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ECESIS . 

The influence of various soils or substrata on the growth 

and functional activity or plan1is i.S one whi ch has long engaged 

the attention of inves'tigators . During tne past fi:tty or more 

yea.rs many ex:perirmnts have been perforzmd in attempts to deter­

mine the particular factor or factors in soils that exert the 

con trolling influence on the growth ar:d function al a cti vi ty of 

plants . In spite of the repea 'ted expe rimnt s 'there is yet no 

agreement among invest igato:rs as to the ope ration and relative 

ir!lpor tan ce of the various fact ors. · 'hi.S lack: o a re amen t 

arises, in part at least, frcm the fact that the various ex eri­

n:entors take into account on y certain phases, fer example, the 

er ect of physical or chemical factors to the excl sio of al 

others. satisfactory sol tin, ha. ever, must take into 

account all the factors and their interrelations . • other 

reason xor this lack of agreement seem to be that the effect 

of the surroundi:q; medium on tle functional activity or roots 

has not been thoroughly co sidered. xhe amount o absorption 

by roots is, in many cases , conditioned by the rate at hich 

absorption proceeds rather than by the area o the absorbing 

surface, a.Ltho in any i ven set of conditions, the amount ab-

sorben is the product oI-the rate times t o absorbing area . 
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y condition ich adversel arfects the development or acti-

vi ty o roots, if prolonged , prevents the development of the 

parts above round . Accordingly, this rmy be of great im~ort­

ance in determining the ro~th and productivity of the lant. 

The environment of roots is a complex of "'everal factors, 

all o which re operative to a certain extent i. ever1 case, 

but under given conclitio.1s one c tor end under di fere t co -

ditions some other factor may exert t e predomi ant in luence 

o the rate of development ald the functional activit o the 

root system. An alysis of the factors concerned is accord-

in ly helpful in determi ing the probable e feet o any sing e 

factor . In addi~ion to t~ direct and indirect mec Aanical ef-

fects of resistance of soils to root penetration t e factors 

determining the gro th and activity of roo~s or undergroun 

part are (1) t e at:iOunt of .eter pre-ent r.d. i~·s di..,tribu­

tion in the oil, (2) the q ality an concentration of the 

oil ater , (3) the s ~Pl o oxy en and (4) soil tempera-

ture . The final for and activit· of the roots tem iQ the 

resu t of the interaction o different vari ble conditions in 

.hich t e effect of s·n le factors often cannot be isolated 

satis actorily. 

:i.:he amoo.nt of ater in a soil varies eat ince 

1 kes an the one hand d. o id roe r on t e other re-

present the t .o extremes . a e~ are to be regarded eco~og-

ical y as soi s it a m·nimum of olid atter and a. aximum 

of tar-content . . ock on the ot'.e:r 

-i 
an · represe ts the oppo-
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site condition 01 o. maximum of solid matter and a minimum o:t' 

a.tar-content . ither ope1 iater or exposed rock may be in-

vaded and occupied by plants . The reaction of vegetation on 

the habitat thru a series of developmental stages, in combina­

tion with topographic processes, leads to tr~ establishment o 

some finally dominant type of ve etation. The character of 

this finally dominant or climax vegetation is determined by the 

climate . ithin a given area the same climax is reached wheth-

er development begi s i o en 'atcr (hydrarchJ, c a roc{ sur­

face (xerarch) or o denuded soil . Three climax t .e are to 

be recognized in iinnesota (Bergman and Stallard 1~16) . The 

series of developmental stages in hydrerch succession may be 

shown by the follo ting diagram . 

Pinus association 

Abies-Betula associes 

Larix-~icea associes 

Carex asvocies 

Scir us-Zizania associes 
of 

Castalia- ymphaea associes 

otria associes 

Open .ater 

cer-~ilia association 

Ulmus-Fraxinus a~socies 

associes 

The progression o stages to any one o tne three c max­

e~ is due primarily to a correspondi g decree e i t.e ater-

c ontent of the soil . .he a.."!lount o .at er co. taine d in a soi 

hoTiever , has a more or less marked e= ect on othe cctors . 
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ccordingly a pro;ressive decrease in water-content thru a 

series of stages involves progressive changes in other factors. 

On this account the determination 01 the rrobable influence of 

any particular factor or set of factors on the gronth and dis­

tribution of plants in swamps is very difficult. The problem 

involves the consideration of a number of variously interrelat­

ed factors the general features of which are here presented . 

