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Foreword

In the application of irrigation water to arid lands, many
and far reaching changes of both physical and economic na-
ture become involved. Concurrent with creating a favorable
environment for the production of a wide variety of crops,
problems often arise due to inherent soil characteristics or
other natural causes. These problems may not become ap-
parent until water is applied to the land or even after a con-
siderable period of land development.

Delivery of water to new lands on the Owyhee Project
of eastern Oregon, starting in 1935, presented problems of
slow water absorption by the soil and surface run-off which
in general were not present on the previously irrigated lands.
These soil conditions, often associated with topography, cre-
ated problems of irrigation operations and of water delivery
as the excessive run-off gave rise to unexpected demands on
the water supply.

This bulletin presents the results of research undertaken
on a cooperative basis towards an understanding and im-
provement of these difficult problems. Management prac-
tices were developed during the course of the investigation
which should aid farmers in satisfactorily using these lands
with less difficulty in their irrigation operations.

Dean and Director
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Irrigation Management Investigations
On Nonsaline Soils

OW'VYHEE PROJECT, OREGON

A W. MARSH, L. R SWARNER, F. M. TILESTON,
C A. BOWER, E. N. HOFFMAN'

S
UCCESS in western irrigation agriculture depends largely upon
favorable conditions of soil and water supply. A favorable

water supply should be of good quality and adequate in quantity
during the irrigation season. A good soil should be deep, permeable
to water and air, have good water-holding capacity, be free from
obstructions and detrimental constituents, and have smooth topog-
raphy with slight to moderate slope. A soil deficient in one or more
of these factors is given a lower rating than a soil adequate in all
factors. The deficient soil will present one or more drawbacks, such
as lower productivity and difficult management, susceptibility to ero-
sion, need of special care and practices, lower efficiency in use of
water, waste of water, and limited utility.

Low infiltration rates and slow permeability are major problems
of many irrigated soils (6)Z. Soils classified as sufficiently permeable
prior to irrigation have not always performed as expected when
brought under irrigation. Other soils have had adequate infiltration
rates when first irrigated; but after years of irrigation, the infiltra-
tion rate has declined to such an extent that it becomes a serious
problem (12). Low infiltration rates may cause excessive use of
water, increased time required for an irrigation, reduced aeration,
and insufficient wetting of the soil. This results in more frequent
irrigations, each of which takes longer to complete. These factors
affect the over-all production and economic returns from the land.
Where these conditions exist over a considerable area in a project
they may disrupt the operational design and increase operation and
maintenance costs.

Large areas of land recently brought under irrigation consist
of old terraces or uplands where the soils frequently are shallow
and may contain lime accumulation, caliche or siliceous type hard-
pan, nodules and concretions. These characteristics reduce the
usable soil depth and consequently limit the amount of water that
can be held in the root zone by the soil. In theory, deep and shallow
soils may be alike for total water consumed by a given crop under a

'Associate Soil Scientist, Oregon Agricultural Experiment Station; Agricultural Engi-
neer, U. S. Bureau of Reclamation; Associate Irrigation Engineer, cooperative with Soil
Conservation Service Research and Oregon Agricultural Experiment Station; Senior Soil
Scientist, U. S. Salinity Laboratory; Superintendent, Malheur Experimental Area, re-
spectively.

°Figures in parentheses refer to literature cited.
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given climatic regime, but more frequent irrigation necessary on the
shallow soils results in greater surface losses Hence, in practice,
the shallow soils require more water for the same results (16).

When a shallow soil and a low infiltration rate occur together,
each of which may cause extra water use, the total irrigation water
requirement may be in excess of that planned for or available to the
project. A combination of these factors, often together with consid-
erable slope, exists in large areas on newly irrigated lands of the mid-
dle and upper benches bordering the valleys of the Snake and Mal-
heur rivers in eastern Oregon and southwestern Idaho. When water
was delivered to these lands starting in 1935, considerable difficulty
was experienced by the farmers in carrying out their irrigation opera-
tions. This was due largely to the need for prolonged irrigations at
relatively short intervals to provide adequate moisture for good crop
production. In order to produce successful crops, the demand for
water exceeded that for which the project was planned and designed.
It soon became evident that a considerable amount of this water
was being lost through surface run-off during the long periods re-
quired to replenish the soil moisture.

The investigations summarized in this bulletin comprise a 5-year
study of the causes and effects of the low infiltration rates, the high
irrigation water use, and the reason for the shallow rooting habits
of crops on these soils. Various measures used in an effort to over-
come these difficulties are presented. Field plot trials were located
at the Malheur Experimental Area near Ontario. Greenhouse and
laboratory studies were made largely at Oregon State College in
Corvallis, and some laboratory work was done at the U. S. Salinity
Laboratory, Riverside, California.

Description of Problem Area and Problem Soils
General description

The Owyhee Irrigation Project is largely in Malheur County in
southeastern Oregon, but a considerable part of it extends south-
eastward into Idaho. It lies along the west bank of the Snake River
at an elevation of from 2,200 feet to 2,550 feet and extends from a
point in Oregon opposite Weiser, Idaho, to Marsing, Idaho, a dis-
tance of approximately 65 miles (Figure 1). The area comprises
approximately 155,000 acres, of which approximately 102,000 are
irrigable. The valley slopes along both the Snake River and its tribu-
taries are rather steep and irregular. The benches of high terraces,
though relatively broad and smooth in some places, are often rounded
and broken by steep fronts bordering the numerous drainage ways
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which traverse the area. The Owyhee Project lies in a semiarid re-
gion with an average precipitation of approximately eight inches,
occurring largely during the winter months. Within the project
area, the mean average temperatures for two stations range from
76.50 F. for July and 27.1' F. for January in the central part, and
from 77.0° F. for July and 25.7° F. for January in the northern part.
The average growing season for the project is approximately 150
days. In 1949, approximately 42 per cent of the irrigated land was
used for hay, pasture, and forage crops, 28 per cent for cereals, 12
per cent for vegetable and truck crops, 11 per cent for sugar beets,
6 per cent for seed crops, and 1 per cent for fruit.

A large part of the land of the Owyhee Project lies well above
the stream bottoms on valley slopes and higher benches where the
soils, for the most part, are shallow and the profiles highly developed
with caliche or lime-silica cemented nodular material over more or
less consolidated substrata. About 40 per cent of the land area lies
on terraces of intermediate to lower positions bordering the bottom
lands of which there are very little within the project. The soils,
in general, become progressively deeper and less obstructed by devel-
oped layers and cemented understrata as the valley floor is ap-
proached. Thus, the soils fall naturally into three distinct categories:
(1) those of the valley slopes and benches ; (2) those of the inter-
mediate and lower terraces; and (3) those of the flood plains and
alluvial fans. Generally speaking, the soils of the first two categories
are quite difficult to manage for irrigation practices.

Table 1. ANNUAL FARM DELIVERY WATER USE BY DIVISIONS.

Dead Ox
Flat

Acre feet/
acre

Mitchell
Butte

Acre feet/
acre

Succor
Creek

Acre feet/
acre

Project
average

Acre feet/
acre

938 4.50 5.10 4.80 5.00
939 5 78 5.70 6.44 5.78
940 3.48 3 88 5.22 3 91
941 4.10 4.28 4.39 4.25
942 4.11 4.32 4 79 4 35
943 4.36 4.33 4.77 4.44
944 4.28 4 43 4.35 4.36
945 4.19 4.23 4.80 4.35
946 4.64 4.68 5.18 4.78
947 4.83 5 05 5.12 4.99
948 4.32 4.25 4.30 4.28
949 4.97 5.07 5.35 5.10
950 4.59 4.83 4.73 4.73
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'Intake rate is used throughout this bulletin as a comparative measure of the influence
of the different treatments, cropping, and irrigation practices on the ability of the plot to
absorb irrigation water. It is computed as the volume of water absorbed by the plot per
hour divided hr the total area of the plot and is expressed as surface inches per hour.
This differs from infiltration rate where the basis is the submerged area rather than the
total area. Ring infiltration trials or diked and flooded plots provide direct measurement of
infiltration rates. In a project where most of the land is irrigated by furrows or corruga-
tions, however, the intake rates reflect more closely the effect of the various treatments and
management practices on a farmer's actual irrigation operations. The water absorbed by
111e plot was considered to be the water applied less the run-off and neglects evaporation.

IRRIGATION MANAGEMENT INVESTIGATIONS

Water use records
Prior to the construction of the irrigation facilities of the

Owyhee Project, a farm delivery water requirement of 3.50 acre
feet per acre was established. A summary of water use by years for
the Owyhee Project, shown by project divisions for comparison, is
given in Table 1. The location of the project divisions, with respect
to various geographic features of the area, is presented in Figure 1.
The project water use has substantially exceeded the established re-
quirement figure.

Previous work
In the spring of 1940, the farmers of the project, through their

water users' organization, requested that studies be undertaken co-
operatively by the Bureau of Reclamation and the Oregon State
Extension Service to gather information relative to water use on the
Owyhee Project. A cooperative program was set up for the 1941
season whereby water measurements would be made on several farm
fields distributed over the project. These water measurements were
made by the Assistant County Agent and the results are reported in
the annual Oregon State College Extension Service report of the
Malheur County Agent for 1941. The program was continued
through 1942 with as many trials as possible on the same fields, al-
though some of the crops were different. The results are given in
the 1942 annual report of the Malheur County Agent.

