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Soil Moisture Depletion Under Several
Piedmorit Cover Types

Louss J. Metz and James E. Douglass
Southeastern Forest Experiment Station
Forest Service, U.S. Department of Agriculture

INTRODUCTION

Knowledge of sotl moisrure deplerion during various seasons is
husic in evaluating the moistirve stresses of \'e-ru.ltmn and in studies
concerned with water intake aud storuge under various cover types.
This knowledge is ueeded for munugement of lands and realistic
classification aceording to soil, vegetation, and water resources. The
silvicnlturist needs to know how moist are conmpetition between plant
speeies affects his erop. The hydrologist wishes to predict the water
stornge eapacity of the soil ot any given time. Very few studies
have been nuudle in the Pledmont of soil moisture under diflerent
vegerinye cover rypes o al various seasons of the vear.  This report
preseuta Andings from a S-year investigation of soil moisture fluctu-
ations under forest cover, hroomsedge field, and bare soil. on old-field
sites 1 the Calboun 12 \pummm.lll oreslt newr Union, 5.C.

Afrhongh there have heen many studies of soil moistwre depletion
under agricuttural crops, only in recent vears have such observations
heen made for Torest vegetarion,

Im northern Wisconsin, Thames, Stoeckeler, and Tobiaski (703 3
compared the molsrure regime of forested and nonforested sites
throughour o growing =eason.  Thev Tound less available soil inols-
ture in the surfuee 1w 2 teer of the forested site heenuse of Leavy
depletion of moisture hy the rree stand. as compured with o nearhy
sie inrimoithy hay.

Fraser (.2Y studied sl miotstinre onoa variety of satls in Ootario and
found that on all the deyv sites (iose wirh no waler table within
several foet of the surfuce) the upper favers of the soil dried out
first.  (raiser {3 found that the rate of molsture extraction from
three forest solls - cus sueh that all borizons of the profile simulia-
neousy appronched rhe wilting point. Tle also Tound thar the ok
forests of southenstern Ohto ave capable of using atl readily available
=01l moistwre present at che heginning of fhe growing souson as woell
ax snhsequent tnevements= from rmintall,

Movie amd Zubner o8 working on the (Crossett Experimental
Forear in Arkansas, fouud hae abour the same unoune of witier was
removed over the same period of (ine from an all-aged pine stand,
an all-nged hardwood stand, and 1 young even-aged tardwood stand.

Ylolie nouabers inoparencheses rofer to Litorniore Cifed, o 20
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Hoover et «l. {4}, working i the South Carolina Piedmnont, ob-
served In a young loblolly pine plantation that water was withdrawn
from the zone in which 1t was most readily available, regardless of
depth.

The upward movement of soil water by transpiration and evap-
oration removes great guantities of moisture from the soil. Zahner
{11} reports a water loss averaging 0.19 inch per day for a 6-week
period dwring June and July from the upper 4% inches of soil under
a pine and a hardwood stand.

Lyon and Buckman (7} report that for cropped lands of the humid
regions approximately one-half of the anuual rainfall is lost through
transpiration and evaporation, and that the Joss 1s divided about
equally between them.

Evaporation of water from soil 15 controlled by the evaporating
power of the air. The rate decreases as a tayer of dvy soil is produced
at the surface. Russell (&) states that a Z-month drought in Rotham-
sted, IEngland, caused n loss of 1.3 inches of wuter by evaporation,
of which 0.5 inch was lost the first § days. Ile further stares it is
unlikely that more than 0.23 inch of water moved up from lelow 9
inches mto the 0 to 9-inch laver.

Assuming evaporation will redoce =o0il moisture from field capaciry
to wilting point, the amount of loss will depend on the texture of the
soil. Kittredge (6} cites an example where evaporation Josse: vver
a 10-duy period vary from 041 inch for a sand to 2.8 inches for a
clax soil,

It is very difficulf fo separate evaporation and transpiration in leld
measurenients, Therefore, in the work veported herein, these two
processes are congidered as one—-Le., evapotranspiention—for all study
areas except the harren plot. The clay soil on this gite hast no vegeta-
tion, and thus all atmospheric losses of wuler are due fo evaporation,

METHODS

Study Areas

In order to measure changes of soil moisture {n situ, and {o relale
these changes to plant cover diffevences, Colman Aberglas soil moisture
units were nstalled in the soil to & depth of 66 inches under repre-
sentative Piedmont cover types. The plots arve located on neariy level
ridges and upper slope positions, and are in deep. red soils of the
Catowda and Lloyd series. These soils are derived from weathered
granites, gneisses, and schists: they have good surface drninage but
slow internal drainage becange of their heavy red clay I horizons
of 3 to G Teet in thickness.

