) clean 
fallowed land. Ammonium nitrate was applied to the soil at. rates 
which supplied 33., 67, 1OO. and l31 pounds of nitrogen per 
acre at (i) time of plowing for fallow and (2) time of seeding of 
Elmar winter wheat, Data were obtained on yield of grain, weight 
of straw, test weight of wheat, protein content of the grain and 
straw, and on the nitrate nitrogen and moisture content cf the 
soil. The data were reduced by the analysis of variance method, 
and differences reported were significant at least at the five 
percent level of probability. 

Yields of grain on both the trashy fallow and clean fallow 
experiments were increased by the application of 33. and 67 
pounds of nitrogen per acre. Seeding time applications of nitrogen 
at the 100.5 and 13 pound rates on clean fallowed soil resulted in 
less yield of lower test weight wheat with higher protein content 
than plowing time applications of nitrogen at the same rates. 

Less straw growth occurred in l92 than in 1951 on the heavily 
fertilized plots of both experiments, but both the yield of grain 
and the quality (as measured by test weight per bushel) of the 
wheat were higher on the trashy fallowed plots in 1952. Test 
weights were higher on the heavily fertilized clean fallow plots 
in 1952 than in 1951. 

Most of the wheat produced in the area represented by the 
Pendleton station is of the soft white grade, and is used largely 
for pastry flours. Addition of nitrogen to summer fallowed land 
in quantities greater than 67 pounds per acre increased the pro- 
tein content of Elmar wheat, a soft white variety, to such a de- 
gree that flour prepared from the wheat would have been considered 
inferior for pastry purposes. 

The combination of higher than average winter precipitation 
and the high rate of 13h pounds of nitrogen per acre on the clean 
fallow experiment in 1951 resulted in the growth of over 6500 pounds 



of straw. That this large amount of straw growth exhausted the 

soil moisture before the grain was fully matured was indicated 

by the reduced test weight per bushel of grain. 

Nitrate determinations confirmed the previous Pendleton 

experiment station finding that about 60 pounds of nitrate nitrogen 

per acre in the soil at the end of the summer fallow season was 

sufficient to produce L.O bushels of wheat per acre, provided there 

was also enough available moisture present to produce Lo bushels 

of wheat. 

Results of soil nitrate determinations on plots of cleart 

fallow fertilized with ammonium nitrate at plowing time seemingly 

indicated that during the l91 summer fallow season the added 
nitrogen in the ammonium forni was not converted to the nitrate 

forni by the soil micro-organisms. 



ThE EFFECTS OF VARIATION IN RATE AND TThE 
OF APPLICATION OF NITROGEN ON Vi1AT 

ON TRASHY ARD CLEAN FALLOWED SOIL 

by 

CARD.OLL BEFBEFT RALIAGE 

A ThESIS 

submitted to 

OREGON STATE COLLEGE 

in partial fulfillnient of 
the requirements for the 

degree of 

MASTER OF SCIENCE 

June 1953 



APPROVED: 

Redacted for privacy 
r 

Professor of Soils 

In Charge of .rajor 

Redacted for privacy 

Head of Tiepartment of Soi 

Redacted for privacy 

Chairman of School Graduate Cni±tee 

Redacted' for privacy 

Dear' of Graduate School 

Date thesis is presented January 16, 1953 

Typed byiorma ichael and I'orma Southern 



TABLE OF CONTENTS 

INTRODUCTION 

REVIEW OF LITERATURE 

SOIL AND CLI!ATE 

METHODS OF STUDY 

Plan of experiment 
Chemical Analyses 
Statistical Analysis 

RESULTS OF STUDY 

DISCUSSION 

SU1ARY AND CONCLUSIONS 

B IBLI OGRAPHY 

Page 

1 

4 

9 

12 
12 
17 
21 

22 

56 

62 

67 



TI EFFECTS OF VARIATION IN RATE AND TIME OF APPICAT ION OF 

NITROGEN ON W1M' ON TRHY AND CLEAN FALLOWED SOIL 

INTRODUCTION 

Increasthg erosion of eastern Oregon wheat lands and a new 

awareness of the seriousness of such erosion has resulted in more 

intensive experimentation in methoc's of controlling erosion. In 

l9LB, a regional cooperative project, with headquarters at the Pen- 

dieton branch experiment station, was established to determine the 

best methods of controlling erosion in the dry-land agricultural 

areas of the Pacific Northwest. Cooperating in this project are the 

Research Division of the Soil Conservation Service, the Bureau of 

Plant Industry, Soils, and Agricultural Engineering both of the 

United States Department of Agriculture, and the Oregon Agricultural 

Experiment Station. 

Planners of the project, recognizing the value of stubble mulch, 

or trashy fallow, in the prevention of erosion, have established ex- 

periinental areas to determine the best methods of handling crop res- 

idues to control erosion and maintain crop yields. In areas where 

substantial amounts of crop residues are produced, the problem has 

two main phases: one, the development of machinery for the handling 

of the residues; two, determination of means of preventing the yield 

depression commonly associated with the surface utilization of crop 

residues. It is with the latter phase of the problem that this paper 

is largely concerned. 

In the wheat producing counties of eastern Oregon, the two main 

factors influencing crop yields have been found to be available 
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nitrogen and moisture. Fertilizer trials at the experiment stations 

at Moro and Pendleton have shovm nitrogen to be the only plant nu- 

trient to which wheat will respond. The response to added nitrogen 

may be an increase or decrease in yield, depending upon the amount 

of nitrogen added and the amount of available moisture in the soil. 

1fhether a given amount of available nitrogen is deficient, sufficient 

or excessive depends not caily on the absolute quantity of nitrogen 

but also on whether or not enough moisture is available. The effects 

of these two factors depend upon their interrelationship rather 

than the absolute quantity of either. This basic relationship must 

be considered and taken into account in any experiment in this area 

which will in any way affect the moisture or available nitrogen 

content of the soil. 

It was the purpose of this investigation to determine the 

following: 

1. The yield response of wheat to increasing rates of nitro- 

gen fertilizer when applied to trashy fallowed land. 

2. Differences in yield of wheat 'when the nitrogen was ap- 

plied at different dates. 

3. The protein content of the wheat as affected by rate and 

time of application of nitrogen fertilizer. 

).. The amount of straw produced under different levels of 

nitrogen fertilizer. 

5. Wheat quality as measured by the test weight per bushel 

under different levels of nitrogen. 



response to nitrogen fertilizer 

Lipply 
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REVIEW OF LITERATUPE 

The value of mulches in controlling both wind and water erosion 

has long been recognizod. The Chinese have used pebble mulches on 

some of their dry-land soils for many years (12, p. 3). Paper 

mulches have been used extensively in Hawaii to reduce erosion, run- 

off, an evaporation on pineapple land (12, p. 3). 

In the United States, many investigations have been conducted 

to determine the effect of mulches on erosion, runoff, evaporation, 

and nitrificaticzi. Nearly all investigators concluded that there 

was less erosion, less runoff, reduced evaporation and less nitri- 

f ication under mulches than with clean tillago. There is less 

agreement as to the cause of these phenomena. 

In 1879, Schloesing and Muntz (L3, p. 397) found that nitri- 

fication was at a maximum at 37 degrees Centigrade and declined at 

both higher and lower temperatures, ceasing at five and 55 degrees. 

Other workers (14.3, p. 398) found some nitrification at tempera- 

tures slightly lower than five degrees. Greaves and Carter (t.3, 

p. 397) found maximum nitrification when soil moisture was main- 

tamed at 60 percent of saturation, concluded that too much water 

interfered with proper aeration. Gainey and Lletzler (17, p. Li.6) 

found the optimum moisture for nitrificaticn to be about two-thirds 

of field capacity. Albrecht (2, pp. 299-305) states that moisture, 

directly or indirectly, is the main cause for the suppression of 

nitrate accumulation. He found temperatures almost ten degrees 

cooler under mulch plots than under bare plots in June, July and 
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August. He concluded that the lower temperature was due to the 

additional water held from evaporating through the action of the 

mulch. In a later study, (Li, pp. 253-268) using a six ton straw 

application, Albrecht and Uhiand decided that the straw mulch cuts 

down evaporation, thereby increasing moisture, lowering temperature 

and preventing normal air exchange, all of which induce poor phy- 

sical condition arid an unfavorable environment for nitrate accumula- 

tion. Scott (L1.6, pp. 233-258) in Kansas found that a four ton top 

dressing of wheat straw resulted in more soil moisture, lower soil 

temperature, and lower nitrate content thrzghout the summer season 

in comparison with bare soil d with soil having only a two ton 

top dressing of straw. 

Martin (29, pp. l59-l6L) in 1925 conducted an experiment that 

showed that straw treatments in general reduced nitrate accumula- 

tion in the soil, with an accompying yield depression. Collison 

and Conri (8, p. 3) showed that the yield depression caused by the 

straw was more marked when the nitrogen supply was low, and could be 

overcome by adding a nitrate fertilizer to the soil. 

Nebraska workers (L3, pp. 381-398) observed that different 

soils produced greatly different amounts of nitrates under the 

same conditions. 

Although most early workers assumed that mulches were effective 

in controlling erosion by the slowing of water movement across the 

soil surface, Duley and Kelley (lL,., p. 20) showed that a straw mulch 

greatly retarded the formation of a compacted and puddled surface 

layer which greatly and quickly reduced the infiltration rate of the 



soil. They concluded -that the soil surface condition was more 

important than soil type or soil moisturo conditions, and that even 

whero runoff occurred, there was little erosion where the surface 

was protected frcn the beatir actil of raindrops. 

McCalla (31, p. 685) and McCalla end Duley (33, pp. 75-89) 

studied t effect of crop residues on soil temperatures. They 

found that straw mulc}s reflected much more light than bare soil 

and also reduced soil temperature, althciigh tFy concluded that the 

reduction in temperature was not sufficient to affect crop grGwth 

adversely. 

There is rather general agreement atong investigators that 

crop residues should have a nitrogen content of 1.2-1.5 per cent, 

or enough nitrogen should be added to me up the difference (39, p. 

149; 22, p. 162; 10, p. 32; p. 235; 15, pp. 81-109; 36, p. 509; 

52, p. L96) if no yield depression is to be expected. Holtz and 

Vandecaveye (22, p. 162) point out that with annual cropping to 

wheat on Pelouse silt loam, residues must contain the equivalent of 

2.5 percent nitrogen if the humus content of the soil is to be main- 

taj ne d. 

In areas v.here moisture is the limiting factor in crop produc- 

tion (12, p. 8), in areas having soils of relatively high organic 

matter and nitrogen content with attending high nitrifying power 

(lL., p. 30), and in areas of summer rainfall where nitrification 

can proceed under the growing crop (12, p. 8), surface utilization 

of crop residuos has as a rule ircreased yields as cOEnpared to 

clean tillage. However, in those sections having soils of rela- 
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tivoly low organic matter and nitrogen content but th enough 

precipitation so that moisture is not t first limiting factor in 

crop production, the surface utilization of crop residues, by de- 

creasing the nitrates produced in the soil, has rather consistently 

produced a depression in yield as compared to the sane amount of re- 

sidues turned under with the moldboard plow (9, p. )4D9). 

An experiment to determine the effect of nitrogen on land pro- 

pared for summer fallow by the moldboard plow, the sweep subsurface 

tiller, and the disk harrow hs been carried on at the Pendleton 

station from l9LO to 19)49. In this experiment nitrogen was added as 

aminoniinn sulfate at the rate of ten pounds of nitrogen per acre. 

