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INTRODUCTION 

Knowledge of soil llloistlH'e dpplprion during nLl·ious seasons is 
basic in enlluating the moisttLn' stre:;s('s of \"egetation and in studies 
eone-eroeel with Wtlter intake and stOl"tlgP under nlrious eo\·et' types. 
This knowledge is ueeded for 11ltLlUlgement' of la,nels anel renlistic 
eItlSsifir,atioll tleco\"(ling io soil, wgetlltion, tmel \mter resources, The 
silyicultut"ist lIeNls to knO\\- h()\\- moisture ("ompetition behn:>en pltLllt 
sp(>('ies ntl'eets his erop. TIll' hydt"olo![ist wishes to prediet the wflter 
::;torage ('apacity of rhe soil at tlny g.i vcn time. Yery fe\\" studies 
Imn' bpen Illude ill rhl' l)i~'dlllont of soi I Jlloistme under eliJfl'l"ent 
\'pgeta.ri \'l' (··on'(" rn)p,; or ai' nlriolls Sl'asons of till' yl'lLl·. This l'eport 
presellt,; findillg", from t1 ;)-year illl'l'stigtltion of soilmoisturc £Iuctu
ations ullclpr fon's\' ('()\'Pl". In'oonls('(l![p field. tLlld Im\"l' soil. on old-field 
~itP~ at tlle CtllllOlln ExperilllPlltnl }'ol"('.'11 llPtLI' rnion, S,C. 

;\. It hongh lill'n' ba \'l' hpPIl lIltlllY studies of soil moi"t Ul"C' r!ppletion 
II !teteI' agri('ld tnml (,1'Ops. only in rp('elll years htl \'P sllett obsPITation::; 
hpPll l11adl' fOI" :forl'st Yl'Q·C'tarioll. 

III l10rtitprn ,"is("ollsin, TlullllC's, Sropekelel". <lnd ToiJia"ki (JfJ) 1 

('onl ptll'pcl till' nlOist un' I"ep-i 111(' of -ron'sted and nOllforc'stC'cl siips 
tIU'Oll![llOllt a QTo\\"illQ' :,pason. TIIp\" -found Ipss a nli lahll' soi I 1II0is
tUl'l' {n thp ~ll'd:t('(' J' to :! fpl't of rlip fores(('d sit(, Iw('ausp of hc'an' 
dpplNioll of l11oi::;t'tU'P hy thp tTPP "land. as (,Oln pal"Nl wit h a l\('llrb~' 
,;it(' ill rilllotll\' ha '-. 

Fraser (.!) 'stll<iil'd :;oilnloi:;tul'p Oil a \'Hl'ipt ,. of :;uib ill Olltario and 
found that Oil all till' <In' ,;itp:; (tho:;p wit Ii 110 \ntt,'r (al)lp within 
s('\'pml fl'pt of thp surfa(:pJ till' npIH'r la,\'('I"S of illP :;oil dril'CL out 
!"ir,;r. (+aisPI" (,J) 'l'olln(l that the mil' of Illoistul"(, ('XfTtU,tioll "\'O1ll 

lhn'p fOI'P:iI ,;oils .(1'; stich that a,1I horiwns of till' l)J'ofil(' sil11ulJa
IlPou:;I.," tlppm;wllPd rlU'\\"iltillg poillt. J II' abo 'fOIlIH! that: {lIp oak 
i'o\"('sl:; of :;()lltlH':.I,;tpl'1l Ohio an' (':tpahle of using all n·adily aYa,ilal.')p 
Foil l1loistul'(' prl':;pni at till' bpp:illllillg of t II(> ~!"ro\\"ill![ ;-;('n;-;Oll n,; \\'(·11 
;]" ';UbS(·qtIPll! i1\('\"('llIPlll" from I'nin!'al!. 

~[()~'h- alld ZU,lllll'I' [81. \\'(ll"kinp: Oil nll' CI'OSSPtl ExpPl'illl("lltal 
Fort'sr in _\.rkallsHs. -follud that ahour til(' snllH' HIlIOUll[ of I\":tipr \\'as 
r(,lllo\'pd 0\'('1' tilt' Stlllll' I)('r.iod or nllil' JI"OIll lUi all-agf'd pinp stand. 
all H II-ap:pd hard I\"(lod st alld, alld n yOllllg P\'C'IH1p:('d i,a I'd wood s! tLl\(l. 

1 I la Ii(' lIUlIlhl'rs in p:u'('llth('~(l~ r!'fpl' I<> Litpl'al'Ul'1' ('ilPd. p. :!;t, 
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Hoover et cd. (5), working ill the South Ctu'oliml Piedmont, ob
served in a yOlmg loblolly pine plantation that ,Yater was withdrawn 
from the zone in which it was most readily available, regardless of -.' 
depth. 

The upward movement of soil ,Yater by transpiration tUlc1 ('\'ap
oration remo\-es grent quantities of moisture from the soil. Zahner 
(11) reports a water loss !~veraging O.lD inch pel' clay for a G-week 
per.~od CltU'illg June and July from the upper -is inches of soil lUlc1el' 
a pme and a hardwood stand. 

LJon a,nd Buckman (7) report that for croppec11ands of the humid 
regions approximately one-half of the fUUlUtu rainftLll is lost through 
transpirat.ion twd e\'aporation, and that the loss is dh-icled about 
equally between them. 

EYaporn,tion of water from soil is controlled by the entporn.ting 
power of the ail'. The rlLte elecreases as a hyer of elry soil is produced 
not t.he sm-face. Russell (.9) sttLtes that a o-lllont'h ell'ough~ ill Rotlmm
steel, England, ClLused a Joss of 1,;3 inc-hI'S of ,yater b.\- enlporatiotl, 
of which 0.5 inch was lost the [lJ:sr 5 days. He further stares it i" 
unlikely that more than 0.:25 inch of "'ater JUo\'ec1 up from helo\\ D 
inches into the 0 to f)-inch laTet'o 

"A.ssuming enLporation will i:ec111ce soil moisture from field ca.pacity 
to wilting point, the HJUOllllt of loss 'will depend on the texture of the 
soil. Kittredge (G) cites an example where enlporation ]o,,:,e:-: O\'pr 
a 10-chy- period yary from 0.41 ineh for a sn,nd to 2.8 iJ)ehes :for a 
clay soil, 

it is "cry diflicnlt to sepnrnJe entpomtion and trnn:;pil'lltioll ill field 
measurements. ThereJore, in the, work reported ]lPrein. t IH'se rwo 
processes are considerpel as one-i.e., e\Oapotmnspil'a.tion-:for ,tIl study 
n,reas except the harren plot. The clay soil on rhis sitp has no ypgHa
t.ion: and thus all atmospheric losses of water are (hlP to enlporfltion, 

METHODS 

Study Areas 

In order to measure changes of soil moisture in situ. lU1d to ]'Plate 
these changes to pla.nt cover clifIerences: Colmttufibergla's soi 1moistu re 
lUlits were instn1lecl in the HOll to a de.pth of fiG inches uncleI' l'l'pre
sentative Piedmont co\'er types. The plots are loc(t!pCl on nearly len,1 
ridges and upper slope positions, and are in clN~p. red soils of tho 
Cataula !Lllel Lloyd serie,s. These soils are cleri vpel from weat hel'ecl 
granites, gneisses, anel schists: t]wy lHLye good surface dminng(l but 
slow int'emal draina!!e hccaus(I of their hean" red clay B borizon:-: 
of ;} to Gfeet in t.hidmess. .. 