These results seemed to show that high water use and large
volumes of run-off were not necessarily caused by lack of irrigation
experience on the part of the farmers. They occurred also on these
closely controlled trials. Run-off up to 50 per cent was found on
some trials. It became evident that there were other factors affecting
the water use. The primary one was thought to be a low infiltration
rate. It was noted that during irrigations the surface soil tended to
seal and the infiltration rate was greatly reduced as the irrigation
continued. A summary of the plot intake rates' for the 2 years is
shown in Table 2, indicating that the infiltration rate is very low.
The rates varied with the crop, being highest under alfalfa and de-
clining in order through wheat, sugar beets, and potatoes. There was
a three-fold difference between potatoes and alfalfa. The slope also
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had a marked influence, especially in row crops, not so much in
alfalfa. Moisture samples indicated that there was little deep per-
colation. It was also observed that there was need for increase in
humus content and improvement of soil structure. To decrease the
water use, it appeared necessary to increase the infiltration rate of
water into the soil and to improve irrigation practices so as to reduce
run-off losses to a minimum.

Table 2. INTAKE RATES ON FIELD TRIALS, OWYHEE PROJECT.

Intake rate per hour

Crop and farm operator 1942

Inches Inches
Alfalfa

Shaffer -------------------------------------- ----- .065 .107
Sonner --------------------------------------------- 196
Ridder .............................................. 151
McClure ----------------------------------------- .116

Wheat
Grimes ---------------------------------------------- 072 .135 (Clover 1942)
Bratton .......................................... 095

Sugar beets
Hill ------------------------------------------------- -- .070 (Potatoes 1942)
Elder .......... ..................... .---------------- 066

Potatoes
Mortimer ................. ....... ....... ---
Flanagan ------------- .031 (Sugar beets 1942)

Two years of farm-field trials indicated that tie problem was
one of considerable magnitude and would require more intensive re-
search to obtain a satisfactory solution. The Oregon Agricultural
Experiment Station was requested, to set up a research program,
which was done in 1943 in cooperation with the Soil Conservation
Service and carried on through 1945. This program consisted of
field trials, experimental plots on the Malheur Experimental Area
near Ontario, and laboratory work at the Agricultural Experiment
Station in Corvallis. The study was directed toward determining the
reason for the slow infiltration rate and toward devising means of
increasing the infiltration rates to reduce excessive water use.

The details of these experiments and the results obtained may
be found in the 1943, 1944, and 1945 annual progress reports on
irrigation investigations in Malheur County, Oregon. The work
during these 3 years served further to appraise and evaluate the
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problem but did not produce a solution. It did show that surface
application of manure in liberal quantities was helpful, that moderate
sulfur applications on alkali soils were beneficial, though heavy ap-
plications were detrimental, and that supplemental nitrogen was
needed. The low calcium content of the irrigation water was also
noted.

In the fall of 1945, a broader and more intensive research pro-
gram was planned. An agreement was drawn up among the U. S.
Salinity Laboratory, the Division of Soil Management and Irrigation
of the Bureau of Plant Industry, Soils and Agricultural Engineering,
the Oregon Agricultural Experiment Station, the Division of Irriga-
tion and Water Conservation (Research) of the Soil Conservation
Service, and the Bureau of Reclamation, Region I, which was de-
signed to determine, if possible, the exact nature of the problem and
its subsequent solution.

The initial step in the cooperative program was the collecting
and analysis of soil samples throughout the project area by the U. S.
Salinity Laboratory. These analyses indicated that the problem soils
could be divided into two categories : (1) those soils whose structure
was affected by salt or exchangeable sodium and (2) those soils
having poor structure but essentially free from salt or exchangeable
sodium. This report is concerned with the investigations of soils of
the second category as they occur on the Malheur Experimental Area.

Experimental Procedure

Plot layout
In the spring of 1946 a series of 48 plots, each 12' x 370' in

size, were laid out on the Malheur Experimental Area The 48
plots were placed in two ranges, and seven treatments were selected
to be applied in a randomized, replicated block design of four blocks
in each range. During the 1946 season, Range 2 failed to show any
significant difference between treatments ; and, since there were as-
sociated with this range undesirable factors which could not easily
be eliminated or controlled, it was decided to drop Range 2 from
the experimental plan. The plot layout following 1946 is shown in
Figure 2. A history of the plot treatments is shown in Table 3.

The plot area is situated on the break of a terrace on a slope
which approaches 8 per cent in some instances. The average slope
of the plots varies from approximately 5 to 6 per cent. This area
was quite representative of much of the project area. Previous
experience had shown that this area had a definite problem insofar
as irrigation management was concerned.



6. 9, 1.8, 22
Per cent

4.9. 5.4. 5.9, 5.8

3, 13, 16, 27 4.5, 5.9, 1.9, G. 5

2, 14, 19, 25
---- - ---

4.3, 5.7. 6.0, 5.6
--

5,10,155,28 4.8,5.5,5.9,5.0

4, 8, 20, 23 4.8, 5.5, 5.9. 5.5 .-.. s

7, 12, 17, 26 5.1, 5.8, 5.9, 5.6

1, 11, 21, 24 4.2. 5.6, 5.9, 5.5 -.

-

Table 3 HISTORY OF TREATMENTS NONSALINE PLOTS

1946 1947 1949 1950

Corru- Corru- Corru- Corru- Corru-
Treatment gation gation gation Furrow gation gation

number Plot numbers Average slope spacing Crop spacing Crop spacing spacing Crop spacing Crop spacing Crop

Inches Inches Inches Inches Inches Inches
1 24 Grain Hubam 24 Hubam 36 Corn 20 Alfalfa

2--- _.-- 24 Grain Hubam' 24 Hubam' 36 Corn 20 Alfalfa - -

3---- ----- 24 Grain Hubam2 24 Hubam2 36 Corn 20 Alfalfa

4. ..... 12 Grain Hubam 15 Hubam 36 Corn 24 Alfalfa

5-------- . . 24 Grass 24 Grass 24 Grass 24 Grass 24 Gras
6.... ....... 12 Grass 15 Grass 15 Grass 15 Grass 15 Gras
7 ._. -.. _ 24 Grain 24 Grain

-
36 Corn 24 Alfalfa -

'Received manure at 20 tons per acre.
-Received manure at 20 tons per acre plus subsoiling
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LEGEND DIAGRAM OF PLOTS
S DISTURBED SOIL SAMPLES 1949
O UNDISTURBED SOIL CORES 1950
o GYPSUM BLOCKS FOR MOISTURE WITHDRAWAL 1948-1949
A GYPSUM BLOCKS FOR LATERAL MOVEMENT 1940-1949
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TREATMENTS
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In describing the soils on these plots, Leighty' states :
The dominant soil on this high terrace is representative of what has

been set up as the Malheur series (a tentative series). This is a well-
developed soil having a light-colored noncalcareous silt loam A horizon
and a brown or pale brown noncalcareous columnar or prismatic silty clay

'From a memorandum prepared by W. J. Leighty, soil correlator, to Ray C Roberts of
the Division of Soil Survey, Bureau of Plant Industry
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loam or silty clay B2, which grades into a gray, highly calcareous nodular
laminated silt loam at 16 to 24 inches. The latter horizon contains moder-
ate or numerous rounded or truncated egg-shaped hard or very hard
nodules of soil material one-half to one inch across They are thinly
coated with calcium carbonate and are less calcareous inside These
nodules seem to have been formed in the process of weathering and break-
ing up of the silty laminae. Possibly the laminae crack or are divided
by roots into blocks and then are exfoliated or rounded off and somewhat
encased in calcium carbonate. This layer may be weakly cemented by
calcium carbonate and, in places, an extremely thin crust of calcium car-
bonate forms a root mat above it This horizon grades into the calcareous
laminated sediments.

The upper part of the soil is neutral or mildly alkaline and nonsaline,
and the subsoil is moderately alkaline though in places strongly alkaline
in the lower part. The slow permeability of this soil is one of the im-
portant problems concerning its use

Small spots in this soil apparently have lower subsoil layers that are
saline, contain some gypsum, and usually one layer is rather high in ex-
changeable sodium Other morphological features are not significantly
different from the typical Malheur series profile, although permeability is
probably slower. The underlying laminated material seems to be con-
ducive to lateral movement of water and dissolved salts, the latter of
which may accumulate in the subsoil in spots on the slopes . . . possibly
the underlying material of the Malheur soil series may contain some
soluble salts

The plot area contained numerous "slick spots" of varying
sizes and intensity, which could be readily defined by vegetative
cover. They are a : common feature of the Malheur series as men-
tioned by Leighty, and constitute a special problem which is related
in Oregon Agricultural Experiment Station Technical Bulletin 22.

Treatments and cropping
The purpose of the treatments and cropping practices was to

determine what methods might improve the apparent low infiltration
rates of soils of this area and, at the same time, determine more
definitely the exact nature of the problem. The plots receiving the
subsoil treatment were first subsoiled in 1946 with equipment which
was not heavy enough to do an adequate job. In the spring of 1947
heavy commercial equipment was used. The maximum depth of
subsoiling was 30 inches but the average was 27 inches. There was
a 21-inch spacing between the rooters. The plots, because of their
narrow width, were subsoiled lengthwise down the slope. In or-
dinary field practices, subsoiling is carried out at right angles to the
slope.

The Hubam clover was planted in the grain during the 1946
season. Since it failed to make a satisfactory growth, it was planted
without another crop in 1947. It was allowed to become mature in
order that the maximum amount of bulky material for incorporation
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into the soil would be available (Figure 3). During the spring of
1948, this organic material, after it had been broken down and cut up
by a disk, was incorporated into the surface 6 inches of soil by a
field cultivator which was essentially a spring-tooth harrow mounted
on wheels.

