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LYSIMETERS: A SURVEY AND DISCUSSION 

By H~LM•UT KoHNKE and F. R. DREIBELBIS I 

INTRODUCTION 

With the great impetus that soil conservation and flood-control 
work have given to the study of the relations of water to soil, lysim
eters have received wider attention dW'ing the past decade thnn nt 
any previous time. They have been used for at least two and a half 
centuries in studies of the percolation of water through. soil. The 
purpose of such studies may be strictly b.ydrological, attention being 
given only to the rate and amount of the percolate. In most of the 
more recent invest!~ations the chemical composition of the percolate 
is analyzed, generally as a part of the study of the fertility balance of 
the soil, but, in some cases, in connection with studies of the genesis 
and development of soils. 

1 The authors wish to express their appreciation toW, U. Oantka, nydroloi!lc Dlvlslrm, Soli Conserva· 
tlon Scrvl~, !or guidance and va.Juablo !16Sistanoo gl\•en in the developlllCDt ol tbi.s I)Ubllootton, 

170523'-40-1 1 
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CLASSIFICATION OF LYSIMETERS 

Lysimeters, classified according to ~he principl.es of cons~ruction, 
are of three major types: (1) Monolith, or undisturbed soil-block; 
(2) Ebermuyer, and (3) Filled-in. 

In the first type, a case is built around the sides of a block of soil 
as it is found in the field, a partly open bottom is attached, and the 
percolate is conducted to receiver tanks. In the Ebermayer type, 
the soi1 is left in situ and a percolate collecting funnel is placed under 
it, but no side walls separate a definite soil block from the adjoining 
soil. A tube attached to the funnel conveys the percolate into a 
receptacle. The filled-in type consists of a container, which has ver
tical walls, an open top, and n bottom that provides for percolation and 
is filled with soil that has been removed from its original location and 
that usually has been screened and mbmd in order to make it uniform. 
In some lysimeters of tllis type the tops of the side wnlls are com
pletely covered with soil so that the ground is level with the sur
rounding soil. This construction permits naturnl run-off and elimi
nntes the border effect resulting from the unplanted area along the 
rim of the lysimeter. In these lysimeters an attempt is made to 
combine tho advantages of both the filled-in and tho Ebermnyer 
types. A special kind of the filled-in typo can be called the labora
tory lysimeter, which is usually small in size and artificially supplied 
with water or a solution. It is used to study specific problems; and 
experiments with it nre usually restricted to short periods because 
the rather unnatural conditions tend quickly to detenorate the soil. 

Lysimeters may also be clnssified nceording to the typo of provision 
made for the run-off of rain water thnt falls in excess of the infiltration 
rate. The following classes are in use: 

(1) Unlimited run-off: The Ebermayer lysimeters allow unrestricted 
run-off, since they have no side walls. A number of the more recent 
lysimeters of the soil-block type (table 1) are constructed to permit 
rtm-off, as are also the filled-in types at San Dimas and Berkeley, Calif. 
(4, 8, 10),2 and at La Crosse, Wis. (205). 

(2) Run-off through overflow pipes: Some lysimeters are provided 
with overflow pipes a short distance above the soil surface. This per
mits the water of very large rainstorms to run off, but a certain am01mt 
of water will remam standing on the soil surface. Dalton (211) 
recognized the necessity of natural run-off and installed a vertical 
overflow pipe in his first lysimeter. The soil soon settled below the 
level of the pipe opening, however, making the device ineffective. 
Among the more recent installations only the two sets of lysimeters 
in India are equipped with horizontal overflow pipes, which are about 
3 inches above the ground. 

(3) No run-off: The great majority of the lysimeters of the filled-in 
type (and a number of the soil-block type) are encased with walls 
that extend above the soil surface on all sides. Such lysimeters dis
pose of the rainfall entirely through percolation, evaporation, or 
transpiration. The absence of provision for outflow of run-off 
results in a stagnation of water on the top of the soil after nearly every 
ruin, particularly on heavy soils. 

IJtJJUc nutnOOnlln paronthooos ~rcr to Dlbllogrnpby, r). 32. 
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TADLE 1.-Dala on soil-block and Ebermayer lysimelers with undisturbed soils 
SOIL-BLOCK LYSIMETERS 

Ynvrst!l!:ntor nnd cltntlon 
numh'lr In blhllourn· Loentlon 
phy, or tootnolo 

Lnwosond Olloort (Mrly Rothnmstod, Eng. 
work~ MUier (Inter lnnd. 
work (!14, tf'l, ttt, 
t.ll). 

E. L. Sturtovnnt (11,/lj, Mns.1111cltusctts •••••• 
ttl). 

Sturtevant and Dabcock Oenovn, N.Y ••.•••. 
(93,JU). 

Babcock 1!11d Ooa (911) •• • ..... do .............. 
J. w.s.nbornl86) ...... • ColumbiB, Mo •••••• 

. Cnwnpore, IndlLL ••• nurt nnd Leather (t90). 
!1. E. Horton (193) ..... • Ornfcnburg, N. Y ••• 
\VOIIlOI (16/J, ;lj, 416( ... Plotl, So\'lot Union. 
.!.rnottnnd Lootber t84l. Pusa, Indlll ......... 
Hendrick and Wcl~h Aberdeen, Beetlnnd. 

(ffiS, 1111, I'll, trl, t'T6, 
118), 

Columb~Mo ...... Miller nnd Duloy (811) ••• 
Weaver 11nd Crist'---~~- Llnoolo, obr •.••..• 

Columbln, Mo •••••• Duloy (81) ............... 
Wlunlk (.!08) ............ Pnl011tlno ..•••••••••• 
Hn~re .•••••.••••••.... Oklahoma •••••••••• 
F. S revo (!) ............ Tucson, Ariz .••••••• 
Mus.,.ve(66) ........... Temple, Tex •••••••• 
Cnllfomla Forost and Derko1oy, CoiiL .... 

Range Exporlmont 
Statlon.7 

Southwestern Forootf\1\d Slerrn Ancha E<· 
Rnn~~:o Exporimont {:ilrlment.o.l Foroot, 
Station.' lobo, Ariz. 

Musgmvo (66, 69) ........ ClorlndB, Iowa •••••• 

lilke Stntes Fnr~t F.x· U~r Mississippi 
peri mont Stutlon (!05). nll11y Soil nud 

Water Consena~ 
tlon Ex~rtment 
Station, Cr~ 
Wb. 

Southwestern Forost and Slerro An elm Ex· 
Rnn~te Etperimcnt perimontal FOffftt, 
Stntlon,1 Olooo Ariz. 

MusfO'I).vo• •••••••••••••• Sta!A!Sv1\le, N.C .... 
Southwestern Fore.1t Fort Vnlle~Brnnt':b 
end Ran'e ExPOrimeol Station, ort Val· 
Station. loy,Arl•. 

Osn~1 (.!IS) .............. Kyoto, Jar._n ••••••• 
St.uffer and Smith (69) .. Uroonn, I!.. ........ 
North Appntachlan ~~· Cosbooton, Ohio •••• 

rorimontnl Watershed, 
oil conservation Sor· 

v1oo (138,/SilF ljO). 
Slerm Aoeha Ex· Southwestern orestand 

Range Etportmont S]rlmcntal Forest, 
Station) lobo, Ariz. 

Southwestern Fo!U1tand ••••• do .............. 
Ranp:o Es:periment 
Statlon,1 

I SurtaOO of the )yslmoter sodded. 
t Surface of the IYt~lmctcr bam. 

Yoor Pre· Dmlnnl!<lll."! Pro vi· olIn- clpl- percental!ll o r ttlonfor Rcmnrks •t.alln· to· 
tlon tl'ln pre<:Iplt.Uo n run-ofT 

lnchu Ptrrttll 
1810 29.0 11.! to 6.'!.2 No •••• 

1875 ..... ··--··········· No .... 

1882 ...... I 37.6 No .... 

'41.! 
143.8 

1881 ..... • ••••u•••••••• No .... 
1888 No ..•• 
1003 "3i:6 · 'ii:a·io.ifD" v ..... 
loot . ... f6io'iLT No .... 
1005 16.0 No ..•. 
1006 40.0 2<1.0 v ..... 
1911 34.6 !2 lo !6 No .... 

1918 
--~~ .. ·-------······ Yas ••. 

1923 .............. Yes .•. With wol•hlog 
mochanlsm. 

19'1.1 ·ro:o· ......... ii:o· No .... 
1025 No .••. 
11127 ...... ............. Yes ••. 
1929 ...... ·············· 'yOj"" 1931 ...... .............. 
1932 ...... ·············· v ..... 

11132 
--~--· ············· Ytl! ... 

11113 12.1.6 lti,6to22.D Yos ... With tllnlllorno-
tcrs for mCOSUI" 
ln~t caplllo.rrt 
tension o! so I 
moLsturo. 

11!14 ...... •••••O•H""""" Y ..... 

11134 •H••• .............. Yes ... 

1934 . ..... ·············· YcL. 
193.1 ...... ·····---~····· Yes .•• 

11)351t ...... . ............. No .... 
193.1 

il45ii ···----~······ 
Ytl! ... 

1936 II 00.6 Yes ••. With .,u."""rd· 
InK WCIIIhinl 
mecbanl.im. 

1001 ...... ···----~······ Yes ... 

1938 ······· ············· Yes .•• 

1 Surtaeo of tho lyslmoter cultlvnted. 
t WEAVER, J. E,, and CR.tfiT, J. W. blRECT YIA.SUTUl:lUlNT or WATER LOS.<! PROW VIOI'l'!TtON WITUOUf 

Dl9fUR81NO.'l'Ult NORKAL STRUCTURE 01 'l'HB BOIL. Eoology 6: 153-170. li:l24, 
•Irrigated. 
I HAB1'BR

1 
H. J. A 8TUDY 01 tTJJtWJtTER INSTALLATIONS FOB fiJI WEAIIUR!M!NT Of ORAVJTATION.U 

WAtltR. Unpublished paperpru;ented before tbe mooting oftboAmer. Soc. Agron., November lfl37. 
1 UnpubUshad data through oourt.esy or U.S. Forest Service. 
I MUSfCl"UV6 and Neal (88). 
• Private ooromunlmUon. 
ao Year published. 
11 Data for 1 year onl:v. 
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TABI • 1 -Dala on soil-block and Ebermayer lysimeters with undisturbed soils-
. Continued 

EDERMAYER LYSIMETERS 

Invest:gator o.nd cltntlon Year Pro- Drnlnnge o.s Pro vi· 
number In blbllogrn· Locntton ot in· cipl· percentage of slon for Remarks stallo-o tO• prooipltation run-oa pby. or !ootnoto Uon tlon 

TriCiiU Pmtnt 
Weibel (~113. m. 176) .... Plot!, Soviet Union. 1003 16.0 1.Dto11.4 Yes ... 
IV. W.Gemmerilng(I!J). Moscow, Soviet 1922 ...... ·············· Yoo ... 

Union. 
Yes ... V. P. Popov (18!1 ....... Soviet Union ........ uns ...... . ............. 

J. s. Juae (88, 89, fXJ, 91) .. New Brunswick, 1929 3.1.8 . 3to37.6 Yes ... 
N.1. 

R. C. Colll10n (/.!/) ...... Geneva., N.Y ....... 1932 .. .... 4.0to 1U Yes ... 
1.1. A. Luot (19, 1'.'1) ...... New llaven, Conn .. lll33 11. lto S5. 8 Yes ... 
II.J.Bnrper 1 ••••••.•••• Oklahoma .•........ ·············· v ..... 
University o! Protorla Pretoria, South 1934 Y ..... 

(189). Afrloo. 
OHAlti"ER, fl. J. A 9TttDf or LfSIUETRlt tNSfALLATIONS FORTH!: l!EASUREYENT OJ GRAVIt.\TfON.U. 

wAnn. Unpublished paper pre.senlod betoro tho moo~ing of tbo Amer. Soo. Agron., November 1937. 

Lysimeters may nlso be clsssified in two groups: Those that are 
and those that are not weighed. The very nature of the Ebennayer 
lysimetel'l! prohibits any wei_ghing, whereas both th_e ~oil-block and 
the tilled-m types can be we~ghed. Because the we~ghmg of a large 
mass of soil m a heavy container is a cumbersome task, not many 
lysimeters have been installed with weighing mechanisms. lnvesti
gaoors interested in studying onfy the fertility bnlance of soils can 
easily dispense with such installations. Some lysimetm (3/H, 357) 3 

are so arranged that scales can be rolled underneath them. In only 
two cases, so far as the authors know, is a set of scales placed penna
nently under the lysimeter (139, 140, 396, 397). 