At tIle time the units were install~d. a stucly ,\"as nwd€> of tlle 
physicaJ propelties o:r the soil at eHrb mNer pl~)t. ..;\J np;Lrby pits. 
undisturbed YolllJTIe, samples were collect-pel :from en<'h unit depth ~for 
pH-cll plot. From these SrI.1ll plrs. clptrl'lll inn tiolls wpre ma(h' of' btll k 
density, retrntion and de!('tltioll pore spael'., infiltration rnll':-. and 
"'jlting point. 

As ftu: as possible, all enyironmenhll ~fn('tor:; on thr plots HI'e the 
sa,l1lP, ",it'll the exception of plant ro\"e1' fllld pnst lun<1l1sl'. TIll' :-:t1Hl~' 
:trl'llS arp rXfunples of tlll'PC', major ("ol'pr type:; of the re.u:iol1: i'ol'r,:;t 
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cover, herbaceous coyer, and barren or 110 covel'. Past land-use 


• 
pra..::ices a,re reflected in the degrees of erosion 'which have taken 
place . 

The seyen sites selectecl for tIus study were a second-growth, 40- to 
50-yea,r-okl shortlettf pine-hardwood stn,11d; n,30- to 40-yetu'-01d short
leaf pine stand; :1 loblolly pine pln,ntation pln,nted in 1941 on cotton 
land abn,udonecl in 1940 (2 plots) ; n, brooll1sedge field; imd two b!lrren 
g,reas, one sm'ere]y gullied. III the broomsedge Held, where pines 
were seeding in r[1ther hell\'il}" the young trees 'were cut in order to 
halt the successiombl trend from broomsedge to old-field pine, Figme 
1 shows the f1ppearance of four of the study plots and table 1 gives 
the chn.racteristics of the yegetation for all plots. 

Soil Moisture Units 

The soil moistme units \H:re instal.lecl in eHeh plut ill H single auger 
hole. The soil remo,-ccl fl'U1ll the holes was replaced to the depth it 
originally occnpiecl and hunped to fill the original yo]ume. The 
cables on the units were spinLled up the holes, l~lid horizontaJly for 
seyern.l feet Oil the soil surface, !Llld then aUached to a switch. Uuits 
near the surface were, placecl horizont:Llly ill u))clisturbed soil tl1 the 
edge of the auger hole, whereas lower 1lllits "'ere placed verticaUy in 
disturbed soil. To fncil itate reading t.he electrical l'eSistlLllces of the 
decks of units. the cahles "'ere wired to tL three-gang selector switch 
housed in n, \Yeathel'-protedl'd shelter mOlluted oil tt short post. The 
llllits were rend with tlw ~oil moishlre ohme/:l'r, as cleseribecl by Co1
ll1tLIl (1) ; t'hese readings were t tlken once It clay for the iil'::it. 3 years, 
tend at least three times a week ttftH that. 

T.\I\LE l.-Chm'arfn'i·<;tirw of ''Ileg('tatil'c rOI,'(')' 1 of Sf'/'en twi711W-ishl1'c 
plots. ('rdilo·u//. E'."pc)'imfllta/ FO·"(,8t.S.O. 

Ht(inl~ Ba:<tll I Avera!!;e 
Plot lIumiJel" llnd l)Pr IlI'pH prr A\'('rage' height 

<:O\'er trpp aerp fieI'(' d.b.h. !of domi
nUll!;; 

-- ~. -- - - ---" 

.'-il/llaN' 
X/tll/II!'!' . fed {nchts Fcr't 

Plot~ J nlld 5, lob T.oiJlolly piliP _, 700 10:-; 5. :l :H 
lolly pil1l' planla
tion. 

Plot Ii, ~hortll'af pill!' Shol'lleaf pill(' __ _ 500 110 Ii. 0 n5 
Plot 7, ~horf le!lf Hhortleaf pin!', r!'el ii20 1·10 0. 8 50 

pilH'-hard woud. ('e(\:tr, ('1m, dog
wood, oak, 
blnekgulII. 

• 
Plot :~, bI'OOIIl;«'(\gl' BrOOnH;('d,gp, :l:4.l(,I', 

old fielel. goldpllrod, 
hol'>'('\\'('('(\. 

1'lot~ 2 anel .1., XOIH' () o o o 
hnl'J'('n fU·!'!l~. 

I Tn'Pl' " inelH';; d.b.h. lllld large'r. 



;'; 

• 

• 
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TAllI•.E 2 .·--Pal'ti(11)l"ojile description ancl clwI'{lcteri8tic8 of the soil at 1iW1:sture l)lot 11 
b1 

Profile rlUlrHclcrislics ~ 
])c:pth


I'.rofih· r1pst'I'iptiOIl alld dppl II (i1H'IIP:;) 
 Ilw'izoll sHmplpd Hal11mlc:d Hdplllioll Detention ~ 
Bulk por!' SPILl'P, Momge at sloI":lg(' at Percolatioll 

<l1'11:; it .l' by "OltllllP 00 ('Ill., by 60 ClIl., by rate g
YOI1111\(' "OI\lllH' 

.. .-- ....... -.. .. , -,", -- - -..,. ------ ----- ---_ .._---- ~ ~--- ' --~ 

1/1('11('.< i (JmIllS/Cc. I 'crt"rnl I 1'('l'l"fllt Prrr'cllt fl/ches/llou/' z t3 
1.01\1ll,,' salld: ,.:Iightl,'· illll11rnt,.d; I)(JII"dpJ'Y; ."1'11011' .\" o :.! I. 31 Mi.!l t 1r..3 20.6 23,17ish (0 21. 	 ...... 

t..:>Hrowil '-1Iml.,· ('Iny IUHIIl; :<trollgl.,· inc1ul'nll'd; IInnl 	 2 ·1 I. ,13 ,,') 3 i.\ " 	 ~2. n In. ,1 n. 58 o
:11111 Irilll" 12-01. ·1 Ii I. ;ili 3f'). a - fj 27.8 R.7 I. 88 -I 

'"1'1101\ i~h-n·d ~alld.l· (·Iny; t011gh; blocky (0 10) H, 1i8 I. fi5 ·1') 3 . a I. 2 II. I J a4 
8 10 I. ·10 ·17: sl a~. ·1 s. 5 .61 

q 
Hpd l'lay; tOllgh; Il1Hs~i\"!'''lr11l'1l1rl' (10--17.) H! 	 12-.14. l. 38 ·12.7 5. 6 .30 tn 

14.-11i I. 38 ,II).1& 'I4. ·la.8 5. 6 .04Trall"itio/l WIt(': mien alld fl'ld,-p:U'IJ/'(';;Plll' (17-271 B! 	 I(HS I. a7 -lv.7 4~~ 0 G. {i .11 
tl 

2:.!-:!·' I. 3fl ·17.7 5. a • OS ~ 42. " Ilpd \'lay; 1I11Il'lt f{'ld"jHlr lind mit'll; plnty 8[r\/('(III'('; HI 28 3D 	 !-3I. 35 50.·1 I ,II. 8 8.0 .00POIUP:ll'l (27 ·!ill. 
y"lloll"i:-;h-hnlll,' ('olor; dp(,Ollllll),;pd 8('iIi"loRP IIlfI- 1\1 :;2 5·1 I. ·12 ·17. !l I 30,0 8. 0 .05 ~ 

(prinl: HI'." miell!.'polis (·IR Biil. 
P>
oI 
~ I ~Ilil moi"t 111'1' plo( I 11':\-< "~!llhli",llt'r1 III II loblolly pilIP plHlIlatioll 011 till' Cntlll/ill Roil Hpl'ir's. 	 o 

...fl g 
r::l 



SOIL MOISTUHE DEPLETION 7I 
Calil)),lI,tion of Ihe, resistance uuits was lmsecl on Jiehl!salll Pli ng, 