Results of this experiment (37, p. 130; L4.9, p. 63) indicate some 

slight yield increases fron nitrogen on moldboard-plowed land, but 

no increase on land prepared for summer fallow with the subsurface 

sweep. This experiment also shows a five to six bshel decrease 

in yield as a result of sweep plowing compared to moldboard plowing. 

Trashy fallowing in Oregon is a relatively new practice. A 

preliminary report on the experiment moationed in t} previous 

paragraph, sede in 19)4, stated that at that timo there were no 

sweep type subsurface implements beir used in Oregon (50, p. 5). 

Since that time, however, many types of subsurface tillers have 

been introduced by the major farm implement companies. Although 

machinery for use in working trashy fallow is still being developed, 

at the present time there are several implements available which will 

operate satisfactorily (Lj5, pp. 506-510). 

In 1950 there were 28 million acres of stubble mulch in the 



semiarid sections of the United States, and stubble mulch had, in 

five years, becane the most widely used soil conservation practice 

on itheat lands (142. p. 18). 



SOIL AND CLIMkFE 

The soil at the Pendleton statiai is mapped as Walla Walla 

silt loam, with a soil depth vatying fran ten feet or more to a'ly 

about three feet, and underlain with basalt. The soil on the 

experimental area was from four to five feet deep, with a calcareous 

layer in the bttom two inches of the soil profile. 

The soil survey report for the Umatilla area of Oregon (, pp. 

2l-) gives the following description for Walla Walla silt loam: 

The land is generally ooth to gently rolling, and con- 
sists largely of a series of parallel gently sloping ridges 
which, in so places, have smooth uniform slopes and in others 
are cut by lateral drainageways arid are more rolling. Both 
external and internal drainage are good. 

The eight-inch surface soil of Walla Walla silt loam is 
medium to dark brownish-gray mellow f1ury or granular silt 
loam. When wet it is brownish black. It contains a fair supply 
of organic matter and no lime an is slightly acid or neutral. 
Beneath Is nterial similar in texture to the surface soil but 
a shade lighter in color and of a rat}' indistinct coarse pris- 
matic structure. The prisms are very soft and can be crushed 
with slight pressure. They are two to four inches n diameter 
and have fairly distinct outlines in the upper parts. but at 
an averao depth of 15 incs below the surface layer they be- 
come somewhat less distinct as the material merges with weak or 
pale-brown mellow noncalcareous friable silt loam. Between 36 
and 6o inches is pale-brown noncalcareous soft floury silt loam, 
underlain by very pale-brown or licht brownish-gray mildly cal- 
careous friable silt loam. From this depth continuing to bed- 
rock the material is very light brownish-gray or very pale-brown 
highly calcareous friable silt loam or loam -that citains a few 
soft lime carbonate nodules. 

To a depth of about 16 inches, the soil is slightly acid to 
neutral and below that depth is alkaline. The soil has very de- 
sirable structure, texture, consistence, and water-holding capa- 
citï, is easy to cultivate, and exceptionally well adapted to 
growing wheat under dry-fanning methods. Plant roots are nurn- 

erous and may netrate to a depth of eight feet. In a large 
part of this type the bedrock is covered by more than six feet 
of soil material, although in a few places the rock lies at 
depths of between three or six feet. 

This soil has developed from fine-textured wind-laid mater- 
ial (loess), and the native vegetation responsible for its dark 
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color and exceptiial fertility consists largely of bunchgrass- 
95. 

The climate of the area is in general temperate and semi- 
arid. Precipitation occurs mostly in fall, winter, and spring, 
with little or no rain during July and August. Precipitation 
increases with nearness to the Blue mountains, with 7.57 inches 
at Umatilla, Oregon, to L2 inches in the higher mountains. 

Dust storms are common in March, April, and May, and in 
the western and northwestern parts they cause considerable blow- 
Ing of the lighter textured soil. 

In connection with another experiment conducted on adjacent plots 

in 1951, the nitrogen content of the surface six inches of soil was 

found to be 0.102 percent, and 0.O9L. percent in the second six inch- 

es. Nitrifiable nitrogen, after six weeks incubation period, was 

found to be 81.t. ppm in the surface six inches, and 6L1..i.4. ppm in the 

second six Inches (16, p. 14. 

Base exchengc capacity of the soil at the Pendleton station 

was determined to be 17.7 mUll-equivalents per 100 grams of soil, 
and the anion exchange capacity, using the phosphate adsorption 

method (240, pp. 192-195), WRS 22.5 mull-equivalents per 100 grains. 

Exchangeable potassium, as determined by use of the flame photo- 

meter, was 1.37 mull-equivalents per 100 grams of soil. 
At the Pendleton station, the average annual precipitation is 

15.5 inches. Table i gives a ciperisozt of the long time average 

precipitation wIth the crop-years in which the wheat crops used in 

the experiment were grown. 



11 

Table 1. The long time average crop year and seasonal precipitation 
at the Pendleton branch experiment station as cOEnpared to 

the years 1951 and 1952. 

- Yerly Procipitation Seasonal Precipifation 

(SeFtember i to August 31) Inches (March 1 to Jul, 31) Inches 

1928 - 1929 1O.L.5 1929 3.53 
1929 - 1930 12.75 1930 L..2L. 

1930 - 1931 13.68 1931 6.30 

1931 - 1932 l5.L.6 1932 6.22 
1932 - 1933 1L..29 1933 6.15 
1933 - 193Li. 12.86 193L. 3.39 
193L. - 1935 13.32 1935 Li..6Li. 

1935 - 1936 13.0L. 1936 L..io 

1936 - 1937 1L..90 1937 9.! 

1937 - 1938 15.7L. 1938 5.79 
1936 - 1939 12.L.3 1939 
1939 - 19)40 16.08 19L) 5.73 
19L - 19)4 19.67 19141 8.146 

19)4 - 19)42 20.78 191.42 8.75 
19)42 - 19)43 19.83 19)43 8.31 
19)43 - 19)4)4 11.68 19Lt4 5.00 
19)4)4 - 19)45 15.51 19)45 7.39 
19145 - 19)46 18.02 19)46 6.91 

- 19)47 16.89 19)47 8.09 
19)47 - 19)48 23.63 19)48 10.56 
19)48 - 19)49 13.25 19)49 3.63 
19)49 - 1950 16.83 1950 7.89 
1950 - 1951 18.28 1951 14.3)4 

Average 15.65 6.20 
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METhODS OF STUDY 

Plan of Experiment 

Since the depression of nitrification under straw mulch has 

been well estaUished, the obvious solution in instances where such 

depression causes lowered yields is to add nitrogen in the form of a 

chemical fertilizer. Since the previous study ori this pro1lem using 

ten pounds of nitrogen per acre gave no increase in yield of wheat 

on sweep plowed land, and only slight response on moldboard plowed 

land (37, p. 130), it was felt that the first increment of fertiliz- 

er should be a substantial amount. This thinking led to the use of 

ammonium nitrate at lOO, 200, 300, and Loo pound rates per acre, 

equivalent to nitrogen applications of 33.5, 67, 100.5, and l3t pounds 

per acre. 

Prior to this experiment, the heaviest rate of nitrogen fertili- 
zer used at the Pendleton station had been 90 pounds of nitrogen per 

acre. This rate had se1di increased yields over the 60 pound rate. 

However, because of favorable moisture conditions which showed pro- 

mise of continuing, because the land used had not been fertilized 

previously, and because it was felt that the trashy fallow would 

make more water available than clean fallow, the heavy rate of l3L 

pounds of nitrogen per acre was used because it appeared desirable 

to have one rate so high as to possibly depress yields. 

At the Pendleton station plowing down the wheat stubble has, 

over a period of years, produced wheat yields about three bushels 

lower than burning the straw (37, p. 111). This decrease is gener- 

ally attributed to the utilization of available nitrogen by the 
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soil micro-organisms which decorapose the straw. Early decanposition 

of th straw would avoid this difficulty, but the caamon practice in 

the area is to apply fertilizer at seeding time. There is the dan- 

ger of having nitrogen fertilizer lost by leaching if applied in the 

spring at plowing time, several months prior to seeding. In order to 

obtain some information on this point as well as to obtain the re- 

sponse to rates of nitrogen, a split plot fertilizer trial was es- 

taLlished on the land of the Pendleton branch experiment station in 

Apr..l, 1950. The main plots were dates of applications (plowing time 

and seeding time) and the subplots were rates of fertilization. 

There were four replicaticris. Plots were one rod square. Figuro 1 

shows the plan of the experiment. 

Initial tillage was done with a Cheney sweep on stubble 

ground which had 3500 pounds of straw per acre on the surface. 

Subsequent tillage for weed control was accomplished with a rod 

weeded, whenever it appeared necessary. The plots were rod-weeded 

six times during the 1950 fallow season. 

Figure 2 pictures t Chonoy sweep which wS used. Figure 3 

gives sane idea of the condition in which the sweep leaves the sur- 

face of the soil. 

Fertiflzer applications were broadcast by hand on May 2 and 

November 20, 1950. Elmar wheat was seeded on November 14, using a 

Dernpster deep furrow drill with 114 inch spacing. 

The following spring soil moisture and nitrate determinations 

were made to determine the amount of moisture, the anount and dis- 

tribution of nitrates, and the conversion of the anmonium form of 
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Replication i Replication 2 Replication 3 Replication Li. 

-P 5-S 

5-S 

-S 

l-S 

15 

l-S 

5-S 

2-S 

L- 

5-S 

5-P L-P 3-S 

2-6 

l-S 

5-S 

2-P 

2-P 

L-p 

l-P 

5-P 

Lb-P 

l-P 

5-P 5-P 

3-F 3-P 

2-P 

1-2 

l-S 

)4-S 

5-S 

5-S 

1-S 2-P 

3-P 

l-P 

2-S Lb-P 

l-P = 33.5 pounds of nitrogen por acre at plowing time 
2-P = 67.0 pounds of nitrogen per acre at plowing time 
3-P = 100.5 pounds of nitrogen per acre at plowing time 

= 13LI..0 pounds of nitrogen per acre at plowing time 
5-P = Check 

l-S = 33.5 pounds of nitrogen per acre at seeding time 
2-S = 200.0 pounds of nitrogen per acre at seeding time 
3-S = 300.0 pounds of nitrogen per acre at seeding time 

Liüo.o pounds of nitrogen per acre at seeding time 
5-S = Check 

Figure 1. Plan of the split plot fertilizer trial shcwing 
location of each plot. 
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Figure 2. The Cheney sweep which was used for initial tillage 
on the trashy fallow experiment. 
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FIguro 3. Wheat stubble land after being worked with the sweep. 
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nitrogen to the nitrate form. 

Plots were harvested with a hand sickle and threshed with a 

nursery thresher. Two 32 square foot samples were taken from each 

plot, each three rows wide by 9.1)4 feet long. In addition to the 

yield of the grain, straw weights, test weights, and t1 protein 

content of the grain and straw were determined. 

The experiment was repeated in 1952 on a different location. 

Fertilizer applications were made on April 25 and November 1, 1951. 

Elmar wheat was seeded on October 17 with the deep furrow drill. 

Many fertilizer experiments have been conducted at the Pendle- 

ton station on regular clean fallow. These have shown consistent 

increases in yield with 30 pounds of nitrogen, cccasional yield 

depression with 60 pounds, and rarely an increase over the 60 pound 

rate with 90 pounds. In order to obtain a more direct comparison 

of trashy and clean fallow fertilizer response, duplicate experi- 

ments on c1ea fallow were conducted both in 1951 and 1952 on site 

adjacent to the sites of the trashy fallow experiments. 

