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Abstract:

Moisture efficiency of four Montana soils and five treatments on one soil type was determined in a
lysimeter study between May 3 and October 31, 1957. The effect of soil properties on infiltration and
evaporation was studied and an efficiency percentage calculated.

Evaporation, infiltration, and moisture stored in the soil volume are controlling factors in moisture
efficiency. High infiltration contributes to high efficiency, whereas high evaporation provides low
efficiency. Both evaporation and infiltration were influenced by the moisture stored in the soil.

Seasonal influences were noted among soils and soil treatments. Soil properties which were desirable
during one period were frequently undesirable during other periods.

During the experimental period, the Huffine soil evaporated less and infiltrated more water than other
soils under study, having an efficiency of 20.5%. This is 41.4% more efficient than the Bridger, 14.3%
more than Manhattan, and 300.0% more than Huntley.

High storage capacity and low permeability probably accounted for the low efficiency of the Huntley
soil.

Among the soil treatments, the rock mulch was outstanding, having a season-long efficiency of 60.4%.
During three weeks of warm, wet weather in June, 79.8% of the moisture passed through the 4-inch
layer of soil. Throughout the season, the rock mulch was more than three times as effective in
infiltrating moisture as the next best treatment. In comparison, all other treatments were relatively
ineffective although coarse aggregates stabilized with VAMA were slightly better than the other
treatments.
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ABSTRAGT

Moisture efficiency of four Montana soils and five treatments on one
soil type was determined in a lysimeter study between May 3 and October 31,
1957, The effect of soil properties on infiltratien, and. evaporation was
studled and an efficiency percentage calculated.

Evaporation, infiltration; and moisture stored in the soil volume are
controlling factors in moisture efficiency. High infiltration contributes
to high efficiency, whereas high evaporation provides low efficiency. Both
evaporation and infiltration were 1nfluenced by the moisture stored in the
soil.

Seasonal influences were noted among soils and soil treatments. Soil
properties which were desirable during one period were frequently unde51rable
during other periods.

During the experimental peried, the Huffine soil evaperated less and
infiltrated more water than other soils under study, having an efficiency
of 20.5%. This is 41.4% more efficient than the Bridgery 14 3% more than
Manhattan, and 300.0% mere than Huntley.

" High storage capacity and low permeablllty probably accomnted for tﬁe
low efficiency of the Huntley soil. -

Among the soil treatments, thé rock mulch was outstanding, having a
season-long efficiency of 60.4%. During three weeks of warm, wet weather
in June, 79.8% of the moisture passed through the 4-inch layer of soil.
Throughout the season, the tock mulch was more tham three times as effective
in infiltrating moisture as the next best treatment. -In comparison, all
other treatments were relatlvely ineffective although ¢oarse aggregates
stabilized with. VAMA wére slightly better than the other treatments.
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INTRODUCTION

All life depends on water. In the early white settlement of the New
World, major areas of populatidﬁ were along the coast. When these areas
became -overcrowded, there was a major population‘influx toward the inland
areas. The main path of settlement followed along the rivers, which not
only presented an accessiﬁle highway but furnished an evef-ready supply of
wqter°

Eventuall& man was forced to settle in the more arid areas. Aéain
water was a prime factor in settlement. ﬂsually an adequate suppl? was
available for human consumption, but frequently the supply was inadequate
for satisfactory crep production.

”Moiétﬁre is the limiting facter im crop production in most men-
i?rigated areas of M@ntaﬁa.l It has been estimated'(lé) that 20 to 25% of
the meisture that falls is u§ed by crops. ﬂsuallylless than 5% of tﬁé :
precipitation is lest through runeff in streams and undergrouma Teservoirs.
Seventy to 75% is returned to the atmosphere through direct evaporatiop.

Many peeple have been interested in the moisture utilization in
cultivated areas. Attempts to alter moisture efficiency have_met'with
limited success. “Moisture changes during a drying cyéle have net received . -
much attention, and only very limited attempts havekbeen made to devise s6il
treatments to increase moisture utilizationo

The pfesent study was undertaken to determine the differences in
moisture storage efficieﬁcy of four Montﬁna soils and five treatments. on one

of these soil types.
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REVIEW OF LITERATURE

Lysimeter studies have been used throughout the world to study many

so0il properties. ‘While many of these studies have involved some aspect of

nutrition, moisture utilization has frequently been included. thnke,

et al., (21) has discussed the constr

\

uctioh and performance of

lysimeters.

Three general types of lysimeters have been'used, as discuSséd by

Harrold and Dreibelbis (14).

(a)

(b)

()

The fili type with vertical walls, open top,
and perforated bottom. Thié type does not
retain the original profile as the soil is
usually screened and mixed before fillingm

The Ebermeyer type in which a pan or funnel is
inserted at desired depthé in the soil. There
is unrestricted lateral flow, as this type has
no walls., Water is peréolated through the soil
into theé pan or funnel and measured.

The monolith or undisturbed soil block type.

A casing of vertical waLls is built around an

undisturbed soil block. A perforated pan or
sheet is placed under the undisturbed block

for water percolatien.

Most of the lysimeter work done has been on nutrient balance in the

soil. Smith (30) used a lysimeter in a study of hitrogen balance in an

irrigated area.

The study involved infiltrated moisture. . Similarly,

Bizzel (6) also was interested in nitrogen balance but under cropping at
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different fertilizer levels, but again moisture loss was studied.

A 9-year experiment was carried on by,,]'o'ffe’(18)9 using Ebe;meyer-typé
lysimeters at different levels to trace cation acti&ity fhroughout the soil
profile. Quantity of precipitation was found not to determine the quantity
of leaching or-tramslocation of ions in the soil profile.

Lysimeters offer a means by which comparisons can be made under similar
fiela conditions. Kardos (19) compared‘nutrient status of cultivated and
virgin soils in a gﬁbhumid area. Bizzel (5) compared the effect of ammonium
sulfate and sodium nitrate in removal of the N and Ca from the soils.
Kilmar, et al., (20) used a monolith-type lyéimeter to study nutrient and
water loss from é silt leam. Differences between cropped and fallowed |
lysimeters were studied. The influence of slope and associated runoff of
water and nutrient status were also studied.

The hydrologic cycle has been'of great interest to a ﬁumbe¥ of authors°
Colman (8), using a range of tensions, was able to control seepage rates and
drainage of a soil column. Richards, et al., (29) working with meisture
"tensions, found that soil moisture in fallow soils forms a dynamic system
which responds rapidly to moisture changes at'the soil surface.

Martin and Rich (26), using a monolith-type lysimeter in Arizona, showi
thatgmost erosion and surface runoff occurred durimg the summer, while
winter preeipitation contributed mostly to storage and percolation. Percola~
tion flow data from two soils was studied by Preibelbis and Harrold (10).
Dreibelbis (9); in further studies; determined the soil constituents in
.drainage water under a 4-year rotation of corn, wheat, aﬁd meadows. This

rotation was duplicated on two soil types. Losses of both water and
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nutrients from the two soils were similar, except for magnesium which varied
more with the amouﬁt of percolation than with cropping practices.

Fisher and Burnett (13) used lysimeters to determine the proportion of
the rainfall that pemetrated soils varying in texture and depth. Their data
suggested the pessibility of using mulches and crop residdes to ipcrease the
amount of moisture penetration. Evaporation work dome at the same location
indicated that the rate of moisture loss decréases following éurfacefdrying.
. Additional work on small fallowed areas, diked to prevent runoff, has shown
that at least 60% of the rain that fell during a 2~year study was not stored
in the soil at the end of the period. Even greater losses by evaporation
from the soil surface have beeﬁ reported on the high plains of Texas by
Finnell (12). |

Not all work of interest to this problem was done with lysimeters.
Buckingham (7) undertook laboratory studies on evaperation. He found that
intensive evaborating.conditions were responsible.for moisturé less exceeding
the capiliary flow. This formed a dry mulch of soil on the sﬁrface area
which tended to slow down moisture évaporation.

Veihmeyer and Brooks (35) studied the cumulative loss from bare
so0il during a l,54%-day period. Moisture lost during this period amounted
to 3.65 inches, and one-third of this to£a1 was lost the first month. It
was found that the higher the water‘table9 the greater the losé of moistureé
by evaporation,

Working Qith undisturbed ‘cores of soil, Stanhill (31) compared soil
moisture evaporation against free-=water evapo¥ation ahd found evaporation

was approximately equal from free water and soil as long as the soil
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surface reméined moist.

Evaporation of h@is£ure from a soil surface was subdivided into thrée
distinect stages By Hide_(lé). The first stage is the brief ﬁeriod while
the soil has a moisture.content above field capacity, the second stage is
after the soll surface has reached field capacity but before the surface
dries, and the third stage is when-vaporization occurs below the dry soil
surface. |

Hide and Brown (17), workiné.witﬁithree selected soils, found that
s0il properties altered the amount and nature of water lost during a drying
cycle. Even after the moisture content of the upper 3 inches of soil
became fairly constant, there was a diurnal redistribution of moisture
within the layer.