Gl'lIyime.t.l.'ie tube. samples 'were c.ollecfed o\'el' the. elltire l':tjlge of soil 
moisIUl'~' found in Ihefield, and the m,oishlre lWl'centage on an oYeJl
dry ~\'eigll!, basis.' ".\':\s pl~IJed O\'€'I;' eO\'l',I'C~ecll'esistallee 01'1:lle uni t: at 
the time of slunpltllg, ~ atul'nl SOIL YHl'mhollllrouml eac]unst:allntlOll 
e:ms(.d eOllsidel'abh:: YlIl'.inlion in (lin n'la,liolls\tip o:f ullil resislltll('e 
10 ::;alllple nt1ul's of soil moisf',ll\'(' i'OI' SOUlI' of the (101I11allll~li{s, Th,is 
'\"llS nil U1m\'oidable error, I'll!:' besl'. eUI'\'t'H of soil moislm'p. oyer tlllit 
resish\.llee h:l\"('. been (ll.'HwJt in ('l\ell cnse, Hnd datiL 1'epo1'(:(;d lire froll1 
thl'se, ; 

Si.l1('(' these dara arl' ;;llbjN't to tlte inh('t'enf' Y:ll'inbility! of soil,t1le 
soil moistul'p f'igu\,('s. though expI'pssl'd in qUlllltitatin' Itl'rIllS, must 
be P\'nlllnJed in n. l'e1:llin' "'ny only, Imlientiolls of Ih(> depth :tlld 
season of ll1oisful't' wilhdrawal. :l11(l Ihe eompal'aih'e \\'itfel' uSP he
I1\'('.(,lt Ihe (',0\'('1' Iyp~':-i. ar(' qllilt' \':di<1, The clai:t pXIH't'sS on1\' l'eltLth'(, 
:tlllOlllllR of 11l0islul'(' .in IItt' soil as llH'aslIl'ct! I)t'n('utlt thp5c ~:lassps of 
('o\'pl', 

Tn,ble ~ p;in's It partial dl'S('.l'ipl.ion of the soil at one of the plots in 
lite loblolly pine plantalion. In labh' ;~. Iht, pl'reolatiol1 ratt' 1'01' tlH' 
slIl':fa('l'. (i illl'lws of soil is p:in~n fol' tlH' lin' \'('geta.!in' ('Oyt'I'S studipd. 
Procc(lul'es used for t hl'sl' (1 ('i(' rn I i na.( ions nI'e tleH(,l'i bp.d by JI.OO\'H, 

~:[et7., and 0\;;011 (.j), 

TABLE: :3, P(I'c()/a{ioJl. I'at(,~ of [h( SU,"((/.('(' (J il/chcN (~f l'(-pr(i;fnlu{il'{ 
'/IIel/'sluN pio{s 

COY!'!' t,l'P!' {:lnd plllt ll\llJdlt'1'l (), Z it\('hp~ I:! ,·1 in('hl',~ -\' (l ill('hp~ 
"'i - I 

'!nI'Juw:110 rtrl [nrill's,' ;'011,1' [m'/tcI>.'/lImr 
Loblolly piliP plalltalion j I, :la, 17 . H. 5:0; I. SR 
HaIT!'1t (2) . tJ!) " O(;i • (Hi 
Hl'oolll:"pd'p;p fh'ld (~~I .14, in ' Ill. SU 12.20 
;:-;h()l'll!'tlf pi Ill' ltil -1.llH ,I. (i I I. .13 
l-:-ihol'i Il'llf pitH'-hal'd \\'(Jud (" !Ill. 00 I:;, :l,1 1I. :14 

Climate 

PI'('('ipitalioll \\'as Illl'a";lIl'('(1 ill Ill{' \'ieinil,\' of ('nell ploe Huin:fall 
in tht' ('XI)l'l'inH'llIHI HI'l'a. is dislrilnltl'd, :f'HI'ily ('\'pnl,\' Ihl'OUp:\tOllt IIH', 
yl'HI': \to\\"Prl'l" dl'Oug\tts Ita\'(' O('CIIITl'd inllil Sl'lhOIl;;. Tabl('. ·I,s\to\\"s 
tho ;-)ll-Year a\'PI'(\!!l' I'nillfalll'P(,(lI'd at Ill.'al'i>\' SlInll\('\;:, S,(',. and I'nill
'fall al 'Ill(' ('alllO"t1l1 Exp('I'inll'lIlal F()\'('st. in;d-,l;l, 

• 

Thl' wintpl' 1J1'('('ipilaf'ioll <1.i (\'t'I':; 'fl"OIlI, IItt' RUllllllPI' pI'('('ipiial ion in 
('hHI'lll'lPI' 1I1ld OI'ip:ill. l\Jost I'HillS ill IItn \nIl' :tIlIUIllI1, 'l\'il1il'l'. :ll1d. 
PlI!'l,\' sJll'illp: 1I1'O g-Nltl(', \\'idp;;pn'ad. :llld of IOllg dlll'lIlion, Till'." an' 
till' \\'HI'IlI-:I'I'OIlI lyUt' ('allsl'd hy lllp slplIdy ad\,lIl1n' aloft of \l'1I1'1l1. 
Illoisl lIil' 'frolll t\t(' soutll 0\'('1' a \\'l'd!!(' of ('oldl'I' and df'lls('1' nil' of 
polar ol'ip:in, ]11 IIH' lall' spl'ing-. Slllilllll'I', :tl1d ('lid,\" alii 1111111. Inost 
of Ihn pl'P('ipilnlioll Ol'lg-illlltl'S ill ('011\'('('1 iOIl:.11 SIOI'IIIS wlli('\t \>I'odll('(' 
!'aills of lIig-1t illlPlIsily. ,!.!'('Ill'I'all,\' of shnl'l dlll':llinll :tilt! slI1ull nn'al 
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TABLE 4.-Recorcl oj rairifall at Santuck., S.O., and W'eather Stat1:on 
Number 1, Oalhoun Experimental Forest 

Sautuck, , Calhoun Experimcutal J~'or('st
Mouth 13.0., !_______.-__-,-___.,...-___ 

50-year ; tI' 
average I 1951 i 1952 ,_1_9_5_3_1 1~)54 I ]055 

I Inches Ii Inrhes I Inche.~ ! Inches I Inches f'-I-'-H'-he-s-
J anuar~-____ . _. __ • _.! 3. 80, 1. 8(i I .2. 20 I 4. 9G I 6. 03 . 4. :31Fcbrunry_.. ____ . _ ... 4. 44 i 2. 23 1 4. 05 I (i. 28. 3..27 t 4. 10March. _______ . ____ , 
ApriL _ . _____ . ____ • ' 4. 3S i -L 32 I P. 36 i 5. 41 5. 4..2 ! 1. 97 

3. 47 ',' 2. 35 3. 03: . 05: 2. 40 4. 31May_. _____ • _-- -. __ I 3. 3ti . 77; 2. 37 I 5. OG' 3. 32 3. 69.Tune__ .. ___ . __ ._ •.... 1 3. SI. 4. 8.J I 2. 05 4. 3ti . G2 1 1. 20July________ • -- •••. i 5. 18' :3. G5 2. 5:3 4. 45 3. 97 5. 25AugusL _____ . _. ___ .: 
5.•\l: .S9 7. 03 2. 35 t 2. ] 8 3. 25


September._ .. _._ -.i :3, 44 I 4. G7 1. :31 5. 38 ! . 01 1. 03
October_.__ . ___ . __ : :3. 04 I . ()4 . SO : . SI; . 62 2. 40November_______ .. __ ' 2. G5 I 3. 09, 1. 08 ; . 54 2. n5 3. 01Decemb!:'r __________ ! 
·L 25 i G. :~O; 3. 83 I 7. 92 i 3. 24 , . 3211---1. i-___1____

TotaL __________! 4•. til 1 a5. 91 I 40..54: 48. 4.! :34. 0:3 :14. ()3 

extent. l,{llereas much of the summer rainfall is lost as stonn rUlloff, 

the winter rains sO(Lk into the sojl and recharge the soil moisture. 