During the 1946 season, 12-inch corrugation spacings were com-
pared with 24-inch spacings (Figure 4) both on the plots with grain

Figure 3. Hubam clover crop of 1947 which was returned to the soil.

Figure 4. Left-24-inch corrugation spacings. Right-12-inch corru-
gation spacings. Both have been irrigated the same length of time.



r

NL II

F'

I)'

S P' -
'

' j90

ti i o

971 tons me a5Sa I

manure 1-94Ci

'
I'

f _ I

4!

300
-

...ti-- t' - e pounds
aniinon--

illm fertilize-r:
:b. Y:. nitrate

WI

t

6

.---------

..........

16 STATION TECHNICAL BULLETIN 23

and those with grass. Field experience indicated that from a practi-
cal standpoint corrugation spacings of 12 inches were not satisfactory.
This spacing was changed to 15 inches during the 1947 season and
to 20 inches during the 1949 season, except in the grass plots where
it remained at 15 inches. The plots on which Hubam was grown
during 1946 and 1947 were planted to corn in 1948. Following
corn, the plots were planted to alfalfa during the 1949 season. The
grass plots were seeded to a locally recommended pasture mixture in
1946 and 1947, and, except for corrugating, were left undisturbed
throughout the period.

An effort was made to keep the fertilizer application uniform
for all plots. Table 4 shows the fertilizer applications for each
treatment during the 4 years.

Table 4. FERTILIZER APPLICATION FOR PLOTS.

Treatment
Year and fertilizer treatment per acre

number 1946 1947 1948 1949

140 pounds
ammonium
nitrate and Same as
100 pounds 1946
triple super-

phosphate

286 pounds 1,000
ammonium pounds
nitrate and super- Not
200 pounds phos- used
triple super- phate
phosphate

140 pounds
ammonium 300 pounds
nitrate and Same as ammonium
100 pounds 1946 nitrate
triple super-
phosphate

286 pounds 1,000
ammonium pounds
nitrate and super- Not
200 pounds phos- used
triple super- phate
phosphate
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Water application and measurement
In 1946, 901 V weirs were installed in the head ditches to serve

both as checks and measuring devices. As the season progressed,
this system proved to be unsatisfactory and was replaced with a
wooden flume with swinging gate takeouts. This served as a head
ditch and control device. Run-off from each plot was also measured
with 90° V weirs. The difference between the water applied and the
run-off (in surface inches of water on a plot basis) was considered
as the water absorbed. It is recognized that a small portion of the
water calculated as absorbed was lost through evaporation.

In 1947, irrigation water for each plot was measured into the
plot by an orifice at the outlet of a supply pipe equipped with a mano-
meter tube (Figure 5). The head in the manometer tube was regu-

Figure 5. Water-control equipment: supply pipe, valve, orifice, and
wood distributing flume.

lated by a valve on the riser pipe (Figure 6) in turn connected with
a concrete pipe in the ground extending along the upper end of the
plots. Whenever a desirable flow could not be obtained by regulat-
ing the valve with any particular orifice, the amount of water could
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Figure 6. Manometer and measuring gage.

be regulated further by changing the orifice disk to a larger or smaller
size. Water from each orifice was directed into a wooden flume
equipped with adjustable swing gates to regulate the water going
into each corrugation (Figure 7). Very good control on small flows
of water was obtained by this method. The run-off was measured
by a 90° V notch weir at the lower end of each plot. This method of
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Figure 7. Water entering corrugations from wood distributing flume.

water measurement was continued through 1949. In 1950 the same
method of measuring the water applied was used, but the run-off was
measured through HS flumes (5) with a continuous flow record be-
ing secured by water stage recorders (Figure 8).

Harvesting
1946-Barley was harvested from the plots on August 12.

Yields were obtained by measuring the barley harvested by a com-
bine from a strip in the center of the plot 6 feet wide by 300 feet
long.

1947-On July 29, the barley yields were obtained by com-
bining a strip 5,1 feet in width down the center of each plot for a
distance of 300 feet.

Yields from the grass plots were obtained by clipping a strip
300 feet long and 5 feet in width down the center of each plot.
After they had dried in the swath a short time, the clippings were
raked. When air-dry, they were collected and weighed. Moisture
determinations made on the dry clippings showed an average mois-
ture content of 12 per cent when dried at 65° C. From these data
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Figure 8. Measuring and recording run-off using HS flumes and water-
stage recorders.

the yield in tons per acre was calculated. The Hubam was not har-
vested.

1948-Yields from the grass plots were obtained in the same
manner as in 1947. Yields from the corn plots were obtained from
a 300-foot length in the two middle rows of each plot. The corn
from these rows was husked and weighed after it had become well
dried on the stalk in the field. This total weight of the corn was
converted into the weight of shelled corn by assuming that the cobs
constituted 20 per cent, the corn 80 per cent of the total weight.
Twelve samples of the shelled corn were sent to Oregon State College
for moisture determination. As a result of these determinations, the
yields of shelled corn were reduced to a moisture content of 15
per cent.

1949-Yields from the grass plots were obtained in the same
manner as in 1947.

Soil sampling
In 1949, disturbed soil samples were taken by horizons from

the plots on the Malheur Experimental Area. These were placed
in cylindrical food cartons and transported to Oregon State College
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for study. At the same time small undisturbed samples were take
from each horizon with a Lutz sampler and sent to the Salinity
Laboratory for analysis. In 1950, undisturbed samples were taken
from the experimental grass plots using a core machine (8, 10) as
shown in Figure 9. From these core samples, 8-inch undisturbed
sections were taken to Corvallis in 2-quart food cartons (Figure 9).
The location of these sampling sites is shown in Figure 2.

Gypsum blocks
Electrical resistance gypsum blocks were used in some of the

experimental irrigation plots in an effort to follow the moisture
withdrawal by plants between irrigations. Other blocks were used
to follow the lateral movement of water in the soil during an irriga-

Figure 9. Left-cutting undisturbed soil cores with core machine.
Right-transferring the soil cores to food cartons.

tion. In 1947, to follow moisture withdrawal, the blocks were
buried with their long axis horizontal at depths of 9, 18, 36, and 54
inches at the midpoint of plots 8 through 21. Readings were con-
tinued through 1949. In 1950, blocks were placed with their long
axis vertical at depths of 4, 8, 12, 24, and 28 inches midway between
the corrugations in all the grass plots. Two sites per plot were used
at about 4 and of the plot length.

In order to follow the lateral movement of water during irriga-
tions, blocks were buried with the long axis vertical and the broad
face parallel with the irrigation furrows and crop rows. These were
buried under the irrigation furrow and at various distances from the
furrow and at depths of 3, 6, 12, and 18 inches beneath the level of
the ridge between furrows. The block locations are shown in Figure
2. Resistance readings. were taken by means of a modified wheat-
stone bridge.'

1Bouyoucos bridge-manufactured by Wood and Metal Products Company, Bloomfield
Hills, Michigan.
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Results

Intake data
Water intake rates were determined from data obtained by

measuring the total amount of water applied and the total run-off
from each plot. The intake rate in inches per hour, as used in this
report, is the amount of surface water absorbed on the plot (includ-
ing the small amount of water evaporated during irrigations) divided
by the length of time the water was applied. The rates given are
weighted averages for all irrigations.

1946-During the first season, the maximum permissible non-
erosive stream of water was used in each corrugation. Although
small streams of water were used, some erosion occurred due to the
dust mulch condition of the soil. Intake rates by treatments for
1946 are presented in Table 5.

Table 5. IRRIGATION AND INTAKE RESULTS, 1946

Treatment

Inches

Total
irrigation

time

Hours

Average
flow rate

Cfs

Water
applied

Inches

Water
absorbed

Inches

Run-off

Per cent

Intake
rate

Inches/
hour

(1) Grain and Hubam 24 439 8 .0066 28.68 22.04 23 2 .050
(2) Hubam and manure

20 T/A ------------------ 24 455 1 0068 30 26 28.05 73 .062
(3) Hubam and manure

and subsoiling ---- - 24 447.0 .0075 32.70 28 29 13 5 .063
(4) Grain with Hubam 12 426.3 00189 37.27 31 71 14 9 .074
(7) Grain ------------------------ 24 442.9 .0070 30.31 22 35 26.3 .050
(5) Grass ------- --_--- ------ 24 446.6 .0065 28.56 17.47 38.8 .039
(6) Grass --------------- --- - 12 422 0 .0086 35.79 28 00 21 8 .066

Difference required for significance between means for intake rate (at 5 per cent level) =.009.

Treatments that were better than the grain or grain and Hubam
(which can be considered as checks) were manure, manure plus sub-
soiling, and 12-inch corrugation spacings. Manure was the best
treatment for increasing intake rates. The additional practice of
subsoiling appeared to be of no value. Twelve-inch corrugation
spacings increased the intake rates during the entire season but
proved difficult to manage, especially in the barley. They were not
as large and deep as the regular corrugations and were readily
plugged by the growing crop and damaged by the footprints of the
irrigator. They were not quite so difficult to manage on the grass
plots as in the grain.

Grass was not effective as a treatment this season, because it
had not become well enough established to cover or protect the soil
surface.
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Treatment

(1) Hubam --------- -----------
(2) Hubam and manure
(3) Hubam and manure

and subsoiling ------
(4) Hubam ._....-----
(7) Grain _ ..... _____- _
(5) Grass - ._ _... _...---
(6) Grass ..._____.