In a great majonty of experiments the moisture content of lysimeter 
soils hss not been recorded. This is due tQ the difficulties connected 
with such determinations and also tQ the lack of appreciation of the 
importance of infonnation on moisture content. A number of 
investigaoors determine the moisture content of the soil by weighing 
the whole lysimeter. This gives accurate data only where the dry 
weight of the originnl soil is available, as it may be in refilled lysimeters; 
for soil-block lysimetcrs the data will at best be approximate. The 
weighing method can give only the average moisture content of the 
t.Qtal sot! and does not indicate the distribution of the moisture. 
Weighing of lvsimeters containing soil on oop and sand on the bott.Qm 
does not yield any direct data with respect to soil moisture. A 
similar objection can be raised against weighing soil-block lysimeters, 
since the natural soil profile tends to distribute soil mOisture un
evenly. Lysimeters filled with only one type of unifonnly mixed 
soil may have different moisture contents at various depths. It 
should ~e kept in mind . tho.~ the pu.rpose. of weighing lysimeters 
usually IS not the deternunatlon of soil moiSture but the tracing of 
evaporation and transpiration, for which purpose infonnation regard
ing the distribution of soil moisture may not be necessary. 

The direct detennination of soil moisture in lysimeters might be 
carried out by removin!l' soil samples and making a gravimetric deter
ll:'ination. T~ tec~quc, ho~vever, would .destroy. the lysimeter, 
smce the o~enmgs left m the soil would penn1t excessive percolation. 
Under specml circumstances destruction of the lysimeter would not be 
objectionable, ss, for instance, when the exact soil moisture in a l;ysim
eter nt a definite time is the object ot research. For the ordmary 

i Personal communlootlon from H. Daumnnn, ooncemlng Dcrlln·Dnhlem Jyslmetcrs, Morcb 1938. 
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type of lysimeter installation a direct measurement of soil moisture 
throughout the profile without disturbing the soil should be considered 
a prerequisite. Tensiometers have recently been used successfully 
(69) for this purpose. The effective range of tensiometers in indicat
ing soil moisture, however, is not wide enough for alllysimeter in. 
vestigations. The development of a. reliable in situ soil-moisture 
meter is urgently needed. . 

Two main types of lysimeters can be distinguished with respect to 
the method by which the percolating water is conducted from the soil 
to the receiver tanks. In one1 the soil (or in the deeper soil-block type 
lysimeters, the parent material) rests iminediately on the funnel or 
perforated bottom plate; in the other, a layer of sand or gravel is placed 
between the soil and the lysimeter bottom. The percolating water on 
its way to the receivers is always protected from evaporation, and in 
some lysimeters (162) it is protected also from oxidation. 

HISTORY OF LYSIMETER STUDIES 

It probably will never be known who was the first to study the per
colatiOn of water through soil, but it seems likely that such experi
ments were carried out by the natural philosophers of the Classical Age. 
The first actuallysimeter investigation, the report of which the writers 
have been able to study, was started in 1688 m Paris, by De Ia Hire 1 

(402), who was interested in determining the origin of springs. At 
that time and for almost two centuries later the belief was held by 
some scientists that springs were entirely unrelated to rainfall, but 
originated from huge underground reservoirs that were replenished 
by the condensation of moist air or by ocean water entering through 
large crevasses. Others thought that springs represented that part 
of the precipitation that percolated through the soil and reappeared 
where a ground-water horizon cropped out. De Ia Hire used leaden 
vessels of three different depths (8 mcbes, 16 inches, and 8 feet), which 
he filled with sandy loam from the park of the castle of Louis XIV, 
whom he served as mathematician and meteorologist. He found that 
the lysimeters in grass evaporated more water than the ones in fallow, 
and he noticed a number of other phenomena that have been verified 
by many Inter lysimeter investigations. His findings with respect to 
the origm of spnngs, however, were not conclusive enough to convince 
the scientific world of that period. 

Also of the filled-in type were the lysimeters of Maurice 4 (223), 
in Switzerland, and of Dalton (211), in England, both of whom 
started their experiments in 1796. Dalton, though commonly credited 
with being the first one to installlysimeters, acknowledges the inspi
ration he received from De Ia Hire. 

In table 2 is given a record of lysimeter installations beginning with 
that of De Ia Hire in 1688 and continuing to those of the present, 
Data ,Pertaining to the soil used, as well as to the type of construction, 
are g~ven insofar as they are available in the literature. While an 
attempt was made to make a complete survey of the literature, it is 
most likely that there are some omissions. The historic references 
and discussions of findings are based entirely on the literature cited. 
The Forest Service supplied information concerning a number of their 
lysimeters for which no published references are available. 

Table 3 gives the chronology of the development of lysimeters. 
'D£ U BIKE, PUILIPPE. !IUR t'ORIOISE D£S Rmi:R£9. Hlst. del'Acad. Ror. desScl., pp,l-6. J7al. 
I M.AVIUC£. BIBUOGIU.Jillll UNJVJ.B.S£1..1.1 ))& OI.NtVE SCIB.NCES ET ARTS, v.l. No date. (Original DOt 

oeen.J 
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InvostiRator Blld eltn· 
tlon number in blhll• 
Q5:rapby, or footnote 

Location 
Year or 
Instal• 
latlon Tuture 

TABLII 2.--LyBimeltr 

Soil 

Other characteristics 

De la Dirt~ I (41)!).~---- Rungl9, near Pnris, 1888 Sand, loam ............ ....................... . 
Franoo. 

lobn Dalton (Jit) ..... Msnchester, England. 179.1 "Good fresh soli" ........................... .. 

Mnurloot .•............ Oeneva, SwlbMlo.nd .. 1700 ...... u ............. h ........................ . 

OosJ)tlrln J.............. Omngc, Frnnoo. ...... 1821 ............................................... . 
Dlck!nson and Evans Nttsh Mills, England.. 1836 .. Surraoo soU" ......... ....................... . 

lo~:"Dtcktns<>n (llj, AbboUsblll, England. I~! Sandy!Olllll ................................. .. 
1/G) 

1. Thomas Way t. ..... Englond.............. IMO' ................................................ . 
Gmvos(W,.!8Q) ...... LeeBridge,England .. 1851 

G. von Mallendori Goerlitz, Gormanr.... 1853 
(lllll, 1.11). 

Mixture or lonmy soil ....................... . 
wlthssndandf!'IUV61 

Clar, loam, SQlld...... R~ldunl. ............ . 

E. Pt•U (lllll) .......... Erlangen, Gormany... IM'I Poor,...dysoU ............................... . 

E. Eb<rm•nr• ($!<; Munich, a.rm .. r... 18<18 
$80, r. u, 1)1).1-16). 

Gravelly sand1 fl.ne ....................... . 
sand, locssal loam, 
limestone !Ian d, 
muck, humou:;j gar. 
den son. 

1. N. Woldrioh (.!80) ••• Sal,burg, Austria ..... Bf~~· Snndy loam, JOilm, ....................... . 
!l111ld. 

Do (330)........... Oberdlbllng, AnstriR. Detore ..... do ........................................ . 

1. B. Law" and1. H. 
Ollhcrt (onrly work) 
N.H.J.MIIIerOoter 
work) (W, m, ljl, 
lit). 

E. L, Sturtevsnt (17, 
~.Ill). 

! .. vi Stoekbrldga (81, 

B,.tbam (ljl) ...... 

1870 

Rt>thamstod, England. 1870 ....................... . 

WuushRkutn Farm 1876 ......................... . 
near SOuth Framing· 
ham,M~. 

O!Jicilll1 !l-Inch eultl· 
vatea Still over 10. 
inch lriRbla cl!l}' over 
'" b.,llor rather sua 
clny. 

Gladal.. ............. . 

Amherst, Mass ........ 18'1'6-77 ············u••••••••·· ..... dO.u ..•..•••.••..• 

Croydon, England.... 1878 0111volly .............. Ob•lk soU, up!Jind, 
olluvilll. 

E. WoUny (.!80) ....... MDilloh, Oermnnr.... 1330 Sand,cillylonm,hum• ...................... .. 
ous sandy JOJ\lll, 
mtxturo or 880d ond 
peRt. 

Kluebarov (81) ........ Mosrow, Soviet Union ...................................................... .. 

A. PofMmonn (.WI) .... 
Stuttevant and Bab

coci (tiS, /It), 

Gemh!out, Delglum... JS'll Bondy loam .................................. . 
GenevR, ~>. Y ......... 1881! Dark cilly roam ••••••• Gtaci111 .............. .. 

Bah<oct and Goft (113, ..... do................. 1&17 ............................. do ................ . 
Ill), 

Do ..................... do ................ . 
M. P. E, ll<rthelot Franoo .............. .. 

(jl)j), 
P. P.l>oh!ml!l (jill) ... Grij!llon, Frllnoo ...... 
1. W. Sanborn («6) .... Ml..,url AJ!!'irulluml 

Exllfflment Stlitlon, 
Columbia, Mo, 

1!187 ............................. do ............... .. 

ll: ·ob'iioom::::::::::::: :::::::::::::::::::::::: 

B. Tacke et Ill. (3jl)... Ottersbnrg, Oerm'"Y. 1894 
l.H ........ ($j6,6j8) l.obosltz,Austrla ..... 11100 

Peat .................. Peat ................. . 

Sell footnotes at end or roble. 



SURVEY AND DISCUSSION OF LYSIMETERS 7 
installations 1688-1989 

Lyslmeter oonst~ctlon 

Type Sbnpo ot 
surtaoa 

Dlmonslons Material Fornlgn sub-
1--------~------·1--------r--------ls~nootnOO~ 

Area Depth Wolls Dotlom 1om layer 

&tutJr~ Squore Mtt· 
mdn• fed trl Fed 

· JUP 0.62· 
Filled-ln ..•.• Round •••••• ····---- --------~i~ i:~ fLood ......... -·····------·--
..••. do ..••....... do ...•••• 0.051 0.515 .01 a.oo Tinned Iron .. Tlnncdkon .. Gravel and 

..... do ............................................... ----------····· .............. . 
••••• dO.M•••· ...................... ······•• ............................. .-un••••·· 
..... do ...... Round...... .165 1. 71 .01 3.00 Cnst kon ..... l···--·· .. -------1 
.... do ............ do ...... . .073 . 70 

..... do ........... do ...... . .0000 .003 

...•• dO ••.... SQU4fC.w .. .. .836 o.o 

.d •• do~·-··· ···~-do .... ~~~ .003 1.0 

..... do ...... Round ...... .018 .20 

..... do ...... Squarc ...... to 1~0 

..... do ...... Round.. .... .018 .20 

..... do ...... ..... do ....... .018 .20 

SoU bloc:k ... Roolengular· f-05 1~56 

..... do ........... do ....... ~.231 :tao 

Filled-ln................... 1.3$ 

..... do ...... Square...... 0.837 

..... do ........... do ....... { : r 

Flllcd·ln .... Squnrc...... 1.0 
Soll block ........ do....... . 401 

..... do ...... Round ...... { :: 

11.ro 

0.0 

. 13 
LOS 

10.76 
t34 

I.:W 
Ul 

Flllcd·ln ......... do ....... { :: t~ 
..... do....... .............. .152 1.61 

..... do.................... 1.0 13.0 
Boll bloc:k ... Rcctnngular· 10.40 j,jij.G 

.01 100 ............................. . 

{ .38 
.16 
.PI !: ~lsi;~::::::::: ::::::::::::::: 

1.30 U! ............................ .. 

r .50 
lTin .......... . 30 1.00 

,61 ~00 
............... 

1.22 too 

eoo 3.28 }concrcoo ..... ConmW.fun• 1.20 3.94 ncl<bapcd. 

( .50 
.30 1.00 Tin .......... ••• d .......... 

• 01 200 
1.22 j.OO r .ro 
.30 1.00 .... do ........ ............... .61 ~00 

1. 22 4.00 
r~lnchbrlck !'51 

1.67 Cast-Iron 
1.02 3. :w eoa!OOwlth r,lotcs per· 
1.52 5.00 cement. orated. 

.61 118 ............................ .. 

.Dl 3.00 ............................. . 

•30
60 °1·1! )ztno .......... Pcrforn!OO 

• ,ll'l tlno . 

1.00 
.91 

.91 
1.83 

. 66 Mctal cylln· .............. . 
dcrs. 

3,28 Mllll()nry ..... .............. . 
~ 00 Oa~ plank Shcot mclel 

lined with B.Ddc:oppcr. 
beavycop-

3.00)~l;, • oek WhltO<>ok 
B. 00 staves. · plank w1Ul 

copper. 

1:~ !:~) .... do ............. do ....... . 
...... ..... OIM<dcarth· ............. .. 

enwarc pot. 
1.00 3.28 Concreto ................... . 
L30 ._26 Tarredlenoo. Nono except 

for drnln 
tiles 7 teet 
apart. 

Flllcd·ln .... Round .... .. 
..... do ................... . 

.019 

.1 
• 620 .35 

LOS { •110 
1.00 

1.15 Glass......... Glass ........ . 
~: = JM::... ron• .............. . 

80Dd • 

Nono. 

Do • 

Gravel. 
Nono. 

Nona. 