Chemical Analyses 

Soil moisture and nitrate determinations were made at the Pend- 

leton branch station laboratory. Protein determinations were made 

in the agricultural chemistry laboratory at Oregon State College. 

Base exchange, anion exchange, and potassium determinations were 

made as laboratory assigunents in a course in soil management. 

For soil moisture determinations, samples were obtained from 

certain of the plots from both the trashy and clean fallow plots. 

Samples were taken by one foot sections to bedrock with a King tube 
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and dried to a constant weight in a soil oven. Each sanple wa a 

ccnposite of three cores. 

In making nitrate determinations, the standard phenoldisuiphonic 

acid method was used (19, p. 180). Samples were run within a few 

hours from time of removal from the experimental site. e hundred 

grams of wet soil was weighed into each bottle, a pinch of precipi- 

tated calcium carbonate added to help aggregate the soil particles 

and enough distilled water used to make approcimate1y 200 grams of 

water. A few drops of copper sulphate solution was added to help 

clarify the solution. The bottles were shaken intermittently for 

20 minutes and filtered through Whatman number two filter paper into 

graduate cylinders. Fifty milliliter aliquots were pipetted into 

evaporating dishes axid evaporated in an oven at 85 degrees Centi- 

grade. vThen dry and cool, one and one-half milliliters of phenoldi-. 

sulphonic acid were added to each dish, taking care to moisten the 

entire residue, After ten minutes, 15-20 milliliter of water were 

added. When cool, a dilute sclution of aiìmionium hydroxide was added 

until the solution was mildly alkaline, as determined by the max- 

imurn development of the yellow color. The necessary dilution of 

the solutions was made to give a color comparable to that of a stand- 

ard solution containing ten ppm of nitrate. Cparisons were made 

with a visual comparator, and the ppm of nitrate calculated accord- 

ing to the formula: 

ml.of volume of standard ppm nitrate 
ppm nitrate water X unknown reading x 

fl standard 
in unknown - grains of soil x volume evaporated x unknown reading. 

For protein, t} Kjeldahl method for total nitrogen was used, 
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with Winkler's modification which substitutes four percent boric 

acid for the standard acid (7, p. 13; LiO, p. 201). Two grams of 

ground wheat wero placed in Kjeldahl flasks and a catalyst contain- 

Ing soliurn sulphate, ferrous sulphate, and copper sulphate was add- 

ed. Thirtyfivc milliliters of concentrated sulphuric acid was 

added to each flask and the flasks were placed on the digestion rack. 

Digestion was continued for about one half hour after the digest be- 

came colorless. The flasks were then allowed to cool, and the con- 

tents diluted with about 100 milliliters of water. A small spoon- 

ful of a mixture of powdered talc and pumice was added to control 

bumping during distillation. Enough sodium hydroxide was added 

down the side of the flasks to make the solution alkaline. The 

flasks were connected to the distillation apparatus, and distill- 

ation begun by vigorous shaking. The ammonia was collected in a 

four percent boric acid solution. When distillation was cnpleted, 

a few drops of bromphenol blue indicator solution was added, and the 

ammonia titrated with o.2236N sulphuric acid. Using acid of this 

normality and two grams of material, milliliters of acid equalled 

percent protein. Blank determinations were subtracted from the 

actual values to correct for any nitrogen in the reagents. 

Base exchange capacity was determined by the ammonium acetate 

method (Lü, p. 171). Twenty gram samples of dry soil were weighed 

and placed in Erlenieyer flasks, 250 milliliters of normal neutral 

ammonium acetate added, the flasks shaken and let stand overnight. 

The contents were filtered on Buchner funnels. The soil was wash- 

ed with successive 25 milliliter portions of ammonium acetate until 



about L4.50 milliliters of solution were collected. The soil in the 

Buchner funnel was washed free of excess amrtonium acetate with 300 

milliliters of ethyl alcohol. The soil was then leached with Loo 

milliliters of one tenth normal hydrochloric acid. The leachate 

was transferred to Kjeldahl flasks and made alkaline with two or 

three grains of sodium hydroxide, and the arinonia distilled into a 

four percent boric acid solution. The ammonia was titrated with 

0.1100 normal hydrochloric acid and the exchange capacity per 100 

rams of soil calculated. 

The phosphate adsorption method (L1ü, pp. 192-195) was used to 

determine anion exchange. Five gram samples of soil were weighed 

into small flasks and 22.5 milliliters of ammonium phosphate solu- 

tion of pH 14.0 added. The flasks were stoppered and shaken, and 

placed in a 60 degree oven for one and one half hours. The flasks 

were shaken six times during the 90 minute heating period. The 

flasks were then removed from the oven and let stand overnight. 

The contents of the flasks were filtered through Buchner funnels, 

using Whetinan number 50 filter paper. Flasks were rinsed with aminon- 

juin phosphate. Leaching was continued until the leachate amounted to 

about 100 milliliters. 
The excess of ammonium phosphate was removed from the soil by 

leaching with 5-lO milliliter portions of 60 percent alcohol until 50 

milliliters had been used. The soil was then rinsed with two five 

milliliter lots of absolute alcohol to dry the soil. 

The soil and filter paper were then transferred to a beaker, dil- 

uted to 200 milliliters, 25-30 milliliters of normal sodium hydroxide 
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added arid the solution boiled five minutes. The solution was then 

transferred to a 500 milliliter volumetric flask andthe flask filled 

with distilled water. The organic matter in a 50 milliliter aliquot 

was destroyed by adding five milliliters of a saturated solution of 

bromine water. Then normal sodium hydroxide was added until the 

solution was just basic, as determined by litmus paper. Then the sol- 

ution was made acid by the dropwise addition of normal hydrochloric 

acid. The excess brine was removed by the addition of five mill- 

iliters of sodium sulfite solution. The solution was then boiled 

to remove most of the excess of suiphurous acid. 

To a 25 milliliter aliquot of this solution were added one 

milliliter of molybdate soluticri and five drops of stannous chlor- 

ide solution. After a few minutes, readings were made on a Klett- 

Sunimerson colorimeter, using a number 66 filter. 

Exchangeable potassium was determined by use of the f 1tne photo- 

meter. Ten grains of soil were extracted with neutral normal ammonium 

acetate, and final volume made to 250 milliliters. Flame photometer 

readings were made ori this solution. 

Statistical Analysis 

Data on yields of grain and straw, test weights, and protein 

content were subjected to the analysis of variance (28, pp. 103-112). 
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RESUI.aS OF STUDY 

YjoidS in bushels per acre are reported in tables 2, 3, 5 

and 6. For the 1951 crop, the trashy fallow plots were located 

at the bottom of a long two percent slope. For the four months of 

October, November, December, 1950, and January, 1951, the precipita- 

tion was 173% of normal, or 12.33 inches cc*npared to a normal of 

7.lL. inches. As a result of this unusually heavy rainfall, some 

ponding of excess water occurred on plots of replication three. 

Chiorosis and poor growth of the wheat the next spring and stïmer 

clearly marked this ponded area, indicating a shortage of nitro- 

gen in the root zone, owing to leaching or other causes. In har- 

vesting the plots, the flooded areas were avoided and the harvest- 

ed samples were taken from portions of the plots where flooding 

had not occurred. The plowing time check plot of replication three, 

however, was affected in its entirety, and the yield obtained was 

consequently very low, 19.6 bushels per acre. 

Meehiical difficulties during initial tillage resulted in a 

certain amount of dragging of straw and accompanying soil frcin plot 

to plot. Since fertilizer was spread just prior to initial tillage, 
the possibility of mechanical movement of the fertilizer from one 

plot to another existed. Such mechanical movement probably explains 

the Lj.9 bushels per acre yield from seeding time check plot of repli- 

cation four in 1951. In the 1952 experiment, the possibility of 

ponding and mechanical movement of the fertilizer were avoided, the 

first by locating the plots near the top of a slope, and the second 
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Table 2. Yield of each plot of wheat grovm after trashy fallow 
as affected by rate arid time of application of nitrogen, 

for the years 1951 and 1952. 

Treatment Yield in bushels per acre 
Re1ications Averages 

Treat- Rates 
____________ 1 2 3 b mits ofN 

1951 

Check-plowing time L2.3 3b.5 19.8 36.2 33.2 
Check-seeding time 36.3 39.6 30.0 b9.o 38.9 36.1 

33.5# N at plawing 50.6 52.2 hb.9 b6.o b8.L 
33.5# N at seeding 52.2 bb.6 h2.5 b6.o b7.2 

67.o N at plowing b9.9 58.5 59.1 63.2 57.7 
67.o N at seeding 52.b 57.9 55.5 56.5 55.6 56.7 

lDO.5# N at plowing 5b.O 59.2 55.1 59.b 56.9 
100.5# N at seeding 55.6 5b.b 5b.6 62.0 57.2 58.5 

1952 

Check-1owing time L6.5 
L1i.9 

b2.O 
LO.2 

37.2 
b2.7 

L2.O 
)4.2 bi.6 Check-séedix time 36.9 

33.5k N at plowing 55.1 b8.9 55.3 61.7 55.3 
33.5e N at seeding 53.8 51.0 b6.5 60.5 53.0 5b.2 

67.O# N at plowing 66.0 58.7 57.6 65.7 62.0 
67.o N at seeding 59.2 56.0 63.b 59.1 59.b 60.7 

100.5k N at plowing 61.3 61.b 60.9 61k7 62.1 
100.5k N at seeding 63.b 60.1 60.8 65.7 62.5 62.3 

13b.0# N at plowing 63.2 51.9 63.3 79.b 6b.5 
13L.0# N at seeding 63.3 63.5 66.6 69.1 65.665.1 



Table 3. Average yields of wheat grown after trashy fallow as 
affected by rate and time of application of nitrogen 

for the years 1951 and 1952. 

Treatment Yield in bushels per acre 
1951 l52 Avcrags 

Treat- aces Time of 

______________________ monts of N** application 

Check-plowing time 33.2 L2.O 37.6 
Chock-seeding time 38.9 14.2 1.jO.1 38.9 

Average 36.1 14.6 

33.5k N at plowing 55.3 51.9 
33.5 N at seeding 14.o 55.0 50.7 

Average 5L.2 

67.O N at plowing 57.7 62.0 59.9 
67.O# N at seeding 55.6 59.L. 57.5 50.7 

Average 5&.7 60.7 

100.5# N at plowing 56.9 62.1 59.5 
l00.5# N at seeding 56.Í. 62.5 59.5 59.5 

Average 56.7 62.3 

l3L.0 N at plowing 59.7 6L1.5 62.1 
1314.0# N at seeding 57.2 65.6 6i.L. 61.8 

Averac-o 58.5 65.1 

Year avorages* 51.0 56.8 

Plowing time average 51.2 57.2 5L.2 
Seeding time average 50.8 56.3 53.6 

Mean difference required for significance: 

* Between years @.. P = .05 ----- 5.1 bushels per acre. 

** Between rates P = .05 ----- 3.L. bushels per acre. 
§ P = .01 ----- bushels per acre. 
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TaLle Li.. Ana1ysis of variance for yields of wheat produced on 
trashy fallow fertilized with nitrogen. 