Table 6. IRRIGATION AND INTAKE RESULTS, 1947

Average I Water Intake
flow rate applied rate

Inches Hours Cfs Inches Per cent Inches/
hour

24 568 2 .0101 55.95 42 68 23.7 .075
24 588.2 .0107 61.43 51.65 15.9 .088

24 575.5 .0104 58.09 48 43 16 6 .084
15 557.2 .0112 60.64 50.69 16 4 .091
24 476 9 0101 46 78 37.19 20.5 .078
24 563 9 .0103 56 40 42.76 24 2 . 076
15 571 4 .0112 62.20 45.81 26.4 .080

Difference required for significance between means for intake rate (at 5 per cent level) _ .013.

1947-The intake rates by treatments are presented in Table 6.
These values are seasonal averages for individual plots. The treat-
ment averages tend to be in about the same relative position as the
previous year but all have increased, the low values more than the
high. This reduced the spread between them and eliminated signifi-
cant differences.

Table 7. IRRIGATION AND INTAKE RESULTS, 1948

Furrow
and

corru-
gation

spacing

Inches

Total
irrigation

time
verage

flow rate

Cfs

ater
applied

Inches

ater
absorbed

er cent nches/
hour

(1) Corn 36 .0073 32.09 19 78 38 7 044
(2) Corn 36 0080 32.53 23 67 27.5 .057
(3) Corn 36 0071 30.99 19.08 38 4 043
(4) Corn 36 .0067 28 59 17.59 38.4 .041
(7) Corn 36 0072 31 36 18.39 41 3 041
(5) Grass 24 0156 36 84 31.09 16.2 127
(6) Grass 15 0184 40 48 34.01 16.1 150

Difference required for significance between means for intake rate (at 5 per cent level) = 013.

1948-The intake rates by treatments are presented in Table 7.
A very high significance was obtained for treatments. Among the
corn plots, only the Human plus manure plots (Treatment 2) were
significantly higher than the grain or check plots (Treatment 7). In-
take rates per plot were lower than on the same plots the previous
year, apparently because of the wider and deeper furrow spacings in
the corn and different cover.

In the grass plots these rates are significantly higher than in any
of the corn plots. In the 15-inch corrugation spacings the rates are
significantly higher than the 24-inch spacings. Intake rates were
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substantially higher than in 1947 and have shown a consistent rise
since the grass was seeded in 1946. This reflects a gradual estab-
lishment of the sod cover.

Table 8. IRRIGATION AND INTAKE RESULTS, 1949.

Treatment

Corru-
gation

spacing

Inches

Total
irrigation

time
Average
flow rate

Cfs

Water
applied

Inches

Water
absorbed

Inches er cent

Intake
rate

Inches/
hour

(1) Alfalfa 20 188.5 .0182 30.98 21.26 34 9 .113
(2) Alfalfa 20 190.0 .0184 34.15 23.21 29.6 .122
(3) Alfalfa 20 189.0 .0183 33.70 23.35 29.4 .124
(4) Alfalfa 24 214.3 .0161 33.49 21.31 35.4 .100
(7) Alfalfa 24 227.7 .0161 35 68 19.53 44.4 .087
(5) Grass 24 189.5 .0258 46.90 32.67 28.7 .173
(6) Grass 15 149.9 .0342 48.34 37.61 20 6 .251

Difference required for significance between means for intake rate (at 5 per cent level) _ .021.

1949-The intake rates by treatments are shown in Table 8. All
rates are higher than in 1948, apparently because the corrugation
spacings are much narrower. ,Treatments 1, 2, and 3 are significantly
better than 7, while Treatments 2 and 3 are better than 4 and 7.
The grass plots (Treatments 5 and 6) are better than any of the
alfalfa plots, and the 15-inch corrugation spacing treatment is sig-
nificantly better than the 24-inch corrugation spacing.

Statistical analysis of the intake data indicates that the 20-inch
corrugation spacings may be slightly better than the 24-inch, but,
taking past treatments into consideration, the only valid comparison
is between Treatments 1 and 4, for which the difference is not sig-
nificant. There appears to be some residual effect from the 1947
Hubam crop, though the only valid single comparison is between
Treatments 4 and 7, which again is not significant. The significant
differences are brought about by the combination of the 20-inch cor-
rugation spacings and the residual effect from the Hubam crop and
the Hubam plus manure.

In order to determine the effect of the irrigation stream size on
intake rates, the application rates were doubled on one-half of the
replicates of all treatments except No. 6 during the last two irriga-
tions of the 1949 season. The average intake rate for all plots re-
ceiving the double application rate was 0.207 inches per hour, while
for the single rate it was 0.137 inches per hour. This indicates that
fluctuations in stream size can have a large influence on the intake
rate in sod or hay crops. The design used for establishing the
doubled irrigating rate on the plots does not permit a statistical
analysis of the results.
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TREATMENT

TREATMENT 6

TREATMENT

TREAT-YEAR CROP CORRUGATION
MENT SPACING

I 1946 GRAIN & HUBAM 24'
1947 24'
1948 CORN 39,
1949 ALFALFA 2d'

2 1946 HUBAM MANURE
B GRAIN 24'

1947 HUBAM & MANURE 24'
1948 CORN 36"
1949 ALFALFA 2d'

3 1946 HUBAM B MANURE
SUBSOIL B GRAIN 24

1947 HUBAM B MANURE 24"
1948 CORN 36"
1949 ALFALFA 20"

4 1946 GRAIN B HUBAM 12"
1947 HUBAM 15"
1948 CORN 36"
1949 ALFALFA 24'

7 1946 GRAIN 24'
1947 GRAIN 24
1948 CORN 36
1949 ALFALFA 24

1946 GRASS 24
947 GRASS 24

1948 GRASS 24
1949 GRASS 24"
1950 GRASS 24

6 1946 GRASS 2
1947 GRASS 5

1948 GRASS 5
1949 GRASS 5
1950 GRASS 5

0.
1947

Figure 10. Changes of intake rates for different treatments by years.

Table 9 IRRIGATION AND INTAKE RESULTS, 1950

Corru-
gation Average Intake

Treatment spacing flow rate rate

Inches Hours Cfs Inches Per cent Inches/
hour

(5) Grass 24 176 6 0 025 42.32 32.27 22.2 0.187
(6) Grass 15 129.9 0.034 41.43 33 20 17.8 0.256

Difference required for significance between means for intake rate (at 5 per cent level) _ .057.

1950-During the 1950 irrigation season, studies were continued
on the grass plots only. An effort was made to add only enough water
during an irrigation to bring the soil moisture to field capacity. The
amount of water necessary was calculated from soil moisture samples
taken prior to an irrigation. An effort was made to hold the run-off
to a minimum while adequately irrigating the plots. Run-off
amounted to a seasonal average of about 20 per cent.
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As in 1948 and 1949, the 15-inch corrugation spacing gave sig-
nificantly higher rates than the 24-inch corrugation spacing. The
amount of increase during the past season is less than that for the
previous years and may be approaching the leveling-off point. One
of the main effects of the difference in intake rates between the two
corrugation spacings is the reduction in time required to irrigate.

The averages, by treatments, of the intake rates in Tables 5
to 9 are plotted in Figure 10 for each year. The treatment history is
shown on the right side. It may be seen from this figure that the
grass-sod-cover type of treatment is the only treatment that has in-
creased the intake rate to any great extent over a period of years.

Among the other five treatments, the variations from year to
year have been three to four times as great as the variations between
treatments in any given year. This seasonal variation is probably
caused largely by cover and corrugation spacing differences.

Infiltration rates using the double cylinder method (2) were ob-
tained on five treatments in Blocks 2 and 3 during the middle of the

Figure 11. Obtaining infiltration rates using the double-cylinder
method.
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INFILTRATION IN IN/HR FOR FIRST 10 HOURS
INTAKE RATE IN IN/HR.

FOR FIRST 10 HOURS

0 05 0 05

13-16

PLOTS TREATMENT

(D
9-IA 20" GORR.

OO ALFALFA
20 GORR.

OT ALFALFA
YI - 21 24° GORR

OGRASS8-20 24" GORR

12-17 O GRASS
5" GORR

Figure 12. Comparison of ring infiltration test with regular corruga-
tion irrigation.

1949 irrigation season (Figure 11). Cylinders were placed at five
locations in each plot. A comparison of the rates obtained by the
cylinders and those obtained with regular corrugation irrigation is
shown in Figure 12. Although there are insufficient data to establish
a correlation between these two methods, there appears to be a rela-
tionship between the infiltration rate for the first 10 hours obtained
by the wet run of the cylinders and the intake rate during the same
time interval by the regular irrigation.

There appears to be no definite relationship between the ring-
test dry-run rate and the rate obtained by the regular irrigation, even
though the soil moisture conditions at the start of the ring-test dry-
run were more comparable to the regular irrigation.

Water use and run-off data
The water use, which includes the water applied, the water ab-

sorbed, and the percentage run-off, is listed in Tables 5-9. The
primary function of the experimental plan was to determine intake
rates. The amount of water used and the run-off from each plot
were calculated from the recorded data but were largely incidental
to the obtaining of intake rates. They do not lend themselves to
statistical analysis because part of the time irrigations were con-
ducted with an effort made to hold the run-off to a reasonable figure
and part of the time in an effort to hold the application rate at a
constant value. It is interesting to note that the run-off percentages
vary inversely as the intake rates for any given year.
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Crop yields
The yield data for 1946 are presented in Table 10.

Table 10. BARLEY YIELD PER ACRE BY TREATMENTS.