At the time the uwniis were ingtalled, o stody was made of the
plivsical properties of the soil ar each meter plot. At newrby pirs.
undisturbed volime samples were coliected from exch unir depth for
each plot. From rhese swmplea, determinarions were made of buli
density, retention and delention pore space. infilieation rates. and
wilting point.

As far oas possible, all envirommendal faetors on the plots are the
same. with the exeaprion of plant enver and past hand nse. The study
arens e examples of three major cover fypes of the region: {orest
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cover, herbaceous cover, and barren or no cover. Past land-use
practices ave reflected in the degrees of erosion which have taken
place.

The seven sites selected for this study were 2 second-growth, 40- to
50-vear-old shortlent pine-hardwood stand; a 30- to £0-yenr-old short-
leaf pine stand; a loblolly pine plantation planted in 1941 on cotton
latd abandoned in 1940 (2 plots) ; a broomsedge field ; and two barren
arens, oue severely gullied. In the broomsedge field, where pines
were seeding in racher heavily, the young tress were cut in order to
halt the successional trend from broomsedge to old-field pine. Figure
1 shows the appearance of four of the study plots and table 1 gives
the characteristics of the vegetation tor all plots.

Soil Moisture Units

The soil moisture units were instailed in ench plot in 2 single auger
hole. The soil removed from the holes was replaced to the depth 1t
originally occupied and tamped to fll fhe original volume. The
cables on the units were spiraled up the holes, laid horizontally for
several feet on the soil surface, and then aitached to a switch. Units
near the surface werve placed horizonially In undisturbed soil at the
edge of the auger hole, whereas lower unils were placed vertically in
disturbed soil.  To facilitale rending the electrical resistances of the
decks of units, the cables were wired fo a three-gang selector switeh
housed in n wealher-profected shelter mounted on a short post.  The
unils were read witl the soil moisiure ohmefer, as described by Col-
man {7): these readings were faken once n day for the first 3 years,
and at teast three times o weelo afrer that.

TanLE 1 haracteristics of vegetative cover™ of seven soil moisture
plots. Calhown Eoperimental Forest. S.C.

Siems Faimad CAverage
Plot uwuber anel Hpecies poer swea per Average heigbt
cover Lype were o nere d.h.h. ol domi-
: nents
Seure
Number  foel Tuehes Fert
Plors 1t oand 5, lab- Toblolly pine ... . 760 13 B3 :
iolly pine planta- )
rige,
P’lot b, shortleaf pine  Shortlead pine_ Ay 4.8
Plot 7, shortieaf Short leal pine, red- i 110 i 8
pine-hardwaoml. cedar, ehin, dog-
waod, ok,
blackumn.
Plot 3, broomsedae Broomsedoe, nsior,
oid Held, woldeniod,
T horsewred,
Plots 2 aod |, Noue .
harren arens.

U pppes o intelios dlbn e aned neger.
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TasBLE 2 ---Pmtwl ;pz oﬁle deseription and chmacler sties of the soil at moisture plot 1 !

% Depth ]
orizon ’ sampled } b Saturated | Retention | Detention

: © Bulk pore space,| storage ot | storage at {Percolation

‘ ¢ odensity by volume | G0 e, by { 60 em., by rate

: volurg volume

1 ;
t : Profile charaeteristies
t

Profile deseription and depth (inches)

i Inclies | Gra m\\,u C. Percent Percent Pereent | Inchesfhour
Loamy ﬂnd slightly indurdied; powdery; yellow- 02 . 31 44, 16. 3 29. 6 23,17
ish (” H
Brown ~uul\ clay loam: strongty indurated; hard 2 .43 42, 22,9 19. 4 0. 58
aned Lyieile o200, : 4ot . 8h 306, § 27. 8 .7 1. 88
Yellowish-red sandy elay; tougl; blocky (6-10) . [ E ‘ iR 55 42 p 11, ] J :84
! ] 7 B . 61
Fed elay; tough: massive sirueture (10-17) : ‘ 14, 48. 42,7 5.6 .39
i ; 49. 4 3.8 5. | ‘ .04
Transition zone: micaand feldspar present (17-27) 0 B, : j i .37 4y, 42 X RS
' ! 47,7 2. 4 3 .08
Red clay; muel Teldspae and mieds platy strueturee; : 30 1 .1 50.4 418 . -09
conpitet (27-48), ; | ; ]
Yellowish-hrow. color: decomposed sehistose ma- @ B, . 5254 47,06 ©30, i .05
terials very micaccotts (18 .66y, ‘ i

! Soil moisture plot 1 was estabilished inp loblolly pine plantation on the C‘thlllld Soil hmws