Major emphasis in moisture conservation has been placed on the
control of runoff. Increased emphasis has recently been placed on other
méthods of conserving moisture. In Texas; Porter, et al., (28) fbund
that leaving crop residues on the soil surface is considerably more -
favorable to moisture storage than plowing them down. This is true for
land being csntinually cropped or alternately fallowed. These same
conclusions were drawn by Aasheim (1) in the north-central Montana area.
However, in northeastern Montana, surface residues did mot influence
moisture storage efficiency.

Crop residues have been used as a conservation practice by Duley
and Russell (11), who found that straw mulch increased water penetration
and decreésed runoffo Bare soils compacted under heavy rainfall lost two

to four times more water by runoff than straw mulched plots.
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Staple and Lehane (32) studied the effect of shelterbelts on evapora-
tion rates. Differences were found to be very small between the sheltered
‘and unsheltered areas. However, the sheltered areas had a slight effect
in cutting down the evaporation rate,) Meteorological conditions were
found to be the sole controlling factor when the soil surface was moist. .
S0il moisture content and movement  of moisture to the evaporating surface
limited evaporation after the soil started to dry.

Lemon, et al., (24) studied energy relationships of evapotranspiration
from soils with moisture at various tensions and found that losses could not '
be predicted solely on the basis of meteorological variab;es° Soil moisture
tension had an effect, but the plant itself exerted, either’directly or
indirectly, variable restrictions on the transfer of water.

Kolasew (22), as quoted By Lemon (23), made field observations on a
soil surface that had been treated with a Naptha soap c¢ompound. He found
that the treated surface dried much quickér than an untreated soil. This
action was attributed to the alteration of the wetting angle between the
sélid soil particles and the liquid. Im the same artigle, Kolasew quoted
Sukhovolshaia®s (33) work, which showed that a 2% treatment of Naptha soap
reduced evaporation six or seven times.

Very little work has been done in the United States with a rock mulch
treatment; however, the Chinese (34) have been using such mulches in the
more arid areas of China. Whitmere, et al., (36) used a 3-inch gravel
mulch and increased plant production by-ohe-third in an area of South Africa.
The increase in production was attributed to saving of moisture normally

lost by evaporation.
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The effgct of sqil conditioners on structure and water efficiency has
been studied. Hedrick and Mowry (15), using these materials,‘increaéed
water-stable aggregates and infiltration and reduced the loss of moisture
by surface evaporation. Ihe soils treated maintained their characteristics
over a 3é-m6nth period.

Peters, et al., (27) found that soil conditioners -had mo effect on
the permanent wilting poimt‘or field cabacityo Physical conditien Was
improved, and the increase in available water was probably due fo inereased
infiltfation and a deeper, more exténsive.root system. Martin, et al.,
(25) also noted improvement in physical condition, but éome cfops did not
respond to the better physical conditions.

Soil’conditioners were used by Alderfer (3) on five tobacco seedbeds.

They did not produce marked effects on wilting point,'total'Water-holding

capacity, ,or available water-holding capacity. The increases in the total

]

pore spacé were reflected in a very substantial .increase in the aeration
pore space.

Lysimeter studies appear to be well adapted to moisture efficiency
studies, although mest of the available data is for humid areas. Soil
treatments are available'which affect mahy physical soil properties, but
their influence on moisture storage efficiency has not received much

attention.*
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MATERIALS AND METHODS

This study was undertaken to determine how soils and soil treatments

influence the efficiency of moisture storagé under summer-fallow conditions.

It was believed that the amount of moisture which peneirates beyond a
depth of 4 inches was largely stored in the soil profile for future use
by plants or for deep percolation. ‘It appeared that the influence of

this upper 4-inch layer could best be studied in lysimeters comtaiming 4
inches of soil., This procedure induced boundafy conditions at the lower
edge of the 4-~inch layer which do not prevéil in a normal profile. ‘It was
believed that the procedure would measure real soil differences whicﬁ
exceeded the error caused by the boundary condition.

Soils and Treatments .

The experiment was designed to study how the properties of four soils

‘influenced their efficiency in storing water. ..In addition, the influence

of EE} trea%ments on one of the soiis Was determined.
Four selected\Montana soils were used as followss

l. Bridger clay loam was used as one of the soils for
comparison and allysoil treatments were imposed'on'ito
It is a dark-colored silty clay loam, well drained,
and it 5elongs»to the Cherfhozem great soil group.
it.has developed uﬁder grass a;d shrub vegetation -on
ﬁigh fans, aprons, benches, and slopes in mountain
valleys., It has a well-developed, very fine crumb o

structure in the surface layer. The samplihg site is

southeast corner of southwest quarter, Section 15,




3.

. Huffine silt loam is a Brown soil developed in silty,

what less stable than the Bridger but of a fine crumb

College Agronemy Field' B, Series 1300 at the nerth-

' east corner of the block.,

Their parent materials are derived largely from bed-

- 17 =

Township 2 South, Range 6 East.

alluvial materials. It has many properties in common
with the Chernozem group but was developed on flat
land characterized by imperfect drainage and local

accumulations of soluble salts. The structure is some-

nature. The sample was taken from Montana State

Manhattan fine sandy loam is a Brown soil, developed
in fine sandy lacustrine deposits. Thé original
material consists of windblown, fine er very.fine
sand'which blew into a former lakebed. It is
characterized by a high content of fairly-umiform-
sized fine sand pafticles. Samples were taken one
mile west of Manhattén,hMonténa, on thé Northern
Pacific right;of;Wayo |

Huntley alkali soil probably belongs to the Nibbe
series which includes slowly permeable Solenchak '
soils developed-in fine-textured, predominantly clay
and silty clay alluvium. These oécupy stream terraces

and valley floors with_rela{ively high water tables.

rock uplands of late cretaceous shales and sandstones.
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The‘;tructure is weak, granular, or crumb, excépt
that the surface 1 inch forms a vesicular crust when
dry. It is caleareoﬁsg'including white flakes of
free-lime carbonate and other salts. Ihe sample
was takeh adjacent to the shed on the field used
for salinity studies at Worden, Montaha, under the
supervision eof the Huntley,Brancl"x'Station°
Six treatments as follews were imposed on the Bridge?.silty clay loams
5.5 Gravel fnulcho One inch of gravel ranging in size |
between 1/4 and‘l/2 inch was used. Four kilograms
of gravel per l,OéO-square centimeters of soil surface
gave a mulch approximately 1 inch deep.
6. :Straw_mulcho This was prepared using chopped
wheat straw which was mixed throughout the surface
2 inches of soil. It was applied at a 2-ton-per-acre
rate, .Ihis left a fairly good surface cerr,
7 and 9. Soil conditioners, VAMA** was used at the
rate of 0.2% by weight, as §u§gested by Allison and
Moore (4)0. ihe material was applied whén the soil
was sufficiently moist to be easily worked. }It was
mixed thoroughly and allowed to dry. The soil was

sieved into two aggregate size groups--4 to 16 mesh,

¥ Treatment numbers are a continuation of .soil numbers.

** provided by Monsante Chemical Company.
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designated “coarse"; and less than 16 mesh,
designated "finef_'o Ihese treatment§ will be
referred to in this article as coarse and fine.
8. Smrfacténta?‘ This material was .applied at the
rate of 0.1% by weight. ‘Thi"s was applied.to the
soil in a pbwdered condit&on and thoroughly mixed.
10. Checke No treatment.
Iable I provides the lysimeter numbers, treatments, and randomization
for the "expe.riment°

Lysimeters and Construction

To facilitate the collection of infiltrated water, a trench 60 feet in

length, 10 feet deep, and 4 feet wide ﬁas dug,. shored up,. and, covered with 6
inches of soil. Ihe 60-fuot length allowéd 15 four-foot areas on eaCh.éide
of the trench for lysimeter treatments. A door covered the exposed steps
leading into the tremch to reduée temperature changes within.

In construction of the lysiméters, the bottom of each box was a square,
shallow funnel of galvanized sheet metal with the top edge on each side of
the funnel perpendicular to the ground level. This made a lip which fitted
between two 1/8-inch sheets of asbestos-board which acted as the lysimeter
wallsa -Asbestos was chosen because of its low water-holding capacity and
heat conductivity. Ihe cOrnefs of each‘qu were tarred‘as a deterrént to
leakage. The sides were held in ﬁlaCe by small angle irons bolted in each

corner.

* PR-51 provided by Atlantic Refining Company.




- 20 -

Table I. Lysimeter numbers, treatments, and randomization.