Temperatures vary from behw 10° F. in the winter months to the 

high 90's in the SlUl1mer, Tempel'at mel' oyer 1000 occnr nearly e\'ery

SlUllmer. 

RESULTS 

Fi\~e'ea.rs of soil moisture records for the se\-eJl study areas are 
too vohi'minous to be 11t'eSented in fu]l; therefol'e, only excerpts are 
giyen for certalJl plots. These illustrate the soil moisture patterns 
beneath forest coyer, 01d-fie1cl. grass YegehLtion, and barren, eroded 
u,reas 'with little or no nge.t[Ltion. FoUl' of the field plots are in forest 
coyer (plots 1, 5, G, and 7), two are on barren soil (plots 2· a,ncl 4), 
ancl one is in an old field (plot 3). Tn general, tlw. data show ilmt the 
folU' forested a.reas bellaye similar)v. as do the two lHu'nn areas. 
The single, old-field plot is used f01' comparison with onE' of the 
ba.rren plots and tIle forested areas. 

Soil Moisttlre Comparisons by Depth Zones Under 


Three Cover Types 


To yisnaEze more readily 'what is ha1)penin::r to the moisture in 
the surface 66 inches of soil, 'WE' divided this depth into dHl'erent 
zones. The zones selected are arbitrary, and the moist.nrc in anyone 
zone is measlU'ed with one to three units, '1'lm5. there are lIsuallv 
nnits at tJll'ee clifferent depths cont:ributi)l,!t data,'in (he :::'lll'fnce ]5-.
jnch zone, and only 011e unit. in the 54- to uG-inch zone, 

Total soil moisture by depth for three cover types is plotted in 
figure 2. The period March tl1l'Ough October 1953 was selected t.o 
s11my the depletion of soil moisture during the gTO\yin::r ;;enson and 
early fall. 

http:Fi\~e'ea.rs


------- ------

9 SOIL MOISTURE DEPLETION 

15-30 INCHES 

42-54 INCHES ~ '- - , .. 
~ 5 .. :: •••..•• . ......... .
----.-.: '-"-"-'-' '-'~-' ....... . 
~ - - ••••••• '0" .0 .................. .. 


- .. --" f...r ~ 
4~----~----~r_----+_----~----~------~-~-~-~-~-~-~-~-~-~--~ 

~~ I 
3r---t----r---i~~F===i=~~==~~~ 

I 

2.L---·--~-----4------+_----~-----~~--__~____-+----~ 
54-66 JNCHES 

• 

.YWl7JlE 2.--Roi\ llloistuJ"(' f1u("tuntiollS hr (!!'pths ull<ll'r a pine Il1alltatiun, ["'00111-

IiPd!!(' lipid, n n<l a bUlTl'll Ure!! (l!):;a). 
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The Joss of water from the YegehLted plots is due to the combinecl 
efreet of E'\'aporation frol11 the soil aud transpiration by plants. On 
the 110ilYegetated plots all up"'ard moistme 10ss is clue to eyaporation. 

Soil 1110istm·e fluctuations in the surfa.ce 15 inches are similar for 
the pine plantation and broomsec1~e Jield. The greatest clifference 
oehyeen these plots is in the amount of total 'yater held in this zone. 
Enl.potranspiration during the Slll1lmer months reduces the moistm·e 
of both eO\'er types from field capacilY to near \yilting in approxi
ma tel v one month. 

,Vl;en the soil beneath the pine and broomsedge types is nt or l1ear 
field eaplLcity, 01lE' \\"eE'k of entpotranspiraJion can reduce the moisture 
of the surfRce 1:i indies of each type approximately 0.8 iJlch and 0.7 
ineh respectinly. If the soils could be recharged tofielcl capacity 
once each ,yeek,eYtt potra nspirnJion t heoretieally cnuld remO\'e 15 to 
18 inches of 'miE'r from the stu·faee 1i) i nehes of son between ..April 
and ~eptE'ntl}t:'r. ThE' potential loss from this zone is signifiea.llt, since 
a \-Hage prE'eipi tation dllri ng this period is onl)' 2LGI j nehes. 

,Yater ]OSSE'S fronl the surface 13 inehes of H btUTE'L1 soil are Jess 
than from either pine or broomsec1ge. ThE' E'xtrell1E'ly low jnfiltTa(ion 
en.pa(·ity of the surinee of the- harren soD limits recharge of moisture. 
'YatE'l" intake in balTE'1l soil is much ]E'SS than in the more pHJllE'able 
soils of t111:' broomsedge. and pinE' a rE'ttS (table i3). 

In the Li- to 80-ineh depth, depletion Hnd rE'Clull·gE' eharueleristics 
for the pinE' plantation nnd brooJllsedg-e JiE'ld arE' (lifferE'nt. Tht:' ('011

trast in dep1E'tion is tt reflE'ction of nll·jaLions in Ule dE'pth tlll(illUmber 
of roots. rll(lH the pillE' stand. roots E'xtenc1 throughout the zone 
ill :;utlieiE'nt nUJllhE'rs to tleplet·e a\:ailab1E' ,nltE'r quitE' rapidly. FewE'r •roots are ]wE'sE'ntin tllP J:i- t'o !{O-ineh ZOIH_' of the broomse<lgE' lipId, 
and c1ep1pt ion o('(·urs at· a slo\"E'r ratE'. HE'charg'l' rl'snlting frOIl! pre
r.ipitat ion is grE'at(']" UIllIE'I· tllP hrool11sp(lge {linn 11IHi('r pine (·O\'pr 
been liSE' ofJ1lore l"Hpitl infiltratioll. 

~\.s seen from thl' gl·aph. soi1moistllrE' rechargE' from pre(·ipitation 
was slight in thE' eompact. nearly il1lpen'ious ("lay ofllle O-lo 1;)-iJlch 
zone of thp. httlTen area. Of t1l(> watH tulded to this wnp, only all 
infinil('sill1a1 amount lll{)\'ed lower in thE' profilE'. In thp 1;i- to :W:in("h 
dE']lth. wat·er loss from entpomtion, ntpor IllO\'E'nlPllt, ana dO\\'l)WHrcl 
drainage was slo\\' hilt eontinuolls from April IIntil SeptE'lllller. 

Enlpotrallspiration frOlll thE' phllltation st('adi1y llE'plE'tE's soil JllOiH
t1lrl' of thE' :W- to ..:j..~-illeh ZOlll' to the wiltillg point. Oilly \""pr.,' ]lP:l\'Y 

rains iniPITllpt f his dep1ptioll tl"(,I](1. ,.:\. Jargp E'lloug-h deficit E'xists in 
11)(' Hudal'E' ,If) inellPs to ('olltain tlIP Jl'·Pl'ipitation ilH"I·E'IIlE'nts fl'olll 
slllall stOI"llIS. 

TrE'nrls of fmi1 moist urE' los!" frolll thl' :\[)- to -:i-2-inl'h zon(' of t Iw 
hnrr(,ll and hrooJ1lse<lge plots are similar. Loss hom thl;'sP plots is 
sli!!'ht nnd alulOst (·ollsttlnt throughout the lwrio<l sh()\nl. ;\.t this 
llE'i)tlt, rN·harg-l' of soil I\lOistllrE' I;y prE'C'ipitntion .is slig-ltt uII(lE'r the 
h]"oolllse(h?'p. ('.O\'('r and almosf nOIlE'xisl·pllt undel· tIlE' Imrrl'II plots. 

