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The efficient application of irrigation water in proper amounts and at 
the proper tiìne invoiv-es thorough practical knowledge of the storage capacity 
of the sail profile and of the soil moisture availability in relation to 
plant growth. 

The current study was conducted in order to arrive at information which 
would lead to scheduling irrigations and determining their amounts, on grass 
pastures. To accomplish this goal, two major steps were considered; the 
method of determining soil-maistre In the field, nd the eoparison botien 
two moisture regimes, Soil sampling and laboratory determinations were made. 
to supply infoìiation concerning the soil-water Tconztants, the storage 
capacity and efficiency, and the consumptive use. Electrical resistance 
blocks were calibrated iii the laborator' to establish the relationship be- 
tween their readir.s and the equilibrium tension of the soil-water. 

Results indicated that the plaster blocks cari be used satisfactorily as 
soil-moisture indicators and for suoóessful scheduling of the irrigations. 
The practice of using these units reduces the time and labor costs in 
sampliw the soiJ for moisture determination. The resistan'e readings of 
the 12-inch depth blocks were chosen as guides to the need Thr irrigation 
and the results proved satisfactory on the grass pasture. Individual irri- 
;ators, however, have to consider the growin crop and the soil itself1 in 

regards o the effective root zone and the storage capacity of the profile, 
before deciding on the block depths and the resistance value at which to 
irrigate. 

A tube containing plaster blo,ks was constructed and tested in the 
field, The results showed that the idea can be used to correct for certain 
limitations concerning installation and removal of the regular blocks. 

Since it is most desirable to measure moisture directly in terms of the 
force with which it is held in the soil, a curve relating moisture tension 
to block resistance was obtained, iesistance readings when read on this 

curve give the approximate tension which plant roots have to exert in order 
to obtain soil moiature. 



Studies with two moisture regimes Indicated that ìavr but less tre- 
suent irrigations lead to a more complete utilization of the potential 
storage capacity of the Wilianiette, Mity, and Dayton soils. From the pre- 
sent avilab1e information, it is concluded that the pasture grasses and 
legumes are capable of utilizing water from a three-foot profile in any of 
the three soil series if given the opportunity. If irrigated more heavily 
than necessary, ioisture withdrawal is limited to the top one or two feet. 
Tith a poorly drained soil, like Airiity or Dayton, a water table exists in 
the third foot in the early part of the season and persists with heavy, 
closely spaced irrigations. Root development is accordingly restricted. 
The adjustment of irrigations to permit early elimination of the water 
table promotes deeper root development and increases the storage possibili- 
ties. 
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DETERMINATION 0F IRRIGATION FREQUENCS AI AMOUTS 
BY SOIL MOISTURE SAMPLING AND GYPSUM ELECTRICAL RESISTANCE BLOCKS 

INTRODUCT lOir 

The rapid growth of American irrigation durin the first half of 

the twentieth century has developed a keen public interest in a study 

of the efficient use of irrigation water. The pioneers in irrigation 
had little opportunity to fully ascertain what became of the water 

which they applied to their lands. It was clear to them that some 

water was lost by surface runoff and some of it was absorbed by the 

growing crops; but in many cases they did not know that large voli.nnes 

of water percolated deeply into the soil below the root zone. 

In recent years, it has become moro and more apparent that when 

irrigation is not based upon scientific guidance and knowledge of soil 
moisture relations, there is always the danger of either over- 

irrigation or under-irrigation, with possible damaging consequences 

to the soils arid to the crops. 

Agricultural aspects of irrigation investigations include the 

determination of the depth of water necessary in single applications 
and the proper time to apply it, how to distribute the water uniformly, 

the capacities of different soils to receive and hold irrigation water, 

and the flow of wator in soils, It is inportant for irrigation farmers 

to remember that the new sources of irrigation water supplies have be- 

come limited while the area of irrigable land is still extensive, and 

that water for irrigation is becoming more and more exensive, espe- 

cially where it is obtained by pping against high lifts. Conse- 

quently it is essential to make corresponding increases in water 
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application efficiencies in order to conserve water and soils and to 

attain high productivity of 30113 under irrigation farming. 

There are no specific rules applicable to all climates, to all 

soils, or for all crops, as to when irrigation water or how much of i-b 

should be applied to the soil. In irrigation regions the capacity of 

soils to store available water for the use of growing crops is of 

special importance and interest because the depth of water to apply in 

each irrigation and the interval between irrigations are both in- 

fluenced by the storage capacity of the soll profile. 

The problem is not simple. A 1mowlodge of the physical proper- 

ties of the soil and the soll-vater constants is required to determine 

the range of available soil moisture and the storage capacity of the 

soil profile. It is also necessary to evaluate consumptive use rates, 

the active root zone depth, the opt3.inwn moisture tension for various 

plant species, and the irrigation efficiencies. 

Various workers have approached the problem and obtained valu- 

able data either directly, by field and laboratory investigations, or 

indirectly through studies and interpretatIons of weather data, 

The object of this study was to obtain information which will 

aid in scheduling irrigation, as regards frequencies and amounts, on 

Oregon State College Irrigated pasture. Vïithin this objective, special 

attention was given to: 

1. A comparison of electrical resistance readings of gypsi 

blocks with soil moisture content, 

2. A study of the effects of two moisture regimes on storage 
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efficiency, consumptive use rates, total water use, and plant growth. 

REVW OF LITERATUI 

Soil Lroisturo Measurement In The Field 

A review of the literature reveals many inehtods for measuring 

soil moisture of which nearly all fall into one of the following cate- 

gories: gravimetric, electric, thermal, and equi].ibriun tension 

measurements. A method dependent upon the resistance of the soil to 

penetration has also been used, The most recent attempt is to measure 

soil moisture by neutron scattering. 

Various attempts have been made to determine soil moisture 

without resortïng to the laborious sampling, woighing and drying tech- 

niques. In 1897 hitney, Gardner, and Briggs (55) tried burying 

bricks and porous terra-cotta in the soil then weighing them after 

equilibrium was reached, On the same principle Livingston and Koketsu 

(34) in 1920 devised the "soil-point method" for measuring the ability 

of soils to supply water to the plants, using small porous porcelain 

cones which have a Imown small area of unglazed surface that contacts 

the soil for a given time. Wilson and Livingston (56) later, in con- 

junction with porous cone work, introduced the term "soil-moisture 

index" to denote the water supplying ability of the soil under dif- 

ferent plants. Davis and S later (20) and Richards and. Weaver (43) 

suspended a porous block into the soil and weighed it in situ after it 

caine to equilibrium with the moisture content of the soil. Changes in 

moisture content in the soil are registered by these blocks through 
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changes in weight of the grpstt porous 1ug. 

Elimination of the drying process has been atteiipted, first, 

by measuring the change in concentration of alcohol when placed in 

contact with the moist soil; second, by deteriiiining the amount of gas 

evolved when calcium carbide is mixed with the moist soil; and third, 

by measuring the heat evolved when the moist soil is placed in a con- 

centrated sulfuric acid solution. These methods are not sufficiently 

reliable to warrant their use for accurate soil-noisture measure- 

ments, In a majority of the cases they will give approximate results, 

Continued attempts to measure changes in situ have been nade 

with varying success, although considerable progress has been achieved 

in recent years. 

Thitney et al (55) in 1897 proposed an electrical conductivity 

method for measuring soil moisture in the field, and later Gardner 

(24) used glass cells to eliminate temperature effects on the electri- 

cal resistance. In 1931 McCorkle (36) obtained promising results by 

measuring electrical resistance of soil between four similar electrodes 

permanently set in the soil. He stated that in this multiple electrode 

method variation in contaot resistance was eliminated by setting up 

simultaneous equations which included the resistance measured between 

various pairs of electrodes. Ehrenburg (21) used a moisture meter 

employing direct current resistance measurements on soil samples 

carefully tamped into a cup containing electrodes at top and bottom, 

The gypsum block developed by Bouyoucos and !lick in 1940 (11) 

was a simple device consisting of two parallel electrodes in a 
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rectangular block of plaster of paris. The use of this material as 

a standard dielectric eliminated niost of the inherent difficulties 

of the earlier resistance methods, Some possible improveraents in the 

design of the jpsxn blocks have been sugested. In the same year 

Currnings and Chandler (19) reoonaended a modification of the design 

to limit the flow of measuring current outside the block. This con- 

dition has been satisfied in a block developed by Croney and Coleman 

(is) in which a concentric electrode systen was used. Slater (49) 

used a block with shielded electrodes but reported no great advantage 

in the field. In 1942 Anderson and Ediefsen (5) examined a four- 

electrode block and compared it with a tvro-eleotrode block of the 

Bouyoucos type and noted no significant differences in performance 

hetweeii them. 

Two characteristics, however, have limited the usefulness of 

this type of absorption unit. One disadvantage is that plaster of 

paris does not afford a wide range of sensitivity. Although gypsin- 

block units are satisfactory tools for agronomists, who are interested 

primarily in the available water, civil en;iineers and bydrologists 

seek a method that will measure the entire soil-moisture range from 

saturation to air dryness. A second limitation is encountered in 

continuously wet locations, where plaster of paris installations begin 

to disintegrate after functioning several months in saturation envi- 

ronments. For these reasons, intensive research has been devoted to 

developing absorption units that will satisfy diverse requirements. 

A progress report published in 1941 by Bouyoucos and LUck (12) 



dealt with fire-processed clays, cement and concrete mixtures, dental 

casting compounds, and other gypswn materials characterized by various 

pore-size distribution. In 1943 they focused attention on certain 

plastics in a study that included various fabrics and exploded and 

compressed fiber forms of rubber, resins, nylon, glass, and asbestos 

(13). The sane authors have also constructed and used both nylon and 

fiberglas as absorbent. Colman (17) described a soil-unit resistance 

method for determining soil moisture in which he used fiberglas as 

the porous dielectric. 

The influence of temperature on block readings has also re- 

ceived considerable attention. It was established in 1940 by Bouyou- 

cos and Mick (11) that significant changes in the resistance of gypst 

block units occurred with changes of temperature. Slater and Bryant 

(50), following the work of Peale and I3eale, made temperature correc- 

tiens on the resistance block readings according to the equation 

log R(t = 7o) log Rt (1 + O.002(t-70) 

where R is the resistance in ohms and t is the temperature in degrees 

Fahrenheit. They stated that the equation is in essential agreement 

with the temperature correction curves of Bouyoucos and Mick ( i].). 

Aichison et al (3) observed that curves plotted for temperature in 

degrees centigrade versus resistance in os in accordance with the 

above formula agree closely with the experimental points. 

A further step was taken to calibrate these units. Bouyoucoa 

and Mick (11) suggested that the block resistance could be calibrated 

in the laboratory in terms of the water content of the soil. Kelley 

(33) proposed a rapid method of determining the soil moisture 
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resistance relationship. In this method, resistances of blocks are 

measured In small amounts of soil contained in perforated nietal boxes 

as the soil dries by evaporation. He reported that the method is 

satisfactory in light textured soils with water stable structure if 

care is taken to ensure that equilibriimi resistances only are ac- 

cepted. In soils with water content less than field capacity the ap- 

proach to equilibriin may be a tedious process. To overcome this 

difficulty, Anderson and Edlefsen (6) proposed the calibration of 

blocks in soils containing the roots of actively transpiring plants. 

Another method of calibration is that carried out in the pressure 

membrane apparatus. This procedure which has been described by Aichi- 

son auu Butlejr () uses a pressure chaLIwr siiTtiir to that oiiiployta 

Halse and Kelley (26) but having a greater volume. They measured 

the water extracted from a wetter soil and the corresponding block 

resistance at successive pressure levels. 

Aichison et al (3) discussed these various ways and concluded 

that "in suitable soils, mainly those of light texture and stable 

structure, the laboratory calibration can provìde a good assessment 

of the relations which exist in the field between gypstun-block 

resistance and soil water content. In such soils each of the men- 

tioned laboratory techniques should provide similar data although 

the pressure membrane method is to be preferred since it allows a 

more precise definition of the soil moisture status. The field 

calibration is basically a simple technique consisting merely of 

soil moisture sampling at the same time and place as readings of 

block resistances are made, with sufficient replications of each 
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determination to provide necessary degree of accuracy". Hendrix and 

Co]man (29) found that field and laboratory relations between soil- 

moisture content and soil-unit resistance do not agree when the lab- 

oratory calibration has been made in granulated soil, even when that 

soil has been packed to field bulk density. They concluded that 

field and laboratory calibrations are in good agreement when the 

laboratory calibration is made in a natural core which retains both 

field structure and field bulk density. 

Equilibrium Tension Measurements: It is becoming increasingly clear 

that the ease with which plant roots may absorb moisture present at the 

soil-root interface, and also the readiness with which moisture flows 

toward the roots, to replace that which is absorbed, is related to the 

physical condition of the moisture rather than to its percent. There 

would appear to he a distinct advantage in expressing the moisture 

status of a soil in terms of free energy especially since soil texture 

influences the moisture content and its available rango. 

Gardner and his co-workers (24) were among the first to relate 

the caíillary potential function proposed by Buokinghm (14) to 

measurements obtainable in moist soils with porous cups and vacuta 

gauges. Joffe (31) was among the early users of porous cups and 

manieters for measuring what was called the "absorbing power" and 

tisuction force" of soils. Shaw (48) pointed out that these instru- 

inents have a limited range but he did not recognize that the soil 

moisture tension could he measured within this workable range. Heck 

(28) and Rogers (45) descrihed a soil moisture meter consisting of 

a water filled porous clay pot buried in the soil and connected to a 



manometer, or vaotnmi gauge. The soil surrounding the pot has an at- 

traction for the water in the pot, the intensity of which depends on 

the soil moisture content and is measured by the vacui.mi gauge. 

The principle of the tensiometer apparatus developed by Richards 

and Neal (41) for capillary potential and moisture measurements is 

sinilar to that of Heck and Rogers. When correlated with the moisture 

content of the surrounding soil, this type of instrmient apparently 

gives reasonable indication of moisture content in the immediately 

surrounding soil. It also seems to have a unique advantage over 

other nioisture-ieasuring devices in that it measures a property of 

soil water which is directly related to the work plants must do to 

extract water for the soil. 

Richards (40) discussed the characteristics of tensiometers 

and showed that with proper techniques they may be used to measure 

directly soil moisture tension within a restricted range. Owing to 

inherent limitations, they only operate setisfactorilî in relatively 

wet soil, and cease to function at pressure deficiencies approaching 

one atmosphere. He also noted that indirect methods are necessary to 

measure high tensions in the field which involve two separate stages 

of moisture sarr'pling and laboratory determi.nation of tension-water 

relationships. 

Thermal Methods: In 1909 Patten (37) published his work on heat 

transference in soils and showed that each soil has its own heat con- 

ductivity characteristics. Emmert (22), attempting to find a rapid 

method for determining soil moisture, measured the temperature rise 

of a l-gram soil sample to which 2 c.c. of concentrated sulfuric 
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acid has been added. The higher the moisture content, the higher the 

temperature of the reaction that was noted. He concluded that good 

results with this method depend on accurate weighing and measurement 

of the very small samples. 