Broken glass, 
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TAB~I!l 2.-Ly&imeter 

Boll 

lnvMthmtor and clta· Yenrof 
tlon number in blbll· Location Instal· 
ograpby, or footnote lation Texture Otber cbarnctarlstlcs 

B. Weibel (18.!,474,478) Plotl, Bonet Unton ••• 1899 
--~---·················· 

Cherno .. m .••••••••••. 

Dn •••••••••••••••• ..... do ................. 1003 
·················~··· ... ····~do ................. 

Jlurt '"d Leather (II'J)· Cnwnpore, Imii!L .... 1003 Loam, sand.. ......... Alluvium nf Ganges 
River. 

R. E. Borton (I fl.!) .... Orarenburg, N.Y .... 100< Clay, loam, Mnd ..... ~ Clay from residual 
Sha1C!'. 

B. Weibel 
478). 

(j/111, m. Plott, Soviet Union ... 1110.1 ························ CbernDU~m •••........ 

Amott and Loather }Pusa.Indla ........... lllOO Loom, sand ........... {Alluvium; mntalns .(0 
(1$U'IO). per~nt chalk. 

Von lloolho"t (!11). ... Oocttlna-en, 0(>nnany. IOOG' .. ... do ................ ························ Oerlacb (319,:!78,!86) .. Bromberg, Germany .. lllOO Peat, loamy sand, ••UOOUhoooooooo•ooooo 

sandy loam, humous 
sand. 

E. KrOger (11117-MS) ... ..... dO~~·············· IIJ(l! Sandy soU~ .............. 85 em. surface soli, 86 
cw. subsoil. 

t'n clay loam ........ Dunklrk,l Jf!."'llll .... 
T. L. Lron aM 1. A. Ithaca,N. Y .......... 1910 Silt Oim ....••••...... Volusla,r tal. .... 

Jll""l (109, /!13). Sn.ndy loam ........... Petoskey ,I glacllll ... 
Sand ..............••.. Norlolk,• coastal 
Fino sandy loam ...... 

plain. 
Orantteburg,' ooastal 

plain. 

College Station, Tex .. 
Clay .................. Houston.• coastal 0. B. Fraps (19j) ..... 1910 plain. 
~ ................. ...•. do ......... h······ 
Clay .................. Yazoo, bottomland ... 
Fine sandy loam ...... Miller (flood plain) ... 
Clay .................. Craw!ord • ............ 

s. CoiiiMn and Seth Gainesville, Fla ....... 
Fine sandy loam .••... Lufkin • ............... 

1910 Sand.. ................ N orfolt,• coastal Walkor (!/), 
~~_. ............... plain. 

a. A. M""n and 
IKnoxnllc, Tenn ...... 

• BogcrSiown.' Lfme. 
w. H. Maclntl!ll lOll stone r~ldual. 
(161,/1$), CIRY loom .•••.•••••• . Cumberland .•••••.... ,,sut>oam ............. , Memphb' ............ 

B. B. Peek (18) ........ Honolulu, H. L ...... lOIII ······················· repland ............... 
. Lowland •••••••••••••• 

Von Fellltton, Lugnrr, lonkoplng, Sweden.._. 1912 Muck.. .............. . ··················----·· and BJentodt (19, 
fi8l· 1, endrlckandH.D. Aherd.,n, Srotland ... 1914 Light ................. Olaclal (granitic) ...... Webb (111!, 1<17,171, 
171,176,178), 

R, C. Collbon, et al. Genova~ N.Y ......... 1011 Loam ................. Ontario' glacial ....... (108, Ill, IM, IU). 
C. A. Mooers and W. }Knoxville, Tenn ...... 1911 Bameasl911 ......... B. Moclntlro (lit). . ............. _ .......... 

S.. tootnotts at end ot table. 



SURVEY AND DISCUSSION OF LYSIMETERS 9 

installations 1688-1999-Continued 

J~yslmoter construction 

Dlmeo!Qlons Material Foreign sub-
Typo Shape or 

surface stance In bot· 
Am Depth Walb Bottom tom layer 

Square Sqwre lftt. 
11Mltrl '"' trl Fttl 

0.30 0.98 }zlne ......... Flllod·ln •••• Squ .......... .05 .1138 ,45 1.48 
~ ~------··--···· 1.00 a2!l 

• 25 .82 

!None ......... Ebermayer. .I 1.08 .00 1.&4 
············-- . 75 2.4<3 -········-····· 

1.00 3.28 

Soli block... 4.05 43.116 { .01 3.00 ) .............. None. 1.83 6.00 ............... 
..... do •••••• Round ...... .1&4 I. 767 .01 3.00 Galvanized Oalvanl"d Do. 

Iron. Iron on 
woodonrock 

r 
0.66 , .............. .25 .112 

..... do ...... .............. ········ ........ .40 1.31 . .............. 
. 60 1.61 

1.00 3.28 

) .... do ...... Rectangular. 4.05 43./le .01 3.00 Masonry Oalvanhod None. 
1.83 6.00 plo~tcrod sbootrnet.a!. 

with cc-
ment. 

Flllod·ln .... .............. 1.0 10.76 1.2.5 4.10 lron .......... Iron .......... 
..... do •••••• SqWII1l ...... 4.0 laO 1.10 3.61 MIISOnrylln· Oalvanltod None. 

ed with Iron with 
Putcb tUo. 0. 5-cm. 

boles. 
..... do ...... ..... do ....... 1.0 10.76 1.37 t49 !ron sbecti ............... JO ern. gravel. 

with rein· 
!o~Wments. 
Protocted 
with ... 
phalt lar. 

f .... do ...... ••••• do ....... 1.619 17.1 1.:10 05 Asphalt over ~~~-~~~~-~~--~- Sand and Pl\T• 
concn:te. el. 

.... do ...... Round ...... .073 .111 .61 ~00 Oalvanlr:od Galvanbcd 
iroo. iron. 

..... do ...... ~~~~~do ..... ~~ 1024 21.78 1.22 4.00 Steel ......... . .............. 

f .... do ...... 
1.31 

1.00 r·vy ~ri·· ~l-Inch ,.nd 
••••• do ....... .810 &71 .61 100 ani~ Iron IB!oc~tln over glau 1.22 1.00 £nraflned outlet. 

1.83 aoo nslde. wool. 

} .... do ...... ..... do ....... .032 .35 .61 100 Oalvanl!:l'!d Pcrlomtcd 3--lneh w~U~bcd 
!roo m:nt-- ~alvanlzcd black lava 
ed w tba,s.. on. aand. 
phalt. 

.. ~~.do ...... SqUAnt ...... .61 6.87 .60 1.61 ............... ................ 
Soil block... Rectangular. 4.05 4U1 • 1111 au Slala !labs ... Pl'lrfora.ted None . 

slala. 

! .61 
100 BII'Cl lanlrs Perforated Quartz over 

Flllod·ln .... Round ...... 1.619 17.1 1.22 4.00 llnl!d wUh mctaldJ.slc. glwwool. 
1H &00 pitch. 

....... do .. ~~~~ ... -.dO ...... .202 2.17 .so 1.00 14-Jaterah·a· .................. 1·1ncb layer 
,61 100 nltcd lmn sttnd O\'Cf 

painted glass wool. 
'With A$o 
pbnll. 

170523°~ 
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Investl~otor nnd ella· 
tlon number in blbli· 
ograpby, or footnoto 

Location 

TABLE 2.-LyBimeltr 

Boll 
y,., 011------,-------l 
IDStol· 
latton Texture Other cbaractorlstlcs 

1!. K. Dean (14<5) ...... UmUIIa, Oreg......... 1915 M~dlum BBnd, fine ........................ . 
sand, coarse sand, 

E. E. Deturk • ........ Urbona.llt .......... .. 
Mll1er and nutcy (80). Columbia, Mo ....... . 
W. O~lmann (371) .... Uulvcrnlty Ooettln· 

rcen, Germany. 

ailt,slltlo!UD, 
1018 .............................................. .. 
1918 .............................................. .. 

Before Mild loom, yellow ...................... .. 
l!lro oand. 

C. A. Mooers and W. }Knoxvll'· Tonn B. MaclnUro (Ill), "" ...... 19211 .............................................. .. 

V. v. Oemmerling Mosrow,SovietUnlon 1922' ~~~~---------~~- ........ ~ Pod10l. ........... h ... 

E~~~beturk '········ Urbani!, m .••••••••••• 1112243 •••••••••••••••••••••••••••••••••••••••••••••••• 

Wil~if]~;,1;!h~H.H. }Diaclolborr, Va ••••••• 1922 ........................ Limestone son ...... .. 

Do ..................... do ................ ~:: 
J.F!. Wco.vcrandJ. W. Lincoln, Nebr ........... 1923 

Sllt loom. .............. (Frederick • .......... .. 
\HBg(ll'!ltown series 1 •••• 

Sand .................. Norfolk series • ....... . 
Fluo sandy loam ............................ .. 

Crlst.IO 

F. L. Duloy (87) ...... Columbia, Mo........ 1925' ............................................... . 

E. Krllgor• ............ Berlin-Dahlem, Ger-
mony. 

M. Wlnnek (!08) ...... Mlkvcll·l<rOOI Expcrl· 
ment Station Pales· 
tine. 

1!. 11. Nt.hot.on and Rl6dln£, Eniland.. .. 
B. Paatln IU6). 

1925 Bondy................ Olaclal .............. .. 

1921 Clay, loamy sand ..... Alluvial, glacio! ...... . 

192AI Loom ....................................... .. 

~.1·J.''I!~r~;iiniVi" ~!1l~~~~.?;:r;·r;;J.· lrzl 'si.iici¥.:::::::::::::::: 'CiU&iiiiii,"eiOiied':Tat":· 
(~). eruteclMalayStates. erite, !!ood crumb 

structure. 
A. W. R. 1ooclllm 

(SO/, !ill!: 3). 
Pollldoul)'ll, Coylon... 1927 

W. 0. Lowdermilk U). Berkeley, Colli ........ 

V. P. Popov (481).. ... Soviet Union .......... 
H. C. Bond,lcklon Mayaguez,PortoRioo. 

(147). 

Nlklasand W. S<hropp 
(:18!). 

c. P/aa (198, j/») ...... 

Collrornlo. Fo~t and 
Rnni!'O Exporimcnt 
Stntlon.u 

F.Sbrnvo(l) ......... . 

Welhenst:epban, Oer· 
many. 

Llmburgerhof, Oer• 
many. 

Dovll Cenyoa Bronch 
Ban Dernardtno, 
Co \If. 

Tuc::son, Ariz ... ~ ..... . 

!Sandy loam ........... Bolland ............. .. 
1927 Sondr clay loam...... Aiken ................ . 

Clay oom ............ Altamoot ........... .. 
11)281 ····················~··· .••••••••••••••••••••••• 
11128 Sandy clay ............ Practically devoid or 

O'Cl!:f\nlc matter and 
nutrtents. 

1928 

11129 

M. F. MOllll\D (/j,t/) Windsor, Conn....... 1929 
Adobe clay ............ 1 .~AII~~uv~lol..~ .. ~~-~ .. ~ .. ~ .. ;;· .. . 
Snndyloom.......... .. ......... . !Loomy sund.......... r glnclol ... 

~n;,;·;aiiiiiiorun:: g , ..... 
1
::: 

S.. roo!Jlotea nt end or table. 



SURVEY AND DISCUSSION OF LYSIMETERS 

imlallations 1888-1939-Continued 

L)'llmetet construction 

Dlmlllllllona Material 
Type Sbapeof 

surlooe 
Area 

Square ~e mum 
F!Uod-ln •••• BqllJII'e •••••• 1.03 11.1 

..••• do ••••••...•• do •••••• 11.1.20 m:~.~ 
Soli block ••••••••••••••••••••••••••••••••• 
Flllcd-ln •••• Round .••••••••••••.•••••••• 

Depth Walls llott.m 

Md· 

'" Fttt 
1.83 &Oil Concreto .... ~ Concrcte.w ... 

111 8. 11.1 .•••• do •••••••••••• do ••••••• 
I. 22 l. 00 .•••..•••••••••••••••••••••••• 
1.30 4.26 Galvanized ····-~········· Iron. 

11 

Forel!m suh
stance In bot• 

tom lam 

{ 
1 83 6.00 !Oalvanlt.ed Con I e a I I 

.•••• do ••••••••••• do...... .073 • 785 i 14 7 011 ln<ol Iron shall<"d at Coarsuana. 
• tank~ bottom. 

EbcnnJiyer •••••••••••••••••••••••••••••••••••••••••• None ••••••••.•••••••••••••• 

Filled-ln.... llcctangular. 3.116 38.2 

.•••• do •••••••••••••••••••••••••••• -·······! 
1·---dO ...... ············-- .215 Ml I 
Boll block--- Round...... . O!l3 L 0 

..... do ........... do...... .186 ao 

Fill•d·ln.... .............. 1.0 I~ '16 

J.73 4.67 Concrete Concrete ..... 
line~ with 
.. phal~ 

• 20 .671 
to to !ron •••••••••• ---------------
.71 2.33 
.lYJ .671 
-~1 11~ -------------- ---------------
.01 ~011 Bcavygalva• ••••••••••••••• 

nlzed Iron 
cylinder. 