Lysimeter Treatment
No. Soil No. Treatment
1. Manhattan 1. Manhattan
2. Bridger 7. VAMA coarse--
3. Huntley 3. Huntley
4, Bridger' 9. VAMA fine
5. Bridger 8. Surfactant
6. Bridger 4. Bridger
7. Bridger: 6. Straw mulch
8.  Bridger- 10.  Bridger
9. Huffine 2. Huffine.
10, Bridger - 5. Rock mulch
11,  Bridger 4, Bridger
12, “Bridger 6. Straw mulch
13. :Bridger 5. Rock mulch
14, Bridger 8. Surfactant
15. Huffine 2. Huffine
16. Bridger 7. VAMA coarse .
17, Bridger 10. Bridger
18.  Huntley 3. _Huntley
19, Manhattan 1, Manhattan
20. Bridger 9. VAMA fine
21. Manhattan "l. Manhattan
22, - Bridger 6. Straw mulch
23. Huffine 2. Huffine
24, . Bridger 8. ‘Surfactant
25, Bridger 5. Rock mulch
26. - Bridger 10.  Bridger-
27. Huntley 3. Huntley
28. Bridger - 7. 'VAMA coarse
29. Bridger 4,  Bridger
30, - 9.

Bridger.

VAMA. fine




Table I continued.

Treatment
NO.

1.
2,
3.
4,

50
6.

83
9.
10,

- 21 -

Soils under study

Manhattan fine sandy loam soil
Huffine silt loam soil

Huntley alkali soil

Bridger clay loam soil

Soill treatments

under study

Bridger
Bridger
Bridger
Bridger
Bridger
Bridger

clay

clay
clay
clay
clay
clay

loam
loam
loam
loam
loam
loam

+ rock mulch
+ straw mulch
+ VAMA coarse
+ surfactant
+ VAMA fine
soil
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Stretch metal 1/8 inch thick was cut to the dimension of each lysimeter -

and placed in the bottem. This was covered with a l-inch layer of glass
wgol on which the soil restec;l°

The lysimeter box was approximately 13 inches square, ana the depth
from stretch metal to top'was 7 inches. The top edge of'each individual
box was placed 2 incheé'above ground level. "It:wés decided that each box
would contain 4 inches of soil. .The soil surféce in the lysimeter: was |
approximately at.ground level. J

One-half-inch copper tubing Qith a 3-inch funnel soldered in oﬁe end
connected the individual lysimeters with receptacles in the trench below.
The lysimeter boxes were centered over ﬁhe funnels in the copper tubing.
indiyidual’cans-in the trench collected leachate which drained froem the
'lysimeter boxes through the funnels and cﬁpper tubing.

Each lysimeter was centered within a 4-foot square area on which the
soil treatment was similaf to that in thé lysimeter. Thus each lysimeter
was surrounded by a 16;7-inch band of s;il similar to that within the‘
lysimeter. This was used to reduce mixing of soil within the lysimeter
with untreated surrouhding soil due to splash° Treatment of soil wifhin
the 4-foot square areas was identical to that in the app;opriate lysimeter
except where surfactant was used. A Qater solutien of surfactant was
sprinkied on the area surrounding the lysimeter, whereas dry sﬁrfaétant
was mixed with the soil in the lysimeter.

A solution balance was placed in a.balance house on the north side
of the experimentél area. A window ana hole iﬁ the balance house door

allowed aqcurate weighings during windy weather.
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An 8-day recording rain gauge was also éiécéd at the experimental
area. This assured accurate readings during the small thundershower seasori.
With this experiméntal setup, precipitation, infiltration, and increéase
or decrease in weight of each individudl bex could be‘detérmined° By
knowing these factors, evaporation could easily be determiried, and with
all four factors, efficiency of each soil and treatment could be calculatéd:
Weighings were made at approximately 3=day intervals when Weathér'
permitted.

Figures 1 and 2 show experimental diagram and design.’
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RESULTS

The experimental perioJ}began November 7, 1956, and data was.collected
throughout a l-year periodf This data included rainfall, periodic records
of infiltration and of individual soil‘box weights.

‘ During the winter peried, the soils were continuously frozen and ne
leachate was collected. The winter snow cerr made winter weighings of
the lysimeters'impractical. It was expected that the spring snowmelt
would yield leachate that could be interpreted into winter moisture
efficieﬁcy. 'Howeyer, the data collected (table II) during the spring snow-
melt was highly erratic, and variability bgtween replications was as great
as Qériability between treatments. It is believed that the high variability
was caused by water from snowmelt building up on the surface of the lysimeters .
thle'the s0il was stiil frozen. Much of this water was lost by spilliné'-
over‘the.top of the lysimeter. Thus only the data coellected between May 3
and October 31 could be reasonably interpreted;

The meisture that passeé through a 4-inch layer of soil must be related
~to the amount and distribution of rainfall in addition to the amount of |
moisture which has been lost from the soil by evaporation previous to the
incidence of precipitation. Throughout this study, the water whicﬁ passed
thréugh thé 4-inch layer of soil is referred to as infiltrated wate;. ,Thps
the term iﬂfiltration is used in a slightly diffgrent sense than is common
in soils literature. On the basis of rainfall and temperature, the data

collected was grouped into periods for detailed stud& as shown in table III,
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Table II. Infiltration from snowmelt for winter and spring months in
milliliters.,

26 .28 1% 285 20

Infiltration Total

‘Soils and Box 11/7/56- 3/11/57= 4/3/57- 4/17/57~ for
treatments _No, 3/11/57 4/3/57 4/17/57 4/26/57 period
1 75 13 190 20 ° 298

Manhattan 19 10 30 150 27 222
21 © 30 110 . 360 30 530

9 . 30 255 435 32 752

Huffine 15 90 : 0 205 27 322
23 20 100 650 25 795

3 0 110 80 10 200

Huntley 18 ' 15 5 80 10 110
: 27 155 13 220 10 398

6 85 3,290 195 25 3,595

Bridger . 11 33 60 155 18 266
29 50 30 370 10 460

10 3 925 210 845 1,983

Rock mulch 13 2 415 - 45 847 1,309
25 3 675 1,690 883 3,251

7 . 105 '2,780 480 5 3,370

Straw mulch 12 0 35 195 10 240
22 0 70 5 5 80

2 55 - 55 1,245 25 1,380

VAMA coarse 16 25 2 145 25 197
. 28 75 475 1,110 20 1,680

5 0 1,525 190 20 1,735

Surfactant 14 15 - 45 40 18 118
24 0 50 205 15 270

.4 0 242 105 20 367

VAMA fine 20 3 2 495 27 527
: 30 150 355 1,575 24 2,104

‘ 8 0 0 342 20 362
Check 17 3 62 475 15 555

348
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Table III. Period dates and classification as determined by climatic

factors.
Days Maximum.

Peried in Period Precipitation average

dates period classification  in inches temperature .
May 3 -~ June 6 34 Cool, moist 2,93 66.0
June 6 - Jﬁne 28 22 Warm, wet 4,55 67.5
June 28 - July 31 34 Hot, moist 1,52 81.8
July 31 - Aug. 26 27 ‘Hot,-dry . 0.00 85.0
Auée 26 - Sept. 3 8 Warm, wet 1.10 67.3
Sept. 3 - Oct. 30 57 .. Coel, dry 1.29 62.0

Short Evaporation Periods

For closer examination, three short periods were selected and
cumulatively graphed to present evaporation loss in inches as outlined in
table IV.

Table IV, Selected evaporation perioeds and pertinent climatic data.

Average
Period Period Precipitation maximum Cumulative
dates classification in inches  temperature evaporation
June 18 - June 28 Warm, moist " 1.54 72 1.93
July 2 - July 18 Hot, dry 0.30 81 4.81
Sept. 2 - Oct. 2 Warm, dry. - - 0.46 72 5.39

Table V provides the evaporation loss from the four soils betwgen
the different observations in relation to that from a free-water supface
for the warm, moist period. This information is presented cumulatively in

graphic form in figure 3. At the start of this peried, the soils were




2.0

.29

i,g- Free Water

g L -

o6 4 s Bridger
$1.5 *
2191 e X
2 1.44 e Huntle
ik Ly : Manha;tax
= |5 /-)(- /
R TIER
et ///Huffine
a*;’: 1.0 = ////
H 0,9
O /‘////
%O.«B— ///T/ ‘<A//
e
%Oé#
+£ 0.5-
©
2 0.4
a 03]

0.2 1 <

0.1 4

0 t = T =

June 18 19 25 28

Date

Figure 3. Cumulative evaporation in inches‘from four soils, June 18 through 28 (warm, moist

period).