Shaw and Baver (46) have outlined a method by which soil mois- 

ture may be interpreted as a function of the heat conductivity of 

soils, The readings obtained by this method are the measurements of 

unbalance in the ?Iheatstone bridge resulting from the application of 

a heating current to a coil buried in the soil under investigation, 

The temperature of the source and time interval were so chosen that 

the amount of moisture movement can be considered negligible. 

Lack of extensive field use of the above methods has been 

chiefly due to the difficulty of constructing a suitable thermal 

unit, Ctuaings and Chandler (19) stated that the difficulty in ob- 

taining and maintaining adequate contact between the soil and the 

heating unit under field conditions seems to be the principle source 

of difficulty. 

In 1942 Johnston (32) suggested the use of a plaster of paris 

jacket which would absorb the heat produced by the heating elements. 

The results of his work indicate that comparable readings can be ob- 

tamed at the field capacity, and the wilting percentage on two soils 

having somewhat different moisture charaoteristic8. This plaster of 

paris jacket eliminated soil-unit contact difficulties which were 

present in. the original design by Shaw and Baver (46). In relating 

soil moisture tension to heat transfer, Baise and Kelley (26) found 

that thermal units made with plaster of paris jackets are not suited 
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for measuring moisture tension above 4 atmospheres. 

The Availameter: The availarneter developed by Allyn and Work (4) 18 

essentially an instriunent for measuring the plasticity, stability, or 

degree of hardness of a soli sampie. The force necessary to cause a 

given deformation in soil of a given compaction inereasos as the 

moisture content decreases. The stability, or resistance to deforma- 

kion, of soil coros wis deterriined by loading a plunger or needle 

footing of dofinite diameter until a predetermined penetration into an 

undisturbed soil core wcs obtained. They reported that rowi.sing re- 

suits were obtained when these stability mesurements were correlated 

with the moisture content of the sample cores. 

Neutron Scattering Method: The influence of moisture on the propaga- 

tion of neutron rays aroused the interest of those concerned in mois- 

turc studies. The apparatus used by Beleher et al (8), consisting of 

a radioactive source and a detector, is given access to the soil by 

being lowered into a one-inch metal tube driven into the ground. Fast 

rays emitted by the source are converted by impact with water molecules 

to slow neutrons. The number of slow neutrons is proportional to the 

wcter content of the surrounding soil. Laboratory and field checking 

of results of test measurements showed that the accuracy of the neu- 

tron niethod of moisture determination equals or exceeds that of stand- 

ard procedures. Gardner and Kirkham (25) showed theoretically and ex- 

perinientally that a scatlering and slowing of fast neutrons by hydro- 

gen may be used for measuring soil moisture. The method rests pri- 

marily on two considerations: first, hydrogen is practically the only 

material that will slow fast neutrons; second, hydrogen in soils is 
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present almost entirely in the form of water. They claim this method 

to he valid from oven-dryness to water saturation, that it requires 

only a single calibration for all mineral soils, that it is related 

directly to the volume of water, and that it appears to be independent 

of soil tenperature, texture, composition, compaction, and concentra- 

tion of solution. 

Irrigation Frequencies and Amounts 

Two major considerations influence the time of irrigation, 

ncxnely, the water needs of the crops, and the availability of water 

with which to irrigate. The factor of main importance in arriving at 

the desired frequency and time of irrigation is the water need of the 

crop. The growth of most of the crops produced under irrigation 

farming is stimulated by moderate quantities of soil moisture and re- 

tarded by excessive or deficient amounts. It is thus essential to 

maintain readily available moisture in the active root-zone of the soil 

profile if it is desired to have crops make satisfactory growth. 

Adams and others (1) found that alfalfa grown under favorable 

conditions in the Sacramento Valley, California, produced nearly 7 

tons per acre even though the moisture percentage dropped to the 

wilting point in the surface foot of the soil before each irrigation 

of the season. On sandy loam of the New Mexico Station Fax-ni, Thompaon 

and Barrows (53) found that plants did not suffer when the average 

moisture content of the upper 6 feet of soil feil to 7 percent. 

Powers (39) found it best to irrigate potatoes when the moisture con- 

tent of a heavy silt loen of western Oregon dropped to 20 percent. 
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A moisture percentage of 12 to 13 Indicates that irrigation of the 

deep loam 80118 of the Utah Experiment Station is desired (27). 

7ihile some of the above mentioned work lacks the necessary in- 

formation about the range of available moisture in each of the soils 

used, all of tht missed the fact that equilibriwa tension values are 

more important than mere moisture percentages in giving a clear pic- 

ture of the moisture status in the soil. 

Because of the labor and other disadvantages involved in. re- 

peated sampling, investigators have tried to find other methods of 

determining the amount of irrigation water to apply to the soil, 

Mortensen arid Hawthorn (35) were among the first to use evaporation 

data to indicate irrigation requirements. In 1948 temperature was 

used as a criteria by Thornthwaite (54). Peiian (38) has proposed 

the use of solar radiation and wind date as criteria while Blaney and 

Criddle (10) used percent daylight hours and temperature. All of 

these methods are attempts to correlate weather data with transpira- 

tion by plants, and eliminate the necessity of making soil moisture 

determinations. 

Many investigators are using soil moisture tension data as 

criteria for time to apply Irrigation water for experimental purposes. 

Taylor et al (52) stated that the amount of water necessary to apply 

to the field from tension data has an advantage over other methods in 

that it gives the accuracy necessary for a control of experimental 

plots. It also involves direct measurement of the tension against 

which plant roots have to obtain moisture from the surrounding soil, 



EXI'ERIENTAL PROCEDURE 

Field Design 

14 

Soils: Research on this project started in 1950 and continued for the 

195]. and. 1952 irrigation seasons. In early spring 1950 one site each 

on Vîillaniette silt loam, Amity silty clay loam, and Dayton silty clay 

loam was fenced off and established for moisture studies. In early 

spring 1952 the site6 were relocated to give paired stations. A de- 

tailed description of these soils is presented in a published. soil 

survey report (15). 

Vegetation: The growing pasture was a mixture of Alta Fescue and 

Ladino Clover on both the Willamette and Amity sites, and was only 

Alta Fescue on the Dayton sites. 

Plots: On each of the three soil8, two plots or stations, as they 

will be referred to, were selected about sixty to eighty feet apart 

on a good even stand of pasture and where it was hoped underground 

seepage from nearby ditches would not affect the experiment. The sta- 

tions are located so as to e paired but wore sufficiently separated 

to permit independent irrigation and were enclosed by an electric 

fence to ensure freedom from molestation by the ani.mals. 

Criteria for Irrigation: In order to study the effect of two moisture 

regimes, the sprinkler system was operated so that the stations could 

obtain irrigation on demand irrespeotive of the schedule for the rest 

of the pasture. The two stations on each soil were designed as the 

'twet" and "dry't stations corresponding to high-oisthre and low- 

moisture regimes respectively. Criteria for the two regimes were 
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based on electrical resistance of plaster blocks at the 12-inch depth. 

Irrigation was ordered for the wet station when readings of the blocks 

at 12-inch depth averaged 2500 ohnis or more; for a dry station when the 

readings averaged 25,000 ohms or more. The amounts of water caught in 

five cans, placed in the Cour corners and the center of each station, 

were recorded to determine the amount of water apnlied. by sprinklers. 

Plaster Blocks: Synon,mous terms given to these units in the current 

literature are: Bouyoucos blocks, rpsi blocks, and regular block8 

to distinguish them from blocks containing nylon or fiberglas fa'rics. 

The plaster of paris blocks were buried at the northeast and south- 

west corners of each station in a vertical sequence at depths of 3, 

6, 12, 18, 24, 30, 36, and 42 inches. These blocks were made in the 

laboratory according to specifications suggested by Bouyoucos and 

Mick (li). To insert these blocks the lowermost one was laid flat in 

the bottom of the hole, 42 inches deep, made by an orchard auger. 

The hole was back filled with soil, tamping slightly around the block 

up to the second higher depth which is 36 inches. The process con- 

tinued tmtil all the blocks were inserted. An attempt was nuide to 

bury blocks in soil evacuated from the same depth. 

Tensiometers: A vacuum gauge tensiometer (the Lark type manufactured 

by The Irrigation Engineering Co., RiversIde, California) was used on 

each of the wet stations. They were inserted on the northeast corners 

of the stations about one foot from the blocks and were read at the 

same time block readings were taken. 

Resistance Blocks in Tubes: The fact that plaster blocks were usually 

buried in disturbed soil raises a question about the reliability of 
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the block-resistance readings in reflecting the moisture status in 

soils whose natural structure and root distribution are undisturbed. 

7fhen inserting these blocks in the field it is rather difficult to 

control the degree of soil compactness around them especially with a 

heavy plastic subsoil such as that of a Dayton silty clay bern. 

Other ways of inserting the plaster blocks in the field have been 

tried. A rectangular steel bar is sometimes used to make a hole of 

the desIred depth and of aLnost the same cross-section as that of the 

block. The block is set vertically on the bottom with its sides 

touching the walls of the hole which is then back-filled. Another 

method includes forcing the blocks horizontally into the undisturbed 

soil profile after excavating enough soil and exDosing the profile to 

the desired depth. 

All these methods involve considerable timo and labor. :.:ore- 

over, once these blocks are inserted in the field it is impractical 

to pull them out after the irrigation season is over. Leaving the 

blocks in a water saturated soil for six or seven months a year 

shortens their life and usually means replacing them with new ones in 

one or two years. 

To overcome some of these difficulties a device was constructed 

containing several blocks in a single tubular unit as shown in Figure 

21. This unit consists of a metal tube in whose wall windows are cut 

at definite intervals. Through these windows the plaster blocks con- 

tact undisturbed soil when the tube is inserted in the field. This 

contact occurs in such manner that the block8 simulate the oomion 

practice of placing the regular blocks at 6-inch intervals. 



17 

The field installation include8 boring a hole of suitable depth 

with a King tube and removing the soil core then pushing the tube with 

its built-in blocks in the opening until the block-contacts are in the 

desired positions. This periìiits insertion of an entire string of 

blocks in a few minutes, Inaodiate and positive contact with undis- 

turbed soil and roots is assured, which reduces the tine lag between 

installation and reliable block readings. The tubes can al3o be re- 

moved easily and quickly at the end of the irrigation season, 

In order to maintain a uniform distance between the electrodes 

it was found easier to cast the blocks first in a sinple aLznint 

mold, The tube was then filled starting from the bottom and working 

up to the top, One of the rectangular blocks, previously soaked in 

vrater, was placed in the tube at a position where its two long narrow 

sides faced the first pair of windows in the tube, These wo openings 

were then covered and sealed tightly with waxed paper. Enough plaster- 

water mixturo was poured from above into this section of the tube to 

fill it about one-half inch above the opening8. Then the plaster mix- 

ture dried, a thin layer of rubber cement was placed on top of the 

plaster followed by a two-inch layer of melted paraffin wax, After the 

paraffin layer solidified it was covered with another layer of rubber 

cernent, The wire leads were kept as close to the wall as possible and 

were long enough to extend to the top of the tube and several inches 

beyond it, Rubber cement layers were used to prevent any water move- 

ment between blocks inside the tube, while the paraffin served as a 

filling material and gave the tube more rigidity. After the rest of 

the tube-blocks were cast in the sane manner and order, the waxed 
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paper was removed to expose the block surfacez. The blocks then had 

the cylindrical shape and diameter of the tube itself, 

The construction of the device was first tried by using a 2- 

inch diameter tube made of sheet metal. Three-inch long pairs of win- 

dows were cut in the wall at alternate three-inch intervals. In such 

design the blocks were separated by three-inch sections of solid wall, 

and the distance between the middle points of two adjacent blocks was 

six inches. 

When these tubes were tested in the field it was found that 

their reaction to moisture changes in the surrounding soil, as com- 

pared with the regular-block readings and soil moisture sampling, 

was very slow. This was due primarily to the big size of the tube 

and consequently to the big blocks which, when wetted, retained 

moisture for longer time while the soil surrounding them was losing 

it at a faster rate. 

Since these blocks lost water to the drying soil around them 

quite slowly, a more sensitive block was needed to detect small 

moisture changes especially at high moisture levels. A tube con- 

taming plaster-fiberglas blocks was constructed. This tube had all 

the features of the first one plus two fiberglas sheets in the rdddle 

of each plaster block covering the two electrodes. Resistance read- 

ings of these blocks showed good. sensitivity and seemed to correct 

for the limitation created by the use of large blocks. 

Under laboratory conditions of construction, the fiberglas- 

plaster blocks had considerable variation in readings. It was also 

felt that a tube with smaller blocks would reach moisture equilibritmi 
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with the surrounding soil much faster and thus give more reliable re- 

sistance readings. 

A further step was therefore taken to construct another tube 

which is smaller, lighter, and easier to build and handle. This 

tube is 1.25 inches in diameter and has 2.5-inch long windows with 

3.5-inch spacing between them. The distance between the middle 

points of tvvo adjacent blocks is six inches. This arrangement would, 

with proper installation, permit taking a resistance reading for 

every 6-inch section of the soil by placing the block in the middle 

portion of the soil section. For example, the 6 to 12-inch block 

would actually contact the soil surrounding it from the depth of 

about 7,75 to 10,25 inches. 

Three tytes of tubes were therefore tested in the field; the 

2-inch diameter tube containing plaster blocks, the 2-inch diameter 

tube containing fiberglas-plaster blocks, and the 1,25-inch diameter 

tube containing plaster blocks. Two tubes of each type were in- 

serted at the northwest and southeast corners of only the wet sta- 

tions. 

Soil Sampling: Soil moisture samples were taken with an auger for the 

following depth: 0-6 inches, 6-12 inches, 12-24 inches, 24-36 inches, 

and 36-48 inches. The time of sampling was iinraediately before and 

about 72 hours after irrigation. Sampling was replicated four times 

at each station, being taken about four feet outside of and adjacent 

to each side of the fenced enclosure. The holes were always filled 

with soil after each sampling. Uoisture determinations on the 
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samples were made by drying in the oven at l05ll00 C. 

Yield: Yield data were obtained by clipping four four-square-foot 

areas on each site, Two of the four areas were within the station 

and the other two were about seven feet outside it on opposite sides 

and protected with cages 3 by 3 feet and 2 feet high. Each pair of 

stations was clipped at the same time and the clippings were dried in 

an oven at 65-70° 0. The weight of the hay from four replicates on 

each site was recorded, It was decided at first to clip the pasture 

on the stations and the cages whenever the rest of the pasture around 

them was clipped or grazed in order to maintain an even growth on the 

same site. Due to overgrazing by the animals, this schedule was not 

followed. The grass on the stations was then clipped whenever it 

reached a height of about 12 inches regardless of the growth condi- 

tion of the surrounding pasture. 

Laboratory Investigations 

Moisture Equivalent: In order to determine the water storage capacity 

of the soil profile, a 1ow1edge of the field capacity and the wilting 

percentage is necessary. In 1950, the after-irrigation moisture 

values were averaged to give a value representing the field capacity. 

In 1951 a series of moisture samplings were made at weekly intervals 

from the close of the rainy season until the beginning of irrigation. 

From these data, values were selected which were thought to represent 

best the field capacity and the values so obtained were used also in 

the 1952 season. The 1951 values were higher than those used in 1950 

and wore also higher than those obtained from the after-irrigation 



21 

sampling during the summers of 1951 and 1952. 