1. 22 t 011 Asphalt bt>
twccn soJJ 
and eylln· 
der. 

1.10 4.112 M"""ory .•••• 

Perforated 
copp~r 

plato. 

Muoory ..... 

{soiit~o.;t::: :::::::::::::: :::::::: :::::::: :::::: ::::: ::::::::::::::: ::::::::::::::: 
Flllcd·ln .................. Mi106 O.IH! M2 !.Ill GiaO!dcarth· .............. . 

en ware. 

...•• do •••.•• ·········~···· ........ ·---~··· ·•··•• ..••• u•-·········~· ·········~~--·· 

~f!!:~~;e;: :::::::::::::: :::::::: :::::::: :::::: ::::: "NOOi;.:::::::: ::::::::::::::: 
Filled-ln .••• Bound...... .11117 • 721 .13 l.ll Olaredcarth· .............. . 

en ware. 

} .... do ...... Rectangular .. ~ 10.00 .76 2.SO{OJ~~~~nlzed O:~~~nlzed 

~/Jf,T!tr':: ·iioWici:::::: ··ciii .. :::::::: ::::::::::: 1ft~~::.:::::: ·iiOn:::::::::: 
••••• do ............................................................................ . 

Onr-ronrth 
Inch ""'hod 
QUart% • 

Qua:tz pebblea. 

None. 

Loadsbot. 

Mncb ...,. 
wasbedgrav· 
el • 

Gravel and 
sand. 

••••• do ...... Sq..,. ...... 1.0 I~ 76 1.0 a28 Con...U. ••••• Concrota ..... 10 em, !711VOI, 
flO em. aand. 

•••••••••••••• Oircnlar..... .til 4. 91 1. II a 76 Galvanized Galvanized 
iroo. iron. 

• l3 Ltl ............................. . 

I.ZI 
.61 
• 16 

d; IM•tal cylln- } .............. (hro quartz 
1 M dcrs. sand . 
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Investigator and clta· 
thm number In blb· 
Uography, or foot
note. 

Location 

TABLE 2.-LyBimeltr 

Soil 
Y88ror1--------;-------l 
Instal· 
laUon Tenure Otber choractorl!ti<O 

J.8.Joft'e(88,89,90,91) NewBrunswlck,N.J. 1029 Sandyloam. ........... S83Safms 7 •••• ~········ 

1. Borrob and w. EboiiSWtllda,Oarmany 11120 YaUowllnasand •••••• Glacial ............... . 
Friedrich (11911, mJ, 

California Forest and l s d 1 1 Alk Rnngo Experiment Berkeley, Ca.llr........ 1929 { 80 Y e a:v oam...... en ................ . 
Statlon.u Clay loam ............. AltamonL ........... . 

UC~~ItyO! ProWrla Pretoria, South Alrica. 1930 Sandy loam ................................. .. 

A. Demolon and E. Versailles, France..... 1930 
Dlll!ti.,. (;19, U.S, 

l.oam ................. Upland .............. . 

Aful.:-'1.i.grtcultural l 
Experiment Station Tucson, Ariz ......... . 
(1). 

I~• Cia• jOlla (alluvial) ........ . 
•~ '.................. Mohave (pedooal) ••••• 

1001 0. W.Mus~:rave (86) .. Temple, Te1 ......... . 
C~UorniaJx~ltm'!::t~ !Berkeley Calli 1931 (Sandy clay loam ...... Siena ................ . 
S~~:n.ll ' .. u.... Clay loam~~~~···~···· Altamont .. ~--~···~~-· 

R.C.Colllaon(161) .... Geneva,N. Y ......... 1002 l.oam ................. Ontario,' glacial ...... . 

B. A. Lunt (19, ~ .... New Boven, Conn.... 1002 {of::,Y ftno •andy )Bart!ord, glacial ...... 

Calllornla Fo""t and 
Ran~te Experiment Berkeley, CaUl .. ----~~ 1032 
Station.•' 

Clay loam .. ~~~~-~~ ... Altamont.~-·--~·-··· 

Southwestern Fomt Slem Anc.b.a F.xpert· 
and Range ErperJ· mental Forest, 
ment Station.•• Globe. Ariz. 

CalltomJa Fore~~t and Nortb :Fork Branch 

Quarhlto ........... .. 
Oranlte ... ~ .. ·--~--~--
Bill!alt ................ . 

1002 !8~-~~~.~~~:::::::::::: 
Clay loam .......... .. 

Range Experiment Statlon,NortbFork, 11132 
Statlon.ll Calli. 

Sandy clay loam ...... Sierra ... ~~--~··--···~~ 

0 · w. Musgrave (66• }c'-·lnda Iowa 69). "" • .. ...... 
P. E. x:.rratrerand c. , ·-•n .. •n v 

1\133 su 1 . (Mats hall, pralrlo 80ib. t oam .... n._ ...... Sbelby,pralrlesoils .. ~ 

E. Bortnar (71). - 'w '~y ........ 1933 -~---do ................ ~ MDDI'f ···~~ .......... . 
South Carolina Ex· 

( 
,b'l perlment Station, 

I. E. Adams !,.,..... Clemaon Coll'!lll, 11133 
B. C. 

Oalllorola Forest and North Fork Branch l 
Range Experiment Statlon,NortbFork, 1933 
Station.•• Calli. 

!San Dlmlll! E%J10rl·~ 
Do.u.............. mental Forest, Olen· 1934 

dora, Calli. 
o. W. Musgrave • ..... StataviUe, N. 0...... 111.11 
F. Boeufand V. Novl· toa (jM). Arlana, TWI!s......... 111.11 
E. Mlege (jSI)........ Rabat, Morocco....... 111.11 

Unl..,.lty or PreC.rfll PreC.rla, So nth All'lca 
(119), 

lnlermonntaln F...,t Boise B"ln Expert. 
and Rani!O Exner!· mental Fore.~ ida· 
ment Station. 1f ho city, Idaho. 

UkeStatesForMtEx- Ut>per Mississippi 
llerlment StaUoo Valley Bolland 
(106), WaterCont.ervatlon 

Ex~rlment Slatlon 
La Crosse, Wis. 

See !ootnotca nt end or table. 

111.11 

111'.11 

111.11 

Sandy clay loam .... ~. Slerm ............ ~~---· 

Sandy loam........... HoUand (PaciDcooast) 

.. ...................... {~l~m~:1. aoll of 
Clay .................. Calcareous ........... . 
I soil types ................................... . 

Sandy ................. Granitic .............. . 

Bill loam.............. OllnC.n .............. . 
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ins!aUations 1888-1939-Continued 

Lyslmeter OOMtructlon 

Dimensions Material Fohlilm sub-
Type Shnpe or 

DUrluce stance In bot<o 
Area Depth Won. Bottom tom layer 

-· 
Square Square Md· 
mdm fed "' Fetl 

rl8 0.0 I 
Ebermal'er. Round .... h 0.073 0.7\J .42 I. 4 FunneL .... {Quartz poll-

.!8 1.9 Nono ........ • blcs • 
• 80 ao 

FJIIed·ln •••• Squaro ...... 1.0 10.76 1.00 4.9 Iron .......... Iron ......... 10 em. fti'BVCI. 

) .... do •••••• Rectangular. 1.8!8 20.00 .91 aoo Redwood .... Redwood .... {Or!lvol and 
lllllld. 

rllchandtnr !, .............. 
..... do ...... Round .•.• u 163 21!.27 e·:n 4.0 mixture 

I. 68 6. 6 overc:emcn 
ploster • 

••••• do ...... Squaro •••••• 1.0 10.76 .00 10 ···•••••••·•••· •••••••~~••••u 

..... do •••••• ..... do ...... 1. 49 16.0 1.63 !.00 Concrete ..... Cont'l(lte ..... 

SoU block ... Round •• h •• • IH8 7.0 .01 aoo ................ rroil'(j,aini:· 
ColllliO grovel • 

FJIIcd·ln .... Rectangular. 7.432 so.oo 1.27 .f.li f"" (palo~ cd) on con· lOnvol and cdl. crctr round· Mild. 
atlon. 

~-~ 1.0 
!None ........ Ebt>rmayer. Rcund ...... • 073 ,7\l .!8 1.9 FunneL ..... .!19 2.0 

1.19 3.9 

(FIIIcd·ln .... Round ...... .2110 12:! '10 .33 {Galvanized ·square··;un:· 
Ebcrmaycr. Squaro ...... .1fl.l 1. II .00 1. 64 Iron. 

Nono ..... ~-~ nel. 

SoU block... Clrculnr ..... ,O!Q 7.0 1.2'1 U7 Oalvanh:cd Ootvanh:ed Nono. 
Iron. iron. 

f .... do ...... ·············· .32:! a47 .00 1.83 Sl<cl.. ....... ............... Do. 

Fillcrl·ln .... Rectangular. .646 Ul .!3 1.7! Galvanized Oalvanlr:cd Fino ttravel 
iron. iron. and sand. 

)sou block ••• Round ...... .648 7.00 .91 aoo MetaL ...... ··············· Coarse «:ravel. 

FJIIod·ln .... ..... do ...... .2!6 1761 .61 aoo St<cl.. ....... 
·-~--~········· 

..... do ...... ..... do ...... 10Zl 21.8 1.22 too ..... do ....... ··············· 

..... do ...... Clrcolar ..... { .455 4.!JO .01 aoo {Oalvanlr:cd Galvanized Fino gravel 
• 646 6.9! Iron . iron. and sand. 

..... do ...... Rectangular. 20. :Ill 217.8 1.83 aoo Concrete ..... Concrete ..... None. 

Soli block ... Ronod.. .... ........ ········ 1.22 too MolaL ...... •••••n••••u•• 

Fillod·ln .... Bquaro ...... u •ao 10 6.66 (Rclntorcod 
concrete . )conmto ..... 

••••• do •..••• ............... ........ ········ ...... ..... . .............. ............... 

Ebermayer_ Ronnd.. .... 0.6!2 ~IH 1.22 too None ......... Copper tun· 
nels. 

Ftlled·lo .... Rcctaogular. !0113 87.12 1.2:! 4.00 Ma·lncb steel Concrete ..... Gravel. 
plate. 

Boll block. .. ..... do ....... 1!!8 2110.00 1.2:! 4.00 A'l'halt-llned •••••••••••u•• Band. 
OODCt\lte, 
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Iov,.UII!ll<lr and clta· 
Uon number In blbll· 
ograpby, or footnote Location 

SouthwMtern Forest Sierra Ancha Experi• 
and nanRO Expori· mental Forest, 
lnllnt Station. •• Olobe, AriJ;, 

Do,1a •• ~··········· ••••• do ................ . 

Year or 
lDSI.al• 
latlon 

1934 

TABLE 2.-LyaitMter 

Soli 

Te:xturo Other cbnmcterfstlcs 

Clay ....................................... .. 

Sl<lnysandyctay ...... Quartdta ............ .. 

Clay loam............ Basalt... ............ .. 

s. osugl (lm .....•.... 
B. 8. Stauffer and B. 

Fort Valley Branch 
StaUoo1 Fort Val· 
ley, Aru:. 

Kyoro,/apan ....... .. 1113.1' Sandy loam, clay soli ...................... .. 

Urbano, DL. ........ . 
with gravel. 

1935 8 silt foams............ I'J1llrta soils ......... .. 
S. Sudtb (69). 

North Appalachian 
Experimental Wa· 
tor.ohed, Soli Conser· 
vatlon Service (138, 
119,Jj0), 

Coshocton, Oblo...... 1936 

Alaboma Experlmeot Auburn, Ala.......... 1936 
Station. • 

Sierra Anello E'll'rl· 
mental Forest, 
Olobe, Ariz. 

Manitou Exporl· 
menf.l\1 Forest, Col· 
omdo Springs, Colo. 

San Dlrn!IS E:x:perl· 
nange Experiment mental Forest, 

1037 

lll:l7 

1!137 

Sill loam .............. Muskln-.' Resld· 
ual rrom satubtone 
and shale, 

Sandyloam,dnesaody rnorfolk ............... ! 
loam, clay loam. Hartsells1 .•.• ~ ...... . Decatur --~~~- .... .. 

Sandyelayloam ............................. . 

Grovelly .............. Gnmltlo .............. . 

Sandyloam ........... llolland (Paotrlc 
OOB8t), 

Station. " Glendora, Callt. 
Do. II-•••••••••••••••• ~do .•••..••••.••.... 
Do.u ...... n•••••·• ..... do ••••••••••••••••• ~~~ :::J~::::::::::::::::: :::J~::::::::::::::::: 

Do, II .................... do .......... -.... 1936 ..... do ...................... do ................ . 

Do. II ................... do................. 1936 ..... do ...................... do ............... .. 