QUALTADIEOV J0 LdUT “§'Q ‘1081 NITTIING TVOINILO WL
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Calibration of the resistunce wnifs was based on field | snmpling.
Gravimetric tube samples were collected over the entive range of soil
moisture found in the field, and the moisture percentage on an oven-
dry weight basis was plotted over corrected resistance ot The unit at
(hie time of sampling.  Natural soil variation around each mstallation
eaused considerable varintion in the relationship of uniti resistunce
{o sumple valies of soil moisture for some of the Colman unils.  This
was an unavoidable error.  The best curves of soil moisture over unit
resistance have been drawn in each cage, and data reporfed are from
these, '

Sinee these dar are subject to the inherent variability of soil, the
soil moisture figuves, though expressed tn quaniiative terms, must
be evalunied in a relative way only. Indications of the depth and
season of medsture withdreawal, and the comparative water use be-
fween the cover L ypes, are quite valid.  The datn express only relative
amounts of moisture in the soil as measured beneath these clusses of
cover,

Table 2 gives a partial deseription of the soil at one of ihe plots
the Toblolly pine planiation.  In lable 3, the peveolalion rate for the
surface i inches of soil is given for the fve vegetative covers studied.
Procedures used for these determinations are deseribed by Hoover,
Aoelz, and Olson ().

Tanne 3. Perenlation rales of the surfaee 6 inches af represendative
i . ! #
maisture plots

C'over (ype tand plot nualaerm SO anehies {84 inehes I 4 -6 inchoes

- .. R ] R
1

Auehes howr' Lnehes o m% Frekes hour
Loblolly pine pinnlation 1 : B30T W58 | 1. 88
Bareen 2} ; SO S0g .06
Heomuzsedpe fickd 13 ! G, T 14, 8 2,24
Shartleaf pine (44 4. 98 A£Gl 1,43
Shorlenf pine-hardwood 17 4, o 1, 2 b, g

Climate

Precipitation was weasured s the vicinty of each plor. Rainfall
in the experimeintsl wrea is disteibuted farily evenly throughout the
vear: however, dronghts have ocemrred Gn all seasons. Table 4 xhows
tha 30-yenr average minfall record at nearby Santuek, 8.0, and rain-
i ot the Calbeun Experimental Fopes, 1351-55.

The winter precipiiation differs from, the summer precipifation in
character anedd origng Most sains in the late antumn, winier, and
early spring are gentle, widesprend, and of Tong duration. They are
the warm-front type caused by the steady advanee aloft of warin,
maist e Trom the south over a wedge of colder aind doenser air of
polar oright. I the Jate spring, sunmer, and carly antuin, most
of the precipitation originates in conveetionad storms which produee
rains of high intensity, generally of shoet duration and simali areal
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TaBLE 4.—Record of rainfall at Santuck, S.C., and Weather Station
Number 1, Calkoun Erperimental Forest

' i .

1 Suntuck, Calhoun Experimental Forest
Month ] 2.0
|
i
i

=1
50-year ; :
average | 1051 ; 1452 I 1953 ;14934 ¢ 1955
1
i

i
t
i
i

!
Inehes | Inches
6,03 . 4.
L. 28 .27 4
b, 5.4l .42
S 95 240 |
06 - 332
3t - 62
5 KRR
218
Lo
G2
.43
324

fnehes

Tnches Inches | Inches
k i 4. 96

January.
February

:\‘Iar'ch,-_. -

July L
August.____.___ ... _
September. . .. __ . _!
October.___._._._ _!
Novembey
December

|
j

e N 20 55 N QU ES LS 0 ke B 20
) O b e o
. P e o

Totul i 6L 35,91 30,50 0 4847 3403

extent. Whereas much of the summer rainfall is lost as storm runoff,
the winter rains soak into the soil and recharge the soil moisture.

Temperatures vary from below 10° ¥. in the winter months fo the
high 80's in the summer. Temperatures over 100° occur nearly every
simmer,

RESULTS

Five ‘ears of soil moisture records for the seven study areas arve
too voluminous to be presented in full; therefore, only excerpts are
given for certain plots. These illustrate the soil moisture patterns
beneath forest cover, old-field grnss vegetation, and barven, eroded
areas with little or no vegetation, Four of the field plots are in forest
cover (plots 1, 3, 6, and 7), two ave on barren soil (plois 2 and 4},
and one is in an old field (plot 8}, In general, the data show that the
fowr forested areas behave similavly, as do the two hareen aveas.
The single, old-field plot is used for comparison with one of the
barren plots and the forested areas.

Soil Moisture Comparisons by Depth Zones Under
Three Cover Types

To visnalize more readily what is happening fo the moisture in
the surface 66 inches of soil, we divided this depth into different
zones, The zones selected are arbitrary, and the moisture in any one
zone is measwred with one to three units. Thus, there are usually
units at three different depths contributing data in the surface 13-
inch zone, and only one unit in the 54- to 66-inch zone.