It was decided then that a determination of moisture equiva- 

lent would probably help in selecting more accurate and dependable 

value8 of the field capacities. Disturbed samples -flere taken for 

this purpose by the orchard auger fria each of the three soil types. 

These samples were taken every six-inch depth down to thirty-six 

inches and were replicated four tines between the two sites of each 

pair of stations. After samples were air-dryod, they were sieved and 

the moisture equivalent determination was made on each sample by the 

centrifuge method. 

Moisture-Tension Relationship: The moisture-tension values for the 

disturbed samples mentioned in the above section were obtained by de- 

terraining the equilibrium moisture content at tensions of .1, .3, .6, 

1, 2, 5, and 15 atmospheres. The pressure-plate chamber was used for 

tensions of one atmosphere or less, and the pressure-membrane appara- 

tus for pressures above one atmosphere. A set of undisturbed samples 

was also taken with the modified Pomona Sampler1 from the saine loca- 

tions and for the same depths as the disturbed samples. The moisture- 

tension values for these undisturbed soil sections were obtained at 

pressures of .1, .3, .6, and 1 atmosphere to compare them with those 

values obtained for the disturbed samples. 

Moisture-Resistance Relationship: It was mentioned earlier that the 

plaster blocks are now a widely used tool for evaluating indirectly 

1Obtained from Utah Scientific Foundation. 
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the soil moisture level of the soil, The electrical resistance of 

these blocks is a function of their moisture content which in turn 

depends on the moisture status of the surrounding soil. The calibra- 

tion of these blocks in order to correlate their electrical resistance 

readings directly to soil moisture percentage or tension would save 

the time and labor spent in moisture sampling. 

Various methods have been attempted by ntierous workers for 

calibrating the blocks in the field and in the laboratory. The ineth- 

od used in the current study was conducted in the laboratory on the 

disturbed samples taken from the station sites. The remaining soil 

from the four replicates (page 20) was mixed together and a composite 

sample was taken to represent each 6-inch section of soil. Those corn- 

posite samples were then placed in quart-size tin cans after enough 

water was added and mixed thoroughly with the soil to bring it up to 

pro-determined moisture levels. A regular plaster block was buried 

in each can with the wire extending through the lid. All cans were 

sealed tightly with paraffin wax and then were placed in a basement 

room where the temperature was maintained between fifteen and twenty- 

three degrees centigrade. The block resistances were read at 2 to 4- 

day intervals and the ron temperature reading was recorded. When 

the block resistance reached a constant value, the can was opened and 

a soil sanpie was taken from soil immediately surrounding the block. 

Moisture was deternüned by the ovenethod for the sanpie. This 

moisture percentage cOtreSl)Oflds to the equilibriinn resistance reading 

of the block at the specified temperature. 
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SULTS AND DISCUSSION 

Results of Field Studies 

The following steps were takeii in order to obtain the ex- 

perimental results and to use them for securing subsequent data: 

( 1) The l3ouyoucos blocks were read every two to four days and read- 

ings frein each installation were averaged for each of the eight 

depths, These averages were plotted on semi-log paper. A sample of 

these graphs is shown in Figures 1 to 6, representing the behavior 

of plaster blocks in 'Nillaraette silt loam, dry station, at the depths 

of 3, 6, 12, 18, 24, 30, and 36 inches. The horizontal broken lin.e 

at 25,000 os for the 12-inch depth was the basis on which irrigation 
vías controlled for the dry stations. When the resistance reached or 

passed this line, irrigation was requested for the stat±on. On wet 

stations the 2500-ohm line for the 12-inch block served as the irri- 
gation guide. Lack of immediate application of water when needed 

ocourred in a few eases during the season due to operating diffioul- 

ties of the sprinkler system. It was not possible sometimes to irri- 
gate stations when their need for it happened to be on a weekend or 

holiday. These factors explain why the 12-inch blocks read higher 

than 25,000 or 2500 olns before a station was irrigated. 

(2) Immediately before irrigation the station was sampled, in the 

pattern described before, and the blocks were read. 

(3) The before-irrigation moisture content of the samples was de- 

termined in the laboratory. 
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(4) From available data concerning the l5-atmoshere percentage, the 

field capacity, and the field bulk density values, the total ana 

available moisture in percent and in surface inches for each sampled 

depth was computed. 

(5) When an irrigation was finished, readings of cans were taken, 

averaged, and converted to Inches of water. 

(6) Steps 2, 3, and 4 were repeated for the after-irrigation sam- 

pling. 

Willamette Wet Station: The blocks on the Willaxaette wet station 

were inserted April 19, 1952, and readings were taken between May 5 

and November 4. The resistance readings on this station indicated 

that moisture withdrawal by plant roots occurred down to the 30-Inch 

depth as shown in Table (1). An examination of the curvos and their 

degree of response to moisture withdrawal and replenishment seems to 

indicate that most of the root activity is concentrated in the top 

24 inches. An adequate irrigation, however, must wet the entire pro- 

file down beyond 30 inches in order that the plant roots will find 

enough water for a normal growth. 

In the irrigation of July 14, the can catc1ents indicated 

that 1,65 inches of water were added by sorinklers in two 12-hour 

sets. Apparently this amount was not enough to bring even the top 

three inches to field capacity. Soil seipling before and after irri- 

gation revealed that the increase in moisture content occurred in the 

top two feet only and was 1.07 inches, of which .34 inch was in the 

0-6 inch zote, Table (2). A quantity of 1.54 inches of water was ap- 

plied to the station on July 22. This amount raised the percent 
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available moisture from 39.8 to 62.6 percent in the first foot and 

from 64.4 to 74.4 in the second foot, with no change in the rnoiture 

content in the third foot, as shown in Table (3). It i8 indicated in 

Table (1) from the block readings after this irrigation that the 

moisture percolated as deep as the top half of the second foot only. 

The 18-inch block recorded a slight drop in resistance while the 24- 

inch block did not receive any water and therefore no drop in re- 

sistance occurred. Another irrigation was requested only a week 

later, on July 30. An amount of 1.88 inches of water was applied, 

of which 1.35 inches were traced in the top three feet. This amount 

raised the available moisture from an average of 50.5 percent to 

about 68 percent. 

The short intera1s between irrigations during the month of 

July are due primarily to inadequacy of irrigation as indicated by 

soil sampling and. b1oc: roadins . The before-irrigation sampling on 

July 14 showed a defioit of 4.7 inches in the available moisture in 

the 4-foot profile. The sprinklers were designed to deliver .25 inch 

of water per hour on tl'is station. Assuming a 20 percent loss by 

evaporation and wind, then two 12-hour sets were necessary to correct 

for the moisture deficit. Neither the one 8-hour setting on July 14 

nor the two 8-hour settings on July 22 was found sufficient. Two 12- 

hour settings were therefore requested for each of the subsequent ir- 

rigations. 

The amount of water which entered and was retained in the pro- 

file after irrigation was influenced not only by the length of appli- 

cation but also by the prevailing weather condition at the time of 
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Table (i) 

Bouyoucos Block Readings in O1ns on OSC Irrigated Pasture 

Willsmotte Silt Loam - Wet Station - 1952 

________ ________- Depthof BTocks ____ 
Date 
1952 3" 6" 12" 18" 24" 30" 36" 42" 

5-2 490 530 530 520 560 520 550 460 
5-5 550 540 520 500 550 510 530 440 
5-9 1450 820 580 500 510 500 500 420 
5-14 6650 4250 2000 580 530 490 500 420 
5-15 2500 
5-16 13650 6800 3070 710 570 510 490 410 
5-20 510 530 560 570 530 500 470 410 
5-29 15500 6700 2900 810 640 550 480 420 
5-31 26500 11300 4650 1170 680 590 480 400 
6-4 1180 710 610 480 610 550 480 400 
6-9 31000 14200 4950 1470 850 700 490 410 
6-13 520 560 550 480 520 450 450 340 
6-16 510 540 540 480 500 430 450 390 
6-22 1900 920 600 460 470 430 430 380 
6-29 520 540 530 410 410 370 380 320 
7-3 660 570 510 410 400 350 360 300 
7-8 9400 3300 960 440 420 370 380 300 
7-14 40500 20000 7050 1130 500 410 400 340 a,m. 
7-14 52750 25500 8300 1300 540 420 400 340 p.m. 
7-18 2875 1659 1225 880 590 500 410 340 
7-22 24000 12000 5450 1950 800 580 430 350 
7-25 570 610 960 1430 860 640 430 350 
7-26 830 740 1060 1500 880 650 430 300 
7-30 31000 13700 5650 2600 1250 740 440 340 
8-3 740 ßSO 650 1040 1050 670 430 340 
8-7 8100 3200 1760 1430 1120 750 460 370 
8-11 29500 13000 6150 2750 1450 1000 500 380 
8-16 540 550 555 440 480 460 440 370 
8-20 850 660 600 450 470 430 400 360 
8-22 2000 CCC 640 440 
8-25 1600 1030 730 470 470 430 400 360 
8-27 2270 1300 790 490 

8-29 6800 2600 1040 550 510 450 400 290 
9-1 17000 7400 2100 710 
9-2 29000 11400 3000 930 610 500 420 370 
9-6 550 550 600 440 450 420 410 390 
9-9 510 530 570 420 430 400 390 380 
9-12 600 560 580 410 440 420 400 280 
9-15 3150 910 630 440 450 430 410 280 
9-17 7100 1850 720 460 
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Table (1) Continued 

Bouyoucos Block Readings in 0}mis on OSC Irrigated Pasture 

Willainette Silt Loam - Wet Station - 1952 

Depth of Blocks 
Date 
1952 3" 6" 12" 18" 24" 30" 36" 42" 

9-20 24700 8200 1560 720 730 660 600 570 
9-23 24500 10700 2700 700 

9-26 30000 14700 4150 1200 590 520 420 400 

9-30 43500 21250 6650 2200 760 650 460 410 
10-3 54500 31000 9400 3950 1200 900 520 440 
10-6 64000 34000 11800 4700 
10-8 74000 39500 14200 5900 2450 1680 620 470 
10-13 640 640 670 480 530 490 450 420 
10-16 950 760 710 490 540 510 
10-20 1030 790 740 510 540 510 460 450 

10-23 920 750 715 490 530 490 440 440 
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Table (2) 

Available Water in Iuche8 Before and After Irrigation 

Willamette Silt Loen - Viet Station - 1952 

epth Oate of Aint. of Time of 
Irrig. Irrig. Sampling O6w 612w 12-24' 24-36" 36-48" Total 

4-18 The first sampling 1.15 1.19 2.47 2.10 2.67 9.58 

4-28 1.75" before .83 .94 2,09 1.70 2,62 8.18 
after 1,49 1.49 2.85 2.05 2.86 10.74 

5-16 1,2e" before .95 .98 2.00 1.F37 2,59 8,39 
after 1.47 1,49 2,99 1,99 2,73 10,67 

5-31 1.52" before .90 .99 2,09 1,50 2,78 8,26 
after 1.4 1.17 2,68 1,69 2.75 9.53 

6-9 5.25" before .87 1,05 2,12 1.69 2,53 8.26 
after 1,58 1.49 3,03 1.96 2.67 10.73 

7-3 Showers after 1,2e 1.37 2,76 2.25 3.04 10,70 

7-14 1,65" before .51 .57 1,81 1,92 2,85 7.66 
after .85 .94 2,17 1,60 2.72 8.28 

7-22 1.54" before .55 68 1.84 1.70 2.88 7.65 
after 96 .98 2,12 1.70 2.81 8.57 

7-30 1,88" before 59 .72 1.70 1,67 2.67 7,35 
after 1,08 1.04 2.12 1,79 2.49 8.52 

8-11 5.02" before .61 .66 1.81 1.32 2.46 6.86 
after 1.35 1.41 2.92 2,16 2,80 10.64 

9-2 4.62" before 74 91 2.12 2.08 2.73 8.58 
after 1,32 1.36 2,52 1.96 3.06 10,22 

9-26 Between irrigations .72 .82 1.98 2.08 2.80 8.40 

10-8 3.26" before .48 60 1.71 1.56 2,72 7.07 
after 1.28 1,25 2,47 1.87 2,85 9.72 

Maximum available moisture 1,67 1.45 2,85 2.90 3,44 12.31 
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Table (3) 

Percent Available Moisture Before and After Irrigation* 

Willaniette Silt Loan - Wet Station - 1932 

Date of inount of Time of Depth 
Irrig. Irrig. Sampling O-6" 6-12 T2-24' 24-36' 3648w 

4-18 The first sampling 68.7 82.1 86.7 72.5 77.6 

4-28 1,75 inch before 49.8 64.7 73.3 58.8 76.2 
after 89,1 102.6 100.0 70.6 83.2 

5-16 1.29 " before 56.9 67,9 70.0 64.4 75.2 
after 88.2 102.6 105.0 68.e 79.4 

5-3]. 1.52 " before o4.O 68.4 51.9 80.8 
after 74.4 81.1 93.9 58.1 79.9 

6-9 5.25 " before 52.1 72.6 74.4 58.1 73,4 
after 94.8 102.6 106.2 67.5 77.6 

7-3 Showers after 76.8 94.7 96.7 77.5 88,3 

7-14 1,65 before 30.3 39.5 63.3 66.3 82.7 
after 50.7 64.7 76.1 55.0 79,0 

7-22 1.54 " before 32.7 46.8 64.4 58.8 83.6 
after 57.3 67.9 74,4 58.8 81.8 

7-30 1.88 " before 35.1 49.5 59.4 57.5 77,6 
after 64.5 71.6 74.4 61.9 72.4 

8-11 5.02 " before 38.5 45.3 63,3 45,6 71.5 
after 81.0 97.4 102.2 74.4 81.3 

9-2 4.62 before 44.5 62,6 74,4 71.9 79,4 
after 78.7 94.2 88.3 67.5 88.8 

10-8 3.26 " before 28.9 41.6 60.0 53.8 79.0 
after 76.3 86,3 86.7 64.4 82,7 

'The anount of water reported above for each irrigation is the average 
catcianent of five cans placed in the four corners and the center of 
the station. 
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application. Vind direction and veloc relative huinidity, and 

temperature are of major importance in this respect, This accounts 

for the variation in can catchrnents and in amount of moisture re- 

tamed in the profile among irrigations of ecival dtration. 

It is olear that the frequencies and amounts of irrigation are 

closely correlateu ana aepenaent on the oonsìptivo use rates. Tìo 

consumptive uso (evapo-transpiration) as defined by The Division of 

Irrigation of the United States Department of Agriculture and the 

National Resources Planning Board (30, p.296) is 'tthe sun of the vol- 

une or water used by the vegetative growth of a given area in trans- 

piration or building of plant tissues and that evaporated from adja- 

cent soli, snow, or intercepted precipitation on the area in any 

specified time ." 