Treatment Corrugation spacing

Inches

Average yield

Bushels
(1) Check .................................... 24 20.2
(7) Without Hubam ................ 24 21.6
(2) Manure .................................. 24 22.3
(3) Manure and subsoiling ------ 24 25.6
(4) Spacing ................................ 12 290

Difference required for significance between means (at 5 per cent level) = 15.9.

A slight yield increase was obtained from manure and subsoiling
and the 12-inch corrugation spacing, but this was not significant.
Since the grass plots were becoming established, yield data were not
secured from them.

The yields of the grass plots for four seasons are presented in
Table 11. These plots were clipped three times during the 1947 and
1950 seasons, and twice during the 1948 and 1949 seasons. Since
fertilizer was not applied, the yields for the 1950 season were some-
what less than in previous years.

Table 11. YIELD PER ACRE OF GRASS PLOTS ON 15" AND 24" COR-
RUGATION SPACING, FIELD DRY WEIGHT.

Average yield

Corrugation spacing

24 inches ......................
15 inches ......................
Differences between

means required for
significance (5 per
cent) ------------------------

1947

Tons
2.58
2.75

There has been no significant increase or decrease in the grass
plot yields from the use of the closer corrugation spacings.

The barley plots (Treatment 7) produced an average yield of
51.5 bushels per acre during the irrigation season of 1947. The
Hubam plots were estimated to yield approximately 2.5 tons per acre
on a field dry basis.
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The average corn yield in bushels (shelled) per acre by treat-
ments is presented in Table 12.

Table 12. CORN YIELD (SHELLED) PER ACRE BY TREATMENTS,
1948.

Previous treatment
Average

yield

Bushels
Hubam (1) 86.2
Manure with Hubam ... (2) 105.6
Manure, subsoiling and F (3) 104.5
Hubam (4) 93.0
Grain (7) 755

Difference required for significance between means (at 5 per cent level) = 15.8

The significant difference between the plots which did not re-
ceive either manure or Hubam residue and those which did may
have resulted from improved soil structure, increased fertility, or
both, due to the incorporation of the organic materials. Since alfalfa
was seeded in the plots during the spring of 1949, yield data were
not obtained during the season.

Vertical water extraction
Early in the 1947 season, electrical resistance blocks were placed

approximately midway in each plot of Blocks 2 and 3 at depths of
9, 18, 36, and 54 inches. Readings were taken at frequent intervals
throughout each season, usually prior to and after an irrigation.
During the 1947 season, the readings obtained from these blocks in-
dicated that very little moisture was being withdrawn from below
the 9-inch level. During the 1948 and 1949 seasons, soil moisture
withdrawal took place on Plots 8 to 13, down to the 18-inch depth ;
whereas on Plots 14 to 21 moisture withdrawal was limited largely
to the 9-inch depth. The blocks at the lower depths indicated that
the soil was near field capacity during the entire season. The plants
were encouraged to root deeply by allowing them to show a need
for moisture before irrigation. However, it appears that for some
reason the plants do not readily withdraw soil moisture from the
lower depths.

The electrical resistance block readings for Plot 17 are shown
in Figure 13. The readings obtained from this plot in 1949 are rep-
resentative of those secured from the grass plots during the 4-year
period. Electrical resistance curves for a representative corn plot
during the 1948 season are shown in Figure 14.



I.. 

9r 
e 

t 

:riz =mar 

II 

02 01 02 

ZZ5 ZI E 6117 09'b. £Zb ££ L0.1 

\ 

b b 

0 ` 0 0 1 

nl 

d 
I 

I 

Ire _ 

O ' ol= b y0,tD tl 40 
r' ,I 

00'0°091 

u 

11 

r 

I' u 

r. 

Li 

I 

S 

dl 

9£' 

- - - 

Plot 17 Block 3
Treatment: Grass with

15" Corrugations

9° .

18° - - -36'1---
54°
0.00 = Inches

l0 20 10

MAY JUNE JULY AUGUST SEPTEMBER

Figure 13. Electrical resistance block readings at various depths in
a grass plot in 1949.
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Lateral movement of water
Until the 1950 season, most of the irrigations had been ended

when the irrigator was satisfied by the appearance of the surface and
immediate subsurface of the soil that the soil moisture had been rea-
sonably well replenished. From information obtained in 1947 on
the depth of water extraction and the total amount of water absorbed,
it became apparent that in order to wet the area between corruga-
tions, more water was being absorbed than the soil profile could
retain. This indicated that lateral permeability was more of a
problem than vertical permeability. A study was conducted during
the 1948 and 1949 seasons using gypsum blocks to follow the lateral
and vertical movement of water during the course of each irrigation.

The block sites were located about 4 and 4 of the distance from
the head-flume on the plots comprising Treatments 1, 2, 5, 6, 7 in
Blocks 2 and 3. (See Figure 2.) Gypsum blocks were installed at
these sites as described under methods and in positions as shown in
Figure 15. Electrical resistance readings were made at frequent in-
tervals during the course of each irrigation. It was possible from
the readings to determine when the irrigation water reached each
block and so obtain a measure of its rate of movement.

The average time in hours for the water to reach each block
for each treatment is shown for the 1948 season in Figure 15. Two
plots were used for each treatment and there were two sites in each
plot so that the values shown are the average of four sites.

The time shown by the graph is the seasonal average taken from
5 to 7 irrigations. It is apparent that there was a good rate of both
lateral and vertical movement in the grass plots when compared to
the corn plots. In the corn plots, the average rate of lateral move-
ment to the farthest points is very slow. The lateral movement is
much slower than the vertical.

In 1949, the same sites were used and the corn plots were seeded
to alfalfa. They were irrigated with corrugations spaced 24 and 20
inches apart. Additional blocks were installed as shown in Figure
16. Hence, two A and two B positions were represented at each site,
except in the grass plots having 15-inch corrugation spacings. For
lack of space the latter had no B position blocks. The results are
shown in Figure 16. The plots which were changed from corn to
alfalfa have shown a change in rate of moisture movement, especially
the lateral movement. This may be partly attributed to the change
from deeper furrows to shallow corrugations and partly to the change
in cover. Lateral movement has become as good or better, in some
instances, than the vertical movement. This condition is desirable
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because it permits all the soil in the root zone to become moistened
before deep percolation losses commence.

From an analysis of the time graphs, Table 13 was prepared to
show the comparison of lateral to vertical time in hours for the water
to move approximately the first 10 inches in the soil.

In 1948, the lateral time exceeded the vertical time with two ex-
ceptions. One was the grass plot having 15-inch furrow spacings.
This was not strictly lateral movement as the footnote to Table 13
explains. The other was Treatment 1, in which both lateral and verti-
cal movements were slow.

In 1949, the lateral time was less than the vertical in all cases
and, except for Treatment 7, was good. No problem was encoun-
tered in adequately wetting these plots in 1949, and the irrigations
were completed in 24 hours or less. Slow lateral movement of
moisture is a real problem in these soils and, when it can be speeded,
irrigation becomes much easier and more quickly and economically
accomplished.

AVERAGE RATE OF LATERAL MOVEMENT OF WATER 1948 TIME REQUIRED FOR THE WATER TO REACH THE

TREATMENT
7- CORN 36" ROWS, PREVIOUSLY IN GRAIN
I -CORN 36" ROWS, PREVIOUSLY HUBAM
2 - CORN 36" ROWS, PREVIOUSLY HUBAM + MANURE
5 - GRASS 24" CORRUGATION SPACING
6-GRASS 15" CORRUGATION SPACING

GYPSUM BLOCK POSITIONS

VARIOUS GYPSUM BLOCKS

C3 C3
C 6 p6

A12 002 %.2 I A12

0
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AD B Bd8 618 I A 16 C018 A..9
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W
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A 12 B12 BIB C 3

BLOCK LOCATION

Figure 15.
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Table 13. COMPARISON OF LATERAL TO VERTICAL FLOW OF WATER THROUGH
SOIL HAVING VARIOUS TREATMENT HISTORIES.

1948 treatment and results 1949 treatment and results

Time for Time for
water to water to
move the move the
first 10 Cor- first 10
inches ruga- inches

Treat-
ment 1947

number crop Crop

7........ Grain Corn
1........ Hubam Corn
2........ Hubam' Corn
5........ Grass Grass
6..-.-... Grass Grass

tion
spac-

Crop ing

Inches Hours Hours Inches Hours Hours
36 27 19 Alfalfa 24 20 30
36 26 33 Alfalfa 20 8 21
36 29 11 Alfalfa 20 9 22
24 21 10 Grass 24 12 14
15 92 10 Grass 15 72 9

5This treatment received manure at 20 tons per acre in 1947, also in 1946
"This lateral time is not for strictly lateral movement. Since 10 inches of lateral movement is not

possible on this corrugation spacing, the measurement was taken obliquely downward

AVERAGE RATE OF LATERAL MOVEMENT OF WATER 1949 TIME REQUIRED FOR THE WATER TO REACH THE
VARIOUS GYPSUM BLOCKS

GYPSUM BLOCK POSITIONS
TREATMENT

7-ALFALFA
I -ALFALFA

24" CORRUGATION
20" CORRUGATION

SPACING,
SPACING,

ORIGINAL GRAIN
ORIGINAL HUBAM C s

e
2 -ALFALFA 20" CORRUGATION SPACING, ORIGINAL HUBAM + B6 Ce BB

5 -GRASS 24" CORRUGATION SPACING MANURE
O O O

6 -GRASS 15" CORRUGATION SPACING
A 12

0
0 12
0

212
0

8 12
0

A 12
0

B 12 BIB C 3

BLOCK LOCATION
Figure 16.
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Greenhouse trials

Disturbed soil samples from the experimental plots were tested
by greenhouse trials for possible toxicity and response to fertilizers.
Attempts were made in 1949 to determine wilting percentages by
the sunflower method on disturbed samples of the nodular subsoil.
Plant growth was poor, requiring a long time to obtain the wilting
point. At the end of the experiment, when the cans were emptied,
the soil was almost as structureless and compacted as in the natural
condition and showed meager root distribution. In a later determina-
tion, a small amount of ammoniated phosphate was mixed with the
soil in each sunflower can. Wilting was obtained in about 60 per
cent as much time, the growth was doubled, and, when the cans were
emptied, the soil was friable and thoroughly penetrated by roots.