SCOPE OF THE PROB.LE 

The problem is a c omplica"ted one. A solution of it in 

order to be at all adequate must take into consideration: 

1. The effect of an excess of water on the concentration 

of solutes. These may be considered unde: three heads: 

(lJ mineral compounds used by plants and mo1e or less essential 

to their growth ; (2) gases , especially oxygen and carbon di­

oxide ; (3) humus acids or other toxic suostances more or less 

inimical to ~1ant gro~th . 

~. · The e!±ect ot varying concentration of solutes on the 

rate of growth of plants . ~his includes: 11) mineral com-

pounds ; gases ; humus acids or other toxic substances. 

3. The influence of the temperature o± the substratum 

on the growth 01 plants ; (lJ the direct influence on the rate 

of growth and activity; 12) the indirect influence thru the 

effect 01 temperature on the solubili y OI gases in water. 

4. The influence 01 air temperatures, humidity, ind and 

light on the gro.th of swamp plants. 
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5 . The effect of habit ts with an ezce s of ·ater on t e 

structure and behavior of plants . 

6 . ~he reaction OI vegetati:.m on 11) ater-content; 

(2) the quantity and quality OI gases ; 13) ot er 'solutes . 

7 . ''he reaction of veget ti on on temperatu. e , hwnidi ty , 

wind and light and the influence o:;.. such rea.cti on on the struc­

ture and behavior of plants . 

8 . '.!.'he effect of the reaction of vegetation on the habi ­

tat and its rel tion to the ecesis and succession o= plants . 

~he \ ork has been in progress about taree ye rs, tho 

:field work h ving been done mostly in the swm1e_ months in the 

northern pnrt of the state . T e ezperimental ork as carried 

on during the v·nters of 1 14-1915 and 1 15-1916 in the Univ­

ersit- reenhou e • 

. I 

Tho c iaracteristic feature"' of the environment o s a.mp 

plants sre the excess o ·ater , a continuo1s and often high 

rate of transpiration along .ith a minimum of aer~tion an c 

temperatures in the sub tratu.m thruout the gro i a n . he 

amount of water present in the oil ro~o d in luences the 

concentration of solutes , the aer~tion o. ~ soil end t e soi 

temperature . Chemic el Bl al~ ses of v rio·lS s am. s i . esota 

s· O\ that the quantity o_ minerals in peat soils is v • o :. 

The f ollm.ing table may be taken as an e ample . 



Chemical Compositio of .tinnesotu ~eat Soils . 

Ash Total N ..t:'.i U:;- K, .. O cao 
Location per cent per cent per cent per cent per cent 

---- -
:!ui:::ket Feat Soils . 

Timberly 10. 43 2 . l.15 . 3Y5 . 128 2 . b3 

Skibo 10 . 53 1 . 634 . l.45 . 165 . 41 

Island 16.41 2 . 181 . 301 .130 1 . 66 

Island 14 . 86 2 . 2b0 . 336 . 113 2 . 45 

Island 12 • .::..i.. 2 . 070 . 3 3 . 086 . '72 

eadmvlands 10 . ~7 l.b80 . 287 . 087 . 91 

Kelliher 34. 02 1 . 601 . 274 . 1 4 4 . 38 

Kelliher 14. 72 2 . 060 . 329 . 166 b. ';17 

Grand Rapids 7 . 83 . 37 

Gr end Rapids 12 . 03 . 80 

Average 14. 40 l.Y30 . 300 . l ... b " 2 .., . 
Grass eat. 

Kimberly .Ll..B4 2 . 874 .450 • {)<J 5 l . 4Y 

~!allace 14 . 10 2 . 274 . 217 . 082 1. '74 

Bemidji 10.40 2 . 860 . 2vo . 079 2.b2 

Bemidji 6. 78 2 . t! 0 .270 . 1or. 2.3t1 

Bemidji ':) . 97 2 . 790 . 2'73 . 13 2. 93 

iddle River 10 . 48 2 . 693 .285 .104 G o 0 

iddle Hiver 29 . 07 .349 . 094 7.06 

Greenbush lo . Yl 2 . YOl . 369 .103 .., . 6b 

Bronson 13 . 03 2 . 31 . 332 .087 3 . -3 

Lov. ry 13. 83 2 . 060 . 302 • or1y 2 . '7 

end ta 23 . 96 2 . 030 . 378 • l.t:-0 .L4 . 3o 
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Dassel 14 48 ....... 95 . 09.6 1 2 