It is commonly accepted among irrigation investigators that the 

most efficient use of water by growing plants occurs if the available 

moisture is kept above 65 percent. Richards and Wadleigh (42) pub- 

lished a thorough presentation of various work conducted on irrigation 

and soil-uoisture. They oonoluded that there is consluerable evidoice 

that significant dillerences in growth ratos occur along with varying 

degrees of moisture depletion within the so-ca1ledt' available soil 

moisture range, Blair et al (9) measured the rate o1 elongation of 

simflorer plants in relation to moisture depletion, and tkieir data 

shored a definite falling oiT in growth rate before half of the avail- 

able water ws used. Clements (16) worked with a soil which hau a 

field capacity of 3b-ó7 percent and a wilting percentage of 24-25 and. 
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and concluded that whenever soil moisture dropped below 28 percent 

there was a check in growth of sugar cane. 

Table (3) shows that the '.7illarnette wet station was irrigated 

when the integrated2 available moisture in the top two feet dropped 

to a value between 45 and 65 percent. Therefore, the 12-inch block 

reading of 2500 ohms on this station was a good guide as to when irri- 

gation was needed. 

The stan of the inches of available moisture for as many feet of 

soil as the roots occupy is the total inches of water available to the 

plant. Plotting these values with respect to time showed the status 

of available water at any time and the rate of change with time. 

Vïhen the measured irrigations were also plotted on the same chart a 

visual comparison was obtained between the amount of water applied 

and that retained for use in the profile. When the comparison is 

stated in terms of the amount stored related to the amount applied it 

is know-n as the storage efficiency which is shown in Table (8). 

The inches of water available in the profile as a function of 

time are shovi for the two Willainette stations in Figures (7) and (s). 

Since plaster block readings showed root activity, though minor, in 

the third and fourth feet especially in dry stations, the results were 

plotted for 4-foot profiles for both the wet and dry stations for com- 

parative purposes. 

2The integrated value here refers to the average of three values for 

the 0-6, 6-12, 12-24-inch depths. 



The post-irrigation levels obtained by extrapolating the mois- 

turo depletion lines exceeded the pre-irrigation levels by more than 

the recorded irrigation during April and May but not during July, 

August, or September. High application efficiencies for the first 

three irrigations could ossibly be attributed to errors in can 

catchinents. 

1illamette Dry Station: Block readings on the dry station in Table 

( 4) sIlOEied that active withdrawal of moisture occurred down to 30 

inches, This change in moisture due to root activity decreased below 

the 30-inch depth but as still evident at the 36-inch level. It ap- 

pears therefore that the root zone extends to three feet on this sta- 

tion as it does on the wet one. This station received four irriga- 

tions during the season. Soil sampling revealed that the integrated 

percent available moisture iii the top two feet was 20.6, 44.9, 25.0, 

and 32,4 immediately before the first, second, third, and fourth irri- 

gations respectively, Table (e). The corraratively high value present 

before the seoond irrigation was due to June rain which rendered the 

top six inches of the profile wetter than usual when the 12-inch 

block resistance reached 25,000 ohms. The 12-inch block reached the 

25,000-chin mark approximately every three weeks Water was first ap- 

plied on May 3]. for two 12-hour sets and the can catc1ents averaged 

only 2.34 inches. This amount of water caused a drop in electrical 

resistance of all blocks down to the 30-inch one, although thïs drop 

in readings was appreciable only at the 3, 6, and 12-inch depths and 

of minor effect at deeper depths as shown in Figures (1), (2), (3), 

(4), (5) and (6). 



Table (4) 

Bouyouoos Block Readings in Onns on OSC Irrigated Pasture 

'Tillemette Silt Loam - Dry Station - 1952 

Depth of Blocks 
Date 
1952 3" 6" 12" 18" 24" 30" 36" 42" 

4-8 1110 1130 920 1000 880 810 700 650 
4-1]. 2775 1600 890 1000 900 810 710 670 
4-15 1340 1600 940 1000 900 810 690 690 
4-18 2475 2125 940 990 910 790 710 690 
4-28 11490 9050 3400 1150 1010 880 760 730 
5-2 4225 4950 3325 1280 1040 940 800 750 
5-5 8250 7500 3900 1530 1080 990 810 780 
5-9 14000 11500 5500 2300 1140 1000 820 780 
5-14 16700 18000 9500 4350 1280 1030 830 780 
5-20 20400 28500 18000 8950 3500 1170 910 830 
5-22 26750 31500 19500 10800 4300 1200 930 810 
5-29 72500 56500 34250 22250 9500 4250 1130 830 
5-31 82500 66000 40500 28000 12000 5700 1300 880 
6-4 1300 1550 2000 15700 9450 4950 1280 870 
6-9 9700 9100 6550 15000 9250 5050 1450 860 
-6-13 16200 16300 11800 17000 9500 5000 1530 730 
6-16 7000 11500 13400 17500 9550 4800 1450 810 
-6-19 17300 
6-22 27500 28500 21750 22500 11500 5300 1170 540 
6-25 36250 33750 25750 24000 12100 5100 1000 650 
6-26 41250 36500 27250 24700 12400 5200 1100 720 
6-29 910 980 720 760 770 590 620 480 
7-2 970 1070 810 900 720 580 600 470 
7-8 4600 2600 950 950 780 720 610 450 
7-14 27250 14600 4260 1180 920 790 650 510 
7-18 62000 38500 12200 3425 1160 975 700 640 
7-22 103000 74500 26500 8400 2350 1150 710 500 
7-23 107000 81000 31000 10400 2950 1150 700 480 
7-27 1070 1200 900 1100 850 760 650 500 
7-30 1900 1600 890 970 780 740 30 580 
8-3 7800 6200 1900 1080 870 760 650 600 
8-7 15250 11600 3900 1350 920 820 710 650 
8-14 42000 26000 10300 3700 1400 980 760 710 
8-18 52000 34500 13600 5900 2200 1100 850 720 
8-20 17000 
8-22 62000 45000 20000 8900 3500 1250 820 730 
8-25 53000 46000 24000 10800 4200 1420 840 690 
8-29 980 1110 750 1060 790 750 600 470 
9-4 1450 1380 770 1000 800 780 700 690 



Table (4) Continued 

Bouyouoos Block Readings in 0lns on OSC Irrigated Pasture 

Willamette Silt Loam - Dry Station - 1952 

Depth of Bl6cks 
Date 
1952 3" 6" 12" 18" 24" 30" 36" 42" 

9-9 1080 1230 820 990 780 760 670 630 
9-12 1250 1350 840 1020 810 800 710 570 
9-17 3650 3400 1250 1130 880 800 720 660 
9-20 6450 5600 2100 1200 940 830 760 700 
9-26 16500 11900 5000 2000 1060 890 780 720 
10-3 38500 24500 10500 4700 1750 1070 900 820 
10-8 50000 35500 15250 7150 2850 1150 860 790 
10-14 67500 48500 22100 10400 4200 1520 930 830 
10-20 74500 56000 27100 13800 5750 2650 970 840 
10-23 65000 53500 27000 13700 5750 2750 920 830 
10-27 35250 47500 28000 13900 6000 2900 1000 810 
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Longer settings siero requested for the subsequent irrigations, 

and the results indicated that enough water was added to bring the 

moisture in the whole profile close to the field capacity values. 

The prevailing vreather conditions during the month of June ro- 

suited in a low consumptive use rate of .10 inch per day, as indicated 

in Table (7). The 3.84 inches precipitated between June 11 and June 

30 helped correct for the inadequacy of the May 31 irrigation. Fig- 

ures (4), (5) and (6) show that the block readings at 18, 24, and 30- 

inch depths indicated very small or no moisture at these depths during 

this month. The total consmiptive use on this station in 173 days, 

frc* April 28 to October 8, was 23.10 inches and the anount of water 

apT)lied in four irrigations plus rain was 26.71 inches. Corresponding 

values for the wet station were 29.25 and 31.62 inches respectively 

for the same length of time. The grass on the station showed no si 

of moisture deficiency and apparently had ample amounts of available 

moisture for nornial growth, It seems that an application of five to 

six inches of water every three weeks would be a good practice under 

conditions prevailing on this station. The Wiliamette profile is 

deep, open, and therefore there is no danger of surface runoff due to 

poor or retarded permeabil±ty. This practice would reduce the opera- 

ting costs and conserve water. 

The storage efficiency was calculated for this station and the 

other five stations as follows: 

(1) A day at the end of the season was selected where the pro- 

file contained as much available moisture as it did on the initial 

sampling day. 
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Table (5) 

Avi1a'o1e ater in Inches Eefore and After Irrigation 

7ïillaiiiette Silt Loam - Dry Station - 1952 

Date of of lime of Depth 
Irrig. Irrig. Sampling O6T 6-12" 12-24g 24-36w 36-48" Total 

4-18 First sampling 1.04 1.1]. 2.62 2.21 3.25 10.23 

5-31 2.34 before .09 .30 1.06 1.28 2.44 5.17 

after 1.00 1.05 1.89 1.57 2.63 8.14 

6-26 6.02e' before .41 .45 1.19 1.76 3.01 6.82 
after 1.34 1.39 3.10 2.37 3.04 11.24 

7-23 4.61" before .09 .oO 1.46 1.59 2.60 6,24 

after 1.18 1.26 2.82 2,14 2.98 10.38 

8-25 9,16" before .23 .54 1.41 1.71 2.88 6,77 
after 1.24 1.33 2.95 2. 2.92 10,84 

9-26 Last sempling .51 .72 1.90 1,76 2.82 7.7]- 

Laxiinuni available moisture 1,66 1.46 2.98 2.77 3,39 12.28 
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Table (6) 

Percent Available Moisture Before and After Irrigation 

?ïillemette Silt Loam - Dry Station - 1952 

ite of Amount of Ti.ine of Depth 

Irrig, Irrig. Sampling 0-6" 6-12' 12-24" 2-36" 36-48" 

4-31 The first sampling 62.7 74.7 87.8 80.0 95.8 

5-31 2.34 inoh before 5,7 20.5 35.6 46,3 72.0 

after 60.2 71.1 63.3 56.9 77.6 

6-26 6.02 " 1efore 24,6 30.0 40.0 63,8 88,8 

after 81.0 93.7 103.9 81.3 89.7 

7-23 4.El " before 5.7 20.5 48.9 57.5 82.7 

after 71,4 85.3 94.4 77.5 87.9 

8-25 9.16 ' before 13.7 36.3 47.2 61,9 85.0 

after 74.9 89.5 98.9 86.9 86.0 

9-26 The last sampling 30.8 48.4 63.9 63.8 83.2 



Table (7) 

Consinnptive Use Rates and Total Use 

- iet Stations Dry Stations 
Rati Rate 

Period In./bay Total Period In./Day Total 

1il1anette Silt Loi 

4-18 - 4-28 .14 1.40 4-18 - 5-31 .12 5.06 
4-28 - 5-16 .17 3.02 
5-16 - 5-31 .22 3.29 5-31 - 6-26 .10 2,63 
5-3]. - 6-9 .25 2.29 
6-9 - 7-3 .16 3.27 6-26 - 7-23 .24 6.43 
7-3 - 7-14 28 3.04 
7-14 - 4-22 .16 1.26 7-23 - 8-25 .12 4.06 
7-22 - 7-30 31 2.44 
7-30 - 8-11 .2]. 2,50 8-25 - 9-26 .11 3,58 
8-11 - 9-2 .12 2.66 
9-2 - 9-26 .09 2.18 
9-26 - 10-8 .1). 1.33 9-26 - 10-8 .11 1.34 

173 days 29.28 173 days 23.10 

iy Silty C lay Loam. 

4-23 - 5-23 .07 2.03 4-23 - 6-3 14 5,59 
5-23 - 6-7 .18 2.73 
6-7 - 7-4 .16 4.29 6-3 - 7-3 .15 4.50 
7-4 - 7-16 30 3.58 7-3 - 7-29 .23 6.01 
7-16 - 8-5 .22 442 
8-5 - 9-2 13 3,56 7-29 - 9-2 .15 5.15 
9-2 - 9-30 .18 4,90 9-2 - 9-30 .11 3,05 
9-30 - 10-13 09 1.10 9-30 - 10-13 1]. 1,42 

173 days 26.61 173 days 2U.81 

Dayton Silty Clay Loam 

4-29 - 5-24 .01 .32 4-29 - 5-3]. .09 2.90 
5-24 - 6-16 .11 2.46 5-3]. - 7-4 06 2.35 
6-16 - 7-4 .25 4.48 
7-4 - 7-16 .22 2.62 7-4 - 7-25 .13 2.81 
7-16 - 8-5 30 5.06 
8-5 - 9-2 .11 3.00 7-25 - 8-25 .09 2.68 
9-2 - 9-27 .12 3.08 8-25 - 9-27 .07 2.38 
9-27 - 10-10 .01 .15 9-27 - 10-10 .07 .94 

22.07 14,26 
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(2) The amount of water added to the soil is the amount of 

precipitation plus the can catebments in all irrigations ietween these 

two selected dates. 

(3) Consaptive use during this period is determined and di- 

vided by the total amount of water applied to give the storage effi- 

ciency for the station. 

The storage efficiency values for the six stations presented 

in Table (8) showed that the wet stations had higher efficiencies than 

the dry ones An explanation for the abnormal values obtained for the 

wet stations is not certain. It was mentioned before that errors in 

sampling or inaccuracy in can catchinents could be responsible for this 

discrepancy. The close agreement between replicates indicate that the 

magnitude of the soil sampling error is not great enough to account 

for more than a small part of the observed discrepancy. 