North Appalaehlan Coshootoo, Ohio...... 1038 
Experimental Wa· 

~a71~~S::~~;~~-
Soutbwestcrn Forest Sierra Ancha Expcrl· 1938 

and Range Expcri· mental Forest, 
mont Stat.lon,ll Globe, Ariz. 
Do.''·············· ..... do................. 1939 

Sut loam ............... Subsoils used: LoAm, 
.Utloam, silty clay. 

Sandy loam ................................. .. 

1 DE u H1az,_ ProtrPP&. Sro footnote 4, p, 9. 
a MAURICE. 1:100 rootnoros. p. 9. 
'0ASPA.RIN. ln Cows d'Agriculturo. v. 2, p. 116. No date. (Original not seen.] 
t WAY, 1, T. ON TUE POWU or SO.t£8 'tO ABSOIB KANTJlU:. ioy, Agr. Soc. England Jour. 11: 313-3'19. 

1&10. 
'Year publlsbod. 
t EBIRKATX!l1 ERNST, wn'IUlSUCHUNO&-ERGBDNISSE 0DER DIE MINQB VND VERTEILV'NO bER NlEDI!:B.· 

scm.lo&lN D&H WALI>IIlll. Forst!. Naturw. Ztscbr. 6: 28:h101. 1897. 
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imtallaliom 1688-1999-Continued 

L)'9lmeter construction 

Dimensions Moterlal 
T)')le 

Shapeol 
surface 

Ahlll 

SI/U4rt ~uare 

Fillod·ln ••••• illlctangular 

SoU block ... .... do ....... 

..... do ...... ..•. do •••..•• 

..... do ...... .... do ........ 

..... do ...... Round ...... 

... Hdo ...... neetnogular . 

Fllled·ln .... Round ...... 

Soil block.. .............. 

Fillod·ln .... RMiangular. 

..... do ...... Clrclllar ..... 

..... do ...... ..... do ....... 
Filled-In, Reclangular. 

nncon· 
fined. 

FUiod-ln .... Rectangular. 

..... do ...... Cireulnr ..... 

..... do ...... Round ...... 

Soil block... 
······~····-·· 

Flllcd·ln .... ·········-·--· 

t Omy-Brown Podr.ollc soUs. 
an ned and yellow'~ sol.l.9. 
• Prlvoto oommunJentlon. 

mdm ul 
9.211 100.00 

83.61 1100.00 

.312 3.11 

• 83 u 
.648 7.0 

8.080 87.08 

.4!/i u 

• 646 O.llli 

• 405 U! 

.181 !.21 

.161 I. 73 
28.461 30625 

~230 :u.oo 

.101 1. 73 

.032 • 349 

.648 ~95 

11.80 450.00 

Depth Wnlh 

Mtl· 

'" Ftd 

~" 8.00 Con«ete .•••. 

.91 3 
to to ..... do ........ 

1.83 6 
.Ill 1.83 SteeL ....... 

------ ..... ··············· 
1.02 3.3 Galvanfted 

Iron. 
2.« 8,110 Concreto 

lined with 
asp holt 

rvnnlwll (-30 1.110 Jron mint-
• 01 3.00 ed w tb as-

phnll. 
.71 Ul SteeL. ....... 

{' 16 
. 91 

!.Ill) 
3.00 ..... do ........ 

1.01 3. 33 Oalvanhed 
Iron • 

• 61 ~00 ..... do ........ 
2.1ll 7.00 SoU ........... 

1.83 0.00 Concreto .. ~ .. 

• 61 ~00 Galvnnh:cd 
Iron. 

1.01 142 Olured tllo ... 

.11 133 StooL ....... 

1.22 4.110 Concrete ..... 

10 WEAVER, J, E., and CRJ.!I'f', 1. W. Sre footnote 4, tablo J, 
II U,\nPER, ll.J. Seo footnote G, table 1. 
n :JG.gnllon capacity, 
u Unpublbhcd data throu1h oourtosy o( U. S. Fo""t Sorvloo. 
u Unpublished data. 

Bottom 

Concrete ...... 

-·~-~---······· 

······~--------

............... 

............... 
Por(t>rated 

stool pinto. 

Onlvanlzed 
Iron • 

··············· 
Steel ......... 

Galvanfzed 
iron. 

.. ... do ........ 
u••••••••••••• 

Concreto ..... 

OaJvnnlzed 
Iron. 

Wlro BCrC<'n 
0\1('1' shoot 
me till. 

Stool ......... 

ConcrtJte ....• 

15 

Fo"'IIOI sub-
stnnco in b()t. 
tom lllyor 

Sand. 

None. 

l>o. 

Do • 

CtUIIhOd 
qUArtz. 

Nono. 

Om vel nnd 
so.nd. 

Nono . 

Om,'el . 

No no. 

Do • 
Do. 

Do. 

Do • 

W11Shcd ""nd. 

Non~. 

Sand. 
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TABLE 3.-ChroMwgy of the deoelopment of lysimelers, 1688-1937 

Yt',aro! 
T)'po ori)'Simetor Investigator Loeatlon con· 

struc• 
tlon -

First I)'Simot<r... ........................... DeiaHinL. .•...•••... Paris, Fmnce ..... ...... 1688 
First lyslmctl'r with run "'ft furovlsion ...... Dalton .......•..•••..... Manchl'-Stcr, England ... 179il 
First ~xtcnslvo usc of lys meters for tho Woy .................... England ................ 1860 

study otsollchemlstry. 
LRWPS and Gilbert ...•.. RothamsWd, Enl!ltmd ... 1870 First soli-block lntrnetcr .... ................ 

Flnt (soU-block l)'lllmot<r In the United Sturtevant .•.......•.... South Framlngb!Wl, 1875 
Statts. Mass. 

Fil'!lt lnr~tt'oomparntlve lyslmetersturly ...... Wollny ................. Munich, Oennany ...... 1880 
First lyslmet{'f In no.tursl contact with sub· Sanborn ................. Columbln, Mo .......... 18&8 

strntudroinl'd b~ tiles. 
WeibeL ................ Plott, Sovll't Union ..... First Etxonnayer frstmetl!r .................. 19111 

Fin~tsoll-block lys meter wlth run-oa provl· Leather ................. Cawnpore,lndia .... .... 1003 
sion. 

Flr:qt lyslmt't(lr, w lth welghln~t mechanism , . V.S<><Ihornt... .......... QO(Ittln~<'n. Germany ... 1906 
Firnt soil-block lyshnetcr with welghinlo': Weaver and Crist ....... Lincoln, Ncbr ........... 1923 

rnechnnism. 
New Brunswick, N. J .•. Flr~t Ebermaycr lyslmeoor In tho United 1oae .................... 19211 

States. 
CosbOt":ton, Oblo ........ First soil-block lyslmrterwlthsclr·reoordlng Research Dl\"islon, Sn\1 10M 

wrl,hinR' m<'Chnnlsm. Conservation Service. 
First ysimeter with tcnslom('tN"S for mcas- Iowa State Colle~te and Clarinda, Iowa.. ........ 1931 

urlng capillary tension of soil moisture. Soil Conservation St!rv• 
IOl. 

During the nineteenth century lysimeter investigations became 
more frequent. All investigations conducted before 1870 were with 
filled-in lysimeters. This is what should be expected, since pedology 
was in its infancy; and, in general, ouly the surface soil was subjected 
to research by the pioneers of soil science. The plow layer IS dis
turbed regularly throu~h cultivation, and therefore it seemed unob
jectionable to remove 1t from its original site and place it in lysime
ters. At that time the significance of the soil profile as a nonsepar
able unit was not understood. De Ia Hire, Dalton and Maurice, as 
well as a number of other investigators in England, Germany, Austria, 
and France, used lysimeters of the filled-in type merely for the study 
of the rate and amount of the percolate. They did not pay much 
attention to the chemical composition of the percolo.tet and most of 
them did not seem to care greatly whether the soil in the lysimeters 
was covered with vegetation or not. 

In 1850 Way, 8 in England, reported his fundamental studies on 
the chemical changes of solutlons percolating through soil. He used 
a number of laboratory lysimeters, filled them with different types of 
soils, and found that bases of the sprinkling solution were exchanged 
ngninst the calcium of the soil and that the power of soils to absorb 
fertilizing elements depends on its clay content. He all!o noticed that 
burning destroyed this capacity of the clay. Through this work, Way 
laid the foundation for further base-exchange studies. He was the 
first to carry out extensive lysimeter investigations to clarify the prob
lem of soil fertility. The influence of his stLdies is noticeable in the 
work begun 20 years later at Rotho.msted. 

Lysimeter investigations took a great step forward in 1870, when 
Lawes, Gilbert, and Warington established three "drain-gauges" at 
Rothamst.OO, England. These men reco~ized that basic information 
concerning the natural rate and chemical composition of drainage 
water could be obtained only from natural, undisturbed soils. In-

• see Cootnoto ~~ tablo 2. 
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stead of filling soil into tnnks they left the soil intact nnd placed a per
forated iron bottom under it and masonry walls around it. These 
lysimeters exceeded all preceding installations in area five times, and 
they are responsible for a great many findi.ngs concerning the perco
lation rate of rain water and the leaching of plant nutrients from soil. 
Mter 68 years of successful operations, these Iysimeters are still in 
use. It is not surprising that the constructionofthesefirstsoil-block 
lysimeters met with some difficulties and that leakage through the 
side walls could be stopped only after repented repairs. As in all early 
installations, run-off ts not allowed to occur from the Rothamsted 
lysimeters. Under English climatic conditions, this may not be a great 
handicap, since the rainfall is generally much more gentle than in 
this country. The depth of each of these "drain gauges" is different; 
therefore, no replicate exi~ts to check directly the results obtained. 
However, a comparison of the data from these lysimeters with those 
from later installations indicates a high degree of reliability of the 
Rothamsted work. While the construction of these lysimeters was 
very satisfactory, the fact that only. three of them exist and that 
these three are located on the same s01l type and are otherwise under 
identical conditions, makes it impossible to interpret the effect of soil 
type, vege~ation, and various other factors on the rate and amount 
of percolatiOn. . 

Research to investigate such effects was started by Wollny (330) in 
Munich, Germany! in 1880. In his very elaborate set-up he studied 
the following prob ems: 

(I) Influence of soil structure on the rate and amount of percolate. 
(2) Effect of soil type on the rate and amount of percolate. (Sand, clay 

loam, burnous sandy loam, peat, a mixture of sand s.nd peat, stony sand, stony 
humus and sandy loam were used.) 

(3) Effect of soil depth on the rate and amount of percolate. 
(41 Effect of soil surface cover on the rate and amount of percolate. (Sand, 

loam, dead vegetable mulch, and growing vegetation were compared.) 
(5) Effect of the distribution of precipitation on the amount and rate of per

colate and on the ratio of percolate to precipitation. 
This study, continued through almost a decade, was carried out 

with a large number of lysimeters of the filled-in type. Wollny was a 
very thorough worker who studied many questions of agricultural 
meteorology and soil physics, and it is not surprising that the major
ity of his lysrmeter findings have been verified by later workers. The 
great number of phenomena that he subjected to research excluded for 
him the use of soil-block lysimeters, which would have been alto
gether too costly. The use of the filled-in type cannot be consid
ered very objectiOnable for the study he carried out, since he wanted 
to obtain comparative information concerning natural percolation. 
It is to be noted that Wollny did not include any analyses of the 
leachate in his research. 

For many purposes the filled-in type of lysimeters proved to be 
inadequate, as, for instance, the study of the moisture relationships 
in forests. Ebermayer 7 (325, 330) earned out such studies in numerous 
meteorologic stations in the forests of Bavaria. He found that 
filled-in lysimeters could not depict natural conditions, since the tree 
roots did not reach into the lysimeters and hence could not remove 
water from the soil. Within a few seasons the lysimeter soil became 

J Sec footnote 6, table 2. 
170.123'-40--3 
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so waterlogged that the experiment had to be discontinued. This 
may have been due not only to the lack of tree roots, but also to the 
poor under-drainage inherent in most lysimeters. This phenomenon 
is discussed in detail on pages 19-22. In order to overcome the 
obstades encountered in the study of hydrologic conditions of forests, 
Ebermayer suggested 11 rather unique scheme. A large area of the 
forest, about one-fourth hectare, was to be undermined about 1.5 
meters below the soil surface so that the soil and trees would remain 
undisturbed. The roof of this wide tunnel would consist of impervious 
materiol and would slant to one point where the percolate could be 
measured. This project evidentl,Y did not mnterialize, owing to the 
technicol and financial difficulties mvolved in such a huge undertaking. 

A number of years later, Russian investigators modified this plan 
of collecting percolate from undisturbed, unencased soil. In partic
ular, the size of the collecting funnel was considerably reduced and · 
thus construction problems were simplified. From Russia (463, 47 4, 
476, 481, 482) this funnel-type lysimeter came to the United States 
(88, 89,), and it has, therefore, frequently been called a Russian 
lysimeter, although a Russian investigator, Katchinsky,8 was among 
the first to call it the Ehermayer type. 