:Xo 1110istlll·P is a(l\lp(1 to tIlE' ,~~- to ;i-:i--illl'h ZOIlE' of the harrell soil 
hynt.infall during the growing SE'HSOn, alld only slightillf"l'E'11lellts tu:E' 
n<.1 <led in t.lJe pi 11(', and bl"()(Jlllst'<1g-e ('over t·:q)('s. .\ ppn rent.ly nt- tll IS 
(l(']>th, soil llloistu re I~)ss )lraeti(·u 11.,' ('('asE'S ullder the lwool1lsp<1gt' (".o\:('r • 
1)(,CHllS(, ('\'apolraIlSplntllon. nlpor nIOY('II)(,llt. and (]owlIwllrd dnllll

agp al"e at alllillill\tlillo .\lthough thE'rl' is a H1i.!.dlt watp!, In:,s ill tIll' 
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barren soil, only the plantation shows appreciable loss. Eyapotran
spiration losses continue beneath the pine, but at a slo'wer and stendier 
rate than in zones of greater root concentration. 

In the 54- to 66-inch zone, recharge of soil m.oisture in the pine 
plantnJion did not occur until the period of hea,vy rains during the. 
last ,yeeks of March. After recharge, depletion began in April and 
continued throughout the summer ,yitlt no interruptions. Depletion 
of soil moisture continued to occur at a yery slow rate at this depth 
in t.he barren plot, but moisture under the broomsedge coyer remained 
constant. from .March through Oetober. 

Depletion of soil moisture under the pine plantation 'wasconsider
able a.nd easj]y diseernible throughout the depth studied. It is ap
paTent that the roots. by their whhdra.wal of moistme, lun-e a 
pronounced effect on water content of the surfttce 66 inches of soil. 

Some imoestigators lut H~ reported that. under forest. yegetation all 
zones approach the wilting point at approximately the same time (3). 
An examilHltioll of soil moisture by depths under t.he pille plantation 
indicates that this may not be true in Piedmont soils. RlLte of loss 
of soil moistme is del)endent Oll the depth of t.he soil. Root concen
tration, beiug greatest near the 8m'face, causes depletion of the 8ur
fuee layers at a. much faster rate than at. the ]ower layers. The rate 
of depletion decreases with depth; thus, if no precipita60n occurred, 
the wilting point would be reached first. ttt. the surface and last at the 
10,Yest depth J1wasured. Com-ersely, after n. hea,")' summer storm, it 
is possible for the 5+- to G6-ineh ZOlle to be at the ,yilting: point while 
there is still cOJ1siderable moisture in the surface. 30 "inches. For 
example, under the pille si and at the end of September the 42- to 54
inch zone tlllCl the 5-!- to (i(j-inch zone were approximately at the 
wilting point. Hains of the 10th ulld 2Gth had replenished the soil 
moisture of the surface !3() illehes: the !30- to 42-illCh zone was a transi
tion hetween the hnJ extremes.. Thus, the time at which each zone 
nears the wHting point is n fum·tion of precipitation and eyapotran
!"pil"<ltion (which is a func-tion of root concentration through a depth 
of soil), alld if aU zones reaeh the wilting point at the same time, it 
is onh- so by ('hanee.

Foi· all ·praerieul purposes. soil moisture. depletion under the 
b)'oolllse(lge e(wer ,ms 1iniited to the upper 30 i11(~hes, with greatest 
water loss oC'currinf[ in the 0 to 1.)-inch depth. 

:';oil moisture. losses occurred t'hroughout the depth studied lUlder 
the harren plot. ;;;oi1 moisture depletion was greatest at the surface 
and deerease(l with depth. Since eyaporation has Hs greatest in
flnenee nt. the surface. it is probable that only a small loss fl'om 
enlporat ion occurred lJelo,y the 15-inclt tJepth, and that most of the 
loss {,01lltl he attributed to nl])or movement and slow, dOWll\nuc1 
O1O\-ement of ,yater_ Ho,yeyel.·. bare day soil often cracks to (".on
siderab1e depths he('uuse of slH:inkage assoC'iatecl with drying_ Be
C:LUse of these erueks. entpomtioll at depths greater t11Hll 15 inches 
plays a. more important role in clays tlHtIl in soils of other textnreR-

Complete Profile 

Figure 3 shows tJle 1052 moisture conditions of the 0 to 66-inch 
zone of Ow pille plnntation. the broomsedge field, and the. barren area. 
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The barren and broomseclge areas were rechargecl at the beginning of 
the year, -whereas the so:.l ,beneath the pine was not recharged .until 
March. The ~reatest net soil moisture loss occurs under the pine 
cover type, whlch loses 9.4'i inches of water, as compared with a loss 
of 6.05 inches for the barren soil, and 3.70 inches for the broomsedge 
field. Soil characteristics of the broomsedge plot enable it to take 
in more of the precipitation occnrring in July, J:\.ugust, and September 
than the barren plot. Tests show that the surface 2 inches of the 
brooms edge plot has a percolation rate many times that of the barren 
soil. Also. water can percolate more rn,piclly through the upper 8 
inches of the old-field soil because of its greater large-pore space. 

The rate of water loss is greater from the broomsedge than from 
the banen plot, [md the soil in the broomsedge plot is recharged 
more from given increments of rainfall than the bare soil. Thus, 
moisture is mn;intainecl at [1 high level during August, September, and 
October, a period when the soil moisture is lowest for the pine 
plantation and btuTen soil. 

Forest Cover Comparisons 

Figure 4: COll1.pa,res the soil moisture beneath a young pine planta
tion and a pine-hardwood stand. This comparison clearly illustrates 
that the two stands affect soil moisture approximately the same. 
Moyle and Zllhner report corresponding results with their studies 
in Arkansas (8, 11) . Both plots ha;ve simila,r depletion a,uel recharge 
characteristics; and for compara,ble rainfall, both plots take in about 
the same a,mOlwt of water. However, tllere is lL question whether 
this ,,"ould be true if the compa,rison were between pine and old
,Q"rowt.h hardwoods on comparn,ble sites. As shown, the difference 
between the moistu.re (;ontent of the two stands is primarily in the 
amount- of water that can be stored in the soil. l'hmughout most of 
the yetLr the soil beneath the pine-hal'dwood stand contains about a 
haH inch more 'water in tlw sudnce 66 inches. 

Cyclic Effect 

The soil moistlU"e cycle-seasonal depletion a,nd recharge-was 
similn;r throughout the 5 TeaTS of study. Figure 5 compares the 
yearly soil moisture trends for :t pine-Imrclwoocl stand :1.m1 broom
c:ec1:re field oyer a :~-year period. The maximulIl tll1dl1linimul11 points 
reached in recharge, depletion of soil moisture, and the differences in 
magn itudl'. of the pea,ks and troughs tUC attributablc to Y:1.riations in 
precipitation. Assumin:r the rainfall pattern remains the same, this 
cyclic moistLlre regime should continue -with only minor differences 
until the Yegetati \'e or soil characteristics change. ,. Soil Moisture Depletion 

In deriY.Lnu cm'yes of soil moisture loss for a uiven pcriod. a tech
llique mnch like tha,t, used to dcterminr gnmnd 'watrr or streamflo\y 
depletion was devised. By this method, aU growing-season drying 
periods of 6 days or more weTe tabulated, and tIle. inclividual drying 
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elUTeS ·were plotted on tracing paper (templates) as total soilmoistlU'e 
oyer days of drying. On graph paper as a. base, all individual clry
illg Curves we.re titted together into lL mosa i.e representing the total 
ch-ying CUlTe. Initial soil moisture on the templates was carefllliy 
superimposecl O\"er the corresponding soil moisture on the base sheet. 
The fLyerage etllTe was constructed by sl iding the templa,tes to the 
right or left. 