Another contributing factor may be the rising of the water 

table from subflow in the Amity and Dayton wet stations 

Amity 7Tet Station: The plaster blocks on this station, Table (9), in- 

dicated that moisture withdrawal was noticeable only in. the top 18 

inches. Elock readings at lower depths never exceeded 500 ohms, which 

meant that the profile below an 18-inch depth always had enough water 

to keep it at or higher than field capacity percentage. Values of the 

percent available moisture in Table (11) show contradictory results, 

According to these values, the available moisture was always below 40 

percent in the fourth foot except after the September 2 irrigation 

where 73.5 percent was found. 
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Tal1e (8) 

Storage Efficiency Values 

Applied rain Consumptive Use fficienoy 
Station Period Inches Inches Percent 

Wiflemette - Wet 4-18 - 9-13 28.3e 26.78 94.5 

7Tillamette - Dry 4-18 - 9-4 26.17 20.60 78.7 

Amity - Wet 4-23 - 9-18 16.74 2.46 140.2 

Amity - Dry 4-23 - 9-11 21.62 23.76 108.9 

Dayton - Wet 4-29 - 9-18 17.74 20.87 117.6 

Dayton - Dry 4-29 - 9-24 16.27 13.11 80.7 
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TaUe (9) 

Bouyoucos Block Readings in O1nns on OSC Irrïgated Pasture 

amity Silty Clay Loaiìi - 7iet Station - 1952 

Date TThpth of Blocks 
1952 3" 6" 12" 18" 24" 30" 36" 42" 

5-2 530 560 570 500 450 410 420 370 
5-5 950 680 590 500 450 400 410 350 
5-8 5200 1900 620 510 450 400 400 350 
5-12 21750 6800 850 540 430 390 380 340 
5-14 19550 8250 1290 550 430 330 380 330 
5-16 1790 
5-20 28600 16000 5000 750 420 350 380 310 
5-23 59000 24000 7000 1000 440 360 400 320 
5-26 420 450 590 710 430 360 370 330 
6-3 37000 9000 1500 820 450 350 380 300 
6-6 100000 25100 4700 1080 430 350 380 300 
6-7 100000 28250 5400 1120 450 360 390 300 
-6-10 520 480 520 460 380 310 330 280 
6-16 500 470 520 460 380 340 330 290 
6-19 880 530 510 460 380 330 320 270 
6-23 1700 710 560 490 380 320 310 270 
6-29 500 490 460 380 360 320 320 270 
7-4 630 490 460 400 360 300 310 260 
7-10 29000 7900 600 450 380 330 310 270 
7-14 99000 31700 2520 580 390 330 350 260 
7-16 107000 38000 4710 890 410 335 345 280 
7-21 535 490 485 425 340 300 300 255 
7-25 2250 730 500 440 390 300 300 260 
7-29 23250 7100 680 460 370 300 280 250 
8-3 77000 37000 7300 1670 430 320 300 300 
8-5 108000 54500 14000 3200 440 320 340 250 
8-10 560 480 510 460 360 290 290 250 
8-14 3150 740 560 480 390 330 290 240 
8-18 8400 1600 630 510 410 330 350 250 
8-21 18000 4500 750 580 470 340 320 280 
8-25 15500 7350 1160 650 420 330 320 250 
8-29 31000 13700 2070 780 450 350 340 250 
9-1 49000 20500 2930 910 
9-2 48000 20800 3600 920 500 360 370 270 
9-6 520 490 570 480 370 300 300 260 
9-9 500 480 520 400 330 280 280 240 
9-14 840 540 520 430 360 290 280 240 
9-20 10300 1280 530 410 380 290 280 250 
9-25 21500 5400 600 480 390 330 270 250 
9-30 35000 10650 830 540 420 340 370 240 
10-6 60000 20000 2000 670 460 360 400 250 



Table (9) Continued 

Bouyoucos Block Readings in Obms on OSC Irrigated Pasture 

Amity Silty Clay Loem - Wet Station - 1952 

Date Depth of Blocks 
1952 3" 61 12" 18" 24" 30" 36" 42" 

10-13 80000 31200 4300 840 500 380 400 290 
10-17 570 550 990 580 440 360 320 230 
10-23 900 640 840 540 440 340 280 240 
10-27 670 660 870 500 460 360 290 280 
11-3 670 640 680 530 390 330 290 260 
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Table (io) 

Available Vater in Inches Before axìd After Irrigation 

knity Silty Clay Loam - et Station - 1952 

&ce of4mount of Tiine of 1Dep'ch 
Irrig. Irrig. Sap1ing 0-6" 6-12" 12242436hI 36.4811 Total 

4-23 The first sampling 1.24 1,21 2.49 2.02 1.35 8.31 

5-23 1,73 inch before 1,01 .72 1,73 1.59 1.13 6,28 
after 1.37 1,26 2,10 1,97 1,19 7.89 

6-7 2.55 " before .86 .82 1.53 1,50 1.02 5.73 
after 1,46 1.53 2.65 2.00 1.2. 8.87 

7-4 Showers after 1.46 1,31 2.54 2.17 1.41 8,89 

7-16 2.55 " before .67 .61 1,36 1.54 l.lô 5.31 
after 1.32 1.38 2.69 2.21 1.45 9.05 

8-5 2.94 " before .66 .62 1.53 1.89 1.04 5.74 
after 1,28 1.32 2.39 1.80 1.25 8.04 

9-2 3.13 before .77 .76 1.58 1.20 .82 5,13 
after 1.60 1.46 2.44 2.04 2.88 10.42 

9-30 Between irrigations .85 .91 1.87 1.54 1.06 6.23 

10-13 1.75 inch before .69 .63 1,50 1.27 1.04 5.13 
after 1.32 1.09 2.05 1.55 1.00 7.01 

!1aximmi available moisture 1.85 1,51 2.94 3.01 o91 13.22 
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Table (ii) 

Percent Available Moisture Before and After Irrigation 

Amity Silty Clay Loam - Vet Station - 1952 

Date of mount of Time of Depth 
Irrig. Irrig. Sampling O-6' 6-]' I2-24' 436" 36-48w 

4-23 The first sap1ing 67.1 80.0 84.6 67.1 34.5 

5-23 1.73 inch before 54.3 47,5 58.9 55.9 29.0 
after 74.1 83.0 71.4 65.2 30.5 

6-7 2.55 " before 46,5 54.5 52.0 49.7 26.0 
after 78.6 101.0 90.3 66.5 31,5 

7-4 Sho-ver after 79,0 86.5 86.3 72.0 36.0 

7-16 2.55 inch before 36,2 40.0 46.3 50.9 29.0 
after 71.2 91.5 91.4 73,3 37.0 

8-5 2.94 " before 35.4 41.0 52.0 62.7 26.5 
after 69.1 87.5 81,1 59.6 32.0 

9-2 3.13 before 41.6 50.5 53.7 39.8 21.0 
after 86.4 96.5 82,9 67.7 73.5 

10-13 1.75 " before 37,4 41.5 50.9 42.2 26.6 
after 71.6 72.0 69.8 51.8 25.5 
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The available moisture is considered as that range bel.ween 

field capaciby and 15-atmosphere moisture percentages. The field 

capacity values selected for the third and fourth feet were fairly 

high especially after coinparin thera with the moisture equivalent 

values determined in the laboratory and shown in Table (12). It has 

been found by some workers that the field capacity during the rainy 

season rises to such values which are not reached during the dj sea- 

son. It is also 1own that whore compacted layers exist, as in i.ty 

subsoil, the penetration of water may 1ie slowed down to such an ex- 

tent that longer tine for drainage of free water from the lower depths 

must be allowed before sariples are taken for field capacity deteii- 
nations. 

These facts explain why high field capacity values were ob- 

tained for the lower depths on this station. In light of this ex- 

planation it is certain timt we were not operating below 40 percent 

available moisture at these lower depths hut considerably above it. 
iowever, it is the physical condition of the moisture in the profile 

rather than its percent that influences the availability of water to 

plant roots, 

An amount of 14.65 inches of water was applied in six irriga- 

tions during the period between April 23 and October 13. The station 

received also 3.84 inches of rain during June. Table (ii) shows that 

irrigation was applied when the integrated available moisture in the 

top two feet dropped to a value bet.7een 40 and 54 percent. The 

storage efficiency was 140.2 percent. 
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Table (12) 

Field Bulk Density, and the Moisture Percentage at Field 

Capacity, 15-Atmosphere Tension, and Moisture Equivalent 

for Ti1lanette, Amity, and Dayton Soils 

Soil - Depth Field Capacity ME. 15-Atmosphere Bulk Density 
Series (inches) 19 1951 1952 l9D 1952 1951 1952 

Villarette O-6 30.70 33.70 29.55 12.70 11.37 1.32 1.32 
Silt Loein 6-12 29.10 30.63 27.60 11.60 10.89 1.34 1.27 

12-18 26.10 28.23 26.61 10.20 10.66 1.33 l.2o 
18-24 26.10 28.23 25.76 10.20 9.40 1.49 1,40 
24-30 28.90 31.20 28.51 15.20 11.85 1,34 1,51 
30-36 28.90 31,20 32.54 15,20 16.03 1.30 1,51 
36-48 35.50 38.27 - 16.90 - 1,37 1,34 

Amity Silty O-6 31.70 38.88 28.35 14.50 13.65 l.2 1.27 
Clay Loam 6-12 29.10 35.20 27.09 15.20 12.65 1.31 1.26 

12-18 27,50 3.lO 25.60 15.60 12.72 1.37 1.35 
18-24 27.50 33.10 24,65 l5,O 12.67 1,37 1,46 
24-30 32.60 32.80 24,84 16.70 11.62 1.36 1,56 
30-36 32.60 32.80 29.00 16.70 14.15 1,36 1,56 
36-48 38.90 39.20 - 19.20 - 1,44 1,63 

Dayton O-6 33.20 35,10 30.84 10.30 12.7 1,33 1.32 
6-12 31,10 31.00 27.67 9.70 11.79 1,36 1,29 

12-18 31.40 32.40 26.42 15.00 10.99 1.45 1.43 
18-24 31.40 32.40 29,35 15,00 14.09 1,43 1,b6 
24-30 34.30 36.10 33.95 21.90 20.18 1.36 1.33 
30-36 34.30 36.10 34.31 21.90 20.07 1.36 1.33 
36-48 37.80 41.90 - 19.00 - 1,33 1.26 
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Amity Dry Station: Active moisture withdrawal on this station oc- 

curred in the top two feet with less activity in the third foot. No 

moisture withdrawal at 42-inch depth was indicated, Even at 24-inch 

depth the block resistance was always below 1000 o1ia except in the 

last part of August before the third irrigation, Table (13), The 

station was first irrigated on June 3, and the June rain kept the top 

foot near field capacity during the rest of the month and the first 

week of July. Because of this rain the station did not need water 

again until 8 weeks later, on July 29, The last irrigation was re- 

quested September 2, and 8.09 inches of water were applIed. 

A comparison of the block readings on this station and the 

Willamette dry station shows that when the 12-inch blocks reached 

25,000 ohms, the 3 and 6-inch blocks showed higher readings on the 

Amity station than they did on the Wi11aneto station. The reason 

for this behavior is that plant roots were utilizing more moisture 

from. the 18 to 30-inch depth on the Willamette station than on the 

Amity station. Block readings at the 18, 24, and 30-inch depths 

support this view. Soil sampling before and after irrigation showed 

that the percent available moisture in the top foot ranged between 

12,3 and 16.3 for the Amity dry station, and between 13,3 and 25.0 

for the Willainette dry station. 

The total consunptive use on this station during a period of 

173 days was 25.81 Inches and the amount of water apnlied in three 

irrigations and from rain was 21.32 inches. The calculated storage 

efficiency was 108.9 percent. Sources of error which could have 
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Table (13) 

Bouyouoo Block Roadins in Ohms on OSC Irrigated Pasture 

mity Silty Clay Loam - Dry Station - 1952 

Depth of' Blocks 
Date 6" 12" 18" 24" 30" 36" 42' 

5-2 540 560 520 460 470 430 470 350 
5-5 580 560 520 440 470 430 470 330 
5-8 700 610 510 440 470 420 450 320 
5-12 2550 1330 540 440 460 420 440 310 
5-14 1630 1570 570 440 450 410 430 310 
5-16 610 

5-20 1850 3150 1220 470 460 420 420 290 
5-29 38750 34250 9650 930 540 450 420 290 
6-8 93000 70000 24000 3150 680 480 420 290 

-6 400 450 390 390 420 360 380 270 
6-10 490 510 500 430 420 370 370 250 
6-16 500 500 510 430 430 350 370 255 
6-19 630 550 420 420 420 370 370 255 
6-23 940 650 530 430 430 370 350 255 
6-29 550 560 500 430 390 380 380 260 
7-3 560 540 470 390 360 350 360 260 

7-10 3900 1130 490 400 410 350 320 260 
7-14 18250 7950 590 430 420 360 350 260 
7-18 48500 18500 1320 500 470 400 380 260 
7-22 80000 39500 4950 610 480 380 380 260 
7-25 135000 65000 10500 890 540 440 390 255 
7-29 352000 157000 30500 2850 940 500 390 250 
8-3 530 520 540 490 490 400 330 240 
8-7 2900 1100 580 510 460 400 340 250 
8-l]. 20000 9150 810 580 520 420 370 250 
8-14 46250 22300 1440 660 550 460 360 240 
8-18 75500 38000 4400 850 630 490 390 260 
8-21 109000 58000 9100 1660 800 550 420 270 
8-25 72000 54250 13000 2100 1190 670 460 260 

8-29 115000 62000 18000 3300 1870 950 520 270 

9-1 225000 119500 26200 5400 3100 1400 620 280 
9-2 285000 128000 30000 6500 3750 1700 720 300 
9-7 540 520 530 370 390 420 390 260 

9-9 500 490 510 380 390 400 370 260 

9-14 540 540 560 490 370 400 370 250 

9-20 940 580 560 480 410 350 330 230 
9-25 6550 950 590 490 410 390 330 230 

9-30 15000 3500 660 530 460 430 400 230 

10-6 37500 7050 800 580 480 470 420 280 

10-13 41500 8550 1020 600 530 490 420 260 

10-17 52250 12700 1500 720 580 520 450 270 

10-23 17250 13500 2165 740 600 520 460 280 

10-27 14500 9150 2500 850 680 580 490 310 



Table (14) 

Available water in Inches Before and After Irrigation 

Amity Silty Clay Loam - Dry Station - 1952 

Date of knt. of Tiie oÍi Depth 
Irrig. Irrig. Sampling ö6 6-l2' 24-24' 24-36" 36-48w Total 

4-23 The first sampling 1.37 1.25 2.54 2.13 1.33 8.62 

6-3 5.40 inch before .39 .21 .58 .99 .86 3.03 
after 1,58 1.52 2.75 1.97 1.20 9.02 

7-3 Sharers after 1.47 1.21 2.65 2.25 1.10 8.68 

7-29 4,49 inch before .27 .17 .62 .79 .82 2.67 
after 1.09 1.09 2.06 1.39 .81 6.44 

9-2 8.09 before .29 .25 .58 .47 .45 2.04 
after 1.72 1.30 2.65 2.00 1.37 9.04 

9-30 The last sainnling .88 .99 2.03 1.63 1.01 6.54 

Maxiirnm available moisture 1,90 1,61 3.09 3.01 3.74 13.35 
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Talj].e (15) 

Percent Available Moisture Before and After Irrigation 

Amity Silty Clay Loam - Dry Station - 1952 

Date of Amount o Time of Depth 
Irrig. Irrig. Sampling O-6" 6-12" I2-24' ¿3 3-48" 

4-23 The first sampling 72.0 77.5 82.3 70.8 35.5 

6-3 5,40 inch before 20.6 13.0 18.9 32.9 23.0 
after 83.1 94,5 89,1 65.2 32.0 

7-3 Showers after 77,8 85,0 85,7 74.5 29.5 

7-29 4,49 inch before 14.0 10.5 20.0 26.1 22.0 
after 57.6 68.0 66.9 46.0 21.5 

9-2 8.09 " before 15.2 15.5 18.9 15.5 12,0 
after 90.5 81.0 85.7 66.5 36.5 

9-30 The last sampling 46.5 61.5 65.7 54.0 27.0 
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taken part in showing niore water consumed than applied were mentioned 

earlier. 

Dayton Wet Station: The block readIngs on this Gtation, Table (16), 

indicated appreciable moisture withdrawal only at the 3, 6, and 12- 

inch depths. The 18-inch block also showed root activity at this 

depth but readings fluctuated below and slightly above 1000 ohms, ex- 

cept before the last two irrigations where readings reached 1950 and 

4700 ohms. No moisture withdrava1 occurred below 24 inches although 

there were some minor fluctuations in resistance readings at the 24- 

inch depth, especially towards the end of the season. The behavior 

of blocks at the lower depths is attributed mostly to movements of 

gravitational water rather than to root activity. 