SERIES A SERIES B

SURFACE SOIL S

CORE
3" CO

2" CORE
I "DISTURBED SUBSOIL

TREATMENTS TREATMENTS
I, 2, 3, 4 5 AND 6

Figure 17. Diagram of soil core arrangement in greenhouse trials.

To further explore the relationship which this might have to the
shallow root zone of this soil, short sections of undisturbed soil
core from the subsoil were sealed in cans in two series as shown in
Figure 17. The objective of the core study was to measure the
response of plants, particularly their root systems, to the placement
of needed fertility elements in the subsoil. Preliminary trials showed
that nitrogen and phosphorus were the elements needed
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Fertilizer was variously placed with respect to the core sections
in six treatments as follows :

Series A
1. No fertilization
2. Surface soil or seedbed fertilized.
3. Disturbed bottom soil and seedbed fertilized.
4. Disturbed bottom soil only fertilized.

Series B
5. Fertilizer spread in a layer at the midplane between the

two core sections, and the seedbed fertilized.
6. Half the fertilizer spread on the bottom of the can, half

between the cores, and the seedbed fertilized.

All treatments were replicated six times. The results, as mani-
fested by above ground growth, are shown in Table 14 and Figure 18.

These results show that roots can and will penetrate the sub-
soil ; and, if they find suitable nutrients there, they will grow vig-
orously.

After harvesting the plants, two replications of cores were
sliced open longitudinally. Under a stream of water, the soil was
washed away somewhat to expose the roots. Detailed observations
of the root habits in each core were made. In general, roots were
found through all the cores. In those without fertilizer, the tap
root went down through the core with a few meager fibrous roots.
In cans having fertilizer in the bottom portions, the core sections

Table 14. THE EFFECT OF FERTILIZER POSITION ON DRY MATTER YIELD OF
SUNFLOWERS FROM UNDISTURBED SUBSOIL CORES.

Treatment

rams rams rams

Replications

Grams rams rams

Aver-
age

Grams

1. Check ...................... 1.1 1.3 1.0 1.0 1 1 1.4 1.1

2. Surface ------------------ 14 1.4 13 1.4 1.6 1.9 15
3. Surface and bot-

tom ...................... 1.8 6.1 5.6 7.5 44 7.1 5.4

4. Bottom ................... 3.8 7.8 2.7 8.1 7.4 3.8 5.6

5. Surface and mid-
plane .................... 64 7.6 5.9 4.4 7.0 6 1 6.2

6. Surface, midplane,
and bottom ---------- 6.7 4.0 5.1 72 4 0 7.2 5.7

Difference required for significance between means (at 1 per cent level) = 2.4.
Surface fertilization uniformly at 200-200-0 per 2,000,000 pounds of seedbed.
Subsoil fertilization at 300-200-0 per acre based on surface area and totals the same regardless of

placement.
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Figure 18. Sunflowers growing on undisturbed cores of subsoil having
various fertilizer placements.

were filled with a mass of fine fibrous roots. While fertilizer in the
bottom part would create a concentration of roots in that vicinity,
there was almost always associated with it a greatly increased vigor
of roots, particularly the fine ones, in the core section above the
fertilizer placement. In most cans there was a matting of roots
between the surface soil and the top of the core.

In the treatment having fertilizer at the midplane between two
cores, there was usually a matting of roots at that plane with a dis-
tinct reduction in concentration shortly below the plane. Where the
midplane and bottom both were fertilized, the matting was somewhat
less at the midplane, and there was not the definite reduction in con-
centration immediately below the midplane. Roots seemed to thrive
and fully occupy sections above a fertilizer placement, but there was
seldom much influence more than a short distance below a fertilizer
placement. In no case did roots penetrate nodules ; they went around
and between them.

On the basis of these experiments, it seems possible that the
root zone of this kind of soil can be improved and extended by deep
placement of fertilizer containing nitrogen and phosphorus. This
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might be done in connection with chiseling or subsoiling. The re-
sults of these trials indicate one reason why subsoiling alone has
failed as a remedial practice on this kind of soil.

Soil analysis data
Disturbed and undisturbed profile samples taken from the ex-

perimental plots in 1949 are identified as Sites 1 to S. Abbreviated
profile descriptions are given in the appendix. The exact location
of the sampling sites on the plots is shown in Figure 2.

As a basic inventory of the soil, these samples were analyzed
for various physical properties and chemical constituents. These
included particle size and aggregate analysis, moisture retention char-
acteristics, pH, saturation percentage, conductivity of the saturation
extract, soluble sodium and potassium, ammonium acetate extract-
able sodium, potassium, calcium and magnesium, cation exchange
capacity, free time equivalent, organic matter, and gypsum content.

The mechanical analyses were performed by the hydrometer
method of Bouyoucos (1), using the, dispersion method of Kilmer
and Alexander (9). Moisture equivalent was obtained by the Briggs
and McLane (3) method as modified by Briggs and Shantz (4). In
determining the moisture retention characteristics of undisturbed soil
samples, the exposed surfaces of the cores contained in the sampling
cans were covered with a piece of cheesecloth, using a rubber band
to secure the cloth. The cores were then placed on porous bricks
submerged in water and allowed to absorb water by capillary action
until the weight of the core changed but little on further standing.
Retention at tensions of 1,280 centimeters of water and less were
determined by means of a porous plate apparatus (14, 15) while
that at tensions greater than 1,280 centimeters of water were deter-
mined using a pressure-membrane apparatus (13, 15). Samples for
aggregate analysis were allowed to air-dry and then passed through
a square-hole sieve having openings of 4.75 millimeters. The analyses
were made by a procedure similar to that suggested by Nijhawan
and Olmstead (11). That involves wetting the sample under vacuum
and sieving under water. A 50-gram soil sample and four 5-inch
sieves having openings of 1.0, 0.5, 0.25, and 0.1 millimeters were em-
ployed. Samples were sieved for 30 minutes at 30 cycles per min-
ute, the vertical displacement being 11 inches. Organic matter was
measured by the wet oxidation method of Walkley and Black (19).
Sodium and potassium values were obtained with the flame photom-
eter. All other determinations were made according to methods
recommended by the U. S. Salinity Laboratory (18). The results
are reported in detail in the Appendix, Tables 18 and 19.
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the surface soils and the subsoils, except the deepest horizon from
Sites 3 and 5, have favorable pH values. Excluding the two, the
pH lies between 7.05 and 837. All are nonsaline as measured by
electrical conductivity of the saturation extract, according to the
Salinity Laboratory definition (18). The middle horizon from Site

slightly exceeds 1,000 ppm of soluble salt on a dry soil basis. Ex-
changeable sodium percentage is fairly low, ranging between 0.5 per
cent and 10.6 per cent, except for the lower two horizons from Sites
3 and 5. In these two horizons it ranges from 13.3 to 25.3 per cent.
II is apparent that the soil from the experimental plots is essentially
tonsaline but tends to be slightly alkaline in the subsoil in some spots.
It has been previously mentioned that scattered alkali spots occur
within the experimental plot area.

IRRIGATION MANAGEMENT INVESTIGATIONS

The chemical analyses are reported in part in Table 15. All

Table 15. CHEMICAL CHARACTERISTICS OF SOIL PROFILES FROM
EXPERIMENTAL PLOTS.

oil

Site

epth

Inches

H Ce'

Millim-
ho.s/cnti

Ex-
change-

able
sodium

Per cent

Organic
matter

Per cent

Soluble
salts

ppm

1 0-8 7.05 0 78 24 1 78 295
8-14 7 52 0.72 1.7 1.33 282

14-25 8.14 0 73 1.8 0 94 256
25-33 8.27 0 53 1.8 0.87 215
33- 8 26 0 61 37 0.33 209

2 0-10 7.58 0 72 2.5 1 31 272
10-17 7.81 2 25 20 0.97 867
17-24 8 23 0 48 3.1 0.69 168
24-38 8.11 0 42 29 0.56 147
38-42 8.37 0.59 9.2 0.80 202

3 0-9 7.57 0 74 34 1.18 280
9-17 7.42 1.22 106 0.83 462

17-26 7.96 0 75 13.3 058 278
26- 8.93 0 59 18.4 0 56 206

0-9 7 88 0.82 0.5 1.68 310
9-17 7.24 0 37 19 1.05 145

17-25 8.15 0 54 2.5 1.10 196
25- 8 26 0.55 24 0 75 216

5. 0-8 7 66 0 72 30 1 33 262
10-22 7 51 2 90 15.4 0.76 1,090
22-38 8 72 1 28 25 3 0.61 466

'ECe = the electrical conductivity of the saturation extract at 25° C
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Figure 19. Mechanical composition diagrams of soils from the ex-
perimental plots.
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Mechanical analysis of these soils is presented in Figure 19 as a
profile mechanical composition diagram for the soils from Sites 1 to
5. The silt content of these soils is high while the clay content is
rather low, particularly in the lower horizons. The soils containing
the alkali horizons have an unmistakable bulge in the composition
diagram where the clay content suddenly increases. Not only are
these soils low in clay content, but also in fine silt. Accumulation
curves plotted from the initial hydrometer data show that most of
the silt fraction occurs in the coarser range.