The first lysimeter in the Unit.ed States was built by Sturtevant 
on his farm m Massachusetts in 1875, and it is interesting to note 
that this was of the soil-block type. In 1882 Sturtevant installed 
another set of three lysimeters nt the experiment station at Geneva, 
N. Y. These lysimeters were also of the soil-block type and were 
transported from the original location to the lysimeter pit. They 
were constructed of white oak planks lined with heavy sheet copp~r 
and had a bottom made of a heavy flat section of "boiler iron." 
After 11 number of years, Babcock and Goff, who continued this work, 
believed that the lysimeters dried out too readily, and they there
fore built four additionallysimeters w_ith an artificially mamtained 
ground-water table. Two of these lysimeters were of the soil-block 
type and two were filled with soil that was previously sifted and dried. 
The records obtained from this research do not seem to have been 
very convincing; for the installation was abandoned in 1890. 

None of the earlier lysimeters was provided with run-off facilities 
except, of course, the Ehermayer lysimeters, whose lack of side wall~ 
allows free run-off. It is significant that the first large lysimeter 
with run-off provision was constructed in India (284, 290), where dry 
periods alternate with seasons of intense storms. This installation 
was made in 1903 and has been followed by numerous others partic
ularly in the United States, where intense rainfall frequently causes 
large quantities and high rates of run-off. 

Direct information can be obtained on only percolation and run-off 
from stationary lysimeters. The sum of evaporation and transpira
tion can be calculated for longer periods by differences if precipitation 
data are available, but accurate evapotranspirational data for short
time intervals can be obtained only if the lysimeters are weighed, 
as only then 1vill the change of soil-moisture content be known. Von 
Seelborst (351) was the first to equip lysimeters with weighing devices 
(1906). Other German investigators (357, 896, 897) 9 used similar 

I KAfCIIIN!!KY, N. A. UHITODES POOR DE'tERMINER U PEttM~AntLJTI1: DU' SOL! L'EAU EN VUlt D'UNI 
IBRIO.\TION. 1st Comn. Inwrnatl. Soc. SoU Sci. Traos., section Soviet, Moscow, A, 2: 7tH)9, 1934. 

• Boo abo footnote 3, p. 4. 
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installations for the study of transpirntionnl losses of various crops 
and the evaporation from bare soil. Weaver and Crist 10 weighed 
soil-block lysimeters in this country (1923), and the first soil-block 
lysimeters with self-recording weighing mechanism were built in 1937 
by the Soil Conservation Service at Coshocton, Ohio. 
·These large lysimeters (one five-hundredths of an acre) at Coshoc

ton, in the plalllling of which the writers took part, embody numerous 
features recognized as essential for a study of true natural percolation 
and other hydrologic factors. In order to illustrate how some of 
these features have been incorporated, a short description of these 
lysimeters will be given. (Details of design and construction have 
been reported by other members of the Research Division, Soil Con· 
servation Service (138, 139, 140). Fi~ure 1 shows a schematic cross 
section through an entire lysimeter mstallation. The lysimeter is 
8 feet deep; the soil extends merely 2 to 3 feet; disintegrated rock 
extends another 2 to 3 feet; and the lowest 3 to 4 feet contains undo
composed parent rock. All these layers are left in their naturnl 
structure, and the rock rests immediately on the percolate sieves. 
W nter reaching these strata can fairly be called percolation, and 
relative assurance is given that no plant roots reach this depth. It 
seems probable that water passes with little difficulty from the rock 
fissures into the multiple percolate collectors. In figure 1 are shown 
cross sections of steel strips that serve to prevent fictitious percolation 
from descending in the space that may at times exist between the 
soil block and the side walls of the lysimeter. 

Provision is made for the collection of run-off, and the amounts of 
water and soil in the run-off tank are recorded. Conditions with respect 
to run-off in the lysimeter are not representative of field conditions 
because the vertical side walls cut off overland flow. To date1 how
ever1 no method that permits overland flow to occur on a lystmetcr 
has oeen found to give an accurate knowledge of the amount of water 
that infiltrates into the soil mass. The side walls have another 
disadvantage, that of creating a border effect, which is due both 
to the lack of vegetation on a strip about 15 inches wide and also 
to cutting off the soil from its surroundings. The necessity of isolating 
a soil block for the study of its percolation and its wetght changes 
requires such a procedure. An attempt is made to keep the tem
perature in the subsoil somewhat the same as it would be in nature 
hy keeping the service tunnel closed as well as possible. Grease 
seals (fig. 1) are placed between the top of the lysimeter walls and the 
outside retaining wall to keep the atmospheric air from descending 
into the tunnel and at the same time to allow for free play of the 
lysimeter on tbe scnles. These record weight changes accurately to 
the nearest 5 poands, which is equivalent to approximately one 
one-handredth of an inch of rainfall. 

DISCUSSION 

The purpose of lysimeter investigations is twofold; the measurement 
of the hydrolo~c balance of the soil, in which the amount and rate 
of percolation IS the primary considemtion, and the determination of 
the chemical losses aceompa.nying percolation. Omitting laboratory 
lysimeters, which are used to study special percolation problems and 

10 Soolootnoto 41 tablet. 
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FIGURE I.-Schematic cross-sectional diagram. A soil-block lysimeter with self-recording weighing mechanism used at the North 
Appalachian Experimental Watershed, Coshocton, Ohio. 
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which are sometimes sprinkled artificially, lysimeters are set up to 
supply data that correspond closely to those that would be obtamed 
under natural conditions. It is surprising to note that in the majority 
of the lysimeters soil and percolation conditions prevail that are 
far from natural, and to sanction the use of such lysimeters by declar
ing very shallow filled-in lysimeters without run-off provision to be 
standard (210} appears to be unjustified. The removal of soil from 
its original site, and the process of sifting, mh'ing, and replacing it in 
a container is bound to change the resulting soil climate considerably. 
If this mL\ing is restricted to the plow layer, it does not seem to be 
so objectionable, since it is this part of the soil that is likewise dis
turbed in the field by agricnltural implements. The mixing of the 
plow soil in itself cannot adversely affect the results, but its separation 
from the underlying soil layers is apt to change the percolatiOn rate. 
To overcome this objection, some mvestigators have filled lysimeter 
tanks with a number of soil horizons in the same sequence as they 
occur in the natural profile, but in this way it frequently happens that 
soil that was on the upper side of a certain horizon will be placed in 
the lower part of the same horizon when filled into the lysimeter 
tank. This will result in a change of chemical, physical, and biological 
conditions and is apt to influence the rate of percolation and its chemi
cal composition. 

The change of the original soil structure, the obviation of root 
channels and of soil fissures in the lower horizons are apt to decrease 
grmttly the rate of percolation, particularly in heavy subsoils; but 
the changes of percolation from natural conditions are not restricted 
to filled-in lysimeters. The greatest functional error in all three 
types of lysimeters probably occurs at the boundary of the lysimeter 
soil and the air beneath it. When the gravitational water reaches 
this point it will have to overcome the resistance set up by surface 
tension before it can leave the soil. This phenomenon has been 
studied by various soil investigators and has been described particu
larly well by Lebedev 11 and by Zunker1' (389), but it appears that 
many lysimeter installations have been planned without a complete 
comprehension of this drainage-impeding effect of the soil-air bound
ary at .the bottom of the lysimeter. 

Frequently sand or gravel is placed below the soil to keep it from 
washing out through the drain pipe. This practice is also followed 
in an attempt to provide for better drainage. The writers have 
investigated the effect on drainage by covering the bottom of ly
simcters with 6-inch layers of washed sand and placing various 
layers of soil above them. At the end of the dry season (October) 
these layers of soil and sand were removed and the soil-moisture content 
of numerous samples determined gravimetrically. An accumulation 
of soil moisture was found above the soil-sand boundary as well as 
above each boundary between soil layers of different texture and a 
particularly great accumulation of water was present in the lower 
part of the snndJ' ust above the bottom screen. 

In very humi climates where percolation rates are high the per. 
colate restriction at the soil-air boundary will not be very serious, 

II LEBEDI!:FF, A. F. 'I'JI£ MOVEMENT OF GROUND AND SOIL WATERS, 1St lntcrnntl. Cong, SOil Scl., Wll!lb· 
lngton, 102!1. Proo.t: 46Hill. tll'lll. 

u ZuNUR, F. DA.S VEIUIAL'l'EN DES WASiiER8 ZUIIf BOD&N, Dlnnk's llondbuch der Dodenlebre 0:125. 
!930. 



22 MISC. PUBLICATION 3721 U. S. DEPT, OF AGRICULTURE 

because enough wnter percolates to ?Vercome. the surfnce-ten.sion 
impediment and because the natural soils are m01st most of the t1me. 
In drier climates, however, the soils in lysimeters will have a tendency 
to contain much more moisture in the bottom layer than they contain 
in this layer in the undisturbed profile. Unless lysimeters are very 
deep, the roots of the plants growing on them will reach this excess 
water and hence will supply the plants with more water for transpira
tion and more nutrients than they would under natural conditmns. 
In this way the rate and amount of percolation and the chemical 
composition of the percolate are chnnged. Frequently, this accumu
lation of water, together with the prevention of run-off, produces 
such an unhealthful condition that plant growth suffers, and the 
rate of transpiration is reduced below normal. Some investigators 
even aggravate this objectionable waterlogged condition of lysimeter 
soils by preventing the growth of higher plants and thus eliminating 
the natural disposal of water through transpiration. After a few 
seasons, moss and algae take the site, which has been made unsuitable 
for 11f5ricultural crops. It is a well-known fact that waterlogging of 
soils 1s accompanied by many changes, such as lowering of the oxida
tion-reduction potential, denitrification, dissolvingrf iron and titanium, 
formatjon of hydrogen sulfide, raising of the partial pressure of 
carbon dioxide, all of which will tend to alter the chemical composi
tion of the percolate. Where side walls do not permit the horizontal 
flow of water in lysimeters, ns in the monolith and filled-in types, 
the water will be forced to escape through the open bottom after 
sufficient hydrostatic bend has been developed to overcome the 
drainage-impeding effect of surface tension. In Ebermnyer lysimeters 
it may frequently happen that the water, when encountering the 
obstacle to percolation set up by the soil-air interface, follows the pnth 
of least resistance and flows around the funnel. This may explnin 
the extremely low percolation rates reported by Joffe (90) in the 
lower soil honzons. Ha!'Per 13 found that under certain soil conditions 
Ebermayer lysimeters did not yield any percolate, whereas under 
other conditions the same lysimeters acted as drains and therefore 
produced excessively high percolation rates. It is doubtful whether 
Ebermayer lysimoters will yield reliable data for the study of the 
composition of the percolate, but it seems certain that they cannot 
yield quantitative hydrologic data. 

While this impedmg effect will be operative in a greater degree in 
dry seasons and climates, the large amounts of gravitational water 
that percolate in times of excessive precipitation or after the thawing 
out of the soil in the spring will find less resistance at the soil-air 
boundary than they would in passing downward through an almost 
saturated subs?il. After. sue~ ~xcessive drai~age has ~aken place, no 
ground water IS at the d1spos1tion of the lyS!ffieter soil; and this soil 
may dry out considerably, whereas natural soil would have been kept 
mo1s.t for ~ much longer p~riod. It is these two ~pposing factors, 
the Ill!pe~u~wnt of percolation by the ~urfnee tensiOn operative at 
the soil-lllr mterfnce and the lack of res1stnnce to percolation below 
the lysimeter, that frequently give percolation data of apparently 
satisfactory a,"l'eement with natural conditions, when only the amount 

II fiARPER, flORACJI! ], A STUDY OF LYSI:lf!T!R INnTALLA'tiOSS FOR Tfilt lfEASURIU.fENf OJ ORA VITA· 
TIONALWATER. UnpubllibOO.JlafJetprusentOObe!ore tbcmootlngoftbo Amo1'.Soc. Agroo., November 1037. 
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of percolation of longer periods is considered. But data, obtained 
through compensation of two large errors, are of little value. 

One of the greatest objections to lysimeter investigations is that, 
generally, measurements of the moisture content of the various soil 
layers nre not made, and therefore no knowledge can be obtained of 
the movement of the water within the lysimeter nnd no comparisons 
made with the moisture content of similar soils in natural surroundings. 
Determinations of gravitational soil moisture nre normally out of 
the question in a lysimeter. Recently, however, tensiometers have 
been used (69) to study soil-moisture conditions in lysimetcrs, and 
other work is under way on this problem. 

It is probable that air-pressure conditions in most lysimeters are 
different from those in the undisturbed soil, since so many factors occur 
in lysimeters that are likely to chan"e soil-air pressure. The most 
important of these factors are probahfy the open bottom and the side 
walls. That such pressure changes influence percolation rates cannot 
be doubted, but it Is likely that their muf(nitude is much smaller than 
the changes due to the factors mentioned above. Some careful 
research will be necessary to clarify this problem. 