By summing and averaging all individual soil moisture readings 
for each dtl}" of dryiug, a\·eragr soil moistm'e ·wns deriyed and 
plotted. The plotted points determined the shnpe of the depletion 
ClUTe lLnd formed the basis for titting either a freehand or a mathe
matictll CUl'\·e. to the. data. 

The hiuhest initial soil moisrme is the reading hlken one clay fol
lo·wing a min. For this reason, llll depletion. cui.:yes start at· OIle. clay 
and not at zero clavs of clrril1l!. The rate of IllOistur('. depletion yal'ies 
with the. forces "\"\:ithclra"\~in~.t the moisture and with the amount of 
moisture in the soil (fig. i). Empomtion from the. banen plots 
and enlpotranspimtioll from the ,-eg-etated plots al'e the major agen
cies "\\·ithdm \ying moistUt'(' from the soiL Yapor exchange fLnd 
dra.inage. al'e minor facto!':; atl'e;:ring the soil moisture of both yege
tated ILnd b[LlTell soi Is. To illustmte t be Illoi:;( llrl' (Tend:; at eli fi'cren t 
depths, soil moisture dl'pletion cun·e,: al't' presented for the t'util'e n to 
(i(j-inch depth and six subdi,-ision': of t!tat dl'pth. 

o to a-hu·1t EO'W' (tif!. (j) .-In tlti:: mill' all :,oil:, slw\\·Nl :;illlila!' 
depletion ClUTes. The ban'en area cOlltai ned l110re totn 1 \ntter in 
the surface ii inches thall the pine plantation or broornse<igl' field. _\t 
the end of the 4:0-dny drying period. tIll' llloistlll'l' lossps were (UI;) 
i11('h for the bl'ool1lsedge, (J.II inl'll for !'LIC btllTPIl area, and (1.;)-1- illeh 
:1'01' the pine planhltion. 

T1w rate rlt which ll1oishll'e was lost hom the hroolllsec1ge illld pille 
plots ,yas practically iclentienl for the first 4: days of drying. Tllel'e
aftel', moistnre ]0'::;1.';; slowed consic1el.'[lbl.r nncler the pilH' (,(),-pr. and 
on the lOth clay the soil Heared its ,,·ilting point. :.'![OiStUI·P 1o:,;; 
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under the broomsedge co,'er proceeded rapidly for about 15 days, 
As the soil approached 'wilting, the rate at which moistme was lost 
slowed appreciably, and about the :24th day the soil reached wilting 
point. 

Init.iully, the l'llte of loss from entporat.ion (barren plot) was con
sidembJy less tlllln from entpotrallspiratiol1 (pine and bl'oomsedge 
plots). The wilting point: in the barren soil was approachecl about 
the 28th day of chying. 

5- to J{)-inch de7)tiL (fig. 7) .-The, interesting fenture of the depletion 
from tllis depth is found in the lwoolllsedge plot. The moisture deple
tion starts out slowly and inel'eases quite rapidly about, the 10th da.y, 
when the () to (i-inch :.lone hus lost oyer t\\'o-th il'cls of its antilable wn,tel'. 
l.'his rapid .loss is maintai,ned until the moisture in the 5- to 10-inch 
zone a,ppronches t,lle wiltillg point tlbout the ;JOth day. 
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FmultI,; ',-Suil moisture deplptiol1 of the :i- \"0 lO·il1('h zOl1e 01' :l pil1cplantatiOIl, 
;l I) l'IiO 111 i't'{l f.!'l· lield, :ll1d a, ha )')'PI1 plot. 

It- is su~~est(>(l thnt. this pbellolllellon is a I'e~ttlt of t,he ditl'ercnce .in 
root,eolleentl'ntioJt and Illoistul'p in the t\\'o :.Iones. The surface;; inches 
of soil ('ontains the !!I't'atl'st mot (,011('('l1lmtion. whieh mpidly d('pletes 
this mne of moist-tll'e. .\.s this upper WIll' apPl'oaches wilt.ing~ the 
wn.ter needed by the plants II1U"t be obtained -frol1l ,lOllle other dpptlt. 
For the brOOlllS('dge ploL til is was fl'ol11 thE' :l- to 10-inch clppth: 'I'll ich 
tLLPll ('olltained the lllOSt. I'e:tdily anlihblp ""tt'PI'. 

• 

Ewn though this 7.01H' ('ontai Il~ £e\\-p,I' l'oOts, t'hese roots will '"ithelrll\\, 
th€' pjpntiflll \\'al'('l' at n lllOl'l' rapid mtp thall hOIl1 the uppel'. <1I'i(>1' 
soil where \\,:U'l'I' is hpld IllOI'(' fil'lltly. Plants ('tlll den~lop IlHllly at'
mospltpr('s of pull OIL soil woistul'l'. alld silH'l' IlH1I'P watl'l' exists ill till' 
moist J- to lO-illdl clPpth thall in tltp ([I'iel' (J too J-illeh depth, it is lo!!i('u,l 
to pxp(>('t thl' ;-.- to lO-illdl dl'pt'!t to slIpply \\'atel' at: a 111 0 I,·e· J'a,pid 1':I,te. 
As til(> () ('0 J-ineh 7.onp ('oll,'illtt(,:-: 1"0 (In'. I"ll(' I'atl' of 1l1oistul'P loss 'hom 
thE' lowl'" (Ll'[>th will ill(,l'ea:le until lilOi;:.;tlU·P ill t1tH!" (\ppt'h b(>('omes 
lilllit.iIH!". 

Si IIt'P tlw soil moi;-;tlll'(' d0,plp[ iOll CllITP;:'; 0 r tllp pille plantation j:OI' 
thl' 0 to ,j- alld fi- to lO-indl 7.0IlPS ill'P ('ollsi;-:("ent ill sllap(>, it, is 
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assumed th&t the quantity of roots in the 5- to 10-inch depth is sufficient 
to obscure the effect observed for the brooll1seclge plot. 

The barren area reacts ill ~L manner simil~u' to that of the broomsedge 
..~ plot. However, since the losses from evaporation ru:e considerably 

smaller thml from eva.potrunspiration, the reslllts are not so readily 
perceptible. 

10- to 15-i·nch zone (fig. 8) .--Losses itre in itin.lJy high for the pine 
plantation and broomsedge plot. )ioisture 10ss('5 fl'011l the pine pro
gressively decrease. Under the broomsec1ge the loss begillS at a fairly 
ra.pid rate, decreases) and then increases again when the moisture in the 
5- to lO-inch zone becomes limiting (aJ.·olUld the 20th dll,Y). This same 
rellLtionship holds for the 15- to 3D-inch depth. Hmyeyer! to show the 
phenomenon for depths below 15 inches, the depletion ClUTes for the 
broomsedge plot must be extended from 40 to (j0 clays. This occur
rence substantiates findings of Hooycr at (ti. (5) tha.t ··,Y[l,ter is "\\-ith
clmwn from the zone in '\\"hich it i:5 most rcadiJy anlilable, regtlrdless 
of deptllY 

Losses from the 10- to Iii-inch depth of the ban'en plot progressively 
decrease with time, indicating th:lt the aetion of enlporn.tion is 
clill1irrishing. 
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FLGUlIE S.-Soil moisture depletion of the 1()- to J;J-illCh zone of llllinc plantation, 
II bl"Ooll1sed!;e field. and a hnrren plot, 

oto li5-inch zone (fig. D) .-Total soil moistnl'l' was greatest. in the 
blUTen plot. '1'he broomsed)!e plot and pine plantn.tion ('onbrined :1,P
proximately equal yolume~ of 'mter. At: the ('nd of the 40-day drying 
period, the broomsedge plot had lost t.he gt'patest amount. oj' water 
(2.20 inches) ; losses fl'om the plantatioll :l,nd Imrrf'l1 plot WHe 1.6:~ 
ancll.42 inches respeet.ively. Also, itt the (')1(1 oJ oW day:; thc pine and 
bl'oomsec1ge plots "-ere at w iltinp: point. 