- 30 -
thoroughly wet from 12 consecutivé days during which meésurable amounts of
rain had fallen (table VI), including a rain ef 1.13 inches on June 16.
During the first day of the period, all soils except the Huntle& lost more
water than was lost from a free-water surface. In the f@llowing week-long
period, evaporation loss from £he different soils did not differ greatly
from the evaporation of a free-watér surface. During this period,‘Bridgerﬁ
and Huntley soils lest water at approximately the same rate as the free-
water surface. Bridger is the darkest colored soil of the group, which
probably influenced heat absorption and evaporation. The Huntley soil has
very low infiltration capacity and probably remained excessively wet
during most of the perioed. Losses from the other two seils were slightly
less than from a free-water surface. While there was a trace of rain on
June 26 and 0,15 inch en June 27, it is evident from figure 3 that water
loss from the soil slowed down between June 25 and 28. During this period,
evaporation loss frem all soils became distinctly slower than the loss from
a free-water surface. The fact that the linés on the graph during these
three days are approximately parallel indicates that during the early
stages of surface drying the rate of moisture less from the four soils is
similar.

Table V. Cumulative evaperation loss in inches froem four seils and free
water, corrected for rainfall and infiltration, June 18 through 28.

Date Manhattan Huntley Huffine Bridger Free Water

June 18 - 19 1 0.199 0.128 0,212 0,23 0.16
June 19 - 25 1,109 1.218 1,032 1,27 1.24

June 25 -~ 28 1,309 1.508 1,242 . 1.52 1.76
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Precipitation in inches, May to October.

Table VI.

September
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The Huffine soil, which had the lowest seasonal loss of moisture due
to evéporation, had distinctly less evaporation during the entire period
than the other soils. The Huntley and Bridger soils, which had high
seasonal evaporatiocn losses, were'also ﬁigh during the period. This lower
loss of moisture from Huffine than Bridger soils is in agreement With the
findings of Hide énd.Bfown (17) for drying cycles of these soils.

‘Eigure 3 shows the Bridger soil lost the most moisture throughout
this period. However, at the last day of this period, it has more avail-
able moisture than the Huffine or the Manhattan soil. "The'Bridger soil is
approximately 12.0% above the wilting ﬁoint, the Huffine ig.approximately
9.5% above, and Manhattan is 5;0% ébove the wilting peint. At the end of
the period, the soils had been dried to approximately half-way between field
capacity and the wilting point. '

Table VII presents‘data on éQaporation losses from Bridger soil
‘under five different treatments for the three observation periods between
June<18 and 28. This data is presented graphically in figure 4. 1In a
generai way, fhe'moisturg loss from four of these treated soilé fpllows
the same patternuas from the untreated Bridger, and variability between
treatments is in agout_the saﬁe order as variability between soils.

The outstanding treatment is.the rock mulch. This treatment has.
reduced evaporation loss to less than one-third of the amount lost from
any of the other treatments.

Straw mulch slightlf reduced the rate of moisfure loss due to eVapora-
~tion. The fine aggregates stabilizéd with VAMA was the only tréatment

from which evaporation- losses tended to be greater than from a free-water
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surface,
Table VII. Cumulative evaporation 1oss in inches from five treatments on

Bridger seil, corrected for rainfall and infiltrdtion, Jume 18
through 28. : .

Free - . VAMA : VAMA
Date watexr Rock Straw coarse . SurfaCtant fine Check
June 19 0,16 0.04 0.16 0.18 0.22 0.22 0.22
June 25 1.24 0.24 0,97 1.10 1.20 1.42 1.15

June 2.8 1 076 f Oa,37 ]. 031 l 530 . l 0‘40 l 066 l 039

All soils and treatments started this peried at a moisture content
above field capacity. This is determined by comparing moisture percentages
in table VIII with the tension curve of the soil in figure 5. No curve was
obtained for the Huntley soil,

Figure 4 shows the rock mulch treatment was the most efficient in
‘controlling evaporation. It was so‘effectivé in centrolling evaporafidn
that during this period its moistufe conteht was nevér below fiel&
capacity. The straw’mulch also remained high in available moisture.

Table VIII shows that, at tﬁe end of this period, straw mulch is just
slightly below field capacity of the Bridger so0il as presented in figure 3.
The surfactant slightly increased the storage during this period above

that of the check. Remaining treatments are close to the check, except .

for VAMA coarse which was less effective than the check.
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Table VIII. Moisture percentage of soils and treatments at start and
finish ‘of selected evaporating peried, June 18 through 28.

Moisture Moisture

, percentage percentage
Soil-Treatment June 18 June .28
Manhattan 1. 24,1 12.9
Huffine 2. 35.2 21.5
Huntley 3. _ 51.8 . 44.7
Bridger 4. 47.8 ' 29.8
Rock mulch 5. : 50.9 47.6 -
Straw mulch C 6. 53.7 34,2
VAMA coarse 7. ‘ ~38.9 ' : 25.9
Surfactant 8. 48.7 | 31.7
VAMA fine 9. ' 44,2 g 27.8

Check 10, ’ 44,8 : 28,1

The second selected short evaporation period is designated és hot and
dry. Small amounts of precipitation and fairly hot tempera£ures.characte;—
ize this period, as shown in table IV. . Cumulative evaporatiop‘losses for
all soils, treatments, and free water are recorded in table IX.

From the cumulative loss curve for the four soils, as shown in
figufe 6, it‘is apparent that evaporation loss is approximately equal for
all except the Huntle& soil. This soil,'as shown in table X, started the
period considerably wéfter énd had mich more moisture to lose than the

other soils.’
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Table IX. Cumulative soil and free-water evaporation loss in iﬁches,
corrected for rainfall and infiltration, July 2 through 18,

Date Manhattan Huhtlev Huffine * Bridger Free water
July 2 -3 .101 .104 116 2112 .21
July 3-5 0227 .286 .254 +255 .78
July 5 -6 " La27 431 . .360 361 . 1.00
July” 6 -9 . .536 .593 .400 .401 - 1.84
July 9 - 13 642 .902 .520 525 2.96
ﬁuly 13 - 18 .862 1.292 .760 775 C 4.45

Table X. Moisture percentage of soils and treatments at start and finish
of the selected evaporating period, July 2 through 18,

Moisture Moisture
percentage ' percentage
Soil—Treatment July 2 Jg;y_lB
Manhattan 1. 14.6 - 7.2
Huffine 2. 25.6 12.7
Huntley 3. 42.9 24,1
Bridger 4, » 33.7 19.7
Ro;k mulch 5. 50.3 | 29.9 |
Straw mulch 6. 3%.6 20.1
VAMA coarse 7. 28.4I _ 15.7
Surfactant | 8. 34.7 20.4
VAMA fine 9. 29.0 . 15.8

Check 10. 31.8 ‘ L 16.2
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from.field observations made during this period, it was noticed that
all soils had become very dry on the surface. Large cracks had formed in
the Huntley soil to depths of approximately 3/2 inch. -Moist soil could be
seen at the bottom of these cracks, and this accounted for the high evapora-
tion from this soil. From table X and figure 5, it was determined that
éll soils except the Huntley were at approximately the wilting point at
the end of this period. | |

freathent effects during this hot, dry period are similar for all
soils. Rates of evaporatien from the different treatments are considerably
lower than from a free-water surface and are fairly uniform, as shown in
table XI. This data is shown cumulatively in figure 7. Evaporation during
the first 4 dayé was considerably faster than during the remainder of the
period and was approximately one-third as rapid as from a free-water
surface. From this point on, the rate of loss from ail treatments was
considerably ?educed. Throughout the period, the straw mulch treatment had
either the greatest loss or was in secoﬁd place. The rock mulch had the
lowest loss for the first 3 da§s of the périod but had the greatest loss
during the entire period. The check treatment was intermediate among the
treatments in moisture loss throughout the period. Surfactant and VAMA
coarse and fine behaved similarly throughout the period, and losses were

consistently lower than from the check.
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Table XI., Cumulative evaporation loss in inches from five treatments on

Bridger soily; corrected for rainfall and infiltration, July 2
through 18.

Free = - VAMA o VAMA

Date wafer Rock Straw coarse Surfactant fine Check
CJuly 2 -3 0.21 .03 08 .06 06 .06 .07
July 3 =5 0.78 .19 25 .19 .20 19 .21
July 5 =6 1.00 32 .37 - .30 .30 30 .32
July 6 = 9 1.84 .39 .4l .30 .30 30 .32
July 9 - 13 2.96 60 B3 .39 .41 .40 5Bl
July 13 18 445 .90 .73 .66 .68 67 .76

* The third and final selected period of evaporatioﬂ is somewhat longer
than previous periods.

Precipitation had fallen previous to the beginning of this period
‘(tabie‘VI), and the average moisture content approximated field capacity.
Evaporation from a free-water surface is somewhat lower during this periocd
than in the twe previous periods. Cumulative losses for all so0ils andl
free water are shown in table XII°

Cumulative losses as graphed.in figure 8 show that the Huntley and
Huffine soil evaporated moistgre at a higher rate duringithe first 8 days
than tﬁe other seils. Slope decreased for all soils except the Huntley
after the eightﬁ day, and losses were approximatély egual for all séils°

At the twelfth day of this period, all soils showed é drastic
decrease for a l0-day period extending to September 22; During this
period; night temperatures appréached freezing, and seil moéisture evapora=-

tion was greatly affected'énd losses were smalle
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Table XII. Cumulative evaporation less in inches, corrected for rainfall
and infiltration, September 2 through October 2.