Variation Sum of .ean F L.S.D. 
due to: Suares D.F. Square Value 5 l 
Years 660.10 1 660.10 7.67* 5.1 
Replications 
Years x reps 
Error a 516.39 6 86.06 
Year totals ll7ú.L4.9 7 

Years 660.10 1 660.10 
Reps within years 516.39 6 86.06 
Dates 7.20 1 7.20 
Dates x years 1.01 1 1.01 
Dates x reps 
Dates x Y x reps 

Error b L3.0 6 7.25 
Date tota1 122E3.2015__________ _____________________ 

Rates 56L1.8.66 L. L12.l6 62.76** 3.L. L.,5 
Rates x years 19.78 L L.95 
Rates x dates 62.lL. L1. 15.5!.i. 
Rates x Y x D 57.26 L. lL1..32 
Rates x a 
Rates x b 
Error e 1080.0L4. L18 22.50 
1otals 8096.11 79 

* Significant at the 5% level. 
** Significant at the 1% level. 
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Table 5. Yield of each plot of wheat grown after clean fallow as 
affected r rate and time of application of nitrogen, for 

the years 1951 and 1952. 

Treatment Yield in bushels per acre 
Replications Averages 

Treat- Rates 
1 2 3 L. ments ofN 

Check-plowing time 
Check-seeding time 

33. N at plowing 

33.5e N at seedirg 

67. ( N at p1 iin 

67.O N at seeding 

1OO.5 N at plowing 

1OO.5 N at seeding 

13L..Q# N at plowing 

13L.Ob N at seeding 

Check-plowing time 
Che ck-soe ding time 

33.5 N at plowing 

33.5k N at seeding 

67.oj& N at plowing 
67.O N at seeding 

1951 

)40.7 32.0 La$.8 

38.8 32.3 )41.9 

5b.6 L.7.9 58.6 
Lj5.2 L.1.8 59.0 

514.14 55.3 6o.1 

147.7 52.9 55.9 

53.2 57.3 69.5 
53.3 147.3 52.9 

14.2 51.14 614.2 

142.7 148.6 55.3 

1952 

143.2 39.3 36.9 
32.2 39.1 142.1 

50.9 53.6 149.6 

149.9 148.5 50.14 

39.5 140.3 

14i.6 38.7 39.5 

55 .L. 

53. 1 

.3 

63.8 

62.14 

55.9 

61.1 

57.3 

52.9 
L.8 

56.5 
55.1 55.8 

60.6 
52.0 56.8 

55.7 
51.1 53.14 

39.1 39.6 
314.0 36.9 

50.9 
56.3 51.2 

38.3 

5 1 1 

149.9 56.2 58.14 L.3 53.5 
52.1 57.8 5)4.3 59.2 55.9 514.7 

lo0.5 N at plowing 56.1 57.3 61.6 58.5 58.14 

100.5k N at seeding 52.7 58.9 55.8 514.8 55.6 57.0 

i314.0 N at plowing 51.0 67.7 61.7 58.9 59.8 

l314.ObNat seeding 50.5 52.158.3 58.2 514.3 57.3 
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Table 6. Avorae yields of wheat grown after clean fallow as af- 
fected by rate and me of application of nitrogen for 

the years 1951 and 1952. 

Treatment Yield in 

______ ____-______ 
Fiat- Rates - TI'ne of 

-____________ 195]. 1952 ments of N** applicati* 

Check-plowing me L0.3 39.6 L1.o.o 

Check-seeding time 38.7 36.9 37.3 33. 
Average 39.5 38.3 ____ 

33.5& N at plowing 52.9 50.9 51.9 

33.5t- N at seeding Li.9.8 51.2 50.5 51.2 
Average 51.L. 51.1 

67.o N at plowing 56.5 53.5 55.0 

67.O# N at seeding 55.1 55.9 55.5 55. 
Average 55e8 5l..7 

l00.5 N at plowing 60.6 58.L. 59.5 
l00.5 N at seeding 52.0 55.6 58.3 56.7 

Averae 56.8 57.0 

l3L..0j N at plowing 

l3L..0# N at seeding 
Averare 

55.7 59.8 57.3 

51.1 5)4.8 53.0 
53.b 57.3 

55. 

Year y2i!x.&e -______.ì___ 5] .7 _______ 

Plowing time average 53.2 52.h. 52.8 
Seeding time average )49.3 50.9 50.1 

Mean difference required for significance: 

* Between dates P = .05 ----- 2.2 bushels per acro. 

** Between rates P = .05 ----- 2.7 bushels per acre. 
( p = .01 ----- 3.6 bushels per acre. 
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Table 7. Analysis of variance for yields of wheat produced on clean 
fallow fertilized with nitrogen. 

Variation Sum of Mean F L.S.D. 
due to Squares D.F. Square Value 5% TL 
ar s 1.3 i 

Replications 
Years x reps 

Error a 8L1.3.33 6 i).O.56 

Year totals &L.68 7 - 

Years 1.35 1 1.35 
Reps within years 814.3.33 6 iL4o.56 

Dates 152.35 1 152.35 9.L4.3* 2.2 
Dates x years 27.38 1 27.38 1.69 
Dates x reps 
Dates x Y x reps 
Error b 97.OLj. 6 16.17 
Date totals 1121.14.6 15 

Rates 3L1.61.57 b 865.39 6L4..Lo** 2.7 3.6 
Rates x years 72.63 L. 16.16 1.35 
Rates x dates 93.76 b 23.L14. i.L4. 

Rates x Y x D 3L4..05 14. 8.51 
Rates x a 

Rates x b 
Error c 6L414..i6 146 13.141.4. 

Total 51428.141 79 
* igniricent at trie ievei. 

** Significant at the 1% level. 



by waiting till after the initial tillage to apply the fertilizer. 

These precautions resulted in less variation in yield the second 

year. 

Analysis of the data presented in table 3 revealed that in the 

trashy fallow experiment there were significant differences in yield 

between years and between rates of nitrogen. Yields of wheat in 

1952 averaged 5.8 bushels per acre more than in 1951, with 5.1 bush- 

eis required for significance, according to the analysis of variance 

(table 4). It may be noted that the 1952 yields were higher even 

though less total precipitation occurred than in 1951 However, the 

seasonal precipitation was more in 1952 than in 1951, with the rain- 

fall in June of 1952 amounting to 2.43 inches as compared to 1.24 

inches in June, 1951. The long time average precipitation for June 

at the Pendleton station is 1.60 inches. 

Wheat yields were increased by the first two increments of ni- 

trogen. Additional nitrogen beyond the 67 pound rate did not in- 

crease yields significantly, as measured by the analysis of var- 

iance of the data. 

Yield data froni the clean fallow experiment, as reported in 

table 6, show significant differences between dates of application 

and between rates of nitrogen. The plowing time applications of ni- 

trogen resulted in hi2her yields than did seeding time applications. 

Increasing rates of nitrogen up to 67 pounds per acre resulted in 

increases in yield, but no increase was obtained from higher rates. 

Straw weights from the trashy fallow experiment are recorded in 
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tables 8 and 9, and the analysis of variance calculations in table 

lo. The amount of straw produced increased with increasing amounts 

of nitrogen until the 100 pound rate was aplied; the heaviest rate, 

134 pounds per acre, did not further increase straw growth. In 

1951, the two lowest levels of nitrogen produced less straw than in 

1952; at the highest rates of nitrogen, however, more straw was pro- 

duced in 1951 than in 1952. 

Straw yields from the clean fallow experiment appear in tables 

11 and 12, and the analysis of variance for these data in table 13. 

These were increases in straw production up to the lOO pound nitro- 

gen level. More straw was produced in 1951 than in 1952. In 1951, 

increasing rates of nitrogen resulted in consistent increases in 

straw production up to the heaviest rate of nitrogen. In 1952, no 

additional straw was produced when more than 67 pounds of nitrogen 

were added to the soil. 

Tables 14 and 15 show the straw/grain ratios for the trashy 

fallow and the clean fallow experiments. In general, these ratios 

reflect the heavy straw growth which occurred in 1951, with conse- 

quently wide straw/ grain ratios, and the relatively low straw yeilds 

and rather high grain yields for the 1952 season, which resulted in 

narrow straw/grain ratios. 

Test weights per bushel for the trashy fallow experiment are 

presented in tables 16 and 17. The test weights increased with add- 

ed nitrogen up to the 67 pound per acre rate, with no further in- 

creases as more nitrogen was added. The heaviest rate of nitrogen 



Table 8. Amounts of wheat straw produced after trashy fallow as 
affected by rate and time of application of nitrogen, 

for the years 1951 and 1952. 

reatmen 

________________________ 1 

Check-plowing time 3100 
Check-seeding time 3100 

33.5 N at plowing 3560 
335k N at seeding L680 

67.o N at plowing !680 
67.o N at seeding Wi60 

100.5# N at plowing 5600 
l00.5 N at seeding 5950 

13L..0 N at plowing 6980 
l3L..0 N at seeding 6310 

Check-plowing time 3725 
Check-seeding time 3390 

33.5# N at plowing L.695 

33.5# N at seeding Li.910 

67.o N at plowing 5935 
67.o N at seeding Lt80 

Weiht of strawin pounds 
Replicat ions 

2 3 

1951 

2770 1)440 

2880 2980 

3830 3330 
290 )4230 

6000 5015 
5860 14775 

5100 5820 
68o )75 

5630 5675 
14780 59)40 

1952 

3190 2695 
2955 2750 

3950 
)4io 

L75 
14820 

14955 

3900 

14760 

5305 

14 

2775 
3770 

3830 
14170 

5160 
5310 

rF 
.., 

3165 
3195 

14795 

L5o 

5185 
14565 

per acre 
Averaes 

Treat- Rates 
ments of N 

2521 
3183 2852 

3638 
143)40 3991 

5259 
5095 5177 

5795 
5770 5783 

6131 
5855 5993 

3260 
3070 3165 

14600 

14)480 145140 

5215 
148)45 5030 

31 

100.5# N at plowing 5255 5610 14905 51145 5230 
l00.5# N at seeding 5765 5130 5225 5315 5360 5295 

l3)4.0fr N at plowing 5295 L895 5365 5800 53)40 

l3L.0 N at seeding 5)465 5105 5325 5975 51470 5)405 
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Table 9. Average weights of the wheat straw produced after trashy 
fallow as affected by rate and time of application of 

nitrogen, for the years 1951 and 1952. 

T reatraont S taw whtsin poundsperai 
Ave raes 

Treat- Rates 
__________ 
Time of 

_________________- 1951 1952 ments of N** application 

Check-plowing time 2521 3260 2891 
Check-seeding time 3183 3070 3127 3009 

Average** 2852 3165 _________ 

33.5# N at plowing 3638 L6O0 1419 
33.5# N at seeding Li.3L3 Liki.80 L)42 L266 

Average 3991 145240 ___________ 

67.o N at plowing 5259 5215 5237 
67.o# N at seeding 5095 Li8t5 h970 510L 

Average 5177 5030 _____ 

100.5# N at plowing 5795 5230 5513 
100.# N at seeding 5770 53J 5565 5539 

Average 5783 5295 

13L..0 N at plowing 6131 53L0 5736 
13L4..C) N at seeding 5855 5)470 5668 5702 

Average 5993 5)405 

Year averages - 1475924687 ________________________ 

Plowing time average** 14669 14729 )49 
Seedinte avor age 148)49 )46145 ____________ 147)47 

!.ean difference required for significance: 

** l3etween rates P = .01-----)443 pounds per acre. 
Interactions-- 
Dates x years . P = .01 ----- 1L.3 pounds per acre. 
Rates x years P = .01 ----- 627 pounds per acre. 

Between rates P = .05 ----- 332 pounds per acre. 
Interactions-- 
Dates x years P = .05 ----- 9)4 pounds per acre. 
Rates x years @. P = .05 ----- 1469 pounds per acre. 