Total s0il moisture by depth for three cover types is plotted in
figure 2. The period Marel through October 1953 was selected to
show the depletion of soil moisture during the growing sesson and
earty fall,
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i
0~15 INCHES I
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L BARREN
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e
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15=-30

INCHES

e

INCHES

FOTAL 504 MOISTURE (INCHES)
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o
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0 _hj.l.ujd |l dcLoh Ll g

IEEHEEEEN D E EEE S ™ FELED R
WARCH AERIL AT JUKE AUGIST SEPFEMBER DCI0BER

Frovke 2.~—=8oil moisture fluctuations by depths under a pine plantation, hroow-
seidre feld, and o barree area (1953).
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‘The loss of water from the vegetated plots is due to the combined
effect of evaporation from the soil and franspiration by plants. On
the nonvegetated plots all upward moisture loss is due to evaporation,

Soil moisture fluctnations in the surface 15 inches are similar for
the pine plantation and broomsedge field. The greatest difference
between these plots is in the amount of total water held in this zone.
Evapotranspiration during the swmimer months reduces the moisture
of both cover types from field capacity to near wilting in approxi-
mafrely one month. ‘

When the soil beneath the pine and broomsedge types is at or near
field capucity, one week of evapotranspiration can reduce the moisture
of the sarface 23 inclies of each type approximately 0.8 inch and 0.7
nch respectively. If the soils conld be recharged to field capacity
onece each week. evapotranspiration theoretically ¢ould remove 15 to
18 inches of water from the surface 15 inches of soil between April
and September.  The potentinl loss from this zone is significant, since
average precipitation during this period is only 21.61 inches.

Water Tosses from the surfuce 15 inches of a barren soil ave less
than from either pine or broomsedge.  The extremely low infiltration
capacity of the surface of the bavren soil limits rechurge of moisture.
Water intake 1n barren soil s much less than in the more permeable
soils of the broomsedge nnd pine aveay (table 3).

In the 15- to 30-inch depth, depletion and recliurge characteristics
for the pine plantation and broomsedge field are different.  The con-
trast in depletion is o reflection of varmtions in the deprh and number
of roots. Under the pine stand. rools extend throughout the zone
in sufficient numbers to deplete available water quite rapidly. Fewer
roots are present 1 the 13- to %0-inch zone of the broomsedge feld,
and depletion oceurs af a slower rate,  Recharge resulting from pre-
cipitation s grester under the broomsedge than under pine cover
hecniise of niore rapid infiltration.

s geen from the graph. seil moisture vecharge from precipilation
was slight in the compaet, nearly impervious clay of the 0-10 1d-inch
zone of the barren area.  Of the waler added to this zone, only an
infinitesimal mmount mioved lower in the profile.  I'n the 13- to 3i-inch
depth, water loss from evaporation, vapor movement, and downward
dratnage was slow but continnous from A peil uutil Sepreniber,

Evapotvanspivation from the plintation steadily depletes soil mois-
ture of the 30- lo 42-inch zone to the wilting point. Only very heavy
rains inferrupt this depletion trend. A Jurge enough deficit exists in
the surfuce 30 nches to contain the precipitation increments from
small storts.

Trends of soil moisture loss from the 50- to $2-ineh zone of the
barren and broomzedge plots are similar. Loss Trom these plots is
slhight and abpost eonstant throughoot the period shown. At this
depth recharge of soil moisture by precipitation is shight under the
broomsedge cover and alwost nonexisient under the barren plols.

No moisture is added 10 the 42- to 34-inch zone of the barren soil
by rainfall during the growing season, and only slight increments are
added in the pine and broonsedge cover types. Appurently al this
deptly, soil molsture loss praciically ceases under the broomsedge cover
beeanse evapolranspiration, vapor movement, and downward drain-
age are at a minimum.  Alrthongh there is w slight wafer Joss in the
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barren soil, only the plantation shows appreciable loss. Evapotran-
spiration losses continue beneath the pine, but at a slower and steadier
rate than in zones of greater root concentration.

In the 54 to 66-inch zone, recharge of soil moisture in the pine
plantation did not oceur until the period of heavy rains during the
last weeks of March. After recharge, depletion began in April and
gontinued throughout the summer with no interruptions. Depletion
of soil moisture continued to occur at a very slow rafe af this depth
in the barren plot, but moisture under the broomsedge cover remalned
constant from March through October.

Depletion of soil moisture under the pine plantation was consider-
able and eusily discernible throughout the depth studied. It is ap-
parent that the roots, by their withdrawal of moisture, have 2
proncunced effect on water content of the surface 66 inches of soil.