Date ' Manhattan Huntley  Huffine Bridger Free water
Sept. 2 - Sept. 6 . 120 17 .21 .14 0.71
" Sept. 6 — Sept. 10 .224 .32 .33 .25 1,62
Sept. 10 = Sept. 14 0284 240 039 °31 2,15
Sept. 14 = Sept. 24 0520 .44 239 031 3.38
Septo 24 = Oct, 2 530 . .67 .61 ' 252 _5026

Temperatures were higher aftgr the twenty~second day, and ah increase
in evaperation less occurred for each soil. The cumulative loss from all
soils was very small during this period, and moisture percentage lost frem
each soil was approximately equal except for Huntley, as shown in
table XIII., All soils were below the‘wilting point at the end 6f this
peribdo-

All treatments except the rock mulch followed fhe soils very closely
in evaporation loss for the period. Cumulative lossess; as shown by
table XIV, are very much like those of the soils (table XII). The
cumulgﬁive loss of thé rock mulch treatment is approximately equal to'that
of the remaining treatments; however, the distribution of cumulative loss
in figure 9 is somewhat different. The lower slope of the rock mulch line
indicates greater'efficiency than the other treatments during the first
22 days of the peried. .Also duriﬁg this peried the rock mulch moisture
percentage, as presented in table XIII, is the highest of any treatﬁento'
As evapoerating conditions becaﬁe more severe, the rock mulch lost more

moisture by evaporation, since it had mere to lose.
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Table XIII. Percent moisture of soils and treatments at start and finish
of selected evaporation peri6d, September 2 through.October 2.

Moisture : ' Moisture

: percentage ~ percentage

Soil-Treatment . -__Sept. 2 i Oct. 2
Manhattan 1,_. , 8:2 ‘ “ , 6.7
Huffine 2. o | 16.6 . | 14.5
Huntley 3. - 15.1 10.5
Bridger 4. 20.7 L -1951 :
Rock mulch 5o ‘ 26.2 27.1.
Straw mulch 6. | 21.5 18.9:
VAMA coarse 7. 13.8 10.9
Surfactant 8. 19.2 | 17.2
VAMA fine 9. 13.4 10.4

Check : 10. o 19.5 . 17.8

Again the rock ﬁulch shows a storage efficiency not egualed by any
other tfeatment, since the moisture content of the soil increased during
the period (table XIII). All treétments except rock mulch 163t mois ture
from the soil volume as well as all-the moisture that fell as precipitation
during this period.

Treatments have influenced the moisture retained at the end of the
period, as shown in table XiII. The VAMA treatments, both fine énd coarsé,
reduced the moistu;e‘pefcentagé far below that of the check. The rock
mulch held much more moisture than the'check, straw mulch, and surfactart,

which were approximately equal.
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Table XIV. Cumulative evaporation loss im inches from five treatments on
Bridger soil, corrected for rainfall and ‘infiltration,
September 2 through Octeober 2.

. Free ' VAMA , VAMA

Date water _ Rock Straw  coarse Surfactant fine  Check
Sept. 2 - Sept. 6 0.71 0 .15 Jd4 14 a4 L4
Sept. 6 - Sept. 10 1.62 .24 .28 26, .26 27 .25
Sept. 10 - Sept. 14 2,15 25, .33 33 . .32 34 .31
Sept. 14 - Sept. 24  3.38 25 .33 35 .32 34 .31
Sept. 24 - Oct. 2 5.26 - .54 55 .56 .53 57, - .52

Seasonal Variations in Evaporation and Infiltration

Six seasonal periods were studied for differences in evaporation and
infiltration within various soils and treatments. Seasonal differences
were determined by climatic factorg'during the gxperimental period.

Tables XV and XVI present data en evaporation and infiltration>for
the peried May to October. For presentation, the -data was grouped iﬁto
short periods during which the weather appeared to follow a rather.coh-
sistent pattern as outlined in Table III. In the following discpssion of
resuits, references to evaporation refer to tablé XV and infiltration to
table XVI, but for simplicity, tables are not cited,

Cool, Moist Period

§gi;§.--buring the cool,‘moist,peiiod, the Huffine was the most
efficient of the four soils. Its infiltration was high and evaporation
low, which indicéted fhat this spil was relatively efficient in moisture

‘retention throughout_this séason°

The Manhattan followed the Huffine in efficiency, having higher
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evaporation and lower . infiltration.

Infiltration plays an important role in determining efficiency, as
can be seen in this period. During. this cool, moist period, the'Manhattan>
evaporated approximately 800 more grams of moisture than.did the-Huffine.
The Huffine infiltrated approximately 800 grams more thanm the Manhattan.

The Huntley was the least efficieﬁt séil of the four, having low
infiltration and high evéporation, Here again infiltratién was the key to
efficiency. Slow permeability left puddles on the surface or a”yery wet
surface from which water evaporated at a greater rate than from'drier
soil surfaces.

Soil treatments.--During the cool, moist peried, the rock muich was

the most efficient of the treatments, followed by the VAM@ coarse and
VAMA fine. The rock mulch is very effective due to the great amount that
infiltrated during this'pe¥iod. The infiltration during the moist pgriods
was the determining factor of the moisture efficiency during the experi-
ment. This can be seen from tables XV and XVI where the straw mulch had
high evaporation, low infiltration, and poor efficiency. The straw mulch
Increased storage capacity which gave a great reserve from thch the
evaﬁoration process could draw moisture.
Warm, Wet Period

Soils.--During the warm, wet period, the Manhattan soil showed the
highest infiltration rate but lost more moisture by the evaporation
process than the Huffine soil. Here again the Huffine Was the most
efficient of the soils in infiltrating moisture: The Bridger soil was not

as efficient as the Huffine or Manhattan, but it was more efficient than
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Table XV. Evaporation in grams for eéCH-Climatic peiiod,ﬂMay”to Oqtobéry

Cool, Wafm, Hot,: Hot, '-Warm, Gool,v—'

- moist- wet moist dry - - wet" dry -
ey . 5/3= ?/5- 6/28- 7/31-" 8/26- 9/3- -
Box e 6/6 6/28  7/31 8/96 - 9/3 _10/30 _Total -
Period No. 1 2 3 4 5 6

1 5,886 8,577 4,398 3,724 - 2,203 3,766 -
Manhattan 19 6,654 9,118 4,212 * 3,680 . 2,323 3,722
21 6,181 _ _8,568_ _4,212 _3,708_ 24283 3.677_ _ _ _ -
Ave, 6,240 8,754 4,274 3,704 2,277 3,722 . 28,97L
9 5,422 8,629 4,354 . 3,704 2,183 4,462 -
Huffine 15 5,218 8,617 - 4,517 3,780 -2,188 4,122
23 , 5,852 _ _8,130_ _4,452 3,771 2,228 _4.,246_ _ _ _ _-
Ave. 5,397 8,459 4,441 3,752 2,197 4,277 28, 523‘
3 7,773 10,581 5,349 4,934 2,303 3,412 .
Huntley - 18 8,034 11,8@8 4,867. 4,897 2,368 3,612
‘ 27 1,821 _ _8,768_ _4,619__4,916_ _2,323_ _38,936_ _ _ _._ ,
Ave. 7,876 10,387 4,945 4,916 2,328 3,653 34, 105-<
‘ "6 6,522 - 8,528 3,777 3,958 . 2,223" ‘3,957“
Bridger 11 6,984 9,573 4,224 3,954 2,293 3,875
3 29 7,138 _ _94;23 _4,397 3,979 2, 273 34922 _____
Ave. 6,881 9,075 4,133 3,964 2, 060 3,914 30,227
o 10 2,170 2,446 3,987 4,818 - 1,783 2,247 ¢ -
Rock mulch 13 2,275 2,638 4,147 4,672 1,753 2,252
25 2,237 _ 2,345 _3,867_ _4,897_ _1,728 2337 _._ . _ _
Ave. 2,227 ~ 2,476 4,000 4,796 1,752 2,279 17,530
7 7,269 7,815 4,774 4,259 1,973 3,397
.Straw mulch 12 7,094 - 8,054. 4,771 4,048 2,203 3,317
22 6,814 _ _8,540_ _4,587  _4,111 _2,293_ _3,387_._ _ _ _ .
Ave. 7,059 8,136 4,711 4,139 2,163 3,367. 29,565
- 2 5,956 9,078 ' 4,383 4,041 2,338 3,932 o
VAMA-- 16 - 6,162 8,628 3,897 4,016 2,313 3,912
coarse 28 5,737 _ _9,183_ _4,389 4,081 _2,323_ 3_,_8_2_4_ e
Ave. 5,952 8,963 4,223 4,046 2,322 3,889 29,395
' 5 6,322 8,897 4,432 4,083 2,293 v“3;827' T
Surfactant 14 6,845 9,878 4,457 4,021 2,368 3,832
C 24'@@9_ﬁg&_4ﬁg_}@p_g§@ 38@ _____
Ave. 6,558 9,513~ 4,439 4,061 2,318 3,834 30,723
o 4 6,382 - 10,161 4,397 4,078 2,343 3,382
VAMA-~ 20 5,953 9,192, 4,479 4,130, 2,318 3,327
fine 30 5,628 _ _9.661 ' 4,279 4,147 2,333 34215 _____
__Ave. 5,988 9,671 4,385 4,118 2,308 3,308 99, 778
8 6,126 8,763 4,437 3,917 2,238 3,987 .
Check 17 7,068 . 8,981 4,402 3,958 2,263 4,014
oo 26 6,436 _ 8,811 _4,610- 3,867 _2,098 wy _____