Table 10. Analysis of variance for straw weights of wheat produced 
on trashy fallow fertilized with nitrogen. 

Valiation Sum of Mean F L.S.D. 

due to Squares D.F. Square Value 
Years 105,851 1 105,851 
Replications 
Years x reps 
Error a 3,229,Ljh3 6 538,2L0 
Year totals 3,335,2974 7 

Years 105,851 1 105,851 
Reps within years 3,229,)4.3 6 538,2L0 
Dates L5,6oi 1 Li.5,601 3.09 
Dates x years 359,801 1 859,801 2i.35** 9L. 1L3 

Dates x reps 
Dates x Y x reps 
Error b 88,673 6 1L1,779 

a1s 3,829,368 15 

Rates 77,h99,LD8 L. 19,37)4,852 88.83** 332 L4)43 

Rates x years )4,928,L8l )4 1,232,120 5.65** )469 627 

Rates x dates 1,838,76)4 Lj. )459,691 2.11 
Rates x Y x D 275,979 )4 68,995 
Rates x a 
Rates x b 

Error c 1O,LL,O8 L8 218,105 
Totals 988)410L.9 79 

* Significant at the 5% level. 
** Significant at the 1% level. 
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Table 11. Araounts of wheat straw produced after clean fallow as 
affected by rate and time of application of nitroen, 

for the years 1951 and 1952. 

Treatment Weight of straw inounds er acre 
Replicati_ons ________________ 

Treat- Rates 
___________ 1 2 3 L. ments of N 

1951 

Check-plowing time LD3O 3700 5000 3795 1431 
Check-seeding time 3145 2B55 3680 3300 3313 3722 

33.5# N at plowing 6Lj00 h.910 5895 !.850 55l!. 
33.5# N at seeding 1480 3925 6L25 ).i970 14.875 5195 

67. N at plowing 614.50 5650 5560 5300 5714U 

67.0# N at seeding 5310 5720 6o14o 6300 5814.3 5792 

100.5# N at plowing 7150 65io 6e50 61480 6598 
100.5 N at seeding 711.0 5660 60140 6180 55 6L27 

1314..0# N at plowing 7515 6100 6375 76140 6908 
l314..0# N at seeding 6350 6060 7320 6560 6573 67)4 

1952 

Check-plowing time 3600 2805 2365 3135 2975 
Check-seeding time 2230 301.0 3515 30140 2955 2965 

33.5# N at plowing 14.514.5 14.520 14355 14.595 14.505 

33.57/ N at seeding 14.550 3595 14275 14.990 141i.30 14J..68 

67.o1 N at plowing 14950 14.950 14895 14225 14.755 
67.o N at seeding 14.370 1414.75 14.890 5020 14.690 14.723 

100.5 N at plowing L765 14620 14.775 14.9140 14.775 
100.5w N at seeding 14.730 5120 L625 1414.70 14.735 14.755 

1314..0 N at niowing 14.395 14.760 14.650 5035 14.710 

l3Li..0# N at seeding 1414.55 14620 5835 5160 5020 14865 
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Table 12. Average weig}fts of the wheat straw produced after clean 
fallow a affected by rate and time of application of 

nitrogen, for the years 1951 and 1952. 

Treatmt Straw weights in pounds acre -- 
Avera 

Treat- Rates Time of 

___________________ 195]. 1952 ments of N** application 

Check-plowing time )431 2975 3553 
Check-seeding time 3313 2955 3l3L 33)4. 

Average** 3722 296______ 

33.5k N at plowing 55lL. L5O5 L6o 
33.5jJ N at seeding 14875 L30 )4653 14807 

Average 5195 L1 

67.0 N at plowing 57140 Lj755 52148 

67.0k N at seeding 58143 9 5267 5258 
Average 5792 14723 

100.5 N at plowing 6598 14775 5687 
l0O.5# N at seeding 6255 14735 51495 5591 

Average 6L127 

13L.0# N at plowing 08 14710 5809 
1314.Oj/ N at seeding 6573 5020 5797 5803 

Averae 67LiJ. L65 

Year averages** 5575 14355 

Plowing time average 5778 14314L. 5061 
Seeding time average 5372 14366 14869 

Mean difference required for significance: 

** Between rates P = .01 ----- 336 pounds per acre. 
Between years P = .01 ----- 657 pounds per acre. 
Interaction-- 
Rates x years P = .01 ----- 1475 pounds per acre. 

Between rates P = .05 ----- 252 pounds per acre. 

Between years ( P = .05 ----- 1433 pounds per acre. 

Interaction-- 
Rates x years P = .05 ----- 31414 pounds per acre. 
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Table 13. Analysis of variance for straw weight s of wheat produced 

ori clean fallow fertilized with nitrogen. 

Variation Sum of Mean F L.S.D. 

due to: Squares D.F. Sqare Value 5% 1% 

Yeams - 29,77iïöb i 29,77IIi,lC 147.LU** 1433 7 
Replicati omis 
Years x reps 

Error a 3,768,659 6 628,110 

Year totai 33,5l259 7 

______ 
_____________ _____ 

Years 29,7714,100 1 29,7714,100 

Reps within yrs 3,768,659 6 628,110 

Dates 7L2,O88 1 7L2,088 1.67 

Dates x years 9114,850 1 9114,850 2.06 

Dates x reps 

Dates x Y x reps 
Error b 2,6614,019 6 L1J414,003 

Date to !!L.. 37,863,717 15 
______ 
______ 

Rates 61,165,266 14 15,291,316 67.8l** 252 336 

Rates x years 14,1453,514 14 1,1)3,365 )4.914** 3L14 1475 

Rates x dates 620,060 14 155,015 

Rates x Y x D 573,1014 14 1143,276 

Rates x a 
Rates x b 
Error e 10,8214,728 )48 225,515 

11,5b748 79 

__________ 

* Significant at the 5% level. 
** Significant at the 1% level. 
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Table lL. Straw/grain ratios of wheat as affected by rate and time 
of application of nitrogen on trashy fallowed land for 

the years 1951 and 1952. 

Treatment Stry/rirn ratio 

Treat- Rates Time of 
1951 1952 ments of N application 

Check-plowing time 1.27 1.29 1.23 

Chock-seeding time 1.36 1.22 1.291.29 
Averag 1.32 1.26 

33.5# N at plowing 1.25 1.39 1.32 

33.5k N at seeding 1.57 1.)4 l.b91.L1.l 
Aver ae 1.4 1.!4O 

67. N at plowing 1.52 i.1û 1.L7 
67.o N at seeding 1.53 1.36 1.!51.L6 

Average 1.53 1.33 

lOO.5 N at plowing 1.70 i.Lü 1.55 

1O0.5 N at seeding 1.71 1.50 1.61 1.58 

Average L71 l.L5 

13t..Dfr N at plowing 1.7)4 1.33 1.56 

l3L1..0 N at seeding 1.70 1.39 1.551.56 
Average 1.72 1.3__ 

Year averages l.5t. 1.37 

Plowing time avorage 1.50 1.37 

Seeding time average 1.7 1.37 1.L17 
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Table 15. Straw/grain ratios of wheat as affected by rate and time 

of application of nitrogen on clean fallowed land for 
the years 1951 and 1952. 

Treatment Straw/grath ratio 
Ave rages 

Treat- Rates Time of 

1951 1952 ments of N application 

Check-plowing time 1.73 1.21 1.L7 
Check-seeding time 1.L.3 1.33 1.38 1.3 

Average 1.58 i.7 
33.5# N at plowing 1.7Li. 1.)47 1.61 
33.5# N at seeding 1.63 1.!li. l.5L. 1.50 

Average 1.69 i.L.6 

67.o N at plowing l.9 l.t8 1.59 
67.o N at seeding 1.77 1.!i0 1.59 1.59 

Averare 1.73 

lOO.5# N at pling 1.31 1.36 1.59 
100.5b N at seeding 2.00 1.142 1.71 1.65 

Average 1.91 1.39 

1314.. N at plowing 2.07 1.31 l. 
l314..O N at seeding 2.11 1.53 1.82 1.76 

Average 2.09 1.142 

Year averages 1.80 1.39 ____ 

Flawing time average 1.81 1.37 1.59 
Seeding time average 1.79 l.L42 1.61 
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Table 16. Test weight of wheat grown after trashy fallow as affect- 
ed b' rate and time of application of nitrogen. 

Treatment - Test weight in pounds r bushel 
Replications _________________ 

Treat- Rates 
________ 1 2 3 b merits ofN 

1951 

Check-plowing time 59.6 59.7 58.6 59.5 59.L4. 

Check-seeding time 59.3 58.9 59.5 59.1 59.2 59.3 

33.5# N at plowing 61.7 62.3 60.6 60.9 61.3 
33.5 N at seeding 61.0 60.5 60.8 59.8 60.5 60.9 

67.0# N at plowing 61.1 61.9 61.5 61.3 61.5 
67.O& N at seeding 61.5 61.14. 61.5 61.5 61.5 61.5 

1O0.5 N at plowing 61.7 61.9 61.7 61.8 61.8 
lOO.5# N at seeding 61.1 62.1 61.8 61.8 61.7 61.8 

13b.O N at piowing 61.2 60.7 61.7 61.8 6i.b 
l3L4., N at seeding 60.8 62.0 61.9 61.7 61.6 61.5 

1952 

Check-plowing time 59.8 59.0 58.9 58.9 59.2 
Check-seeding time 59.7 59.2 58.8 59.2 59.2 59.2 

33.5# N at plowing 60.5 59.7 60.b 60.5 60.b 
33.51k N at seeding 60.5 60.b 60.3 60.6 60.5 60.5 

67.oj N at plowing 61.9 61.2 61.6 62.0 61.7 
67.o N at seeding 61.8 6i.14. 61.6 61.6 61.6 61.7 

100. N at plowing 61.8 61.7 61.5 61.9 61.7 
].00.5# N at seeding 62.1 62.1 61.7 61.8 61.9 61.5 

1)4.O# N at plowing 61.6 62.0 62.1 62.5 62.1 
l3b.Oi N at seeding 61.8 61.9 -- 61.361.6 61.7 61.9 
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Table 17. Average test weights of wheat grown after tra3hy fallow 
as affected br rate and time of application of nitro- 

gen, for the years 1951 and 1952. 

Treatment Test weigh nouncijer bushel 
Averages 

Treat- Rates Time of 
_______________ 1951 1952 inents of N** application 

Check-plowing time 
Check-seeding time 

Ave rac e * 

33.5# N at pliing 
33.5# N at seeding 

Average 

67.0fr N at plowing 
/ if 

o7.Of N at seeding 
Aver a e 

59.4 59.2 59.3 
9.2 59.2 59.2 59.3 

9.3 59.2 

61.3 6o.L. 60.9 

60.5 60.5 60.5 60.7 
- 60.9 

61.5 61.7 6i.6 

61.5 61.6 61.6 61.6 

61.5 61.7 

l00.5# N at plowing 61.8 61.7 61.8 

10O.5 N at seeding 61.7 61.9 61.8 61.8 

Average ÔLS 61.8 _________ 

N at plowing 6i.L1. 62.1 61.8 

l3L.0# N at seeding 61.6 61.7 61.7 61.8 

Avcrape 61.5 61.9 

Year ave ros 61.0 61.0 

Plowing time averages 61.1 61.0 61.1 

Seeding time averages 60.9 61.0 61.0 

Mean difference required for significce: 
** Between rates P = .01 ----- O.L. pounds per bushel. 

P = .05 ----- 0.3 pounds per bushel. 