The data (Tables 7, 8, and 9) showed that the intake rate of
the soil increased to a much greater extent when planted to grass
than when cultivated and suggested that important differences in soil
structure may have developed under the two systems of cropping.
To obtain information in this regard, moisture retention determina-
tions and aggregate analyses were made on soil samples taken from
four of the grass plots (Numbers 8, 12, 17, and 20) and from four
adjacent cultivated plots (Numbers 9, 11, 18, and 21) in the spring
of 1949. Five undisturbed cores were taken by means of a Lutz
sampler from the 0- to 14-inch layer of each plot for moisture reten-
tion determinations, whereas composite samples representing the
0- to 2-inch layer of five sites within each plot were used for aggre-
gate analysis.

The results of the moisture retention determinations and aggre-
gate analyses are summarized in Tables 16 and 17, respectively.

The distribution of pore sizes in undisturbed soil cores may be
calculated from the bulk density value and the percentages of mois-
ture retained at various tensions. This was not done in the present
instance, however, because there appear to be no important differ-
ences in moisture retention due to cropping treatments. Contrary
to expectations, the data on percentage aggregation indicate that the
cultivated soil was somewhat better aggregated than the soil planted
to grass. If this be true, then the higher infiltration rates of soil

Table 16. COMPARISON OF MOISTURE RETENTION CHARACTERISTICS
OF CULTIVATED SOIL AND SOIL PLANTED TO GRASS.

Bulk
Water held at indicated

den- 160 320 640 1,280
Treatment sity 5 cm 40 cm 80 cm cm cm cm cm

Gm/ Per Per Per Per Per Per Per
cc cent cent cent cent cent cent cent

Grass ................ 1.30 35.4 33.6 31.9 29.2 26.9 24.7 22.0
Cultivated 1 2t 3; 4 .341 32 F 20 7 971 9116 71 7........
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under grass must be explained on a basis other than improvement in
soil aggregation.

Table 17. COMPARISON OF AGGREGATE ANALYSES OF CULTIVATED
SOIL AND SOIL PLANTED TO GRASS.

Aggregate distribution

> 1 mm. 1-.5 mm. .5-.25 .25-.1
Treatment dia. dia. mm. dia. mm. dia. Sum

Per cent Per cent Per cent Per cent
Grass ............................. 27.8 77 5.7 48.2
Cultivated ...................... 31.1 11.2 8.2 58.9

Difference required for significance between means (at 5 per cent level) = 9.4

Conclusions

From the data obtained in the study, the following conclusions
are drawn :

Infiltration rates of soils in the Owyhee Project are relatively
low.

The soil is low in organic matter. Organic matter additions
were beneficial, to a limited extent, in increasing the water
intake rate. Manure was somewhat better than crop residue.
Decreased width between corrugations was an effective means
of increasing the intake rate.
The combination of organic matter additions and decreased
width between corrugations was the most effective applied
treatment.

' The intake and infiltration rates increased rapidly when the
area was planted to grass or alfalfa, especially grass. This
greatly reduced the time required to irrigate.
Lateral movement of moisture under row crops or small
grains was slow compared to vertical, allowing deep percola-
tion losses before the upper soil was moistened. Under grass
and legume plant cover the lateral movement was as rapid as
the vertical, permitting a full moistening of the upper soil
before deep percolation losses commence.
Depth of moisture withdrawal was limited to 12 inches in
some cases and no more than 18 to 20 inches in most cases.
This was attributed to poor structure and deficiency of avail-
able nutrients in the subsoil.
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Subsoiling-as performed in these experiments, namely,
parallel with the corrugations-was unsuccessful in increas-
ing water intake rate or crop growth.

Adding nitrogen and phosphorus to the subsoil promoted
root development and increased crop growth in greenhouse
trials.

Even with relatively low intake rates, good yields of corn can
be obtained providing the soil is adequately fertilized and care
is taken in the irrigation practices.

Water losses result both from deep percolation and surface
run-off. Both can be reduced by proper management.

Recommendations

Sloping lands of the type studied should be used for grass
and hay crops as much as possible and cultivated crops as
little as possible.

Corrugation spacings as close as practical for the crop and
site condition should be used.

Organic matter additions should be made to the greatest pos-
sible extent, both crop residue and barnyard manure.

Because of the shallow root zone, only enough water should
be supplied at any one irrigation to bring the upper 2 feet of
soil to field capacity.

Improved water management practices, including an adequate
water control and distribution system, are recommended to
reduce deep percolation and run-off losses.
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The Owyhee Irrigation Project, Comprising some 102,000 acres
of, irrigable land, is located in southeastern Oregon and western
Idaho. Soils of the valley slopes and benches are difficult to manage
from an irrigation standpoint in that infiltration rates tend to be low
and slopes tend to be steep. The result frequently is excessive water
applications and surface run-off. The results of a 5-year cooperative
investigation of the low infiltration rates and irrigation management
problems are presented in this bulletin.

Decreasing the width between corrugations increased the intake
rate appreciably. There was some difficulty with water and tillage
management when 12-inch widths were used. A spacing of 15
inches, however, under grass and alfalfa cover, was manageable. The
addition of coarse Hubani clover residue had a slight effect on in-
creasing the intake rate of the soil and, when combined with close cor-
rugation spacings, was more effective. Addition of manure was also
beneficial but subsoiling was not. In two years the intake rate on
the grass plots had increased considerably and continued to increase
throughout the duration of the experiment. Intake rates with corn
were quite low, partly because the furrows were deep and 36 inches
apart. Corn yields in excess of 100 bushels per acre were obtained,
however, when manure and 100 pounds of nitrogen were applied

t

V

it

water was being absorbed in the soil. Much of this water must have
passed through the root zone. In 1948, the total depth of water
applied was between 3 and 34 feet on the grass plots with only 16

per cent runoff, the lowest for any year. The total depth of water
applied to the corn plots was about 21 feet, of which approximately
38 per cent was run-off. This was to be expected as the furrows on
the coo were 36 inches apart. In 1949, the depth of water applied
to the alfalfa was between 24 and 3 acre feet, with a run-off of above
30 per cent. There was higher run-off with the wider corrugation
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Summary

per acre and adequate water supplied.
In 1949, alfalfa was planted on all of the plots which previously

had been in corn. Intake rates on these plots were considerably
higher than on the corn plots and approached a satisfactory rate, al-
though they were not as high as for the plots which had been in grass
for several years. Here again decreased corrugation spacing helped
increase the intake rate.

The total depth of water applied in 1946 was 2-1 to 3 feet and
the run-off in only one case exceeded 26 per cent. In 1947, the total
depth of water applied was extremely high, being in excess of 5 feet.
The run-off was less than 1 foot, indicating a very large amount of
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spacings. The depth of water applied to the grass plots was nearly
4 feet, with about 29 per cent run-off for the 24-inch corrugation
spacings and only 20 per cent run-off with the 15-inch corrugation
spacings. This work indicates a reduced run-off and increased ef-
ficiency with decreased spacing between the corrugations.

Most of the data, especially in 1947, indicate a more rapid ver-
tical movement of water than lateral movement. In 1947, it was
obvious that excessive deep percolation was taking place before the
soil between the corrugations was wet. A study of moisture move-
ment in 1948 and 1949 confirmed that the lateral movement was slow
under row crops but quite high under grass and alfalfa, in some
cases exceeding the vertical movement.

Throughout the experiment the depth of moisture withdrawal by
plants has not been great. In many cases the surface soils were dried
down to a depth of about 12 inches with little withdrawal of water
below that depth, and in most cases there was little withdrawal of
water below the 18- to 20-inch depth. Greenhouse studies indicate
that the plant roots do not penetrate the lower depth without the
addition of nitrogen and phosphorus. When nitrogen and phosphorus
were applied to the soils from the lower depth, there was good pene-
tration of sunflower roots.
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Appendix
Profile Descriptions of Soil Samples Taken

from Sites 1-5, in 1949

Site 1 Plot 6 135 feet north from the head flume.
0-8" Light brown silt loam, granular to fine crumb structure,

friable, containing abundant fine roots.
8"-14" Grayish-brown, slightly heavier silt loam, granular to

fine crumb structure, friable, containing abundant roots.
14"-25" Nodular layer embedded in gray, silty material, a few

roots penetrating the upper portion of the horizon, no
roots in lower portion.

25"-33" Laminated, gray, silty material, no roots.
33"- Hard, massive, brown, very fine sandy loam.

Site 2 Plot 12 294 feet north from the head flume.
0-10" Light brown, friable, light clay loam, fine crumb struc-

ture, numerous roots.
10"-17" Light brown, light clay loam, crumb structure, friable,

numerous roots.
17"-24" Nodular, embedded in silty material, nodules hard but

not especially numerous, surrounding material very
soft and moist, grass roots penetrate reasonably well.

24"-38" Light brown, very fine sandy loam, massive, friable,
contains a few very small but hard nodules, moderate
amount of roots.

38"-42" Massive, gray, contains highly cemented capping zone
showing brown streaks of decayed roots, very hard but
not continuous, stops roots where present, roots ob-
served lower than this where capping is not present.
Underlaid by fine sandy material containing some hard
nodules.