Soils containing a fair percentage of clny shrink on drying. When 
they ure contained in n lysimeter it. frequently happens that fissures 
appear between the soil and the side walls, nnd precipitntion often 
results in direct percolation along tho side walls before the soil has had 
time to swell and fill these openings. The amount of such "fictitious" 
percolation can be very large, and precautions should be taken to 
prevent it. 

Precipitation is not the only source of soil water; condensation nnd 
absorptiOn of water vapor also contribute n significant share, and 
equipment should be installed to ascertain the magnitude of these 
accretions. If only chemical phenomena are investigated, such 
information is not particularly important. Wherever possible, provi· 
sion should be made for weighing the lysimeter. Scnles with weight 
recorders are to be preferred, since they permit the study of diurnal 
moisture fluctuations in the soil body. The following equations show 
how the data from a weighing lysimeter can be used. 
Water addition =Water Joss +Water storage 

Precipitation (direct Run-off (direct measure- Direct measure-
measurement) ment) m e n t a b y 

Rain Percolation (direct meBB- weight" 
Snow uremcnt) 
Hail Evapo-transpiration" 
Sleet Evaporation 
Fog Transpiration 

Condensation 
Dew (plants) 
Condensation (soil) 
Adsorption (soil) 

Precipitation + condensation ~ run-off + percolation + evapo-transpiration + 
storage" 

Precipitation run-off - percolation - storage evapo-transpiration -
condensation 

u W~lght chnn~as ot n lyslmetcr may bo mused h1 other factors lx>:ildes water, Mo.'lt of thmearoln..~lit· 
nlfloont, but such fuctof'l:l u.s 8JlpllC:Iltlon or manure, soil croslou, growth, and bllrve::~t or plants havo to be 
1nclud00 In the eulculatton. 

u E\·aporntion and trnnsplmtlon oonnot be seroratoo. ao:umt.cly In a sJn~lo lyslmcwr eJtperlmcnt, 
1t Storugo may bo positive or negative (loss o! wcigllt). lilt Is negative, tho OlliJWlW sJgn should 00 tl.S(I(), 
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These equations are applicable to any period of time studied. All 
factors on the left-hand s1de of equation (3) can be determined directly, 
while only tho difference between evapo-transpiration and condensa
tion can be obtained with this equation from the data of a weighing 
lysimeter. A rather close separation between condensation and 
evapo-transpiration cnn be obtained by plotting accumulated evapo
transpiration minus condensation against time, wherever accurate 
weights are recorded for 30-minute intervals or less. 

ESTABLISHED LYSIMETER FINDINGS 

A critical review of the literature on lysimeters reveals that some 
authors have studied phenomena that have been satisfactorily 
investigated by others at previous times. All the factors that depend 
on purely local conditions obviously have to be studied at each given 
locution. This is true of the determination of the magnitude of data 
obtained through lysimetcr research. But since mnny lysimetcrs are 
constructed that cannot possibly represent natural hydrologic condi
tions, their data will yield at best orily generalizations, and of these a 
good many are already known. A summary of those fundamental 
facts that have been established through the lysimeter research of two 
and a half centuries is presented. 

l'INDINGS WITH RESPECT TO THE MOISTURE RELATIONSffiPS OF SOILS" 

TEXTURE 

Percolation is more rapid through light soils than through heavy 
soils. Percolation is more continuous through heavy soils than 
tbroughligbtsoils. The total amount of percolation per year is greater 
through light soils than through heavy soils. 

Hea'Vl soils lose more water through evaporation and run-off than 
light soils. 

$TR1)'CT11RE 

Porous crumb structure favors percolation, whereas single-grain 
structure ten?s ~o decrease percolatiOn. Exchangeable. cations affect 
the percolatemdirectly as they affect structure and swelhng. Calcium 
an.d hydrogen soils ~ave a. higher rate of percolation than the same 
soils when treated wtth sodtum slllts, because the deflocculation of the 
clay brought about by the sodium ion results in the elimination of 
many of the larger pore spaces. 

OTHER SOIL CHARACTERISTICS 

Nat ural fissures, worm boles, and channels of dead roots increase 
percolation. Virgin fo.rest soils allow a much greater percolation to 
occur than the same soils after they have been cleared and cultivated. 

T~e. all!ount of drainage is largely a reflection of the amount of 
pr~CIP.Itatlon and o.f the tot~! amo~n~ of.dry matter removed in crops, 
bemg mcreased by mcreases m preCipitatiOn and dec reused by increases 
in the !!mount of dry matter :em~ved. The influence of the depth of 
t~e soil e:olu~Il!l on percolatiOn IS largely determined by soil type. 
Smce vanous mvesttgators have reported entirely different correla
tions of soil depth with percolation, no general statement can be made. 

"Tbe Pm<entatlon of l!•lmeter flndlngs b basod on • OOilli'U'atlve study of tbe data cited In thb 
dlsclll'lon of J)'Slmoters. 
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Fertility affects the nmount nnd rate of percolation only indirectly 
through the growth of plants. In general, high fertility is associated 
with increased transpiration and decreased percolation. 

SOIL COVER 

~e~ 11: lysimeter soil is cover.ed with coarse sand or gravel, infil
tratiOn IS mcreased and evaporatiOn decreased, and hence percolation 
is increased; this relationship might be obscured or changed by plant 
growth if the plants take uf the greater amount of available w11ter. 

A mulch of dead vegeta material shows an effect very similar to 
a mulch of sand or gravel. The beneficial effect of a dead vegetal 
mulch on the moisture relationships of soils increases with increases 
in the thickness of the mulch to about 3 inches; but when the mulch 
gets much thicker the amount of water intercepted and directly 
evaporated surpasses the amount of water that is saved from evapor
ation, and hence percolation decreases. 
Owin~ to trnnspirationnl losses, lysimeters covered with living 

vegetatiOn usually show less percolation than those without vege
tation. This difference is more or less proportional to the rate of 
growt~, increasing durieg the summer and becoming negligible during 
the Winter. 

W£ATHER AND CLIMATE 

An annual cycle of percolation rate.~ is frequently observed. In 
the Temperate Zone, percolation is greatest in the latter part of the 
winter and in the early spring and decreases rapidly with the growth 
of plants in the summer. In many installations percolation ce1100s 
entirely in midsummer and does not begin until late in the autumn. 

The amount of annual percolation from any given lysimeter 
generally fluctuates approximately to the same extent as precipita
tion, whereas evapo-transpiration remains rather uniform under 
similar conditions of plant cover. The amount of percolation is 
affected after extremely dry or extremely wet years in proportion to 
the change of the soil-moisture storage from normal. 

As is consistent with the genesis of soils, percolation oecnrs freely 
through Pedalfers, whereas through Pedocals it occurs only occasion
ally and in small quantities, unless the soils have been irrigated 
heavily. 

FINDINGS WITH RESPECT TO THE CHEMICAL CONSTITUENTS OF THE PERCOLATE 

The rate of loss of chemical constitutents from lysimeter soils is 
dependent on the amount of percolating water. During the summer, 
when the rate of percolation becomes very low, the rate of loss of 
chemical constitutents also drops considerably, but the total con
centration normally increases with the decrease of the percolation 
rate. This, however, is not true of all individual elements. The 
amounts in which the various substances occur in the percolate 
depend on their abundance, their affinity to the soil, their solubility, 
the tempemture, and the rate of percolation. 

In general, the amount of chemical. constituents.lost is greater 
from bare soils than from soils supportmg a vegetatton, because the 
plant roots take up 11 considerable part of the dissolved chemicals. 

17052311--..4o--4 
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The difference of concentration is particularly great in easily leachable 
materials, such as nitrate, .chlo~de, and su}fate, whereas phosphateil 
usually in low concentratlo}l, 1s leached m about the sam.e sma 
quantities from fallow lysimeters as from vegetated lysuneters. 
The exchangeable bases take up an intermediate position in this 
respect. 

EXCHANGEABLE BASES 

In everv lysimeter installation of which the writers have studied 
percolate analyses, calcium is leached out in much greater quantities 
than the other bases. Magnesium, potassium, and sodium usually 
follow in the order named. It is probable that in saline soils sodium 
would be lost to a greater extent than calcium, but lysimeter experi
ments on such soils are rnther uncommon, probably because of the 
very nature of Pedocal soils, in which percolation is very low. 

NITROGEN 

Nitrogen occurs in the percolate mainly in the form of nitrate. 
A part of the ammoniacnl nitrogen is utilized by plants, and the 
remainder is held largely in the exchange complex. Any ammonia 
released from these sources is normally mddized before leaving the 
soil, and hence little ammonia appears in the percolate. In peat 
soils, because of their reducing power, a grent deal of the nitrogen in 
the percolate appenrs in ammoniacal form. Under conditions 
favorable for derutrification, nitrates are found in the percolate. In 
filled-in lysimeters it is frequently noticed that in the first year or two 
the nitrate content of the percolate is mtber hi~h, but afterwards 
it decreases to very low rates. This decrease 1s due to aeration 
caused by stirring and mixing the soil before it has settled and to the 
larger pore spaces remaining in the soil, which tend to make con
ditmns favorable for nitrification. Later on, th~se spaces close up; 
and since the natural fissures and cracks have been destroyed by the 
sifting and filling process, aeration conditions, and hence mtrification, 
~e~ome poorer, p~rticularly if drainage in the soil is impeded, as it 
1s m numerous lysuneters. 

PHOSPHATE 

Phosphate is found only in traces in the percolate from most 
lysimeters irrespective of the fertility status of the soil and regardless 
of whether plants are growing on it. Only in case of high npplico.tion 
of phosphate to a very light soil is the phosphate content of the 
percolate somewhnt higher. . 

SULFATE 

Rni~. water in prnctjcnlly eyery lo.c~li.ty contains appreciable 
quant1tws of.sul!nte, partiCularly m the V1c1mty of cities and industrial 
plants, and 1t seems that the amount of sulfate in the percolnte is 
~omewhat dependent on the nmount of sul!ur in the rain. Other 
1mportant sour~es of su.lf~r are. commercinl fertilizer and manure. 
Sulfate .occurs m the soil m yanous compounds, some of which are 
no~ en~nly soluble, but there IS usually an abundance of bases with 
wluch 1t can form soluble compounds, and consequently percolo.tion 
waters are alm~st always relatiyely rich ~ sulfnte. Th~ amount of 
sulfnte percolntmn, as well as rutrate percolation, is greatly affe~ted 
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by plant growth. The rate at which minernlizntion of organic 
matter takes place is nnother factor affecting the amount.s of sulfate 
in the percolate. 

CHLORINE 

Chlorine is supplied to the soil mainly through precipitation and 
fertilizers, and since most chlorides are very readily soluble, they nre 
leached out of the soil in about the same quantities in which they are 
supplied. If lysimeters are cropped, some chlorine is retained by the 
plants. This, however, does not greatly change the amount of 
chlorides in the percolate, since plnnts absorb very little of tllis ion. 
The concentmtion of chlorides in percolating waters of any given soil 
does not change very greatly during the season if no fertilizer con
tairling chlorides is added. The rate at which chlorides are lost from 
the soil is almost proportional to the rate of percolation. In nny one 
year the amount of chlorides in the percolate may be smaller or lar"'or 
than the amount added to the soil throu~h precipitation nnd fertifiz. 
ers, depending on the amount of percolating water, which in turn 
depends largely on the rainfall. 

SILICA 

Only a few invest~ntors hnve analyzed silica in lysimeter leachings, 
and little is !mown m this regard. Silica is lost m great quantities 
from most soils. Low concentrations of electrolytes in tho soil 
solution seem to encourage the percolation of silica, because under 
such conditions the inorganic soil colloids become easily peptized and 
comparatively mobile, which results in 11 greater loss of silica in the 
winter than in the summer. 

OTHER ELEMENTS OR COMPOUNDS 

Iron, aluminum, titanium, manganese, carbonate, bicarbonate, nnd 
organic carbon hnve been determined in lysimeter leachatcs by a fow 
investigators, but in the authors' opimon no genernl conclusions 
drawn from the data published to dnte are warranted. 

REACTION OF TilE PERCOLATE 

In general, the pH value of the percolate from an unfertilized soil 
is higher than that of the soil itself. This is due probably to the 
presence of basic carbonate or bicarbonate suits in the percolate. 
W11en fertilizers are applied to the soil the pH value of the percolate 
may be either h~her or lower than that of the soil, depending on the 
physiologic reactwn of the fertilizer. The reaction of leacllings from 
soils treated with sodium nitrate is near the neutral point, whereas 
leachings from soils treated with ammonium sulfate are distinctly 
acid. 