Nomie investigators have reported thal under forvest vegetation all
zones approach the wilting point at approximately the same time {3).
An examination of soil moisture by depths under the pine plantation
indicates that this may not be frue in Piedmont soils. Rute of loss
of soil moisture is dependent on the depth of the soil.  Root concen-
tration, being greatest near the surtace, causes depletion of the sur-
face Juyers af a much faster rate than at the lower layers. The rate
nf depletion decreases with deptli: thus, if no precipitation oceurred,
the wilting point would be reached fivst at the surface and Iast at the
iowest depth measured. Conversely, after a heavy swinmer storm, it
is possible for the 54- to 66-inch zone to be at the wilting point while
there i3 still considerable moisture in the surface 30 inches. For
exanmple, under the pine siand at the end of September the 42- to 54-
incli zone and the 54+ to G6-inch zone were approximately at the
wilting point. Rains of the 19th and 26th had replenished the soil
motsture of (he surface 30 inches: the 30- to 42-inch zone was a transi-
tion belween the two extrentes. Thus, the time at which each zone
nears the wilting point is a function of precipitation and evapotran-
spivation (which is a function of root concentration throtgh depth
of s0i1). and if a1l zones reach the wilting point at the same time, 1t
15 only 80 by chance,

Tor all practical purposes. soil moisture depletion under the
broomsedge cover was limited to the upper 30 inches, with greatest
water Joss occwrring in the 0 to 13-inch depth.

Soil moisture losses occurred throughout the depih studied under
the harven plot. Seil moisture depletion was greatest at the surface
and decreased with depth, Since evaporation has its greatest in-
fluence at the surface. it ix probable that only a small Joss from
evaporation occurred below the 1a-inch depth, and that niost of the
Tozs coull he attributed to vapor movement and slow, downward
movement of water. Ifowever, bare clay soil often cracks to con-
siderable depths because of shrinkage associated with drying, Be-
couse of these cracks, evaporation at depihs greafer than 15 inches
plays a nore important role in clays than in soils of other textnres.

Complete Profile

Figure 3 shows the 1952 moisture conditions of the § to G6-inch
zone of the pine plantation. the broomsedge field, and the barren area.




I
! PINE PLANTATION
BARREN AREA
BROOMSEDGE FIELD

TOTAL SOIL. MOISTURE (INCHES)

v

TAALINOMDY 40 "LdHQ '$'0 ‘2031 NITATING TVOINHOEL T

S SN S
AEEREE] I

SO0 62020 3 HI AN A 0 2028 462023 S 10152028 S QiB202% 3 0132028 510182028 5 10152028 310132028 ?l0152075 E) IOISI?H
JANU3RY EEBRUARY MARCH AFRIL MAY JUNE July AUGUST SEPTEMBER  OCTOBER NOVEMBER . DECEMBER

Fiarre 3.--8oil moisture regime in « pine plantation, a barren ares; and-abroomsedge #id for the 0 to
: G-inch depth of soil (1952).
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The barren and broomsedge areas were recharged at the beginning of
the year, whereas the so:! beneath the pine was not recharged unfil
March. The greatest net soil moisture loss occurs under the pine
cover type, which loses 9.47 inches of water, as compared with a Joss
of 6.05 inches for the barren soil, and 8.70 inches for the broomsedge
field. Soil characteristics of the broomsedge plot ensble it to take
in move of the precipitation occtrring in July, Augnst, and September
than the barren plot. Tests show that the surface 2 inches of the
broomsedge plot has a percolation rate many times that of the barren
soil. Also. water can percolate more rapidly through the upper 8
inches of the old-field s0il becnnse of ifs greater lnrge-pore space.

The rate of water loss is greater from the broomsedge than from
the barren plot, and the soil in the broomsedge plot is recharged
more from given increments of rainfall than the bare soil. Thus,
moisture is maintained at o high Jevel during August, September, and
October, a period when the soil moisture is Jowest for the pine
plantation and barren soil.

Forest Cover Comparisons

Figure 4 compares the soil moisture beneath a young pine planta-
tion and a pine-hardwood stand. This comparison clearly illustrates
that the btwo stands affect soll moisture approximately the same.
Moyle and Zahner report corresponding results with their studies
in Avkansas {8, 77). Both plots have similar depletion and recharge
characteristics; and for comparable rainfall, both plots take in about
the same smount of water. Ilowever, there is a question whether
this would be true if the comparison were between pine and old-
crowth hardwoods on comparable sites. Asx shown, the difference
between the moisture content of the two stands is primarily in the
anount of water that can be storved in the soil. Throughout most of
the veuwr the soil beneath the pine-hardwood stand contains about a
half incl more water i the surface 66 inches.

Cyclic Effect

The soil moisture cycle-~seasonnl depletion and recharge—was
similar throughout the i years of study. TFigure 5 compares the
vearly soil moisture trends for a pine hardwood stand and broom-
sadge field over a 3-vear period. The muximum and minimum points
reached in vecharge, depletion of soil moisture, and the differences in
magnitude of the peaks and troughs nre attributable to variations in
precipitation.  Assuming the rainfall pattern remains the same, this
eyclic moisture vegime should continue with only minor differences
until the vegetative or soil ehavacteristics ehange.