Ave. 6,543 _ 8,852 4,483 3,914 2,197 3,976 20,065
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Table XVI. Infiltratien for each treatment in cubic centimeters for each
climatic period, May to October.
Cool,  Warm, Hot, Hot, Warm, Cool,
moist wet moist dry wet dry
5/3- 6/6-  6/28-- 7/3F 8/26- 9/3-
Box__ 6/6 6/28  7/31 _.8/26 9/3 10/30 Total
Period No. 1 2 ' 3 4 5 6 o
1 2,070 3,720 230 2 0 30
Manhattan 19 - 1,297 3,350 285, 6 0 40
21 1,780 _ 3.835_ _ _ 310 _ 8 _ O _ __70__ __
Ave, 1,699 3,635 275 5 0 37 5,651
- - 9 2,515 3,345 343 -7 0 120
Huffine 15 2,707 3,390 240 1 0 250
23 2,432 . 4,080_ _ _ 176 _ . 0. _Q .. 116_ _ . __
Ave. 2,551 3.588 253 2 0 162 6,056
- 3 - 23 1,712 88 2:- 0 120
Huntley 18 8 390 100 4 0 2
27  _ _6_ 3.540_ _ _ 563 _ O__0._ _ _15__ _ __
Ave. 12 1,883 250 2 8] 46 2,193
- 6~ 1,457 3,425 900 7 0 205 '
Bridger 11 982 2,565 218 6 0 22
20  _ 845 _ 2.890_ . _18 _ 2 _0___15__ ..
Ave., 1,095 2,960 434 5 0 _ 8] 4,575
: S 10 -~ 6,182 9,875 1,285 8. © 2,210 ~
Rock mulch 13 6,082 9,645 1,165 4 0 2,010"
25 6,200 _ 9.850_ _ 1,240 _ A4_ _Q _ 2.270_ _ _ _ .
Ave. 6,155 9,790 1,220 -5 0 2,163 19.333
: 7 735 4,140 143 2 0 o - -
Straw mulch 12 889 3,965 140 3 0 25
- 22 . 1,065 _ 3,680 _ _ 130 _ 5__0_ _ 130 __ _.
Ave.. 896 3,928 138 3 0 _ 52 5,017
2- 2,030 3,380 189 5 0 - 20 - .
VAMA-- 16 1,864 3,730 715 5 0 20
coarse 28 2,190 _ 3,260_ _ _ 203 _ B5__0 ___63_ __."_ .
/ Ave., 2,028 3,457 369 ) 0 34 5,89
: 5 1,795 3,390 240 3 0 10- :
Surfactant 14 1,276 2,550 230 5 0 ) ,
24 1,630 _ 2,665  __200 _ 2 _Q _ __.0u__.._
Ave., 1,567 2,868 223 -3 O 5. 4,666
: : 4 1,784 2,377 150 3706 25 :
VAMA -~ 20 2,174 3,130 243 6 0 150
fine 30 2,350 _ 2,915 _ _ 213 _ 1A _Q_ . 52 __ __
' Ave. - 2,103 2,807 202 4 0O 76 5,192
: -8 1,810 3,225 225 9 -0 © 10 - :
Check 17 870 3,200 215 3 6] 23
26 1,532 _ 3,220 _ _ 263 _ 4 _ 0 __9%_ _ _.__
Ave, 1,404 3,215 234- 5 @© 43 4,901
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the Huntley soil.

Soil treatments;-fDuring this warm, wet period, rock mulch was the -
most éfficient soil tréétment, followed by straw mulch, in infiltrating
moisture. During this period, evaporation and infiltrafi@n_fo¥ the VAM@
'coarse and the check plot were approximately the same. The VAMA coarsé‘
infiltrated more moisture than the untreated Bridger, and the.evapora-.
‘tion was proportionately de;;reaseoio The remaiﬁing treatments had a
detrimental effect on moisture efficiency throughout the warm, wet perioci°

ﬁot, Moist Period

Soils.=-During the hot, moisf period, the Bridger soil was more
effieiedf-than the remaining soils in infilirat}ng moisture. ‘:is infiltra-
tion is highest and evaporation rafe lowest during this perioa; ’Eollowing

in order are the Manhattan, Huffine, and Huntley.

Soil treatments.--For this period, soil treatments showed efficiencies
which were less variable than during ﬁrevious periods. The rock mulch
was high in infiltration but somewhat closer to the remainimg tfeatments
in eyaporation than during the other peériods. The VAMA coarse is the only
treatment other than rock mulgh which was more efficiegt than the check.

Hot, Dry Period

§g;;§,~-Infiltration during the hot, dry period was negligible, and
the aﬁouﬁts of infiltration measured were attributed to distillation frem
the lower part of the soil which con’gained_moistur’e° 'The Manhattan and
Huffine soils lost less moisture by evaporation than the éfher soils. The

loss from Bridger soil was somewhat higher than from thé~other two soils,

and the Huntley again lost mere than the other soils.
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Soil treatments.--During this period, infiltration from the soil "

treatments was'similar to that from the soils, and evaboration differed
from previous periods. The rock mulch was the least effective of the
treatments during this period.. Low evaporation from the rock mulched
lysimeters during the previous periods left the soil more moist than
under other treatments, and this condition allowed.evaporation to
continue at a higher rate.
- Warm, Wet Period
Soils.--A short warm, wet period occurred at‘the end of August,

during which no infiltration was noted. ~This period followed a hot, dry.
period, and the soils at thé start of the period were dry enough to absorb
the precipitation-Wifhin the 4-inch soii.layer. |

| ‘The soils show an increase in weight, but the weight increases
during the period did not approach 100% of the rainfall. During this
period, the Huffine increased in weight more than tﬁe.others, and.it was
the most efficient. Bridger ana“Maﬁhattan followed closely,\with the

- Huntley again lowest in efficiency.

Soil treatments.--Rock mulch-was the most efficient soil treatment,
followed by straw mﬁlch'ahd.Bridger pheck. The_rock was by far the most
efficient during this:perioa and lost only 1,752 grams. This loss was
400 grams less than the next lowest treatment. Remaining treatments were
grouped closely with negligible difference. It was noticed that, dufing

this'period as in previous periods, some treatments were detrimental.
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Cool, Dry Period

Soils.--The last period, Whicﬂ is a long cooi, dry one, showéﬁ some
-infiltration which was believed to be a carryover from the p;eVious‘warm,
wet pgriod. The Huntley soil was the most efficient during this period,
followed by Manhattan, Bridger, and Huffine. Climatic  factors Were
undoubtedly respensible for the high efficiency of this soil-&uring the
peried, since this soil was very inefficient througﬁout the cfher periods.,

Soil treatments.--Among the so0il treatments, the rock mulch was

again the most effective in conserving moisture. The second most efficient-
treatment was VAMA fine, but it lost one-half again as much moisture as
the rock muiph. Straw.mulch was approximately as efficient as VAMA fine.

Moisture Efficiency l

The efficiency of infiltration was determined‘for the different
periods by expressing the infiltration as a percentage of the-rainfall,
and the data is presented in table XVIT, |

ggilia--During the entire seagdn, Bridger soil infiltrated 1403%\of:
‘the raiﬁfa;l, whereas the comparable figureS;for Huffine and Manhattan
wére, reébéctively, 20.5% and 17.6%. Thus Huffine soil was about 140% as...
effective in storing moisture over the peried as Bridger,' In qontrasﬁ, |
Hﬁntley:soil was less than one-hélf as efficient in storing moisture as
Bridger. It is apparent that the efficiency 6f storagg for the different

soils varied considerably for the different climatic periods.

Soil treatments.--The Bridger soil check used in treatment comparisons
infiltrated 15.3% of the rainfall throughout the entire season, Remaining

treatments except rock mulch and VAMA coarse are very clese to the check




Table XVIL,

QOctober 30.