* Interaction-- 
Rates x years P .05 ----- 0.L. pounds per bushel. 
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Table 18. Analysis of variance of test weights of wheat grown after 

trashy fallow fertilized with nitrogen. 

Variation Sum of vean F L.S.D. 

- duo to: SQres D.F. Square Value 5% l 

Years 0.01 1 0.01 

Repli cati ons 
Years x reps 

Error a 1.26 6 0.21 

Year totals l.2'7 7 
_________________ 
______ __________ 

Years 0.01 1 0.01 

Reps within years 1.26 6 0.21 

Dates 0.19 1 0.19 l.0L- 
Dates x years 0.0 i 

Dates x reps 

Dates x Y x reps 

Error b 1.10 6 0.18 

Date totals ___________ 

Rate s 
Rates x years 

Rates x dates 
Rates x Y x D 

Rates x a 

Rates x b 

Error o 

Total 

7L..5l 14. 18.63 

1.86 Lt 0.L.7 
0.30 )4 0.07 
1.22 )4 0.30 

6. co 

* Significant at the 5% level. 

** Significant at the 1% level. 

o. 

131.56** 0.3 o.L 
3.29* 0J4 

2 15 
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in 1952 resulted in heavier test weight per bushel than did the 

seme rate in 1951. 

Test weight data for the clean fallow experiment, recorded in 

tables 19 and 20, show that test weight per bushel increased with 

increasing amounts of nitrogen up to 67 pounds per acre, remained 

the saiìe at the 100 pound rate, and decreased at the heaviest rate 

of nitrogen. Applications of nitrogen at seeding time resulted in 

lower test weights than did apolications at plowing time. In 1951 

the heaviest rate of nitrogen sharply reduced the test weight of the 

wheat, The test weight of the wheat on plots receiving seeding time 

applications of nitrogen declined when more than 67 pounds per acre 

of nitrogen were added, while the plots having the nitrogen added at 

plowing time produced test weight increases up to the 100 pound 

rate. At the 134 pound rate of nitrogen, however, test weights also 

declined on the plowing time application plots. The test weights of 

the wheat grown in 1952 increased with added nitrogen up to the 100 

pound per acre rate. Even the heaviest rate, 134 pounds of nitrogen, 

did not cause reduced weight per bushel. 

It will be noted that there was a general increase in test 

weights as the yield increased as a result of added nitrogen. In 

the clean fallow experiment, yields tended to decrease to sorne ex- 

tent at the heavier rates of nitrogen. As previously noted, the test 

weights were also reduced. Calculation of the correlation coeffi- 

cients using the five rate averages for yield and test weight give 

an Urti value of 0.981 for the clean fallow experiment, and 0.993 for 
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Table 19. Test weicht of wheat grown after clean fallow as affected 

by rate and time of application of nitrogen. 

Treatment -- Test_ in pounds per bushel 
Replications Averages 

Treat- Rates 

1 2 3 L. ments of N 

1951 

Check-plowing time 59.2 58.9 60.5 59.5 59.5 
Check-seeding time 58.7 58.1 58.8 59.0 58.7 59.1 

33.5# N at plowing 60.8 60.5 61.2 60.7 60.0 

33.5# N at seeding 60.3 60.8 60.1 62.0 60.8 60.8 

67.0# N at plowing 61.0 60.6 61.6 61.6 60.7 

67.o N at seeding 6ü.L. 60.1 6i.!. 60.9 60.7 61.3 

l00.5 N at plowing 61.0 6i.6 62.5 62.0 61.8 

l00.5 N at seeding 60. 60.1 6l.L1. 60.9 60.7 61.3 

13Li.. N at plowing 58.7 61.5 62.0 61.7 61.0 

134.0 N at seeding 57.9 58.3 60.0 60.0 59.1 59.6 

1952 

Check-plowing time 59.0 59.2 59.2 58.i.. 59.0 

Check-seeding time 58.6 58.5 59.1 58.!i. 58.7 58.9 

33.5k N at plowing 61.2 60.o 59.9 60.0 60.3 

33.5e N at seeding 61.1 60.5 60.0 59.9 60.ii. 60.L. 

67.oÇ& N at plowing 61.8 62.0 6i.h 61.1 61.6 

67.o N at seeding 62.0 61.!i. 61.2 61.!i. 61.5 61.6 

1û0.5: N at plowing 61.9 61.7 62.1 61.34 61.8 

100.5k N at seeding 62.6 62.3 62.L. 62.2 62.L. 62.1 

13L1..0 N at plowing 61.6 62. 62.1 62.1 62.1 

iJ4.o N at seeding 62.3 62.0 61.7 62.3 62.1 62.1 
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Table 20. Average test weights of wheat grown after clean fallow as 
affected by rate and time of application of nitrogen, for 

the years 1951 and 1952. 

Treatment Test weight in pounds per bushel 
Averases 

Treat- Rates Tfine of 

195]. 1952 ments** of N** application* 

Check-plowing time* 59.5 59.0 59.3 
Check-seeding time 58.7 58.7 58.7 59.0 

Average** 59.1 58.9 

33.5# N at plowing 60.8 60.3 60.6 

33.5# N at seeding 60.8 60.4 60.6 60.6 

Average 60.8 60.4 

67.0k N at plowing 61.0 61.6 61.3 

67.011r N at seeding 61.7 61.5 61.6 61.5 

Average 61.4 61.6 

l00.57 N at plowing 61.8 61.8 61.8 

l00.5 N at seeding 60.7 62.4 - 61.6 61.7 

Average 

134. N at plowing 61.0 62.1 61.6 

l34.0f/ N at seeding 59.1 62.1 60.6 61.1 

Average 60.1 62.1 

Year averages 60.5 61.0 

Plowing time average** 60.8 61.0 60.9 

Seeding time average 60.2 61.0 60.6 

Mean difference required for significance: 

** Between rates P : .01 ----- 0.5 pounds per bushel. 

Interactions-- 
Rates x years P .01 ----- 0.7 pounds per bushel. 

Rates x dates P .01 ----- 0.7 pounds per bushel. 

Rates x years x dates P .01 ----- 0.7 pounds per bushel. 
* Between dates P .05 ----- 0.2 pounds per bushel. 
* Interaction 

Rates x years P .05 ----- 0.5 pounds per bushel. 

Rates x dates P .05 ----- 0.5 pounds per bushel. 

Rates x years x dates P .05 ----- 0.5 pounds per bushel. 

Between rates P : .05 ----- 0.4 pounds per bushel. 
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Table 21. Analysis of variance of test weights of wheat grown 

after clean fallow fertilized with nitrogen. 

aiation Sum of Mean L.S.D. 

due to: Squares D.F. Square Value 1 

Ye sr s - - i 14. 37 _____________ 
Replications 
Years i reps 
Error a 9.61 6 - 

1.60 

Year totals l38 7 - _____ 

Years L..37 1 L.37 

Reps within years 9.61 6 1.60 

Dates 1.60 1 1.60 8.55* 0.2 

Dates i years 2.L4.9 1 2.!9 13.32* 0.3 

Dates x reps 
Dates x Y i reps 

Error b 1.12 6 0.19 

Date totals 19.19 - 15 

Rates 7L!..6l L. 18.65 .52** o.L. 0.5 

Rates i years 16.66 Li. L.l6 l5.5L1** 0.5 0.7 

Rates x dates Li..02 Li. 1.01 3.75** 0.5 0.7 

Rates x Y x D 5.06 b 1.27 )4.72** 0.5 0.7 

Rates i a 
Rates x b 
Error e 12.88 L8 0.27 

Total l33.L12 

______ 
79 

Signifloant at the 5% level. 
_____________ 

-_____________ 
** Significant at the 1% level. 
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the trashy fallow experiment. 

Protein content was determined on the wheat produced in 1951. 

In table 22 the protein content of the wheat produced on the trash 

f allow experiment is reported, and table 23 shows the analysis of 

variance calculations. The data in these tables reveal that con- 

sistent increases in the protein content of the wheat occurred with 

each additional increment of nitrogen. At the 33 pound rate of ni- 

trogen, the plowing tine applications resulted in more protein in the 

wheat than did the seeding time aolications, but at the highest 

level of nitrogen, the seeding time aprlications produced wheat of 

higher protein than did plowing time applications. 

For the clean fallow experiment, the nrotein content of the 

wheat (tables 24 and 25) increased as the amounts of nitrogen ap- 

plied were increased. There were no differences between plowing 

time and seeding time ap1ications at the two lowest levels of ni- 

trogen, but at the three highest levels, the seeding time appli- 

cations produced wheat with higher protein content than did plowing 

time applications. 

Nitrogen determinations were made on composite samples of the 

straw from each treatment in 1951. Results of these determinations, 

shown in tables 26 and 27, indicate that the nitrogen content of the 

straw on unfertilized plots was very low. These figures indicate 

that a ton of wheat straw contained only about three pounds of nitro- 

gen where no nitrogen fertilizer was apolied. The addition of ni- 

trogen resulted in marked increases in the percent nitrogen in the 
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Table . Protein content of wheat as affected by rate and time of 

application of nitrogen on trashy fallowed land, in 1951. 

Treatment Percent pr in wheat*** 

Re2 li cati ens _____________________ 
Treat- Rates 

_________________ 1 2 3 L. ments* of N** 

Check-plowing time 8.25 9.02 7.93 8.77 8.L.9 
Check-seeding time 8.13 8.36 8.14 8.09 8.25 8.37 

33.5# N at plowing 10.70 10.05 8.99 9.1 9.89 
33.5# N at seeding 9.07 8.63 8.37 9.69 8.93 9.14 

67.0j N at plowing 9.37 10.52 9.77 9.69 9.6L1. 

67.o# N at seeding 9.L7 9.89 9.62 9.2L 9.56 9.70 

100.5e N at plowing 11.18 11.3e 12.21 11.6]. 11.60 

100.5k N at seeding 12.77 10.99 11.51 10.35 11.14 11.51 

13L,..0# N at plowing 10.78 13.01 11.79 11.23 11.70 
l3L1.0# N at seeding 13.50 13.19 13.5L 12.11 13.09 12.)4D 

Plowing time average 10.30 
Seediine average 10.25 

Table 23. Analysis of variance for percent protein in wheat grown 

after trashy fallow, in 1951. 

Variation Sum of Mean F L.S.D. 

e to: Sguares D.F. Sguare Value 5% 1% 

Rep1iations 1.05 3 0.35 
Dates . 0.03 1 0.03 

Reps x dates 

(Error a) 1.85 3 0.62 
Rales 8l.31 L 21.08 L8.36** 0.7 0.9 
Rates x dates 5.96 t. l.L.9 3.L2* 1.0 

Error b l0.L6 2L. 0.14 

Total 103.66 39 _____ 

* Significant at the 5% level. 

** Significant at the 1% level. 

*** Moisture-free basis. 
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Table 2L.. Protein content of wheat as affected by rate and time of 

application of nitrogen on clean fallowèd land, in 1951. 

Treatment Percent protein in wheat 

Replications Averages 
Treat- Rates 

_______ 1 2 3 L. ments** of N** 

Check-plowing time 7.50 7.63 8.38 7.95 7.87 

Check-seeding time 7.L.6 7.35 7.36 7.6L 7.L1.5 7.66 

33.5# N at plowing 8.90 8.26 8.89 9.16 8.80 

33.5# N at seeding 8.20 8.35 10.67 7.92 8.79 8.80 

67.0# N at plowing 9.16 8.60 8.89 8.Lj.7 8.78 

67.0# N at seeding 11.30 10.17 9.0L 9.714. 10.06 9.142 

100.5# N at plowing 11.00 10.81 10.55 9.85 10.55 

lOO.5# N at seeding 12.00 13.51 12.14.3 12.614. 12.65 11.60 

13Lì..0 N at plowing 12.61 10.75 11.03 10.81 11.35 

13)4.O N at seedir 13.90 15.80 12.89 12.56 13.79 12.57 

Plowing time average 9.14.7 

Seeding time average 10.55 ______ 

Table 25. Analysis of variance for percent protein in wheat grown 

after clean fallow, in 1951. 