The station received 19,49 inches of water from si irrigations 

and precipitation during the season. Frani 2.5 to 3,0 inches were ap- 

plied in each irrigation, and this amount was enough to bring the 

profile to field capacity. When the 12-inch block indicated need 

for irrigation, the available moisture averaed 62,5 percent in the 

top foot and 52.5 in the socond foot, Table (18). Corresponding 

values for the Willamette wet station were 48.5 and 61.0 and for the 

Amity wet station were 44.5 and 52.5 respectively. 

Table (7) shows that the total oonsunptive use for thi8 sta- 

tion between April 29 and September 18 was 20.87 inches of water, and 

the storage efficiency was 117.6 percent. 

Dayton Dry Station: Block readings on this station, Table (19), 

showed root activity extending deeper than it did on the wet station. 



Table (16) 

Bouyouoos Block Readings in Ohms on OSC Irrigated Pasture 

Dayton Silty Clay Loam - 7fet Station - 1952 

Dite 
1952 3t 6" 

Depth 
12" 

of 

18" 

locth 

24" 30" 36" 48" 

5-2 600 630 430 410 370 360 400 400 
5-5 800 620 430 400 360 350 400 400 
5-9 1650 850 440 400 360 350 380 400 
5-12 4300 1830 470 400 
5-14 3650 2520 530 400 350 320 360 380 
5-20 8500 5450 1580 400 350 320 360 380 
5-22 14500 10200 2260 450 350 320 410 350 
5-24 23750 14700 3100 480 350 320 350 320 
5-27 460 450 470 380 330 320 360 360 
6-3 2480 1150 520 390 340 310 340 350 
6-9 17000 11500 1200 510 350 300 330 320 
6-13 12000 10600 3000 930 380 310 330 310 
6-16 3'1O 1950 3050 1200 1O 330 330 3)0 
-2C 500 490 440 410 320 300 320 310 
6-26 510 540 480 410 3O 300 330 290 
6-29 430 430 400 360 310 350 320 290 
7-4 460 430 390 360 290 280 330 270 
7-8 2050 700 420 380 330 290 320 280 
7-14 20700 11800 2000 470 320 290 330 280 
7-1G 36000 20500 4400 630 340 300 320 280 
7-21 560 520 445 400 305 275 305 270 
7-25 990 650 480 420 310 290 290 260 
7-29 7150 3300 540 420 330 270 290 250 
8-4 30500 19000 4500 870 390 280 290 270 
8-5 33000 21000 5000 1100 390 280 290 260 
8-10 500 540 420 450 330 280 290 250 
8-14 820 630 490 450 350 290 290 250 
8-18 1600 84 550 440 340 270 2)C 25D 

8-20 59C 

S-22 3C : c 4CC 

8-25 2570 2330 830 540 370 280 280 250 
8-27 3050 2640 960 600 
8-30 6200 4500 1420 870 410 280 270 240 

9-1 9500 6850 2150 1350 

9-2 12450 9100 2900 1950 470 310 270 250 

9-7 520 500 480 380 310 260 260 240 
9-9 510 480 490 380 310 270 270 250 

9-12 520 510 490 430 350 270 270 240 
9-15 560 530 500 440 360 280 280 230 

9-17 670 580 510 440 

9-20 910 670 520 440 380 300 260 230 
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Table (16) Continued 

Bouyoucos Block Readings in 01 on OSC Irrigated Pasture 

Day-eon Silty Clay Loam - Wet Station - 1952 

Dte Depth of B1oc - 
1952 3" 6" l2 iS" - 24 30" 36" 48" 

9-23 2000 970 560 480 

9-27 4050 2000 710 610 430 610 430 320 

9-30 6350 3550 1000 880 

10-3 9750 6100 1700 1450 530 400 370 580 

10-6 13400 8550 2550 2900 

1C-8 15500 10450 3300 4000 740 460 380 240 

10-10 15500 11000 3700 4700 830 470 370 240 

10-14 630 630 615 780 630 430 290 250 

10-16 650 660 625 920 670 450 360 250 

10-20 740 710 670 1240 690 470 370 250 

10-23 740 730 680 1270 650 450 380 260 

10-27 700 760 750 1300 670 480 400 300 
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Table (17) 

Available 1Tater in Inches Before and After Irrigation 

Dayton Silty Clay Loam - '.Tet Station - 1952 

Da-be of mt. of Tiae of Depth 

Irrig. Irrig. Sampling O-6" 6_1211 
12-24w 24-36" 36481 Total 

4-29 The first sampling 1,53 1,44 2.18 1.52 2.42 9,09 

5-24 3.11 inch before 1,35 1.13 1,94 1.87 2,48 8,77 

after 1,85 1,67 2,50 1.50 2,48 10.00 

6-16 2,51 " before 1,57 1.15 1.69 1,66 2.71 8.78 

after 2.17 1.69 2,54 1,72 3.04 11,16 

7-4 Showers after 1,87 1.61 2.66 1.79 2.68 10,61 

7-16 2.28 inch before 1.09 1.16 1,71 1.76 2.37 7,99 

after 1.69 1,63 2.65 2.17 3,61 12.15 

8-5 2.58 " before 1.05 98 1.49 1.79 2.37 7.68 

after 1,96 1.55 2.52 2.03 2.51 10.57 

9-2 2,82 " before 1.28 1.09 1.40 1,82 2.51 8.10 

after 1.93 1.69 2.47 1,82 2.59 10.50 

9-27 Between irrigations 1.47 1.36 1.76 1,55 1.91 8.05 

10-10 1.75 inch before 1,35 1.12 1.37 1.56 2.50 7.90 

after 1,91 1.55 2,12 1.53 2.78 9.69 

Maxj.iium availaole moisture 1,96 1.65 3.13 2.27 3.25 12,26 



Table (18) 

Percent Available Moisture Before and After Irrigation 

Dayton Silty Clay Loan - et Station - 1952 

of knount of Time of Depth 
Irrig. Irrig. Sampling O6M 6-12" 1.2-24" ¿4-36e' 36-48 

4-29 The first sampling 77.e 87.3 69.5 66.9 74.4 

5-24 3.11 inch before 68.5 68.5 62.]. 82.4 76.3 
after 94.0 101.4 79.9 66.2 76.3 

6-16 2.51 before 79.8 70.0 54.0 73.2 83.3 
after 110.5 102.3 81.0 76.7 93.5 

7-4 Showers after 95.2 97.7 85.1 78.9 82.3 

7-16 2,88 inch before 56,8 70.4 54,6 73.2 73.0 
after 96.4 110.8 84.5 95.8 111,2 

8-5 2.58 " before 53.6 59.6 47,7 78.9 73.0 
after 100,0 93.9 80.5 89.4 77.2 

9-2 2.82 ' before 65.3 66.2 44.8 80.3 77.2 
after 98.4 102.3 78.7 80.3 79.5 

10-lo 1.75 ' before 68.5 68.1 43.7 69.0 76.7 
after 97.2 93.9 67.8 67.6 85.6 
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Table (is) 

Bouyoucos Block Readings in Onnz on OSC Irrigated Pa8ture 

Dayton Silty Clay Loam - Dry Station - 1952 

Date DepI± of Blocks 
1952 6" l21 18" 24" 30" 36 42" 

5-2 420 700 780 480 420 380 400 370 

5-5 3170 2400 930 490 440 410 370 360 

5-9 9800 7000 1550 530 430 410 410 350 
5-14 14750 16650 4100 810 440 390 370 330 
5-20 53000 27000 11850 3075 710 390 390 330 
5-22 22000 34000 15650 4500 1040 390 390 320 

5-29 88000 77000 43250 17500 6500 430 390 330 

5-31 100000 87500 65000 23500 9500 480 400 350 

6-4 550 460 550 790 990 500 390 300 

6-9 19000 7400 3700 4100 3700 550 380 290 

6-13 25000 16600 9150 8000 5600 670 380 290 

6-16 860 2930 11250 9250 6100 760 400 320 

6-19 15100 

6-22 28500 20000 19600 12150 2700 380 330 300 
6-25 40000 25500 20400 11250 1700 400 330 280 

6-29 530 490 510 1140 440 340 330 280 

7-4 1300 610 480 440 410 310 310 280 

7-8 28750 5800 900 510 430 370 310 280 

7-14 102000 25500 6000 1270 560 310 290 260 

7-18 165000 48500 15500 5850 1470 340 300 270 

7-22 240000 71500 26500 10250 1150 300 290 260 

7-25 275000 85000 33000 10900 470 290 300 260 

7-29 630 510 590 500 420 330 280 240 

8-4 8400 3050 1600 720 460 330 360 240 

8-7 24500 7500 2800 1100 650 360 350 250 

8-10 45250 13000 4900 2150 1400 370 370 260 

8-14 83000 24500 9300 5000 3500 420 380 270 

8-18 132000 33000 13300 7800 5600 540 370 250 

8-20 17000 
8-22 45000 20000 12000 8700 590 340 250 

8-25 100000 38000 23000 15000 10100 630 380 250 

8-30 540 490 500 510 500 450 430 260 

9-4 820 560 550 520 490 420 400 250 

9-9 430 540 560 570 400 330 320 290 

9-12 640 520 570 470 400 320 270 240 

9-17 1870 780 610 520 440 390 410 250 

9-20 4700 1470 660 550 450 400 450 200 

9-27 17000 5700 1300 800 590 420 470 400 

10-3 37000 11900 3300 2100 1370 550 530 450 

10-8 57500 18600 6000 4900 3750 1500 560 500 
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Table (19) Continued 

Bouyoucos Block Readings in 0ìs on OSC Irrigated Pasture 

Dayton Silty Clay Losi - Dry Station - 1952 

iate 

1952 3" 6" 12" 16" 24" 30" 36" 42" 

10-14 82000 28250 9600 8500 7350 4000 630 450 
10-20 107000 37000 14000 13300 12000 6750 750 500 
10-23 90000 35000 15000 14100 11750 6300 750 520 
10-27 34000 27750 16000 14900 11700 5850 780 550 



Moisture withdrawal was aparent at 24-inch depth and slightly at 30- 

inch depth. The 3-inch block read 100,000 o}wìs or higher when the 12- 

inch block reached the 25,000 oI level. At the seme time the 6-inch 

block showed also high resistance values corresponding to a moisture 

content close to wilting percentage. 

The station received only three irrigations during the season, 

Can catc}gaents showed that the amount of water applied by sprinklers 

was 12,43 inches, The long interval between the first and second. ir- 

rigations was due to June rain. Middle-June precipitation resulted 

in wetting the 3-inch depth to field capacity, the 6-inch depth to a 

lesser extent, and showed very slight effect at the 12-inch depth. 

Late-June rain percolated deeper however, and brought all block read- 

ings to about 500 ohmz, which indicated soil was at field capacity. 

Total consumptive use at this station between April 29 and Sep- 

tomber 24 was 13.11 inches and the storage efficiency was 80.7 percent. 

Summarizing the aforementioned field experimental results, it 

is certain from the behavior of plaster blocks and soil sampling that 

under dry regimes plant roots were using water from deeper depths on 

all the three soils. The activo root zone could be considered 24 to 

30 inches, 18 inches, and 12 to 18 inches for the Willemette, Amity, 

and Dayton wet stations, respectively. On all dry stations the roots 

utilized water from the third foot. 

It can 'oe seen therefore that grasses and legumes are capable 

of utilizing moisture from a 3-foot soil profile in any of the three 

soils if given the opportunity. If irrigated more heavily than noces- 

sary, moisture withdrawal may be limited to the top one or two feet. 
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Table (20) 

Available .ater in Inches Before and After Irrigation 

Day±on Silty Clay Loam - Dry Station - 1952 

D&ie of Mut. of Time of Depth 
Irrig. Irrig. Sampling O-6" 6-l2 1224" 2436" 3648" Total 

4-29 The first sampling 1.09 1.20 1.75 1,29 2.61 7.94 

5-31 2.73 inch before .69 .57 .50 .81 2.47 5.04 
after 1.53 l.8 1.43 .69 2.50 7.53 

7-4 Shovers after 1.55 1.44 2.13 1.53 2.66 9.31 

7-25 2.65 inch before .83 .78 1.02 1.29 2.58 6.50 
after 1,41 1,hl 1.87 1.40 2,49 8.68 

8-25 7.05 " before .93 .83 .6. 1.13 2.61 6.17 
after 1.73 l.6 2,13 1.51. 2,72 9.76 

9-27 The last sQmplin 1,21 1.20 1.50 l.1 2.69 7.75 

1!aximum inches l85 1.6v 3,01 2.23 3.30 12.08 



Table (21) 

Percent Available iioisture Before and After Irrigation 

Dayton Silty Clay Loam - Dry Station - 1952 

Date oí kaounl of 1ine of Depth 
Irrig, Irrig. Sampling Th-6" 6-l2' 12-24" 24-.36 36_48TT 

4-29 The first sampling 59,3 71.4 58.0 57,7 79,1. 

5-31 2.73 inch before 37,5 33.8 16.7 36.6 74.9 
after 83.1 81.7 47,7 31.0 75.3 

7-4 Showors after 83.9 85.4 70.7 68.3 80.5 

7-25 2.65 inch before 45.2 46.5 33.9 57.7 78.1 
after 76.6 89.2 62.]. 62.7 75,3 

8-25 7.05 " before 50,4 49,3 22.4 50.7 79.1 
after 93,9 99,]. 70.7 67.6 82.3 

9-27 The last sampling 65.3 71.4 50.0 51.4 81.9 



With poorly drained ity and Dayton soils, a water table exists in 

the third foot in the early part of the season and persists if irri- 

gation is heavy, Under these conditions root development is accord- 

ingly restricted. 

Table (22) simtarized sorne rosuls of the field moisture 

studies on the six stations during the irrigation season of 1952. 

In comparing the three wet stations it was found that the total con- 

stptive use and the average use rate for the season were highest on 

the Willarnette and lowest on the Dayton. More water was used under 

wet regimes than under the dry regimes for the same period of time. 

This does not seem to hold for the Amity stations as the difference 

is less than one inch. 

Data of individual clippings are presented in Table (24), 

pendix, and the total yield in a 5-rionth period is shown in Table 

(22). Statistical analysis of these data showed no significant dif- 

ference in yield of hay between the wet and dry regimes for any of 

the three pairs of stations. The inches of water consumed per ton 

of hay produced are slightly higher on the wet stations. It is in- 

teresting to notice also that the least amount of water used to pro- 

duce a ton of hay occurred on the Dayton stations, especially the 

dry one. 

Each of the wet Dayton and Amity stations received SIX irri- 

gations, while the dry stations received only three irrigations. 

The Willamette station received ten irrigations under the wet reg1ne 

and four under the dry regime. 



Table (22) 

Swmnary of Results of Sonie Field Loisture Studies 

liulamete Ainity Dayton 
Tet Dry 7t Dry Wt Dry 

Total inches of 
4 

irrigation3 27.78 22.33 14.65 17.98 15.65 12.43 

Total consptve 
use, inches 29.28 23.13 26.61 25.80 22.07 14.25 

No, of irrigations 10 4 6 3 6 3 

Av. amt, of apnlioa- 
tion per irrig. 2.78 5.500 2,44 5.99 2.61 4.11 

Av. cons, use rate 
for season, in.,/day .169 .134 .154 .149 .135 .087 

Total Yield, T/aore6 6.41 5.67 5.60 5,3 o.35 5.48 

Inches consmed 
per ton of hay 4.57 4.08 4.67 4.38 3.77 2.60 

Storage efficiency 
percent 94.5 78.7 140.2 108.9 117.6 80.7 

3Total inches of irrigation do not include rain. 

his value is apparently in error, as the total use value shows. 