Soil Moisture Depletion

In deriving enrves of soil moisture loss lor a given period, a tech-
nwque muach like that used to determine ground water or streamflow
depletion was devised. By this method, ull growing-season drying
periods of § days or more were tabulated, and the individual drying
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curves were plotted on tracing paper (templates) as total soil moisture
over days of drying. On graph paper as a base, all individual dry-
ing curves were fisted together into a mosaic representing the total
drying curve. Initial soil moisture on the templates was carefully
superimposed over the corresponding soil moisture on the base sheet.
The average curve was constructed by sliding the templates to the
right ov lett.

By summing and averaging all individual soil moisture readings
for each day of drying, average soil moisture was derived and
plotted. The plotted points determined the shape of the depletion
curve and formed the basis for fitting either a freehund or a mathe-
mafical curve to the data.

The highest initial seil moisture is the reading taken one day fol-
lowing a rain.  For this reason, ull depletion curves start at one day
and not ut zero days of dryving. The rate of nwisture deplerion varvies
with the forces withdrawing the moisiure and with the amount of
moisture in the soil (fig. ). Evaporation from the barren plots
and evapotranspiration from the vegetated plots ure the major agen-
cies withdrawing moisture from the soil. Vapor exclange wne
drainage we minor factors atfecting the soil muisture of hoth vege-
tated and barren soils. To illustrate the mnistwre trends at different
depths, soil meisture depletion curves are presented for the entive i) to
G6-1nch depth and =ix subdivisions of that depth.

0 to d-inch zone (fy. 6)—In thiz zone all 20ilz showed =inilar
depletion curves. The barven area confained move total waier in
the surface 5 inches than the pine plantation or hroomsedge field. At
the end of the 40-day drving period. the moisture losses were .45
inch for the broomsedge, 0.77 inch for rhe barren aven, and 11,34 inch
Tor the pine plantation,

The rute af which moisture was lost from the hroomsedge and pine
plots was practically identical for the first 4 days of drying,  There-
after, moisture Jogses slowed considerably under the pine cover, and
on the 10th day the soil neaved its wilting point. Moisture loss
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L3 pHes,
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under the broomsedge cover proceeded rapidly for about 15 days.
As the soil approached wilting, the rate at which moisturs was lost
stowed appreciably, and about the 24th day the soil reached wilting
point.

Initially, the vate of loss from evaporation (barren plot) was con-
siderubly less than from evapotranspiration (pine and broomsedge
plots). The wilting point in the barren soil wus approached about
the 28th day of drying.

9-to 10-inch-depth (fig. 7} —The interesting feature of the depletion
from this depth is found in the broomsedge plot. The moisture deple-
tion starts out slowly and increases quite rapidly about the 10th day,
when the 0 to 5-inch zone has Jost over two-thirds of its available water.
This rapid loss is maintained until the moisture in the 5- to 10-inch
zone approaches the wilting point about the 30th duy.
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Frevee 7 —Soil molsture depletion of the 5- to 10-ineh zone of & pine plantation,
a brosunsedyee Held, and o ieeen plot,

It is suggested that this phenomenon is 1 result of the difference in
root concentration and moistare o the fwo zones.  The surface 5 inches
ot soil contuing the greatest root concentration, which rapidly depletes
this zone of moisture. A= this upper zone appronches wilting, the
water needed by the plants must be obtained from sonmie other deptl.
For the broomsedge plot. this was from the i- o Li-inch depth, which
then contained the most readily availuble water.

Even though this zone contains fewer voots, these roots will withdraw
the plenritul water at a more rapid rate than from rhe npper, drier
goil where warer is held more fitmly, Plants can develop many at-
mospheres of pull on soil moisture, and sinee mare water exists in the
moist 3- to 10-inely depth than in the dreier 0 to 5-inch depth, it is Jogica]
to expect the 3- to 10-inch depth fo supply water at a more rapid rate.
As the 0 to 3-inch zone coniitues to drv. rhe rafe of moisture loss from
the lower depth will inerease until moisture in that depth becomes
lmiting.

sinee the soil moisture depletton curves of the pine plantation for
the 0 to 3 and #- to 10-inch zones ave consistent in shape, it is
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assumei that the quantity of roots in the 5- to 10-inch depth is suflicient
to obscure the effect observed for the broomsedge plot.

The bavren avea reacts in a manner similar to that of the broomsedge
plot. However, since the losses from evaporation are considerably
smaller than from evapotranspiration, the results are not so readily
perceptible.