Variation Sum of F L.S.D. 

due to: Squares D.F. Square Value 5% 1% 

1ications 1.72 3 37 
Dates 13.56 1 13.56 9.98 

Reps x dates 
(Error a) 14..O8 3 1.36 

Rates 133.18 14. 
33.28 57.70** 0.8 1.1 

Rates x dates 11.95 14. 2.99 5.18** 1.1 1.5 

Error b 13.814. 214. 0.56 _____ 
Total 178.27 39 

* Significant at the 5% level. 

** Significant at the 1% level. 
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Table 26. Percent nitrogen in tI-e wheat straw as affected by rate 
and time of application of nitrogen on trashy fallow in 

1951. 

-- Treatment Percent nitrogen in the 
Aver ages 

Rates Time of 

of N application 

Check-plowing tii 0.132 
Check-seeding time 0.153 O.1L4J. 

33.5# N at plowing 0.181 

33.5# N at seeding 0.1L.7 o.i6L. 

67.0k N at plowing O.27k 

67. N at seeding 0.176 0e225 

100.5 N at plowing 0.220 
100.5 N at seeding 0.215 0.218 

l3L..0 N at plowing 0.222 

13L.0# N at seeding 0.295 0.259 

Plowing time average 0.206 
Seeding time average 0.197 
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Table 27. Percent nitrogen in the wheat straw as affected by rate 

and time of application of nitrogen on clean fallow in 

1951. 

Treatment nitroen in the straw 
Averages 

Rates Time of 

__________________ of N application 

Check-plowing time 0.lL6 

Chock-seeding time 0.127 0.137 

33.5# N at plowing 0.1)45 

33.5# N at seeding o.iLü 0.1)43 

67.O# N at plowing 0.167 
67.Oj,& N at seeding 0.211 0.169 

1O0.5 N at plowing 0.177 

1C0.5 N at seeding 0.333 0.255 

13h.0# N at plowing 0.233 

13)4.0# N at seeding 0.357 0.295 

Plowing time average 0.17)4 

Seedinfimoaverage 0.23)4 ________ 
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straw, from about o.iL percent in the straw of the check plots to 

about 0.30 percent for the straw of the heavily fertilized plots. 

Although this is an increase of over 100 percent, the actual in- 

crease in pounds of nitrogen was very small, from three poundS to 

six pounds per ton of wheat straw. 

For the two years that the experiments were carried out, the 

amount of moisture conserved by the trashy fallow and the clean 

fallow is reported in table 28. This table also indicates the total 

amount of moisture available' for the crops grown. 

Table 28. Aìounts of water available in the soil on April 1, plus 

seasonal precipitation, on the trashy fallow and the 
clean fallow experiments. 

Treatment Inches of water in 5 ft. of soil 

1951 1952 

Avail- Seasonal Avail- Seasonal 

able precipi- able precipi- 

Apr. 1 tation* Total Apr. 1 tation Total 

Trashy fallow 12.66 2.51 15.17 10.87 L1.93 15.80 

Clean fallow l0.2 2.51 12.33 7.5L L..93 l2.L7 

* Precipitation from April 1 to harvest. 

1Eight percent moisture is considered the wilting point for 

this soil. For winter wheat all moisture in the soil on April 1 

above this point is considered arailable, even when the soil mois- 

ture is above the field capacity on that date, because of the ex- 

tensive root growth of winter wheat and because the underlying 

basalt serves to greatly retard deep percolation. 
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Soil nitrate determinations made at the Fendleton branch exper- 

iment station since its establishment in 1929 have indicated that 

clean summer fallowed land containing about 60 pounds of nitrate ni- 

trogen per acre will produce about )43 bushels of wheat per acre. 

Thirty pounds of nitrogen as ammonium sulfate added to the summer 

fallowed land over the past eight years has produced an increase 

in wheat yields of eight bushels per acre. This increase has varied 

from as little as three bushels in 19)49, a low precipitation year, 

to as much as 17 bushels in 1950, a year of particularly favorable 

rainfall (37, p. 15)4). 

Nitrate determinations made in the fall of 1951 on both the 

trashy and clean fallow experiments tend to substantiate the values 

of 60 pounds of nitrate nitrogen for )40 bushels of wheat which the 

experiment station has been using in making fertilizer recominenda- 

tions. The data in table 29 show that the check plots of the 

trashy fallow experiment contained an average of 67 pounds of ni- 

trate nitrogen in the fall of 1951 and produced L2.0 bushels of 

wheat in 1952, while the clean fallow check plots (table 3D) con- 

tained an average of 56 pounds of nitrate nitrogen and produced 

39.6 bushels. 

Nitrate determinations on the trashy fallow plots which re- 

ceived plowing time applications of nitrogen indicate that most of 

the ammonium part of the fertilizer had been nitrified between the 

time of application and the time the nitrate tests were run. This 

did not appear to be true in the case of the heaviest rate of 
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Table 29. Pounds of nitrate nitrogen per acre, in November, 1951, 
in trashy fallowed plots which were fertilized with 

different rates of ammonium nitrate. 

- - Treatment Pounds nitrate nitrogenper acre Yield of 
Replications Ave. wheat 

1 2 3 L. bu/acre 

Check-plowing time 56 51 7h. 85 67 h2.O 

33.5# N at plowing 100 90 88 98 9L. 55.3 

67.0k N at plowing 18h. 95 iho 168 117 62.0 

100.5# N at plowing 190 13h. 190 165 170 62.1 

1314.0# N at plowing 202 105 ih6 i6L. 15h. 6L1.5 

Table 30. Pounds of nitrate nitrogen per acre, in November, 1951, 
in clean fallowed plots which were fertilized with 

different rates of ammonium nitrate. 

Treatment Pounds nitrate nitroenracr Yield o± 

i 

Replications 
2 3 L. 

Ave. wheat 
bu/acre 

Check-plowing time 50 59 5h- 59 56 39.6 

33.5# i'I at plowing 87 70 68 57 71 50.9 

67. N at plowing 102 8L. 93 83 90 53.5 

l00.5# N at plowing 90 83 72 99 86 58.L 

131.Q# N at plowing 15h. 103 95 12h. 119 59.8 



nitrogen, however. 

On the clean fallow experiment, the nitrification of the ein- 

moniurn nitrate applied at plowing time seemed to have not occurred 

during the summer season, as the pounds per acre of nitrate nitrogen 

in the soil in November appears to be about equivalent to the a- 

mount of nitrate nitrogen applied plus the amount in the check plots. 

Nitrate determinations made in the spring in both 1951 and 

1952 on plots which had the nitrogen applied at seeding time in- 

dicated that either the ammonium part of the fertilizer had not been 

converted to the nitrate form or that the wheat plants had accumu- 

lated a considerable amount of nitrogen while still in their early 

growth period. Unfavorable weather for nitrification during the 

winter and the presence of wheat roots as deep as four feet by the 

first of April indicate that both conditions might have contributed 

to the low nitrate content of the soil in the spring. 

Yield of grain, straw weight, test weight, and protein data 

for the two experiments are summarized in tahies 31 an 32. 
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Table 31. Summary of results fran the trashy fallow experiment. 

1reatrnent Yield Straw Vt. Straw/Grain Tet Wt. Protein 
Ratio (1951 only) 

bu/acre lbs/acre lbs/bu percent 

Check-P 37.6 2891 1.28 59.3 6.14.9 

Check-S LD.l 3127 1.29 59.2 8.25 
Ave. 38.9 3009 1.29 59.3 8.37 

1-P 
l-S 

Ave. 

2-P 
2-S 

Ave. 

51.9 1419 
L9.5 

50.7 14266 

59.9 5237 

57.5 14970 

58.7 51014 

1.32 
1.149 

1.14 

1.14.6 

1.145 

3-P 59.5 5513 1.55 
3-S 59.5 5565 1.61 

Ave. 59.5 5539 1.58 

14-p 62.1 5736 1.56 
14-s 61.14 5668 1.55 

Ave. 61.8 5702 1.56 

60.9 
6o. 

60.7 

61.6 

61.6 

61.8 
61.8 

61.8 

61.7 

9.89 
8.93 
9.14 

9.8)4 

q.s6 

11.60 
11.14 

11.70 

13. Oq 

Table 32. Summary of results fran the clean fallow experiment. 

Treatment Yield Straw Wt. Straw/Grain Test Vt. Protein 
Ratio (1951 only) 

bu/acre ibs/acre lbs/bu percent 

Check-P 14o.o 3553 1.147 59.3 7.87 

Check-S 37.8 313)4 1.38 58.7 7.145 

Ave. 38.9 3311)4 1.14.3 59.0 7.66 

1-P 51.9 L6o 1.61 60.6 0.80 

1-S 50.5 14653 i.)4 60.6 8.79 

Ave. 51.2 14807 1.58 60.6 8.80 

2-P 55.0 52148 1.59 61.3 8.78 

2-8 55.5 5267 1.59 61.6 io.o6 
Ave. 55.3 5258 1.59 61.5 9.142 

3-P 59.5 5687 1.59 61.8 10.55 

3-S 53.8 5)495 1.71 61.6 12.65 

Ave. 56.7 5591 1.65 61.7 1l.f0 

)4-P 57.8 5809 1.&9 6i.6 11.35 

14-S 53.0 5797 1.82 6o.6 13.79 

Ave. 55.l. 5803 1.76 61.1 12.57 



DISCUSS ION 

The large increase in yield with the first increment of 33.5 

pounds of nitrogen per acre on the trashy fallowed plots (table 3) 

was scxriewhat surprising because in another experiment, from 19140 

to l9L9 on the same farm, there was no increase in the yield of 

wheat on trashy fallow when ten pounds of nitrogen per acre were ap- 

lied. It had been anticipated that part of the first increment of 

nitrogen would be imrìobilized and made unavailable for a longer time 

by the soil microorganisms when the straw was left on the surface 

where decomposition would be slower than if the straw were plowed 

dovn. 

Even more surprising was the relatively large amamt of nitrate 

nitrogen found in the trashy fallowed check plots in the fall of 

1951 (table 29). Although the trashy and clean fallow experiments 

cannot be compared statistically, comparison of tables 29 and 30 

leaves little doubt that as much nitrification occurred on the 

trashy fallow check plots as on the clean fallow checks, and that 

considerably more nitrification took place on the fertilized plots 

of the trashy fallow experiment. 

One of the main problems in using trashy fallow in eastern 

Oregon has been the control of annual cheatgrass. In the exper- 

iment previously nntioned, where moldboard plowed, disked, and 

sweep plowed plots were intermingled in the process of randOEniza- 

tion, all the plots received tne same number of cultivations for 

weed control during the summer fallow year. Sweep plowinr leaves 
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the weed seed on the surface of the soil where germination is possi- 

ble after every rain. Because of this factor, it is possible that 

part of the yield depression fran trashy fallow obtained fran this 

experiment (37, p. 130) was due to the lack of weed control on the 

trashy fallowed plots. 