5Total conswriotive use is calculated for 173-day period for Willamette 

and )m1ty stations, 164 days for Dayton station. 

6Yield is reported as dry hay (at 70° C.) in 5-month period. 
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It appears therefore that heavier applications of four to six 

inches at less frequent intervals, as has been the case on the dry 

stations, would be a good managing practice on pasture. It reduces 

the operatin. 'osts, conserves water, and yet there is no significant 

reduction in yield. 

The computed storage capacity for those soils ranged from 12.0 

to 13,5 inches of available moisture for a four foot profile, These 

values are fairly high but could be attributed in part to using early 

season values for the field capacity. The moisture tension rather 

than percentage is stressed in recent studies concerning irrigation. 

The total or available moisture in soil expressed as percentage at 

any time has a rather indefinite significance unless the equivalent 

tension is given. Laboratory studies concerning this matter are re- 

ported and discussed in the following section. 

Results of Field Tests on Tubes Containing Blocks: Resistance road- 

ings of regular i3ouyoucos blocks, regular blocks in a 2-inch diameter 

tube, regular blocks in a l'-inch diameter tube, and plaster-fiberglas 

blocks in a 2-inch diameter tube are presented in Tables (25) and (26) 

Appendix. Tensiometer readings are also reported in these tables. 

The tensioineters used are of the vacutn gauge type and their dials 

are calibrated to read O-30 indicating "wet", 30-70 indicating 

"medium", and 70-100 for "dry". 

A comparison bet?reen the behavior of these different blocks is 

afforded in Figures (19) and (20) for the 12-inch depths of both Vil- 

leanette and Dayton wet stations. These graphs show that the least 
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sensitive to moisture changes re the regular blocks in a 2-inch dia- 

meter tube, The addition of two sheets of fiberglas cloth around the 

electrodes in these blocks increased their sensitivity considerably, 

as the graphs show, The behavior of the regular blocks in the li-inch 

diameter tube followed the same trend as that of the regular Bouyoucos 

blocks, in regard to moisture changos, In comparing these last two 

together it was noticed that the regular Bouyoucos blocks have a lower 

resistance than those constructed in a tube, especially at high mois- 

ture levels, The latter blocks read 1000 to 1500 ohms at field capao- 

ity while the Bouyoucos blocks read 500 to 900 ohms, 

It can be concluded from the field tests that the proposed 

blocks-in-tubes behaved satisfactorily. They reached equilibrinn 

with the surrounding undisturbed soil faster than the regular Bouyou- 

cos blocks, A period of less than a week was needed in this case, 

compared to about two weeks with the regular Bouyoucos blocks. The 

tubes can 'ce pulled out of the soil easily by hand at the end of the 

season and stored for future use, 

Moro work is needed to determine the effect of the metal casing 

on the lines of force betoon the electrodes. Possible improvements 

may include: a standard procedure for casting the blocks directly in 

the tube in one step; use of plastic tubes instead of metallic ones; 

the use of concentric electrodes; and a standard technique for con- 

struotin.g plaster-fiberglas blocks if bigger blocks are to be used, 
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Results of Laboratory Studies 

Moisture Equivalent: The moisture equivalent values were deternitned 

for every 6-inch section of the profile down to 36-inch depth. Table 

(12) shows these values for the three soil types and also presents 

the 1950 and the 1951 field capacity values. Because pre-season 

sampling was not done on the stations in 1952, the 1951 field capacity 

values were used again in 1952. 

It is clear from this table that the moisture equivalent was 

consistently lower than field capacity for all depths and in all 

three soils. The differences were large for )mity soil where 10 per- 

cent difference was reported at two depths. These results contradict 

the findings of many workers on this subject. Richards and Wadleigh 

(42) stated that "field capacity is usually equal to or less than the 

moisture equivalent for soils having raedima to fine texture; that is, 

for moisture equivalent values above 20 percent." They defined the 

field capacity as the moisture percentage that is retained in the soil 

two to three days after the soil profile is thoroughly wetted by rain 

or irrigation water. After that time, especially in the presence of 

moisture extraction by plant roots, loss of water from the soil by 

drainage or by surface evaporation at depths below six or eight inches 

is often negligible for practical purposes. They also reported that 

the term api1ies mainly for deep well drained soil and requires 

special interpretation if there is restricted drainage. 

Two facts therefore afford a possible explanation for the high 

field capacity values obtained in this study. The field capacity 
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during the rainy season rises to a value which is not reached during 

the dry season. It has also been established that where compacted 

layers exist, the penetration of the water may be slowed down to such 

an extent that longer time for drainage of free water frani the lower 

depths must be allowed before samples are taken for field capacity 

determinations, 

Frani the after-irrigation sampling an average was obtained and 

compared with the values of moisture equivalent and field capacity 

presented in Table (12). Only values of moisture after adequate ir- 

rigations and thorough wetting of the profile were considered in this 

average. It was foimd by comparing the wet and dry stations on such 

soil that these values agreed very closely. 

In a]nost all three soils at all depths the after-irrigation 

samples had a lower percentage of moisture than the selected field 

capacity, especially the 1951 values1 The difference was aa11, how- 

ever, for both Willaniette and Dayton soils at all depths, but fairly 

high for the Amity soil at the third and fourth foot. In the mean- 

time, these after-irrigation samples were generally higher than the 

moisture equivalent for all three soils. 

Therefore, the effect of using high values for field capacity 

in this study resulted in obtaining wide ranges of available moisture. 

This is quite noticeable in the Amity soil at the lower deaths, For 

the fourth foot of this soil, the measured moisture content was al- 

ways less than 40 percent of the calculated total available moisture, 

even after irxigation, although the resistance readings showed niois- 

ture content at or above field capacity. It can be seen that if the 
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moisture percentage at this depth was computed on the basis of the 

moisture equivalent value or the available moisture in soil after ir- 

riations, the available moisture would fall betvïeon 90 and 100 per- 

cent. 

Moisture-Tension Curves: Moisture release values for disturbed samples 

aro reported for each 6-inch depth, down to 36 inches, in Table (27), 

Appendix, Figures (9), (io) and (11) give the moisture release curves 

for the 12-inch depth in the three soils over the entire moisture- 

tension range that will peridt growth of crops. All three curves 

show that the major part of the available water is removed at this 

depth when a tension of 2-5 aiospheres is attained. Table (23) shows 

the moisture tension at different levels of available moisture at the 

12-inch depth, derived from the moisture-tension curves, Figures (9), 

(10) and (li). These results showed. that an average tension of 1.1 

atmospheres existed in the soil when one third of the available mois- 

ture was lost. Vîhon one half of the available moisture is lost, the 

remainder of moisture existed at about 2.2 atmospheres. This tension 

increased to about 4.1 atmospheres when the moisture left dropped to 

only one third of the available range. 

The 15-atmosphere moisture percentage is generally accepted as 

the lower limit at which most plants show signs of permanent wilting. 

A value of between .1 and .3 atmoshere is reported in the literature 

for the upper limit of available range. Richards and 7Teaver (43) 

found that 1/3-atmosphere percentage correlates closely with the mois- 

ture equivalent, which has been considerably used as an index to field 

capacity. In the current study, the moisture equivalent and field 
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Table (23) 

Block Resistance7 and Corresponding Moisture Tension 

at Four Different Levels of Available Moisture8 
at 12-inch Depth 

increments of Available Ioisture Present 

Soi]. Aval lab le 2/3 1/2 1/3 1/4 

Type Range atm. ohms atm. ohms atm, ohms atm. ol-nas 

illamette 
Silt Lo 31.51 to 1.25 1500 2.65 3600 4.75 7600 6.50 12000 

10 89 

Amity Silty 31.63 to 1.20 1450 2.10 800 4.00 6000 5.30 9(Y)0 

Clay Loam 12.65 

Dayton Silty 33.33 to .90 1150 1.85 2300 3.70 5400 5.40 9200 

Clay Loom 11.79 

Average 1.12 1375 2.20 2900 4.11 6330 5.73 10100 

7Resistance values corresponding to equivalent pressures aro obtained 

frcn the general curve, Figure (18). 

8Avail&hle moisture is considered here as difference in moisture per- 

cen-tage between .3 atmosphere (F.C.), and 15 atm, (71.P,) values. 
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capacity corresponded to about .75 and .35 atmosphere tension respec- 

tively when read on the moisture-tension curves for the 12-inch depth. 

Coiman (17) worked with a group of forest soils and found that 1/3- 

atmosphere percentage is appreciably lower than field capacity in 

finer textured soils, Therefore, from the experimental fact that the 

1/3-atmosphere percentage is substantially equal to the moisture equiv- 

alent, one night expect, at least for meditn- and fine-textured soils, 

that tensiometer readings would he near 345 centimeters of water at 

field capacity. 

Richards and Vadleigh (42), however, in reporting various 

workers' data, found some discrepancy in tensiometer readings at field 

capacity, Tensiometer readings of 30 to 125 centimeters of water were 

reported in the west, and 25 to 125 centimeters by workers in the mid- 

west, They stated that reasons for this discrepancy are not definite- 

ly known. Structure may be a factor because moisture-release curves 

for sieved and field-structure sip1es usually differ appreciably. 

Results of the current study support their statement, as the moisture- 

tension data of undisturbed cores in Table (2e), Appendix, show, It 

was found that at the seme tension, the moisture retained by the dis- 

turbed samples was more than that retained by the undisturbed ones. 

The difference is considerable at 0.1 atmosphere, decreases with in- 

creasing pressure and seems to vanish at 2-atmosphere pressure. 

Tensloeneters of the memometer type were not used on the sta- 

tions and therefore no moisture-tension date. were taken in the field. 
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I1oisture-Resistaiice Curves: A laboratory study was conducted in order 

to establish the relation8hip between block readings and the corre- 

sponding in.oisture tensiona. All equilibrium resistances were cor- 

rected to their equivaleiit values at 700 F., following correction 

curves suggested by Bouyoucos and Mick (12). These values and the 

corresponding moisture percentages are presented in Table (29) Appen- 

dix. Figures (12), (13) and (14) show the moisture-resistance curves 

for the 12-inch depths of 'Vi11emette, Amity, and Day-ton soils. The 

moisture-tension values for the same soil sip1es were obtained and 

are shown in Table (27) Appendix. 

Resistance-Tension Curves: From the noisturo-tension curve, and the 

moisture-resistance curve, a third curve was plotted showing various 

block readings at different tensions, both corresponding to the serie 

moisture percentage. Results for the 12-inch depth only were graphed 

as an exmp1e, although values for the other depths are included in 

the Appendix. Figures (15), (16) and (17) show the resistance-tension 

curves for this depth in the three soils, Theoretically, these curves 

should agree, but they do vary slightly, probably due to variations 

among the blocks, From these curves a general curve was obtained and 

is showii in Figure (18), 

An interpretation of this general curve shows the following 

values of resistances and tensions at various levels of available 

moisture; 1400 os corresponding to 1.1-atmosphere tension when one 
third of the available moisture is lost, 2900 ohms corresponding to 

2.2-atmosphere tension when one half of the available moisture is 

lost, 6350 ohms corresponding to 4.1-atmosphere tension when two 
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thirds of the available moisture is lost, and 10,000 ohms correspond- 

ing to 5.75-atmosphere tension when three fourths of the available 

moisture is lost. All mentioned values refer to the 12-inch depth 

but should apply fairly well to other depths. 

It has been reported earlier that wet stations were irrigated 

when the 12-inch block reading reached or passed 2500 ohms, and that 

dry stations were irrigated when the l2-iflch block reached or passed 

25,000 ohms. The general resistance-tension curve, Figure (18), shaws 

a tension of about 2 atmospheres existed when block readings reached 

2500 ohms and about 11.0 atmospheres when 25,000 ohms resistance was 

reached. 

Ewart (23) reported that a reading of 5000 ohms is equivalent 

to one third available moisturo, indicating that two thirds of the 

available moisture has already been depleted. Taylor (51) used a 

tension of 4 atmospheres as an indication that two thirds of the 

available moisture had been used and a tension of .6-atmosphere ten- 

sion when one third had been used, 
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SUM?ARY AND CONCLUSION 

The presented data and discussion dealt primarily with the work 

conducted on the Oregon State College irrigated pasture in 1952. 

About 5000 block readings and 1600 soil samples were taken for mois- 

ture determination before and after irrigations throughout the sea- 

s on. 

The first phase of this study was directed to determine the re- 

liability of plaster units as soil moisture meters, and the probabil- 

il;y of using them to replace the conventional method of soil sampling 

for the same purpose. Soil sampling is undoubtedly the most reliable 

way for determining the moisture content in the soil at any given 

time, The plaster block units, however, have the important advantage 

of reducing the time and labor involved in obtaining soil samples. 

With block readings calibrated in terms of tension, an added advan- 

tage is attained. 

It was noticed from the behavior of these blocks that they re- 

flected the status of the moisture in the soil in which they were 

buried, It is advisable to have a block inserted at each 6-inch in- 

terval down to 36-inch depth in the 7illemette, Anity, and Dayton 

soils, Root activity beyond this depth is generally insignificant 

or suppressed esnecially under the wet regimes or in poorly drained 

soils, It could e concluded also that the 12-inch block is a satis- 

factory guide for indicating the need for irrigation. 

Resistance readings when read on the general curve (Figure 18) 

would give the approximate tension which the plant roots have to 
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exert in order to obtain soil moisture. A tension of 11,0 atmospheres 

at 12-inch depth can be perniitted vïithout significant reduction in 

yield of pasture grasses. 

The second phase of this study was conducted to determine the 

effect of two moisture regimes by varying the frequencies of irriga- 

tions, From the present available information, it can be seen that 

the pasture grasses and legumes are capable of utilizing water from a 

three-foot soil profile in amy of the three soil types if given the 

opportunity, If irrigated more heavily than necessary, moisture with- 

drawal may be limited to the top one or two feet, With a poorly 

drained 8oil, like .Amity and Dayton, a water table exists in the third 

foot in the early part of the season and persists with heavy, closely 

spaced irrigations. Root development is restricted, The 

adjustment of irrigations to permit early elimination of the water 

table would promote deeper root development and increase the storage 

possibilities. 

Therefore, it seems evident that more efficient utilization of 

the potential storage capacity of the soils studied could be obtained 

from heavier but less frequent irrigations. Laborious soil sampling 

for moisture determination can be eliminated since the plaster blocks, 

with certain limitations concerning their installation and effective 

life-period, serve satisfactorily in projecting the picture of soil 

moisture in the profile arid the effective root zone. 

The idea of casting a number of blocks spaced in one tube has 

accomplished its purposes. Through the windows in the wall of this 
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tube the blocks have more contact with the surrounding undisturbed 

soil and roots. This is proved by the shorter period it took the 

blocks to respond to moisture chan:es around theme An added advan- 

tage of these tubes is the ease with which they are inserted in the 

soil and pulled out, and oonsequently their expected longer life- 

period. 
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WI lienette 
East Cage 
West Cage 
NW Main 
SE Main 

Average 
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East Cage 
West Cage 
NW Main 
SE Main 

Average 

Table 24 

Dry Weights in Grains of 4-Square Feet Clippings 

Yet Stations 
June 24 Aug. 4 Aug. 