Site 3 Plot 18 334 feet north from the head flume.
0-9" Brown, friable, granular silty clay loam, numerous

roots.
9"-17" Brown, heavy clay loam, slightly compact and blocky,

fairly numerous roots.
17"-26" Light brown, lighter textured clay loam, compact,

blocky, a tendency toward some nodulation, a few roots
along the structural channels diminishing toward the
bottom of the horizon.
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Ashy gray layer, vesicular.
Typical morphological solonetz, definite biscuit top
prisms of about 3 inches length, underlaid by brown,
blocky material, heavy textured, gradually grading to
lighter colored, gray brown, lighter textured and less
blocky material. Many roots in this horizon.
Nodules of hard gray silty material embedded in hard
silty material. At top is a dense matting of roots but

,IS
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26"- Nodules in hard, silty or very fine sandy material ;
nodules are very hard and do not soften on wetting.

Site 4 Plot 28 96 feet north from the head flume.
0-9" Brown, silty clay loam, granular and friable, many

roots.
9"-17" Light brown silty clay loam, friable, fine crumb struc-

ture, numerous fine roots.
17"-25" Nodular zone, nodules embedded in silty or very fine

sandy material, some few roots throughout this layer,
nodules fairly hard, but surrounding material fairly
soft.

25"- Laminations consisting of silty or fine sandy material,
no roots in this layer.

Site 5 Plot 12 220 feet north from the head flume.
0-8" Light brown silt loam, granular, friable, abundant

roots.
8"-10"

10"-22"

22"-38"

no roots in this horizon.
38"- Hard capping similar to lower horizon in Site 2.
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Chemical and Physical Analyses of Soil Samples
from Sites 1-5

Table 18. CHEMICAL CHARACTERISTICS OF SOIL FROM EXPERIMENTAL PLOTS.
SOIL DETERMINATIONS.

Sampling site

Exchangeable
cations

Total replace-
able cations*

Organic
and depth

Site 1

me/100 me/100
gm gm,

me/100
gm

me/100
gm

me/100
gm

Per
cent

matter

Per
cent

0 to 8 inches .......... .67 1.82 16.25 6.48 27.75 2.4 1.78
8 to 14 inches -------- .49 1 33 25.50 6 58 29.25 17 1.33
14 to 25 inches _____ .42 .20 24 25 6 78 23.10 1.8 .94
25 to 33 inches ------ .45 .31 24.25 10.79 25.00 1.8 .87
33 to 40 inches ..... .77 73 17 50 20.75 3 7 .33

Site 2
0 to 10 inches ........ .69 1.39 7.09 2745 2.5 1.31
10 to 17 inches _..--- .53 89 23.50 7.81 2680 2.0 .97
17 to 24 inches ...... .55 .24 34.25 6.78 17 95 3.1 .69
24 to 38 inches ------ 56 .44 37.00 781 19.60 2.9 .56
38 to 42 inches 1.95 72 32.50 12 33 21 25 9.2 80

Site 3
0 to 9 inches ......... .85 1.94 13.25 8 63 25 00 3.4 1.18
9 to 17 inches ____ .__ 2 47 1.75 25 00 11 41 23 35 10.6 .83
17 to 26 inches ------ 3 84 1.84 12.00 13.57 28.80 13.3 .58
26- inches ------------ 4.04 1.47 50 00 12.54 21 95 18.4 .56

Site 4
0 to 9 inches ......... .16 1 64 19.50 7 19 30.00 .5 1.68
9 to 17 inces ---------- .56 .62 21.00 7.81 29.50 1.9 1.05
17 to 25 inches ------ 52 .25 36.75 8 02 20.65 2.5 1.10
25- inches ___.....--- .45 .40 35.25 6.40 18.85 2.4 .75

0 to 8 inches ..... .90 13.50 8 63 29.50 3.0 1.33
10 to 22 inches . 5.26 12 75 12.54 34.10 15.4 .76
22 to 38 inches . 5.32 23.75 9.25 21.00 25.3 .61

* Includes some calcium and magnesium dissolved by ammonium acetate from the respective
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Table 19. CHEMICAL CHARACTERISTICS OF SOILS FROM EXPERIMENTAL
PLOTS. SATURATION EXTRACT, LIME, AND GYPSUM DETERMINATIONS

ampling site
and depth

er
cent

Electri-
cal

conduc-
tivity at
25° C.

millim-
hos/cm

odium

me/100
gm

otas-
scum

me/100
gm

ypsum

me/100
gin

ime

Per
cent

Site 1
0 to 8 inches ---------- 7.05 54 .78 12 .05 0 1.83

8 to 14 inches -------- 7.52 56 .72 .13 .02 0 2.53*
14 to 25 inches ------ 8.14 50 .73 12 .02 0 6.33*
25 to 33 inches _._ 8.27 58 .53 09 .03 0 6.33*
33 to 40 inches ...... 8.26 49 .61 .10 .02 0 3.93*

Site 2
0 to 10 inches _._ 7.58 54 .72 .18 02 0 2.18*
10 to 17 inches ... 7 81 55 2.25 .23 .02 0 3.12*
17 to 24 inches ...... 8.23 50 .48 .10 02 0 6.25*
24 to 38 inches ------ 811 50 42 .09 .02 0 6.31*
38 to 42 inches ...... 8.37 49 .59 .22 .03 0 6 32*

Site 3
0 to 9 inches ---------- 7.57 54 .74 30 04 0 .95

9 to 17 inches -------- 7.42 54 1.22 .31 .04 0 1.27

17 to 26 inches ...... 7.96 53 .75 .34 .03 0 1.63

26- inches ------------ 8.93 50 .59 .09 .02 0 6.26*

Site 4
0 to 9 inches ----- _... 7 88 54 .82 .44 01 0 1.37

9 to 17 inches ........ 7.24 56 .37 .09 T 0 1.50*
17 to 25 inches ___ _ 8.15 52 .54 .11 .02 0 6.31*
25- inches ._.......... 8.26 56 .55 10 .03 0 6.32*

Site 5
0 to 8 inches ---------- 7 66 52 72 .24 03 0 1.10

10 to 22 inches ------ 751 54 2 90 1.25 .03 0 1.63*
22 to 38 inches ...... 8.72 52 128 .66 .03 0 6.32*

Soil reacted visibly to cold dilute hydrochloric acid.
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Table 20. PHYSICAL ANALYSIS OF SOILS FROM EXPERIMENTAL PLOTS, MALHEUR EXPERIMENTAL AREA

Mechanical
analysis

Water held at indicated tensions

ite Depth

Inches

Sand

Per
cent

Silt

Per
cent

Clay
2µ

Per
cent

Bulk
den-
sity

gm/cc

5 cm

Per
cent

40 cm

Per
cent

80 cm

Per
cent

160

cm

Per
cent

320
cm

Per
cent

640
cm

Per
cent

1,280

cm

Per
cent

2 atm

Per
cent

5 atm

Per
cent

15

atm

Per
cent

Moisture
equiva-

lent

Per
cent

1- ------ 0-8 23 58 19 1.38 31.8 30.1 29.0 27.4 25.5 22.7 21.1 19.0 15.3 12.2
8-14 21 62 17 127 36.1 34.1 32.7 31.2 26.9 24.0 21.2 18.5 15.5 13.1 27.0

14-25 22 68 10 1.40 32.4 31.8 31.2 302 28.3 24.7 22.5 17.3 14.8 12.4 26.6
25-33 40 54 6 20.3 15.3 12.8 30.8
33- 40 59 1 10.8 8.7 8.2 20.1

2-------- 0-10 24 58 18 1.18 40.2 36.2 32.5 28.6 25.5 19.8 18.5 18.7 15.2 13.3 28.2
10-17 19 63 18 1.29 36.4 33.0 31.9 30.2 27.1 22.3 20.5 18.6 15.3 13.6 26.417-24 25 62 13 1.32 34.2 33.0 32.2 31.1 28.9 25.0 22.9 18.0 14.2 12.2 26.524-38 27 63 10 1.27 37.2 35.3 34.7 33.6 31.1 26.6 24.0 16.3 13.1 10.1 25.7
38-42 44 46 10 24.5 16.8 14.4 35.3

3 ___... 0-9 23 59 18 1.37 31.4 29.8 28.8 26.7 24.0 19.7 18.2 15.9 12.8 10.7 23.8
9-17 17 54 29 1.23 36.3 31.4 29.2 26.7 23.8 20.4 19.6 20.9 17.2 14.6 27.817-26 16 55 29 1.29 37.0 33.8 32.0 29.5 26.7 22.3 20.5 20.7 16.8 14.0 30.026- 29 60 11 1.32 32.4 31.1 30.4 29.3 26.7 22.5 20.6 20.5 16.1 12.9 29.5

4 0-9 22 53 25 1.43 28.5 28.0 27.6 26.6 25.2 22.4 21.0 19.3 16.3 13.3 28.69-17 18 58 24 1.23 37.8 35.0 33.5 31.3 28.7 24.8 22.2 17.9 15.8 13.5 27.4
17-25 25 61 14 1.38 31.8 31.0 30.9 29.7 28.0 25.6 24.2 19.3 16.4 14.2 29.125- 28 65 7 14.2 15.1 10.4 24.3

5 ------ 0-8 22 61 17 16.0 12.6 10.4 25.510-22 19 47 34 24.4 20.6 17.4 13322-38 23 64 13 IQ() 1 S 7 19 1
.
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