Hector 41.23 . • 860 .. 318 23ib l 03 

St . Feter 43 . 08 . 266 . 326 3 . lU 

St . Bonificius 17 . 73 .... . 755 . 323 . 071 • .L 7 

St&cy .... 8 ..... 7 2 . 765 • 340 . Ol::lb 2 • 0 

Laporte 52 . 45 2 . 295 . b57 . 076 1 . 43 

Beltrami** 38 . or1 • 'j 5 

Average o . 9 2. 569 . 331 . 114 3. 35 

*Average of 6 analyses . **Avera, e of analyses 

lt'rom De Forest Hun?,'erford : J ourn • .Ar.ler . eat Soc . Vol . ~ : i- .74 

The ~ol.Luriing table gives the res lts oi cnemical ana yses 

of various kinds of soil from different p u-ts 

Locality Kind soil 
·1·ot" l ~. mop u 

_ otush 
...,ub 

Lime 
0 m p '.:.'op Sub -

i.ar sha.l.L a.ti ve rairie . 38 • i:.G .4b . 40 . 35 . 26 • 69 . 70 

Sleery .Jye Cultivated . 28 . 10 . 8 . 44 • i::.l . ..... o . ol . 67 

. dens S r d~7 loam,cult . • 2b 8 • 28 . 47 • 20 . 2 . 60 . 25 •• . 

.Iille Lees l: ine 1and,s 1 dy . 07 • . 14 . 22 . 38 

. yanette San 
' 

cu_t • .15 . 05 . 08 . 08 . lu . 3 . Zl .22 

St . Cloud Sandy loam . 17 . li;, . 85 . 62 .19 .15 . 26 . 38 

• inn. • ta. Bulls. 35 & 70 • 

'.L'he :pho"' boric acid c ntent o:: ... ee .... i s v .... ies ir 

0 . 145 to 0 . 5 7 er cent 1ith ave... e, or ten mtis ~e oi s, 

of . 300 per cent . Peat soils :ro eighteen grass s ams ~ver­

a ea. . 331 per cent of phosphoric acid . The everage phosp· oric 

acid content of llpland soils in 'nnesota., acco_·d' TIP' to nJder 

( ' 99 : 69) is . 20 per cent iOr avera e sevent -tuo surface 



soils and fifty-two subsoils . The otash content , :tnr ten 

muskeg peat soils , averages . 125 per cent and . 114 per cent 1or 

eighteen grass peat soils . Snyder l ' 9~ : 6~) states i:;h.at in sur­

face soils of !.tinnesota 'the average amou t o1 potash , based on 

the analysis 01 seventy- two sarnples , is . 43 per cent . The 

analysis of fifty-tv.t> subsoils of Minnesota gives an average of 

. 4 per cent of potash . Accordingly, there is a notable defi c­

iency of potash , in J.linnesota swamp soils , in comparison with 

the quantity present in most upland soils . Calcium and nitro­

gen are usually present in consideraole quantities . The amount 

of lime in :eat soils com:pares favorably v:ith Snyder ' s (l .c. b~ } 

average of 1 . 2~ per cent for surface soils and 1 . 78 per cent fo r 

subsoils of uplruids . The chemical c omrosition of peat soils in 

4.linnesota is similar to that :fiound by lJachnowski , in Ohio sv:amps , 

and by Transeau ( 1e5 :428 ) in Hichigan swamps • .uachno ,sl{i ( ' 12 : 

378 , 382 , 387) fou ... YJ.d that in peat bogs in uhio the essential min­

eral. constituents 1'.ere present in inc onside re.. Jle quantities , 

which in the case oi phosphoric acid and potash amour..ted to less 

than • 5 per cent , in most sm1m:ps . 0alcium· and nl trogen . ere 

present in i~ a~ively high percentage va rying irom one i:;o near­

ly four per cent . He states elsevhere , hov:ever ( l . c . 389) , 

that the amount o nitrogen as nitrites and nitrates is very 

small . Goville l '10 : 46 ) has also shown that i:;t~ nitrogen as 

nitrates in Kalmia peat var i es between . oooe and . 0022 per cent 

with an average of . 0015 pe r cent. '.rhus , 1.ith the e:'{ception of 

available nitrates and otash, the che ic£1 com osition o; the 

substratum in swamps c omy.are s favorably vi. th t at of the ave r-



age upland soil . ltho the amount o potash present is very small 

nevertheless , it seems to be sufficient for tbe maintenance of 

plant growth . 