10- to 1d-inch zone (fig. 8).~—Losses are initially hirh for the pine
plantation and broomsedge plot. Moisture losses from the pine pro-
gressively decrease. Under the broomsedge the loss begins at a fairly
rapid rate, decreases, and then increases again when the moisture in the
- to 10-inch zone becomes limiting (arcund the 20th day}. This same
relationship holds for the 15- to 30-inch depth. Flowever, to show the
phenomenon for depths helow 15 inches, the depletion curves for the
broomsedge plot must be extended from 40 to 60 days. This occur-
rence snbstantiates findings of Hoover of «/. (J) that “Water iz with-
drawn from the zone in which it is most readily available, regardless
of depth.?

Losses from the 10- to 15-inch depth of the barren plot progressively
decrease with time, indicating that the action of evaporation 1s
diminishing. h
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Frevie §—=8oil moisture depietion of the 10- 1o 15-inch zone of a pite planadion,
a broomsedge field, and o barren ploc,

0 to 1i-inch zone (fig. 9).—Total soil moisture was greatest in the
barren plot. The broomsedge plot and pine plantation contained ap-
proximately equal volumes of water. At the end of the 40-day drying
period, the broomsedge ploi had jost the greatest amonnt of water
(2.20 inches) ; Josses from {he plantation and barren plot weve 1.63
ancd 1.43 inches respectively.  sAdso, ab the end of 0 days the pine and
broomsedge plots were ut wilting point.

Initially, soil moisture depletion was most rapid from the planta-
tion. This soil reached the wilting point on approximately the 25th
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FIoURe 9-—So0il moisture depletion of the 0 to 15-inch xone of a pine plantation,
i Lroomsedge lield, and a barren plot.

day. Eaxly in the drying period, moisture was used somewhat more
rapidly by the pine stand than by the broomsedge. Since the brootm-
sedge plot contained the grestest amount of available water, deple-
tion continued after the plantation soil had reached the wilting point.
Moisture was exhausted under the broomsedge toward the end of the
40-day drying period.

Soil moisture loss in the barren plot decreased as drying continued.
The moisture was nsed more rapidly by the plantation and broomsedge
plot than by the barren plot. During the entire drying period, this
soil did not approach the wilting pont.

Note that the increase in the rate of depletion in the lower depth,
when water is nearly exhausted in the zone above, as observed in the
broomsedge and barren plots, is not visible when these zones are talren
collectively. By pooling the zones, the effect is obscured.

15~ to Si-ineh zone (fig. 10) ~The pine plantation Jost the greatest
volume of water from this zone. Tofal moisture loss was 1.44 inches
from the pine plantation, 1.04 inches from the broomsedge field, and
0.53 inch from the barren area. When depletion of moisture from this
zone is compared with that of the surface 15 inches, it is obvious that
the rate of depletion from all plots is less in the lower depths. Loss
from this zone over a period of 40 days was less than that from the
smface 15 inches. The Joss was 685, 53, and 12 percent less for the
barren, broomsedge, and pine plots respectively. The reduction in the
amount of water Josi during the drying period is most striking for
the barren plot. The slight reduction in loss from the 13- to 30-inch
depth of the pine stand indicates that voots in this de pth are suflicient
to deplete the moisture almost as rapidly as it is depleted from the
surface 15 inches.

In order of magnitude. the rate of loss from the 15- to 30-inch depth
was greatest for the pine and broomsedge plots. followed by the barren
plot. The average loss per day for the harren plot was one-tfourth
that of the pine plantation and one-third that of the broomsedge plat.
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JO- to GG-inch zane (fig. 11} ~Data for this zone indicate clearly
the difference in root concentration in the zone. Although it had less
available moisture, maore water is lost from the pine plantation than
is Jost fromithe broomsedwe plot. The rate of moisture Joss from the
pluntation is constunt tluoughout the 40-day drying period. Tt this
curvewere extended to G0 days. it would level out nsthe soil approached
the wilting point.
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The depletion curve for the broomsedge plot tends to level out
after the frst 2 weeks of drying, even thongh the soil still has approx-
imately £ inches of availuble water. 1lus would seem to indicate,
and field observations confirm, that roots of the broomsedge field tail
to penetrate the entire zone. It appears that the roots deplete the
moisture in their inmmediate vicinity, and molsture at greater depths
remains relutively the sune.

The barren avea has the greatest amount of availuble water of the
three plots, and soil moisture loss continues nt this great depth: how-
ever. not all of this loss is from evaporntion, At the beginning of the
drying period, this zone was over Held capacity. A portion of the
moisture was lost from downward drainage, and it s conceivable
that some moisture moved by capillary action and vapor movement
from zones of high water content to zones of low waler content.