Initia.JJy, soil moisture depletion was mo:;t mpid :i'rolll tIll' planta
tion. This soill'l'ached tlle wilting point on approxillwtl'ly the 2[ith 

http:ancll.42
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FIGl:RE n.-Soil moisture depletion of the 0 to 15-inch zone of a pine planta.tion, 
a bl'ooL:lse<lge field, ami a barren plot. 

day. Early in the drying period, moisture wus used somewhat more 
1'apieUy by the pine stn,ncl thaJl by the broomsedge. Since the broom
sedge plot contained the grea;testnmomlt of a.vailable Wltter, deple
tion continued n,fter the. pln,ntn,tjOll soil had Teached the wilting point. 
J.\'Ioisture was exhn,usted lUlder the broomsedge town,rel the end of the 
40-da;v drying period. 

Soil moisture loss in the barren plot decreased as dryiuO' continued. 
The moistm'e was used more rapidly by the plantn,tion ~Ullhroomsedge 
plot than by the barren plot. Dltring the entire drying 1)eriod, this 
soil elidllot n,pproach tlle wilting point. 

Note that the increase in tbe rnte of depletion in the lower depth, 
when wn,ter is nen,rly exhausted in the zone n,bo,-e, as obseryed in the 
broomsedge n,nd barrell plots: is not YlsihJe when these zones are taken 
collectively. By pooling the ZOlleS1 the effect is obscured. 

15- to 30-i'neh sone (jig. 10) .--The pille plantation lost the greatest 
vohune of water from this zone. Total moisture loss was 1.44 inches 
from the pine plantlLtion, 1.04 inclle:; from the broomsedge field, and 

• 

0.55 inch from the barren n,1'ea. \~1leJl depletion of moisture from this 
zone is compared wit.h that of the suriaee 15 inches, it is obyious that 
the rn,te of depletion from all plots is Jess in the lower c1eJ)ths. Loss 
from this zone over a, period of 40 days 'was Jess tlULll that from the 
smface 15 inches. The loss '\'as 68, 53, and 12 percent less for the 
barren, bl'oomsedge, and pine plots l'espeetiYely. The reduction in the 
n,mOlillt of wn,ter lost c1til'in~ the elrying period is most. striking for 
the barrell plot. The slight l'E'c1uC'tion in loss from the 15- to 30-inch 
depth of the pine staml indicatE'S that roots in this clepth n.re sufficient 
to deplete the moisture almost as rapidly as it is c1E'pletecl from the 
sm'face 15 inches. 

In order of magnitude, the ratE' of Joss from the 15- to 30-inch elepth 
was grei~test for the pine and bl'oom:;ec1ge ])]ol's, followed by tJle balTen 
plot. The ilyemge loss pel' clay :fol' the, barren plot ,YUS one,-fourth 
that of the pine plantation and one-th iI:d that of the bl'oomsedge plot. 
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FmrJlE lO.-Soilllloisture depletion flf the 1:;- to ;:O-ineh zoue of a piliI;' l'llllltatilm, 
a. hl~OOlJlsedge tielcl, all{l II iJ:tl'l'(l1i plot. 

30- to 66-·ill('h zone (fr:g. 11).-Da;bL for this zone 'indicltte clelLrly 
the clitrerence ill root coneentnLtion in the zone. Althonghit; had less 
n,vtt,ilt~ble moistul'e, mOl·e. \\'lLtel' is lost from the. pine plantat.ion HU11l 

is lost :from the broomseclge plot. The l'lLte of JI1oist.ul·e Joss from the 
phn.ta,tion is conb1:1Lllt t,lu'oughout the 40-day drying period. If this 
ellr\'e were extended to GO clays, it wou 1<1 len) Ollt as t.he soil appl'ondwd 
the wilting poiut. 
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PIG(:lIl~ JI.-i:iQilllloistul'p (l('pINioll of tlil' ;\()- to (i(j-ill('h Will' of II pill(' plillitntion, 
11 hl'O(llll;:('<1gp Hpid. and a hal'l'pll plot. 
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The depletion cun-e for the broomsedge plot tends to Jen~l out 
aft.er the iirst 2 weeks of (lrying, e,-en thongh the soil stj]) has a,PVrox
imateJy 4: inches of tlYaj]able water. TlllS 'would seem to indIcate, 
nncl field obselTa.tions confirm, that roots of the broomsec1gefie1d faH 
to penet.rtLte the entire zoue. It appears that the roots depJete the 
moisture ill their immediate yicinity, tLnc1 moisture at greater depths 
remai.ns rela tiyely t.he S~Ulle. 

The barren area, has the g-reatest mnOlmt: of H.\"a.iJable ,ntter of the 
three l)lots, n.nd soil moistUl':'e loss cont.inues at this gretLt depth: how
pyer, 110t a,Il of this loss is fl"Om evtll)ol'u;t.ion. At the begum.iug of the 
drying period, t.his zone was oyer field capacity. 1-\. portion of the 
moisture was lost from downward drainage, ~Uld it is coneei,-able 
that some moist.ure 1110\-e<1 by C"apilla.rT adion and vapor mo\-ement 
from zones of high wa.ter ("ontent: to zones of low ..,..aler content. 

o to GU-illch ZO'Il(:, (jig. JJ).-~oil 1ll0iHture losses fl'om the batTen 
plot, broo1l1sedge plot, llnd pine plantatioJl for the drying period of 
:1:0 chys 'were 2.HV, g.no, al\d :i.Ki> inchel'i respecl·iyely. ::;oil lnoisiUl'e. 
depletion from the pInJltlLtion -was one and one-half ti.mes gt'eater 
tlULn tIle, depletion from the bl'ool1lsedge plot and twi0e, the depletion 
by eyt'l.})oraJion. 
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]·'lGt:I:I, J :!.-!:)oi.[ lIloistul"P (it'pl('! ion of fltt' (I to (i(i-i !wh ZI/IiP 01' a piuE' plnuta.tiou, 
:t I,rooflli·;ptl!!.· lipid, lIud II loa I"I'\,U plOf. 