Precipitation and infiltration in grams for lysimeter areas and infiltration
efficiency expressed as a percentage of total rainfall by periods, May 3 to

Cool, Warm, Hot, Hot, Warm, Cool,
moist wet moist dry wet dry
5/3- 6/6- 6/28- 7/31- 8/26- 9/3-

Box 6/6 6/28 . 1/31  8/% 9/3 10/30 Total

All soils and : - S
treatments Precipitation— 7,896 12,262 4,096 - O 2,965 3,477
Manhattan Infiltration 1,699 3,635 275 37 5,646
_________ % _Efficiency _ _ _21.5% _ . 29.6%_ _ _ 6.7 _ O _ _ _0 _ _ _1.066_ _ _ 17.6%
Huffine Infiltration 2,551 3,588 253 162 6,554
—— — — — — _ _ % Efficiency _ _ _32.3%__ 29.3%__ _6.2% _ O_ _ _ _0 _ _ _4.70%_ _ _ 20.5%
Huntley Infiltration 12 1,883 250 46 2,191
e — — _ % Efficiency _ _ _0.15% _ 15.4% _ _6.1% _ O__ _ _0 _ _ _1.30%_ _ _ 6.84%.
Bridger Infiltration 1,095 2,960 434 81 4,570
_________ # _Efficiency _ _ _13.87¢ _ 24.1% _ _10.6%__ O_ _ _ _ 0 _ _ 2.30% _ _ 14.3%
Rock -mulch Infiltration 6,155 9,790 1,220 2,163 19,328
e e e % Efficiency _ _ _78.0%_ _ _79.8% _ 29.8%_ _ O__ _ _0Q_ _ 62.26_ _ _60.4%
Straw mulch Infiltration 896 3,928 138 52 5,014
e e £ Efficiency ~ _ 11.4% _ 32.0%_ _ _3.4__ O__ _ _0_ _ 1.50%_ _ _15.7%
VAWA coarse Infiltration 2,028 3,457 369 ' 34 5,888
o — — o Efficiency = 25.7% _ 28.2% _ _9.0% _ O _ __09_._ 0,97 _ _ 18.4
Surfactant Infiltratien 1,567 2,868 223 5 4,663
———e___u % Efficiency _ _ _19.8%6_ _ 23.4% _ _5.4%__ O _ _ _0_ _ 014 14.6%
VANIA fine Infiltration 2,100 2,807 202 76 5,185
e e e e % Efficiency _ _ 26.6%_ _ 22.9% _ _4.9% _ O _ __ 0 _ _ _2.90%_ 16,2%
Check Infiltration 1,404 3,215 234 43 " T 4,896
% Efficiency 17.8%  96.% 5. 7% 0 0 1.20% 15.3%
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plot in infiltration perCentage.' The outstanding treatment is the rock
mulch which infiltrated 60.4% of the moistu;e that fell. This is a
phenomenal 395% increase in storage efficiency ovér the check. VAMA coarse
is also more efficient in sterage than the Bridger check; with ayéb%
increase in efficiency. |

All treatments'exéept,rock mulch, which was continually the most
efficient, varied as did soils in moisture storage throughout the climatic

periods of the experiment.
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DISCUSS IGN

Soil Effects
The 1055 of water in the ﬁoisture cycle for fheée fallowed lysimeters
. involved enly three major factors--namely:'SUrface evaporation, infiltra-
‘tion, and moisture storage within the soil. As mentiﬂnéd under Results,
for thé hot, dry period, small amounts of water distilled -from tﬁe lower
boundaries of the soil. Tt is believed that this was a source of moisture
loss during-the entire period of the studys; Bowever, this leoss was
considered minor. Distilled moisture was collected as infiltration and
no separatibn of the two sources of water oould be made. In a complete
soil profile, upward distillation is also a probable source of water to
the surface Iayer§ of so:11° _ﬁowever, the construction of the l§simeter
was such that upward distillation in£o the soil layer could not.be
expected.

The present study was concerned primarily with seil factors and
treatﬁents which infernce the amount of water that infiltrated through a
4=-inch layer of soil. ?he,soil itself acted as a limited capacity res-
ervoir frem which water was lost by evaporation and infiltration. Since
‘the amount of moisture lost.from the reservoir between rains‘determinéd
the amount of precipitation required to refill the reservoir.and allow
infiltration, the nature ard amount 6f‘evaporation loss received con;iderQ
able attention.

,;t is well established that water loss from a soil by evaporation
becomes very slow after the surface has dried to a depth of a few inches.

F6r this study, it was assumed that evaporation lesses occurred principally
!
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from the upper 4 inches of soil and that~wa£er'which passed below the 4~
inch depth did not usually return to the surface under fallow conditions.
The nature of the drying curve on three of the soils studied (17)
.indicates that slight moisture losses occurred to a depth greater than 4
inches. However, the discontinuity in the pfofile at the 4-inch depth in
the lysimeters would allew the soil fo remain slightl? wetter than would
occur without fhis discontinuity. These two errors would partiallf
compensate each other. The three medium-téxtured soilS'infiltfated
between 13 and 20% of the rainfall. Aasheim (2) found that moisture
storage efficiency of fallow during the sumher months at Havre, Montana,
was 10.7%, and at Culbertson, Mon{ana, it was 15.7%. Thus the agount of
moisture which infiltrated through the’ 4-inch 1éyer of-these soils
approximated that which was stored under field conditions.

The Huffine soil, which was highest in efficiency throughout most
of the experimental peridd9 exhibits a capacity for high infiltration and
a reduced amount of evaporation. Previous work with this soil (17) showed
a reduéed rate of evaporation in eomparison with the Manhattan and Bridger
soil. This was attributed to.a fast surface drying action and the
protective mulch formed by the dry surface soil. It was observed that
the surface of this soil consistently dried more rapi&ly than any of the
other seils.  Buckingham (7) showed that evaporating condifions which
induced rapid surface drying reduéed total evéporation loss in a drying
cycle of soll. This data indicates that soil préperties which allow
surface drying to occur early in the evaporation period.similarly-reduce

the evaporation loss in each drying cycle.
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In a drying cycle, the surface of the Manhattan soil was a little
slower to dry than the surface of the Huffinme soil. The Manhattan fine-
sandy loam lest 12% of the moisture as the tension was increased from 1/3
atmosphere.to.l5 atmospheres, whereas:Huffine silt loam lost 14% of the
moisture wiph-a'correspomding increase in tension'(l7). 1H§wever§ the
bulk density -of Manhattan seil and Huffine soil 159 respectively; 1.25
and 1.13, so the two soils did not differ greatly in their sterage
capacity on a‘vqiume basis, and the moiSthre available for evaporation
less from a 4-inch layer of the two soils was similar.

The Eridgei soil was, és expected from érevious work (17); the least
efficient of'thé'three soils on which supplemental data is availables _
Surface drying_ﬁéttern was somewhat slower than the Manhattan or Huffine
soil., As.pointéd out previously, slow surface drying facilitates increased
loss of moistufe by surface evaporation. ‘The moisture~holding capacity
of this soil wa#igfeatér than the Huffine or Manhattan soils, and with
the imcreaéed;ldss by evaporation from thée 4«inch layer;, storage Within
the 4-inch soil valume would be greater. This is shown by the decreased
infiltration amounts of this soil.

From field observatiens, it was obvious that the Huntley soil would
be very inefficient@ The heavy texture plus a high salt content made
permeability low on this soii¢ After periods of heavy precipitation,
water was puddled on the soil surface and evaporated rather than

infiltrated.
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Soil Treatment Effects

Physical properties of soils:are Qefy important in moiéture
efficiency. The treatments used in this experiment were designed to
alter these propertieé and to study the effect. of eacﬂ oﬁ é selected soil
type. | |

Previous work done with the soil treatments indicated thaf each
affects the moisture cycle of the soil usgd. Tsiang (34) pointed out that
rock mulches are used in the interior of China as a moisture-conserving
measure, |

Two different experiments (3)(4) with VAMA—stabilized,aégregates‘A
found an increase in pore space and infiltrétién rate with'ho adyerse
effects on moisture retentioﬁ. An increase in growth was noted and atfrib-
uted to improved condition of the root zone which provided a larger area
for root growth. VAMA was choséh as a trea%ment to study the effécts_of'
this conditioner os a:fallow soll. }t was decided to use this treatment
in two aggregate size ranges to bettér understand the effect of aggregate
size on moisturé storage. |

Lemon's (23) review of the work with surfactants in Russia (22)(33)‘
gnﬁoufaged thé use éf‘this treatmenf.

The wide u;é of crep residue mulcﬁing justified the inclusion of
the sfraw,mulch treatment for comparison with the uhﬁulched soil.