0 tg G-ineh zone (fg. 12} —Noil moisture Josses from the barren
plot, broomsedge plot, and pine plantation for the drying period of
40 days were 2.89, 309, andd 585 inches respectively.  Soil nioisture
depletion from the plantation was one and one-half times greater
than the deplerion from the broonwedyre plot and twice the depletion
by evaporation.
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Motsture loss was geater Trom the plantation than from the broom-
sedge plot because of the greater depth and volume of roots of the
Tormer.  Deep roots of the pine siand made available much waler
below the roofs of the broomsedge,  Even thongh there was consider-
able water in the lower depths. it waz wnavatlable to the broomsedge
hecause the rootz did not reach it,

DISCUSSION

The quantity of moisture in the soil depends on many factors:
some of the more important ones: are precipitation, season of vear,
plant cover, and soil marerial. The qualify of the plant cover and
the soil condition depend o a great extent on pasi land use. Al
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the plots studied were located on abandoned fields. Soil in the plots

-uries, especinlly near the surfsce, according to the differences in
severity of treatment when in agriculfural erops, the length of time
it toow vegetation to become established after the land was abandoned,
and the number of years the present vegetation has been growing.
Thus, plant cover is confounded with previous land use; however,
even though there ure important site differences, soil moisture be-
havior at least sugpests that cover type is the main variable.

From the hydrologic viewpoint, the primary aims of watershed
management deternine the type of cover needed. In any event, bure
soil 15 undesirable, and any manipulation of vegetative cover must be
accomplished in ways that minimize erosion and siltation hazards.

This study supports the widely held assumption that deep-rooled
species such as trees can branspire more water than shallow-rooted
species, and thereby creale maxumum storage spacs for winter precip-
itation. Hence, it ulso supports the thesis that forest vegetation is
desirable where flood prevention is the prineipal aim.  During sum-
mer months, water is disposed of by evapotranspiration, Jateral flow,
and downward drainage. In the dormant season, the latter two proc-
esses account for most of the withdeawal of water from the root zone.

Shallow-rooted grusses did not withdraw as much water as the
deep-rooted trees: thus, the soil which supported grasses had less
storage space available for winter rains than the soils with deep-
rooted vegetation. This sugpests that if maximum total vield of
water is the management aim, a grass cover may be desirable. In
these study plots, grass cover afforded good proteciion from erosion,
maintained a strucbure favorable for rapid infiltration of water, and
removed less water from the soil than did the forest stands.

Aside from evaporation, the rate of moisture depletion is deter-
mined principally by the concentration of roots. Soil moisture de-
pletion s greatest where rool concentration is greatest. Root con-
centration is inversely related to depth in the soil, as is the rate of
soll mowture loxs.  If no erain occenrred for an entire summer, the
surface soil would reach the wilting point quickly. and exch succeed-
ing depth would require » greater period of time (o roach, the wilting
pomnt.  Fortunately, rainfall is gencrally distributed so that under
normal conditions the entire profile is rarely reduced to the wilting
point for more than a week or so afa (ime.

Under Lovest cover, the recharge by precipitation during the arow-
ing season replenished the moisture lost in the surfuce 30 inches,
This water was used rapidiv by vegetstion, and only very heavy
vains added Lo the moisture Supply of the S0 to 42-ineh zone,  Be.
Jow 42 inches, depletion wus generally unalfecied by rainfall duving
the summer months.  1lence, it is clear that Htlle ground water re-
charge can fake place during the growing season. Ground waler
vecharge takes place during the lafe fall mud winter sensons, when
plants ave withdrawing moisiure slowly, und when (he intensiiy of
the precipitation is~ueh that the water enu soak in. )

SUMMARY

Data are presented on soit mok=ture observed wuder Tovest cover,
old-Nield vegetntion, and bare soil.
1. The withdrawal and rerbaree of soil moisture i< evelie vepeat-
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ing itself each year. Recharge begins in the lafe fall or winter, and
dep]etlon begins with the staxt of the growing season, continuing
until late fall. During dry years, the soil may not be recharged 10
field capacity.

2. Rechurge from sumimer precipitation adds moisture to the soil
surfuce lu,}&t's beneath vegetation: however, even for very heavy
raing, the water is quickly used by e\apohmqpu.lt ion, so that for all
practical purposes it does not move below 30 inches. T.ow infiltra-
tion rates limit the recharvge of soil moisfure of barren eroded soils.

3. Depletion of soil moisture leads itself to curvilinear analysis
b\' depihs or profile and cover types. Forest types appear to deplete
soils of moistwre to depths of al Jeast 66 inches at relutively the same
rate regardless of species. Under old-field herbuaceous \ogetation
and bare soil. moistuve is Jost primarily from the surface 5U inches,
although slight losses oceur ab grenter depths,

+. Mo oastum loss £rom barren and vegelated soils is relafed to depth.
With increasing depth of soils. the rate of moisture loss decreases.
Under vegetalion this s & veflection of root concentration, while fron:
b:L_tie soils it is o reflection of the charncteristivs of evaporalion from
soil.
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