In 1950, the trashy f alli experiment was rod-weeded si: times 

for weed control, the clean fallow plots only four timos. In 1951, 

the trashy fallow was rod-weeded four times, the clean fallow only 

three. Since the purpose of stsnrnor fallowing is to conserve mois- 

ture and to accumulate nitrates, it is necessary to maintain close 

control of weeds, as the weeds use both moisture and nitrates. 

The two greatest objections of farmers to trashy rather than 

clean fallow are the mechanical difficulties of handling the straw 

and the yield depression. This yield depression, over a period of 

1L. years, in various experiments, has been about six bushels of wheat 

per acre at Pendleton and three bushels at Moro, Oregon. 

Results of this experiment, with good weed control maintained 

on the trashy fallowed plots, suggest that more work needs to be 

done with a carefully controlled experiment to re-evaluate the 

yield difference bet-Neon wheat grown on clean fallow and that grown 

on trashy fallow. Even though further study should confirm the 

depressing effect of trashy fallow on the yield of wheat, the more 

extensive and intensive use of nitrogen fertilizers in this wheat 

producing area will probably make trashy fallow an acceptable and pro- 

fitable practice if it can be conclusively demonstrated that nitrogen 



fertilizer can be applied to trashy fallow with less danger of in- 

juring the theat crop and with greater likelihood of obtaining an 

economic responso in yield than vcn applied in equal amounts to 

clean fallow. Since more water is made available by the use of 

trashy fallow (2, pp. 299-305; L1., pp. 253-268; 12, p. 8; L.6, pp. 233- 

258) and two years results of this experiment indicate that no 

yield depressicti due to excessive nitrogen occurred on trashy fallow 

even at the very high rate of 13L1. pounds of nitrogen per acre, it 

is probable that the recommended fertilizer rate for trashy fallow 

cld be safely set snewhat higher than tI present 30 pounds of 

nitrogen per acre roccznmended for clean fallow. 

That rainfall distribution as well as the total amount of preci- 

pitation is important is indicated by comparison of the preceptation 

with the yield of grain and with straw production. The amount of 

rain occurring during the month of June of the crop year seems to be 

of particular importance. In 1951, June rainfall was 1.2L1. inches; 

in 1952, rainfall in June was 2.L13 inches. Normal June precipita- 

tion is 1.60 inthes. It may be noted that the trashy fallow plots 

produced considerably more straw in 1951 than in 1952, with no dif- 

ference in the yield of grain. 

Considering; yields, straw weights and test weights (tables 5, 

11, and 19) of the wheat grown after clean fallow in 1951, there is 

little doubt that there was a harmful excess of nitrogen on the 

heavily fertilized plots. The very heavy straw growth and lowered 
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test weights, indicating shriveled kernels, lead to the conclusion 

that more moisture probably would have increased yields to sane ex- 

tent. In 1952, however, less straw growth and very heavy test 

weights (tables 11 and 19) indicate that moisture was not deficient, 

or at least was not deficient at the time the grain was being 

matured. The comparatively low straw weights and low stravi'grain 

ratios (table 15) of these heavily fertilized plots on the clean 

fallow experiment further indicate that the grain yield was approach- 

ing a maximi for t} amount of foliage present. 

the trashy fallow experiment ir. 1951, the data on yields, 

strow weights, and test weights (tables 2, 8, and 16) indicate that 

heavy nitrogen fertilization did not cause excessive straw growth 

and no yield depression. There was apparently enough moisture in 

the trashy fallow plots to carry the wheat through the critical 

maturing period. Even so, slightly lower test weights on the 

wheat from the plots receiving the l3L pound rate of nitrogen in- 

dicated that, although yield depression did not occur, more moisture 

might have resulted in somewhat higher yields. There is further 

evidence in the relatively high straw/grain ratios on these plots 

(table lL) that there was enough foliage to have produced more 

grain, had sufficient water been available. 

In 1952, the trashy fallowed plots receiving the two heaviest 

rates of nitrogen produced about 500 pounds per acre 1es straw than 

in 1951. Heavy test weights and no yield depression at these high 

rates of nitro;en indicated that there was a favorle balance 



maintained between the available moisture and the anount of foliage 

pro duced. 

There has in the past been much speculation, discussion, and 

arurnent amig investigators as to whether or not excessive nitro-. 

gen will "burn" the wheat crop. The author believes that nitrogen 

as such does not cause direct injury to the wheat plant, but that 

excosive nitrogen may induce so much straw growth that the soil 

moisture is exhausted before t} grain is matured, with consequently 

lowered yield, lowered test weight, and shriveled kernels. 

Examination of the protein data in tables and 2L indicate 

that while the added nitrogen of the first two increments of ferti- 

lizer was reflected largely by yield increases, the protein content 

of the wheat was increased by relatively small amounts. At the 

two heaviest rates of nitrogen yields were not increased, but the 

protein content of the wheat increased sharply. At the loo pound 

rate of nitrogen the protein was about 11.5 percent, and at the 13h. 

pound rate it was up to 12.5 percent. 

The eastern Oregon wheat producing area is largely devoted to 

the growing of soft white wheats used for the most part in the making 

of pastry flour rather than bread flour. Pastry wheats have a low 

protein content, which is a desirable characteristic. il1ers in gen- 

eral prefer such wheats to have a low protein content between eight 

and teu percent, ar3. as a rule no premium is paid for high protein. 

On the contrary, protein contents above ten percent are considered 

objectionable becwise the quality of pastries prepared from high 
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protein flour is inferior. Added nitrogen which increases protein 

content but not the yield of vtheat is therefore of little value in 

this area. 

Determination of nitrate nitrogen did not appear to give con- 

sistent or reliable results as a measure of the available nitrogen 

in the plots of these experiments, especially in the case of the 

clean fallow. It would appear desirable, in fertilizer experiinits 

involving enrnonium salts, to determir armonia nitrogen as well as 

nitrate nitrogen. The mnount of nitrate nitrogen on unfertilized 

fallow, in the fall of the year, however, may very well serve as a 

guide to the proper amount of nitrogen to add for optimum wheat 

production. 
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STJMtARY AND CONCLUSIONS 

During the 1951 and 1952 seasons two separate experiments were 

carried out at the Pendleton branch experiment station to study the 

effects of variations in rate and time of application of nitrogen on 

wheat grown on (1) trashy fallowed and (2) clean fallowed land. Am- 

monium nitrate was applied at rates which supplied 33.5, 67, 100.5, 

and 134 pounds of nitrogen per acre at (1) time of plowing for fal- 

low and (2) time of seeding of Elmar winter wheat. Data were ob- 

tained on yield of grain, weight of straw, test weight of wheat, 

protein content of the grain and straw, and on the nitrate nitrogen 

and moisture content of the soil. Data were reduced by the analysis 

of variance method. 

Trashy Fallow Experiment 

Yields of grain were increased by the 33 and 67 pound appli- 

cations of nitrogen, but no further increase was obtained from the 

100 and 134 pound applications. Yields were higher in 1952 than 

in 1951. 

Straw weights were increased with added increments of nitrogen 

up to 100 pounds per acre, with no further increase resulting from 

the use of the 134 pound rate. More straw was produced at the two 

lowest levels of nitrogen ( O and 33 pounds) in 1952 than in 1951, 

but less straw was produced by the two highest rates of nitrogen in 

1952 than in 1951. In 1951, seeding time applications of nitrogen 

produced more straw than did plowing time applications, but the 
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reverse was true in 1952. 

Test weight of the wheat produced increased with added nitro- 

gen up to the 67 pound rate of nitrogen, with no further increases 

from the higher rates. In. 1952, test weight of the wheat produced on 

plots receiving the heaviest rate of nitrogen was higher than in 1951. 

Protein content of the wheat was obtained in 1951 only. Pro- 

tein increased with each added increment of nitrogen, with the largest 

increase occurring between the 67 and loo pound rates. Seeding time 

applications of the highest rate of nitrogen resulted in higher pro- 

tein content than did plowing time applications. Rates of nitro- 

gen higher than 67 pounds per acre raised the protein content of the 

wheat to the point where the quality of the flour produced from the 

grain might be iinpaired if used for pastry purposes. 

Nitrogen content of the wheat straw was increased by the add- 

ition of nitrogen to the soil. Check plots receiving no nitro- 

gen produced straw having a nitrogen content of 0.144 percent; plots 

receiving 134 pounds of nitrogen per acre produced straw having a ni- 

trogen content of 0.259 percent. This large percentagewise increase, 

however, represents an increase from about three pounds of nitrogen 

per ton of straw to only five pounds per ton. 

Nitrate nitrogen determinations made in November on plots f er- 

tilized at plowing time revealed that on all except those plots 

receiving the highest rate of nitrogen, nitrification of the simnonii.uu 

nitrate applied to the soil had been completed. 

Soil moisture determinations made on Apri.1 1 of both years 
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showed that, in 1951, 12.66 inches of water were available. In 

1952, there were 10.87 inches available. When the precipitation 

for each year that occurred between April 1 and harvest was added 

to the soil moisture, the total inches of water avai1a1le for the 

years 1951 and 1952 were 15.17 and 15.80, respectively. 

Clean Fallow Experiment 

Yields of grain were increased by the first two added more- 

inents of nitrogen, with no further increases from the heavier rates. 

Seeding time applications resulted in less yield than did plowing 

time applications. 

Straw weights were increased by applications of nitrogen up to 

the 100 pound rate. More straw was produced in 1951 than in 1952. 

In 1951, straw weights were increased with each addition of nitro- 

gen, but in 1952 no increase occurred after the 67 pound rate was 

reached. 

Test weight of the wheat produced increased with the first two 

rates of nitrogen, remained the same at the 100 pound rate, and were 

decreased when 14 pounds of nitrogen were added to the soil. Seed- 

Ing time applications of nitrogen produced wheat weighing less per 

bushel than did plowing time applications. In 1951, test weights 

were less on plots receiving the 134 pound rate of nitrogen than on 

plots having only lOO pounds per acre applied. In 1952, test 

weihts were increased up to the 100 pound nitrogen rate, and were 

not lowered with the application of the 134 pound rate. In 1951 
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test weights of the wheat were lower on plots receiving the two 

heaviest rates of nitrogen at seeding time than when the same 

amount of nitrogen was added at p1owng time. 

Protein content of the 1951 crop was increased with each addi- 

tion of nitrogen. The largest increase occurred between the 67 and 

100 pound rates. Seeding time applications of nitrogen at the three 

highest rates resulted in more protein in the grain than equivalent 

amounts of nitrogen applied at plowing time. The two highest rates 

resulted in protein contents so high that flour prepared from the 

grain would have been of poor quality for pastry purposes. 

Nitrogen content of the straw produced in 1951 was increased 

frc*n 0.l7 percent on the ctheck plots to 0.295 percent on plots re- 

ceing the heaviest rate of nitrogen. This is a 1arre increase 

when considered percentagewise, but in actual pounds of nitrogen 

per ton of straw is an increase fr about three to only six pounds. 

Nitrate nitrogen determinations made in November on plots fer- 

tilized at plowing time indicated that for sine reason nitrifica- 

tion of the ammonium nitrate had not occurred, since the amount of 

nitrate in the soil was about equal to that in the check plots 

plus one half the nitrogen applied. 

Soil moisture determinations made on April 1 of each year 

showed that in l9, 10.32 inches of water were available. In 

1952, there were 7.5L inches. Then the rainfall for each year 

that occurred betwe April 1 and harvest was added to the soil 



moisture, the total amounts of water available for the years 1951 

and 1952 were 12.83 and 12.47 inches, respectively. 
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