The outstanding treatment is the rock mulch whicﬁ had.an err-éll
infiltration efficien;y of 60% and an'evapbration lossﬂof'oniy two-thirds
that 6f the nearest tre;tment; Ihe rock mulch was very effective in

increasing infiltration from this seil. Evaporation was decreased during
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every period except the hot, dry one. The high evaporation loss during
this period was due to the soil being relatively moist at the s%art of .
the period, and consequently, it contained more moisture to lose thah the
other soils,

The rock mulch on the surface of this soil was very effective in
slowing down evaporation and increasing infiltratien. The rocks acted as
a surface cover which did not disperse and compact as soil would under
heavy rainfall conditions. The surface of this treatment was very porous,
and water infiltrated readily through the‘rock layer and into the soil,

On the surface of the rock mulch, moisﬁure dried very readily, and it has
been shewn previouslyx(l7) that surfaces whish dry rapidly conservée moise
ture. Since the moisture was stored at a depth of at least 1 inch below
the surface, it appears that the storage zone would be cooler tham in an
unprotected soil. Also the air in the pore spaces between the rocks will
usually be unaffectéd by turbulencé and, consequently, will act as &
diffusion barrier to water vapor.

VAMA treatments had only moderate effects on the Bridger $oil.
Infiltfation was increased in the coarse treatmeht to 20% above the chéék}
The fine treatment also showed an increasé over the check, although differs
ence was not as great as for the coarser aggregates. Evaporation lossés .
from these treatments approximated those of the checks hoWevef9 the codrse
was slightly more effective in controliing evaporation loss. From data
presented, it is evident that the coarse was somewhat more effective in
increasing moisturé storage than were the fine or the theck treatments.

The only treatment which showed a detrimental effect on the Bridges

IR
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soil was the surfactant. Fifst beriod data indicated that it wé; effective
in imcreasiﬁg moisture efficiémcy. This is in agreement with findings of
other workers (22), (23), (33) using a soap or surfactant treatment. After:
the first period, effiéiency dropped below fhat"ofithe‘phéckndnd remained |
below throughout the experimental period. A tremendous amoﬁnt of leaching
took place through the winter and spring pe?iods. No anélysis was made of
the leached material, and it is probable that much of this compound, which
is very soluble, passed through the soilfvolume and into the containers
below. There was a residual effect on soil'struqtufe as infiltration
amount was affected, and evaporation amounts from this treatment were the
1argést of all treatments. Ffom observing the soil condition, it waé
noted that surface aggregates were‘disperSed. It appears that capillarity
was affected by this bredkdown with an increased amount of moisture |
reaching the surface area. This in turn waS'lgst by the evaporation
process.

_The straw mulch react§ very much like the Bridger check, the two
treatment§ having approximately equalhinfi}tration and evaporation. Only
during one period was it more effective than the check. During the warm,
wet period, it evaporated less and infiltrated more than did the check. -

It lost more during the hot, dry period as the straw had increased the
storage capacify'of the soil volume which in turn furnished more moisture
for evaporation-during hot, dry spells. The increased efficiency during
the wet pefiod was enough to offset the ineffiéfehgy during the rémaining
dry-periods. ' : , | (

From the data presented, it appears that climatic factors have had
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different influences on the drying pattern of the different soils and soil
treatments. Evaporation data from soils indicates each soil at one peri&d
in the experiment to be more effective in controlling ev%poration than thé
remaining soils. This is true of the soil treatments also. Stored mois;
ture appears to be an:important factor in the infiltration and evaporation
of moisture from soils and soil treatments. This was pointed:out previeusly
in the discussion of the Bridger soil. Soil and soil treatment reaction to
climatic factors indicated that a desirable property during one season may
change to an undesifable property in a diffefent season, l

As noted by the ameunts to infiltrate through the seils and soil
treatments, a very small percentage of the precipitation that fell dpring
the summer period is stored. Only the rock mulch stored ever 25% of the‘
precipitation that fell, and the remaining percentages were im agreement
with the estimate of Hide (16), who placed this figure at appreximately
20 to 25%. Undoubtedly this figure will Vary during seasons and within

soils, as shown by work in this experiment,
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SUMMARY AND CONCLUS IONS

Moisture efficiency was studied With four’soils and five treatments
to one soil type. This was carried out in a fill-type lysimeter study
which accommodated three replications of each soil and treatmént. Each
replication contained approximately 4 inches of soil with a surface area
of 1,060 square centimeters. Infiltrat;on through each lysimeter was
considered stored moisture. |

In the discussion, soil types were considered separately from soil
treatments. Thus comparisons were between soil types and between soil’
treatments. Data collected for comparisons consisted of evaporation,
infiltration, and percentage of total rainfall collected as infiltration,

Huffine soil had the lowest evaporation loss, followed by Manhattan,
Bridger, and Huntley. This was cumulative data fer the entire expeiimental
period. The effectiveness of the different soils differed from.beriod to
period, depending upon weather pattern during the period,

Infiltration followed a'converse pattern to evaporation with
cumulative data showing the Huffine to have the greatest infiltration,
followed by Manhattan, Bridger, ané Huntley. Infiltration efficiency was
expressed as the perceﬁt‘of the rainfall which infiltrated thyough the 4-
inch layer of soil. The season-long efficiency for Huffine, Manhattan,
Bridger, and Huntley soils was, respectively, 20,5, 17.6, 14.3, and46.8%q

Since the soil served as a liﬁited capacity reservoir from which
water was lost by evaporation and infiltration, it-is obvious that there
will be a reciprocal relationship between evaﬁoration and infiltrations

It was also noted that infiltration data or efficiency varied from month
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to month, Not always did the Huffine lead in efficiency. It was, however,
the most efficient soil throughout the experimental period. |

Evaporation loss and infiltration were influenced by soil treatments
as well as soil types. Among the treatments, rock mulch was outstanding
and had a season-long infiltration efficiency of 60.3%. This is four
times higﬁer than the untreated soil and three times higher than the soil
with highest infiltration. Efficiency varied from period to. period,
with a high of 79.8% for the warm, wet period.

VAMA coarse followed the rock mulch in over-all efficiency of 18.4%
and a high of 28.2%. This figure should indicate the great difference
bétween,fhe rock mulch treatment and VAMA coarse. The efficiency of this
treatment also varied from period to périod.

The remainder of the treatments show very little difference in the
over-all cumulative data. The straw, however, during certaiﬁ periods was
very efficient, while at other times it was very inefficient. Its season-
long influence on efficiency was negligible.

It is noticeable from the data presented that there is a gfeat
seasonal fluctuation in efficiemcy. This indicates that certain treat-
ments, while very good during one peried, lose their effectiveness during
another period.

This study, which covered only one growing season, showed that soils
differ quite widely in their efficiency in infiltrating water through a
4-inch layer of soil, and this efficiency appears to be closely related to
the:efficiency of storing moisture under summer-fallow. -While soll texture

has been assumed to influence moisture storage efficiency, data on
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quantitative differences between soils under cemparable conditions is
extremely limited. Similarly, data on the effect of soil treatments on
moisture storage efficiency has received very little attention. While
most of the treatmenfs used had rather minor.influence on the efficienhcy
of infiltration, the rock mulch was highly efficlent. It appears
probable that soil treatments can be devised that will greatly increase

the efficiency of moisture storage and use.
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APPENDIX =~ -
Table T. Evaporation in inches from a free-water surface, May to October,
1957, . .

Day May June | July Aug, Sept. . Oct.
1. «23 022 T .21 .36 .18 .22
2. 229 +28 516 .33 .13. 022
3. .20 «25 .21 -39 .20 .09
4, _ .14 .28 31 .40 .14 .01
5, .37 .34 .26 .44 022 .06
6. .27 «29 .22 +39 .15 .05
7 .19 012 .36 017 .33 %10
8. .33 .19 «20 +48 .31 .05
9. 013 .21 -28 .32 .13 .05

10. .13 .15 023 .40 .14 .06

11. .14 «20 .34 .40 .19 .10

12, .02 .19 +29 .27 - .09 <15

13, _ 022 .09 .36 .30 211 .11

14, .23 .13 .29 - .36 .14 .11

15, .36 .18 .29 +41 022 .02

16, .09 .02 .30 032 .03 .04

17, .12 .08 .37 .45 »33 - .06

18. .25 .17 .34 027 .12 .06

19. .19 .16 .31 il ‘0. .06

20, .03 < ell .18 .28 0] .02

21, o w .11 .28 .30 .03 .04

22. 012 «25 +29 47 .12 e

23, 013 © .19 .22 .21 016 -

24, .20 .13 .39 44 .22 e

25, .19 .29 «35 025 .18 ———

26, 032 .14 231 235 «30 -

27, .25 .11 .37 .13 «26 -

28, «29 027 .27 W17 .31 -

29. . .24 03] 032 .10 - .18 C e

30. .48 .30 032 .32 .21 o

31, .19 - .22 .35 —— .
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