206.0 169.0 78.6 8.8 
228.0 155.0 100.2 12.4 
157.0 126.0 112.2 -- 

260.0 129.0 118.3 -- 

212.8 145.0 102.3 10.6 

May 21 July 2 Aug. 21 Oøt. 21 

0fl8 

. '-'-,'. 

72,6 168,0 122.0 90.1 18.2 65.0 
78.0 209.0 93.0 90.2 18.0 5.0 
50.3 198.0 116.0 100.0 -- 65.7 
55.1 206.0 130.0 103.2 -- 37.3 

64.0 195.3 115.3 95.9 18.1 48,3 

May 21 July 2 Aug. 21 Oct. 21 

89.0 178.0 111.8 99,3 
110.0 201.0 61.4 52.1 
146.0 156.0 100.6 -- 

123.0 191.0 -- 

117.0 181.5 91.3 75,7 

May 20 June 24 Aug, i Sept. 2 Oct. 20 

163.0 203.0 75.6 65,6 
133.0 161.0 52,9 94.3 
142.0 221.0 85.4 - 
149,0 184.0 72.6 -- 

146.8 192.3 71.6 80.0 

May 20 June 24 Aug. 1 Sept. 2_ Oct. 20 

Dayton 
East Cage 147.0 144,0 69.6 46.8 E8.6 183.0 140.0 69.0 42.9 34,7 
West Cage 163.0 157.0 100.6 61.4 55.5 187.0 99.0 61.9 27.5 38.2 
NW Main 163,0 94.0 75.6 43.3 36.1 209.0 99.0 80.6 70.8 22.1 
SE Main 157,0 152.0 94.4 58.4 41,6 139.0 154.0 85.4 53,6 30.1 

Average 157.5 1o6.8 85.1 b2.5 55.5 179.5 148,0 74.2 48.7 3i,7 
o 



Table (25) 

Resistance Readings in Ohns on Willamette Silt Loam 
- Vet Station - 

for Different Types of Blocks 

Regular Bouyoucos Tensio- Regular Blocks in Regular Blocks in a Plaster-Fiberglas Blocks 

Date Blocks meter a 2-inch Diem, Tube 1-inch Diem, Tube in a 2-inch Diem. Tube 

1952 31 6" 12" 18" 12" 3" 6" 12" 1' 3" 6" 12" 18" 3" 6" 12" 18" 

8-20 850 660 540 450 9 660 480 480 420 980 1020 830 880 

8-22 1950 800 590 440 15 680 460 500 420 8150 1850 1120 1250 

8-25 1630 1030 700 470 23 640 480 520 420 3800 2500 1670 1580 

8-27 2270 1300 780 430 34 620 500 520 440 9100 3000 1950 1850 

8-29 6800 2600 1170 550 51 660 500 540 440 29750 4500 2450 2000 20750 2950 6150 3000 

9-1 18600 7400 2800 710 74 780 500 600 500 93000 8500 3900 2300 173000 9400 25000 6000 

9-2 29000 11400 4100 930 82 900 500 640 600 251000 11000 4900 2750 463000 14000 32000 8400 

9-6 550 550 530 440 0 600 440 500 420 3400 1400 1600 1900 4050 1100 2000 1800 

9-9 510 530 500 420 0 560 440 480 420 3450 1150 1550 1650 3750 1000 1650 1400 

9-12 600 560 510 410 2 640 420 480 420 6000 1850 1600 1700 11250 1200 2250 1850 

9-15 3150 910 590 440 16 800 440 500 420 25000 2750 1800 1750 93000 1950 5500 2550 

9-17 7100 1900 710 460 25 1120 460 520 420 48500 3700 2100 2050 32250 3150 10500 2950 

9-20 24700 8200 2700 720 50 1600 460 560 440 163000 7850 3400 2050 237500 6800 22500 4200 

9-23 24500 10700 3400 700 68 2950 500 640 480 196000 13000 5250 2350 255000 13000 31000 7000 

9-26 30000 14700 5650 1200 83 4950 540 820 700 - 17500 7150 2950 - 19000 52000 11200 

9-30 43500 21250 8750 2200 90 9800 660 1160 1460 - 25250 10000 3750 - 29500 48000 19500 

10-3 54950 28500 12500 3450 91 23500 860 1640 2700 - 35000 13500 5250 - 42000 i26000 30000 

10-6 64000 34000 15500 4700 88 44000 1100 2400 4000 - 48000 16200 6500 - 56000 157000 39000 

10-8 7LO00 39500 18500 5900 88 72000 1260 3100 5100 - 69000 18500 7150 - 66500284000 50500 

10-13 640 640 580 480 0 640 760 1090 460 4650 1500 1850 2150 9350 1520 2700 2600 

10-16 950 760 630 490 0 760 760 940 480 13800 2100 2000 2300 24000 1950 4450 3000 

10-20 1030 790 660 510 0 1020 740 820 480 14300 2550 2350 2750 25000 2250 5400 3600 

10-23 930 750 640 490 5 1020 740 760 660 12750 2350 2250 2600 23250 2250 5250 3600 

10-27 750 750 690 520 0 720 760 760 480 5250 2000 2450 2750 9500 2300 4550 4000 

11-3 690 690 630 530 0 740 780 680 480 6500 1650 2450 3050 6800 1850 3400 3750 
t', 



Table (26) 

Resistance Readings in Olmis on Dayton Silty Clay Loeni - Wet Station 

for Different Types of Blocks - 
Regular Bouyoucos Tenslo- juIiTin 

Blocks meter a 2-inch Diaja, Tube l-jnch Diem, Tube in a 2-inch Dism. Tube 

________ 3tT 6' 12 l8 12" 3" 6 12w 18w 31V 6' 121T l8 ' 6" 12" 18" 

8-20 590 18 2050 500 490 340 1000 2000 1100 820 
8-22 3650 1920 710 480 23 3450 530 470 320 2650 3350 1700 1500 
8-25 2750 2330 970 540 31 4300 620 520 330 2050 4400 2500 1900 
8-27 3050 2640 1150 600 40 4650 720 610 350 3000 5000 3100 2350 
8-30 6200 4500 1870 870 54 6700 1000 870 420 10300 7100 4150 2700 23700 74300 7550 8900 
9-1 9500 6850 2890 1350 72 9500 1250 1350 580 21700 8650 5400 3800 45500 134000 17000 19350 
9-2 12450 9100 3950 1950 81 11900 1570 1900 710 32000 9900 6350 4750 91500 312000 22250 22600 
9-7 520 500 440 380 2 490 450 430 370 2050 1850 1250 1550 2450 5300 930 530 
9-9 510 480 420 380 0 500 450 440 360 2250 1950 1350 1950 2400 3500 1170 880 
9-12 520 510 450 430 2 510 430 430 360 2450 2050 1400 1950 3700 7600 1350 630 
9-15 560 530 470 440 7 520 430 430 350 3600 2200 1400 1950 14300 13600 1550 1000 
9-17 670 580 490 440 5 570 430 430 350 5250 2350 1500 2200 34000 27500 1730 1200 
9-20 910 760 520 440 12 570 430 430 360 7350 2700 1430 1950 123500 63150 2070 1720 
9-23 2000 970 600 480 15 1070 450 460 360 13700 3750 1600 2050 152500 80000 3300 2660 
9-27 4050 2000 840 610 28 2700 500 520 390 23000 6850 2400 2150 215000 98000 6000 5090 
9-30 6350 3550 1330 880 46 5050 630 700 520 42000 8600 3650 2500 260000 127000 11400 7330 
10-3 9750 6100 2400 1450 62 8150 910 1170 820 120000 11400 4950 3500 275000 141000 19600 11500 
10-6 13400 8550 3650 2900 70 11050 1350 1880 1470 240000 14800 6350 4750 250000 147500 26300 16600 
10-8 15500 10450 4700 4000 75 13300 1730 2580 2050 255000 16800 7400 6000 300000 155000 35000 22100 
lo-lo 15500 11000 5250 4700 82 14300 2100 3000 2800 220000 19000 9750 6000 - 312500 83000 22200 
10-14 630 630 610 780 5 580 560 1950 1780 4700 2350 1800 3550 8650 12900 3360 12750 
10-16 640 660 660 920 7 600 550 1950 1800 3550 2600 1800 3500 15850 18350 5630 14350 
10-20 740 710 750 1240 7 650 550 1950 1800 3850 4800 2200 4100 29000 22750 11050 15300 
10-23 740 730 800 1270 7 630 520 1230 1425 5500 3150 2150 3350 29500 8250 13050 13270 
10-27 700 760 900 1325 8 650 560 1325 1350 5200 3200 2350 4000 8700 34750 14350 14800g 
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Talle (27) 

Moisture Percentages at Equilibrium Tensions 

for Disturbed Samples of 

Vi11aanette, mity and Dayton Soils 

Depth 
Soil Type Inches .1 

quilibrium 
.3 .6 

Tension-Atmospheres 
1.0 2.0 5.0 15.0 

iVlllamette 0-6 40.65 33,43 32.21 27.21 24.51 18.44 11.37 
6-12 38.86 31.51 29.45 25.04 23.12 17.86 ÌÓ,39 

12-18 36.66 30.42 28.79 24.65 21,15 16,86 10.66 
18-24 34.67 30.23 29,19 26.03 21.48 16,10 9.40 
24-30 37.42 32.79 30.97 27.80 23,92 18.00 11.85 
30-36 44.92 40.57 35.77 31.64 27,73 22.18 16,03 

Amity 0-6 40.92 3o.09 30.04 26.73 23.53 18.98 13.65 
6-12 40.37 31.63 29.16 25.84 22.20 17.46 12.65 

12-18 38.03 30.15 28.07 25.06 21.67 17.28 12.72 
18-24 35.54 28.28 23.29 21.21 20.85 17,40 12,67 
24-30 33.76 27.70 23.27 21.03 20.48 16.96 11.62 
30-36 36.04 29.32 24.66 23.96 22.63 18.70 14,15 

Dayton 0-L 44.33 36.96 31.63 27.45 25.77 16.83 12.37 
6-L 39,16 33.33 28.72 25.55 22.58 17.42 11,79 
12-18 37.64 33,04 28,41 25,59 22,67 15.46 10.99 
18-24 40.35 34,73 31.73 28.70 25.71 19.20 14.09 
24-30 46.62 39.63 35.77 32.75 31.02 24,09 20.18 
30-36 47.66 40,96 37.50 33,94 30.21 23.94 20.07 
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Table (28) 

Moisture Release Data for Disturbed 

and Undisturbed Samples at Low Pressures 

-- Pressuxe-.A-bnosphere 
Inches .1 .3 - i.ö 
Depth Dist. Undist. Dist. Undist. Dist. Undist. 01st. Undist. 

7Ti llame tte 

0-6 40.65 29.70 33.43 28.04 32.21 26.42 27.21 25.39 
6-12 38.86 29.72 31.51 27.72 29.45 25.74 25.04 24.27 
12-18 36.66 26.72 30.42 24.60 28.79 23.24 24.65 22,20 
18-24 34.67 24.47 30.23 23.31 29.19 22.18 26.08 21.13 
24-30 37,42 27.52 32.79 26.31 30,97 25.25 27.80 24.52 
30-36 44.95 32.90 40.57 31.73 5.77 30.47 31.64 29.61 

Amity 

0-6 40.92 31.90 33.09 30.01 30.04 28.10 26.73 25.00 
6-12 40.87 32.40 31.63 29.20 29.16 26.70 25.84 24.70 
12-18 38.03 29.50 30.lo 26,80 28.07 25.00 25.06 23.00 
18-24 35.54 27.00 28.28 24.60 23,29 23.10 21.21 21.60 
24-36 33.76 25.60 27.70 24.20 23.27 22.40 21.03 21.30 
36-48 36.04 23.70 29.32 23.10 24,66 22.20 2,96 21,30 

Dayton 

6 44.33 32.40 36.96 30.20 31.63 28.60 27.45 27.20 
12 39.16 29.90 33.33 28,00 28.72 26.30 25,55 25.30 
18 37,64 26.30 33.04 2b.00 28.41 24.30 25.59 22.80 
24 40.35 28.30 34,73 26.90 31.73 25.60 28.70 24.90 
30 46.62 37.10 39133 33.10 35,77 33.0 32.75 32.50 
36 47.66 38.6 40.96 33.90 37.50 35.10 33.94 34.10 



Table (29) 

Resistance Values* for Blocks Buried in Disturbed Soils 
at Different Moisture Levels 

O-6" 6-12" 12-18" 16-24" 24-30" 30-3G" 
Moisture Resistance Values 

Soil Type % Ohms Ohms Ohms Ohms Ohms 7o Ohms 

illamette 14,92 15,000 13.35 13,000 12.33 32,000 14.68 11,600 19.29 5,200 21.51 21,500 
14,75 18,000 16.38 11,600 14.75 25,000 16.60 8,800 20.94 3,700 23.83 6,800 
16.69 7,000 18.41 4,700 14.50 11,500 17.79 5,000 20.67 3,300 25.28 3,500 
18.50 3,050 22.86 2,650 19.03 8,100 19.84 2,800 22.91 2,100 27.25 1,750 
21C4 4,800 22.eO 1,650 20.12 2,000 20.67 1,300 24.51 14OO 29.95 1,350 
23,12 4,300 24.83 1,260 22.93 1,300 20.33 820 25.15 1,000 31.12 860 
25.74 1,220 27.19 770 24.46 920 26.17 540 28.76 600 34.46 820 
29.66 580 30.70 500 25.78 820 -- -- 29.54 470 -- -- 

Amity 18.84 6,400 18.63 6,000 16.67 13,000 16.11 13,000 17.90 2,550 20.21 1,600 
20.98 3,350 22.10 2,400 20.62 2,200 1.58 4,250 20.15 1,450 24.48 760 
22.72 2,600 23.03 2,200 21.01 3,600 18.55 3,000 22.37 960 24.97 660 
27.09 780 24.99 1,400 22.58 1,350 22.10 1,520 26.58 720 27.34 560 
28.05 820 26.02 1,100 24.65 880 23.37 1,130 26.50 660 28.08 590 

32.26 520 27.79 760 27.46 670 26.98 720 29,42 560 30.19 600 
34,13 420 29.27 760 27.86 800 28.23 680 29,69 480 31.23 500 

-- -- 32.77 560 -- -- - -- -- -- -- -- 

Dayton 15.74 20,500 12,59 40,000 16.31 8,100 20.57 3,300 30.86 1,300 27.00 3,950 
19.85 8,000 17.01 13,500 21.20 4,000 24.23 1,650 33.28 1,350 31.50 1,950 
27.28 1,900 23.86 2,450 22.80 ,1O0 27.96 740 35.48 990 34.4]. 1,000 
30.66 950 27.10 1,200 25.90 1,150 30.82 580 38.23 650 39.35 500 

*Resistance values are reported as ohms corrected to 700 F. from curves shown by Bouyoucos and Mick (1l). 