)Ioil'itUl"P loss was gTE'alpl' fl'Ol1l the plantal iOIl than ~fl'o!ll tilt' UI"OOI1l
RNlf!E\ plot bp('ause of the greal'pr depth and YoluHll' o·f roots o:ft!tl' 
:fOt'mel·. DeE-I> roots of tilt' pine l'italld IWlde aynilable. Jllllt"h waleI' 
uP'lo\y TIlE' I"<}otl'i of t IlPiJl"oolllspdgp. En'lJ t h(.)Ugh th(·!,(\ waR ('ollsidl'l"
able Wa.tp!." lit t IlP lo\\"el" depths..11 was 1I1laYadabie to till' IJl'oollls(,(lg-p 
ll(>("allse the 1'OCl(S did. not n'lle-hit-. ' 

• DISCUSSION 

The quantity of Illoistllrl' ill thp soil (lpl>l'll(1:-; Oil lIlany :i'n("{ol':';: 
Romp 0:1' the mOl"e 'illlpOI'IHnt OII('S HI"Pl}!·p.eipitntion. H'aSOJl of .\'pal". 
plant' ('OWl", alltl l'ioil 1ll;r(pl"iaL '1'11(, qunlily of till' plant ('0\'('1" alld 
IItP. soil ('ondi I ion dl'pelld to a great ext ('1 It 011 ]>nl'it la!lel 1Ii;1'. .\ II 
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the plots stucliec1 were located on abandonec1 fields. Soil in the plots 
Yltries, especiaJJy nem.' the sm'face, accorcling to the cli:f1'ere.nces in 
severity of tretLtment ·when in agricultm'al crops, the length of time 
it took yegetatioll to become estahlished after the lanel Was abandoned, 
n,nd the lllunber of years the present vegetation has been gro-wing, 
Thus, plant cover is confounded wit.h previous land lIse; however, 
even though there n.re important site differences, soil llloistlll'e be
havior at .least sugrrcsts tha.t cover type is the maln var1tlbJe, 

From the hydroTogic viewpoint, the primary fLims of wat.ershed 
mH.nagement deter.mine the type of co\,er neel1ed. In any event, bare 
soil is lUlclE:.sil'tLble, and H.ny HULllipuJu.tion of yegetative eon'I' must be 
accomplished in ·ways HUtt minimize. erosion and sjltation hazards, 

This study supports the 'widely held. assumpt,jon tlutt deep-rooted 
species such as trees cn,n trHJ1Spil'e more water than shallow-root ed 
species, ullcL thereby crelLte maximulU stol'llge spflce for wi.nter precip
jtation, Hence, it also supports the thesis that forest Yep:ebltion is 
desi..mble where flood pre\'cJltion is the principal aim, Durlug Slll11-
11H'r months, wl~tel' is disposed of by l'nipotnulspiration, Jatel'lll flo\\', 
and dowuward drainage. In the clormant seasoLl, the latter two proc
eSSeS a('connt j'01' most of the withdrtnml of 'water fL'Olll the. root zone, 

ShaJlow-J'ootecl grasses did not withe! rllw as lllueh ,\'a.te.t' as the 
deep-rooted t:l'ees: thus, the. soil which su ppol'l:ecl gl'asses had less 
~torage space l~vai1able fOl' winter rains tluill the soils with cleep
rooted wgetn,tioll, This suggests that· jf maximul11 totnl yield of 
\\'t\,teris the lluLlulgement aim, a grass ro\-er may be clesil'nble, In 
these study plots, p'ass cover affordecl good protection from erosiml, 
mnintainecllL struct.ure flLvomhJc for rapid iniUt,l'n,tioll of water, and 
remo\-ed Jess wa.teI' from the soil than dill the fOl'est stands, 

.Aside frolll eVapOl'flt.ioll, f.he raJe o:fllloistUl'l', clepJetion is deter
mined principal.ly by the eOlwentl'at,ion of roots, :-;oi] moisture. de
pleLion is gre!Ltest whel'e root r~on('entl'lltj()ll is gl'ea.test. Root con
ee.ntmt.ioll is jnvel'Sdy reiatpd to depth ill the soil, as is the 1'n{(>. o:f 
soil moistlll'C ]0:-;5, Ii' 110 1':1 in O<'Clll'l'(\(l j'OI' an entire SlUllm('I', the 
sud'uee soil "\\'ould rell('h thp wilting' poinl quickly. and each succeed
ing clenth ,\,oldd requil'p a g-n'atcr pf'l'iocl of tillle to rClLeh the w.iltiJlP: 
point. ' Fortunl~tely. I'a infall is p-enPl'ally c1ist,l'ibllt.ed so thu,t undel: 
nOl'l11n.l c'·onditions Ule entire profitc is rurely l'c<lu('€'(l to the wiltinp: 
poin t; for more. than n, w('ck 01' so nt n. Ii mc. 

'Cndcr for('st ('()\-er, the l'e('hal'p-e IJ,\' prcc,ipitafion during' tltc ,'lTO\\,
ing senson :repleni"hed the HlOist·ul'elostin the sur:fa('e~ :30 ine1H'S. 
TJ,tis ,,-n.tcr ,ms llscc1 .nq)ic11y by yew'tnt iOll, nlHl onl,,' YN'.\' 1I('a\,}, 
rn.lns added to the mOlst,urc', Sllpplr (d' flIP. :~()- to ·1:Z-inell zonc, Bt', 
low ·!J.2 ine1ws, clcplr(·ioll \\"ll~ P-PIlPl'Hlly Illl:tfl'l":(pc1 by l'nin-falJ during
the Snl11111t'r months, ]Jpn('p, it i;; ('IPlll' Ihal' liU]p gl'Olllld WHtpl.' l'P

elwrp:e NUl takl.' pltwp durillg thi' /l"l'O\"ill)! St'H";OII. Orouncl wntPl' 
reeluLrp:e tnkl''; pln('r dul'inp- tllP Int(' fall and ,,-ill[rr S('HSOIlS. wllC'1l 
plants lIrc. wiilldl'flwillg liloi~tl.ll'l" slowly, lIml ",Iwll the intl'llSify of 
l he pl.'peipitat ion is ";I\('h that t 1)(' \\",1 t ('I.' ('lIH soak ill. 

SUMMARY 

)nf:.a ltl'e 11 1'('5('11(('(1 Oil :;oil l1I()i~tlln' oi>;;(,ITPd llllc1{'I' Jorest eon'l", 
old-fj('.1d Y('l,.;etafion. (lml barc soil. 

L The. ,,:ith(ll'llwnl lIl1(ll'('('hlll',!!P of soil llloi;-;tw'p i,.; ('Yl'lil" l'l'JJ('nt

http:old-fj('.1d
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·iug itself eitch yen,r. Rec11(U~ge begins in the late fall 01" wiuter, and 
depletion begills with t.he start of the growing season, contimdng 
lUlt.il late fn,n. During dry years, the soil may not be rechargecl to 
lield cll,pacity. 

2. Recha.rge from SlUnmet· precipitation adds moisbUJ'e to the soil 
surface ll~yers benea.th yt'getat.ion: however, m'en for Yl'ry heavy 
ra.ins, the water is quickly used by evapot.ranspiration, so that for ldl 
practical purposes it does not movebeJow :30 blChes. Low ill.£ilt,l"a
tioJl rn.tes Ibn.it t.he recharge of soil moisture 0:( ba.rrelleroded soils. 

:3. De.pletion of soil moistm'e lends itself to clUTilineu.r umtJysis 
by depths or profile lLUd COYN' types. Forest t.ypes appear to deplete 
soils of moistlll'c to depths of at; least GO ,i lIehes at; rl"btiYeIy the same 
rate regardh'ss of species. UnCler old-field herbaceous Yep:etariOll 
11.nd ha,re soil. moistLlre is losf~ primarily from the surface:30 inches, 
ILlthoun'h sl ight. ](lS~'S oecur at gl'eatt'.r depths. 

4. ::"Ioist.ure Joss from ha.l'l'en lU1Cl yep:etated soils is J'eJated to depth, 
'Vit.h incn't\sing deVth of soils. tJle. rate of moist 1I.re .loss decreases. 
Under Teg-eh~tion this is (L rcflection of root eOllcentTation, ,,"11 iJe :t'rom 
hare soils it js tk l'pflection o:t the clmraeter.ist.ies of enlpol'ation f1'0111 

soil. 
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