SUGGESTIONS FOR FUTURE LYSIMETER STUDIES 
CONSTRUCTION OF LYSIMETERS 

Two nnd n half centuries of lysimeter studies have greatly helped 
to promote the knowledge of the phenomena of the movement of 
water throu~h soil nnd the leaching of chemicals from soils. Not in 
every case, now~ve~, does the yield of information obtained !rom. a 
lysimeter invest1gat10n seem to correspond to the effort put mto tt. 
This is not surprising if one considers the many difficulties encountered 
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in the construction and operation of lysimeters. In the foll?wing 
pnges an attempt is made to enumerate the factors that are of prunary 
Importance in the construction of lysimeters. 

In general, lysim.eters. should be constructed in such a ~ay that 
their moisture relationships correspond closely to those of sotls under 
natural conditions. (In some instances, special features that require 
a somewhat artificial environment have to be studied. The labora
tory lysimeters willl!ot. be disc~ssed here.) ,It sh?u.ld be co~sidered 
essential that the soil m a lysuneter be m Its ongmnl undisturbed 
condition. This is true regardless of whether the main purpose of the 
study relates to que~tio~s co:ncerning. ~ydro]o!P' or fertilitY; A.ft~r 
the soil has once lost 1ts 1denttty by mlXlllg, Siftmg, and packmg, 1t IS 
futile to hope that it will be restored to its original composition and 
structure by allowing it to settle for a few years. Flodkvist 18 found 
an increased penneabilit:y in soil that had been allowed to settle for 
48 years. Nitrification IS a very sensitive index of soil conditions. 
The percolate of freshly filled lysimeters, as has been mentioned, 
usually contains large quantities of nitrates, since the soil was aerated 
when it was handled and its pore space is grenter than it was when 
the soil was in its original position. After a few years the yield of 
nitrates in the leachate rapidly decreases to a point below that which 
would be obtained from the natural soil. The soil has then become 
so packed and dense that aeration proceeds only with difficulty. 
The crncks that provide air circulation in a naturul soil hnve not had 
time to form. The change in nitrification can be very readily ob
served. There is no doubt that most of the other physical, chemical, 
and biological soil reactions are seriously affected by filling the soil 
into lysimeter boxes. The heavier the soil and the more mature its 
profile the greater will be the disturbance created by digging and 
replacing, even if an attempt be made to keep the horizons in their 
anginal sequence. It can lie assumed that a sandy soil, particularly 
if its profile is rather undeveloped, will be little affected by removal 
from Its original site nnd replacement in a lysimeter. In general 
however, a soil should be left unmolested and the lysimeter built 
around it if data are to be obtained that will serve to answer the 
intricate problems of the moisture relationships of natural soils. 

It can hardly be doubted .that the separation of the soil profile from 
the substrata and the placmg of a perforated bottom under it will 
affect the rate of percolation. The reasons for this have been dis
cussed. It would appear reasonable to follow the example of Sanborn 
(85), who in 1888 built large lysimeters merely by encasing one one
hundredths of an acre of natural soil in impermeable vertical walls and 
placing drain tiles at a 4-foot depth in the ground to collect the 
percolate. It seems that no other investigator has emploved tlus 
type of lysimeter, probably because of the uncertainty ol nil the 
percolate being collected in the tiles and the probability of obtaining 
data that are not quantitative. The excessive drainage caused by 
the drain til~ can h~rdly be considered ~ valid argument against the 
Sanborn lysimeter, smce some other lysuneters also are defective in 
this respect, at l~ast. d~ring the wet season. 

In the authors opmion, It ..yould be worth while to make a study of 
the usefulness of Sanborn lysuneters; for they permit a study of per-

u FJodkvist, H. AORONOMlSCJHTYDROTECJl'Nl5CJTE EMEBNISSE VON DR1NUNG5\'ERsUCUEN AUf TON· 
BODEN. 3d l.Dternotl. Cong, SoU Sci., Oxford, Trans. 3: 164-168. 1930. 



SURVEY AND DISCUSSION OF LYSH!ETERS 29 

colate obtained from soil with a minimum of disturbance of tho 
profile. Sanborn was not able to make such 11 study, because he left 
the Missouri Agricultural E:\'Jlerimont Station shortly after com
pleting the lysimeters. As all other lysimeters are constructed with 
an artificial bottom and ns percolation of water through soil cannot be 
studied at present without lysimeters, it seems best to place tins 
bottom as deep as possible. This is particularly important if plants 
grow on the lysimeters. The bott~m of a lysimeter should be so deep 
that only very few roots can reach It, because then the water removed 
by plants from the soil at the bottom will be negligible. In a rather 
shallow lysimeter (3 to 4 feet) many roots penetrate to the bottom 
layer, which is frequently better supplied with water than soil of the 
same depth that is in contact with strata underneath. The drier the 
climate, the more serious is this factor. 

The movement of gravitational water through soil is not exclu
sively perpendicular, but frequently follows fissures, old root chan
nels, and the like, in a slanting direction. The lysimeter walls will 
act as an insurmountable obstacle to such percolation. The ideal 
would be to construct lysimeters without side walls (Ebermayer 
l.ysimeters), but it is impossible to obtain quantitative data with them 
smce the soil area drained is not definitely known. A practical ap
proach to the ideal is to decrease this border effect of the side walls 
by building lysimeters of rather large area (one one-thousandth to 
one one-hundredth of an acre). 

Soils containing an appreciable amount of clay have a tendency to 
shrink on drying, and cracks are therefore very likely to be formed 
between the soil block and the lysimeter walls. Precautions should 
be taken to avoid drainage along such cracks. Horizontal steel 
strips extending 1 to 2 inches into the soil and roughened side walls 
have been found useful in this respect. Not only will standing water 
alter the immediate moisture conditions of 11 soil! but( _after some time, 
it will actually alter the very nature of the soi itsell. It is obvious 
that after such a change has occurred, the data from a lysimeter lose 
their significance. Soils that have in nature free surface drainage 
should be provided with the same drainage in the lysimeter. It is 
obvious that the amount of run-off water sliould be recorded. 

The writers believe that no one construction should be regarded 
as standard in a lysimeter and that a proper design can be made only 
by having an accurate knowledge of both the purpose of the expen
ment and of the pedologic, geologic, and climatiC conditions. 

EXPERIMENTAL PLAN 

To avoid drawing conclusions from inadeg,uate information, in
vestigators should not carry out lysimeter studies without replicating 
each individual treatment. The number of replicates needed de
pends largely on the nature of the investigation and the type of 
lysimeters used. If the soil is left in its natural condition, no qssur
ance is given of its uniforntity; therefore, at least triplicates should be 
used to represent any one condition studied. The frequent practice 
of attempting to study too many factors with too few lysimeters 
should be avoided. As soil in all existing types of lysimeters may be 
subject to deterioration, it is necessary to continue the study of a 
given installation at least throughout a decade in order to determine 
whether such deterioration has occurred and to judge the value of the 
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data. It may be advisable to install a number of extra lysimet~;rs 
and to remove the soil from one of them every 2 or 3 years so that Its 
chemical, physical, nnd biological properties mny be determined. 
If pronounced changes of soil. properties. a_re found,, ~he po~n~ial 
future usefulness of the installatiOn for attarmng the ortgmal ObJeCtive 
should be carefully considered. 

Lysimeter instillations are normally supplemented with precipi
tation gages and other meteorological measuring devices. For the 
selection of adequate equipment the investigator should get the ad
viee of a professional meteorologist. An accurate knowledge of 
hydrologic factors is needed regardless of whether the main object 
of the investigation is the study of the rate and amount of the perco
late or of its composition. 

PUBLICATION OF DATA 

Lysimeter investigations could be made more useful by describing 
the mstallations more completely and recording the data m a uniform 
manner. The soils are usually, though not always, described in 
detail, but information concerning soil changes during the investi
gation is seldom included. Any chemical, physical, and biological 
change should be noted, since it might give an Important clue to the 
nature of the ~ercolation. 

All hydrologic data should be expressed as inches depth (or centi
meters depth) and the chemical constituents as pounds ~er acre (or 
kilograms per hectare), so that any lysimeter investigation may be 
easily compared with another or with related studies. It is very 
confusing to read lysimeter reports in which precipitation is recorded 
as inches depth, percolate as cubic centimeters per lysimeter, and the 
chemical constituents as parts per million of the percolate. 

"Lysimeter" is an accepted term for a device to study the rate, 
amount, and composition of natural precipitation percolating through 
soil and it should be used wherever reference is made to such an in
strument. Such terms as "culture pot," "rim," "percolator," "per
colimeter," and "drain-gauge" are ambiguous and should be avoided. 

SUPPLEMENTARY STUDIES 

In many instances a knowledge of the amount, rate, and composition 
of the percolate can well be obtained by the study of water flowing 
from springs or field drain tiles. Tllis information may not be quan
titatively correct, because the drainage area is not definitely known 
and not all the percolation water may be caught. The great value of 
such studies lies in the fact that the data are acquired from a percolate 
obtained without any interference with natural soil conditions. A 
combinn tion of such studies and lysimeter research appears to be 
advisable. 

CONCLUSION 

Lysimeters have distinct limitations, as has been pointed out; but 
without doubt many questions concenting pedology, soil fertility, 
and hydrology can be answered by the correct use of lysimeters. 
Filled-in lysimeters may fulfill useful tasks in fertility investigations if s 
sound water balance is maintained in the soil; but for pedologic and 
hydrologic studies carefully designed monolith lysimeters seem to be 
indispensable. 
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BIBLIOGRAPHY ON LYSIMETERS 
Compiled by J. M. DAvtnsoN" 

CONTENT AND ORGANIZATION 

This bibliography lists publications that refer to the design or 
construction of lysimeters, the method of filling and the type of soil 
used, the treatment and cropping of the soil, the amount of leaching 
and the loss of plant nutrients, the analysis of the soil and the leachate, 
or the discussion of some phase of lysimeter investigations. For the 
purpose of this bibliography a lysimeter is defined as an instrument 
that contains soil and receives natural rainfull or irri(iation and is 
provided with an arrangement for collecting and measunng the perco
late. Literature on natural lysimeters, such as small watersheds, 
having no apparent supply of moisture other than that from the 
atmosphere and provided with either natural drainage or tile-drainage 
systems, is not mcluded. In most entries the pagination refers to 
that part of a publication that treats of lysimeters. No reference is 
included that does not deal directly with the subject of lysimeters. 

The following letters are used to mdicate the content of any entry: 
A, Information on the size, clesi!Ql, construction, installation of the lysimeter. 
B, Data on the amount of leaching or quantity of leachate from the lysimeter. 
C, Data on the quantity of plant nutrients lost from the soil or the chemical 

analysis of either the leachate or the soil. 
D, A comparison with other investigators' work or inclusion of data from 

such reports. 
E, Only e. general statement or discussion with no data included unless other

wise indicated. 

The letter or letters directly opposite an author's name indicate 
those subjects discussed in the material cited in the entry. Letters 
1vithin the body of the entry indicate the subject treated in particular 
citations. 

The entries are made according to the geographical distribution 
of the lysimeters. The arrangement of references in chronological 
order under the geographical divisions indicates the historic develop· 
ment of lysimeter research in each. No special significance is attached 
to the order in which the countries are listed. Entries of the studies 
in the States and Territories of the United States are first; next in 
order are those for Grent Britain, Asia, continental Europe, and 
Africa. 

The author index (pp. 65-67) is arranged alphabetically. The num
bers following each author's nnme provide a ready reference to the 
entry in the bibliography in which his work is cited. 

It was the aim of the compiler of this bibliography to set up an 
arrangement that would permit the selection of references for any 
period, location, author, or specific type of subject matter without 
the necessity of reviewing the entire field of literature on the general 
subject of lysimeters. This type of bibliography reduces the time 
necessary for the selection of references on a particular phase of 
lysimeter investigation. For example, the preparation of a report 
on the amount of nitrogen lost by leaching from soils in lysimeters in 

ttTh0 compiler wishes to exprre.s bls jtratltudo for the advloo nnd ooopemtlon o(hla nssoelntes In the Soli 
Conscr\'Btlon Servlrl', and for the e:u:ellent n:,.~istnnce of Robert Jones, Ann Goodwin. ond others of tbe 
Works Progress Administmtion In the preparation ot tho bibliography. 
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Europe would necessitate the review of only those entries denoted by 
C and listed under European countries. 

Titles of publications are given in the language in which they were 
published, except those in Russian. These are transliterated. If a 
work has appeared in more than one language the languages in which 
it has been published are named. 

All translations b;Y the compiler and additions to the references are 
in brackets. Citntwns to abstracts have not been made unless so 
stated; however, abstracts of many of the works cited nppenr in the 
Exveriment Station Record and Chemical Abstracts. All the publi
cations in this bibliography, with the exception of entry 456, which 
is not obtainable in this country, have been examined by the compiler 
in the libraries in Washington, D. C. 

If omissions have been made of lysimeter investigations that are 
within the limitations set up for thls bibliograph,Y1 the librarian of 
the Soil Conservation Service would appreciate receiving such informa
tion. The exact title, author, publication, and date should be given. 
There are severnllysimeter studies that have been or are being con
ducted in various parts of the world for which no published reports 
have been made. 
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