In an attempt to establish some correlation between the 

stages of vegetation and the chemical character 01 peat soils , 

Dachnowski l ' 12: 387) has given tables snowing the amounts OI 

various constituents of peat soils from different development ­

al stages . ~he amount of nitrogen and 1otas. does not increase 

to an appreciable extent . .rhosphoric acid shovis a sli_ht in­

crease as the mesophytic climax is approac'.ed . The ash conten t 

also increases from the bog meado· sta e to the meso hytic for ­

est . ElseVihere (l . c . 379) he states that 'these analyses of the 

ash constituents of peat indicate that the mineral salts are 

largely of external origin . :.i.:hey are the sediments brought in 

by stream or carried dov;n by erosion and .. ind. '.!.'he ma'tierial is 

ound mostly as ..__ilica in tLe orm 01 sand and si t , as alun ina 

am silica in the form of clay , and as ca cium car o te in the 

form of marl . " The number ar analyses is sma l and "Gh.e evid­

ence , therefore , is not wholly dependable . ~ike\iee the avai -

able data on tr..e chemical co osi ti on of t. e s· bstra1i1l1Il in t e 

ditterent development 1 stages of s amps in innesota is insuf­

ficient to establish definite correlations bet een the chemical 

composition 01 the eat and the character o the vegetatio in 

the vario s developmental st ges . 

Concentration 

I t mi 0 ht oe expe cted t hat the concentration of ater in 



lakes and swamps vrnuld be much less than that of the soil water 

on account of the great excess of water in lakes and swamps as c 

compared with that of soils . Livingston ( ' 04: 383} has deter­

mined the concentration of water from various ources by measur­

ing the amount of lowering of the freezing point . He finds that 

the water of lakes and rivers lowers the freezing point . 005 -

10 

. 01 C. and that swamp waters lower the freezing oint . 0025 -.02 

C. He concludes that abog waters do not :rave an appreciably high­

er concentration of dissolved substances than do streams and 

lakes of the same regi en . n Transeau ( ' 05 :4~5) finds "a notable 

difference between 'the total minertl content of bog water and 

that of the soil waters adjoining ••.. '.J:he total mineral content 

of the groundwater varied from ~67 . 7 to bb5 parts per I:lillion ." 

Three analyses of bog ;at er sho · ''the mineral content to vary 

from 89 . 9 to i:::l9 part a per million, the highest igure oeing 

t at for tr.£J sample obtained near trn margin of the tamaracks, 

i.e., nearest the mineral soil ." .L>achno·s ·i ( 'l : 5041 finds 

in Ohio peat S\ amps that "the concentration of mineral salts in 

bog water from various plant associations 1associes) re.nges 

from 4U to loO parts pe r million" and that • the osmotic pressure 

Of the soluticns ••••• is very nearly alike in the several pant 

zones and about the same as that of' 1 ke or river at r . ' \Jam­

eron l '1'\lf ) estimates that the soil solution cl,;ntains about 

28 i arts er million of A,_0 and ab vut 7 of .... 1-Os-• mhus it ap­

pears tha1i the soil solution ins .amps is ofte more dilute than 

that of' rivers and lakes or than the a er adjace t mineral 

soils . However, in other cases no appreciable difterence exists . 
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1 tho si;.amp \7ater is a very dilute solution it sho s no ""'bsolute 

deficiency of any mineral constituent . 

The effect of dilute nutrient solutions on plant rowth 

has been studied by a number of investi ators and a a resu t 

it has been cle rly establishe that plants ma~ 6ro. readily in 

very dilute solution:;; . uameron 1 '11: 70 J "'tat es "th t if a given 

ration of mineral nutrients be maintained , relatively al ef-

fect is produced on the gro .i:ng :p.La ts , varyi t:_e c o ce ra-

tion over a wide range . 11 .:. otti gnam 11 14 J a d ;,tiles 

arrive at the sarno conclusion . utiles in ·or ing ith .leat 

an rye. f oun th"t the amount of dry m tter roduced varied 

but little in concentr tion of 1 , 1/5 , 1/10 and 1/20 or a tan­

dar solution. ::;tiles 1 '15: 6J compares the a o nt 01 otassium 

and hosphate in the culture solution~ used b him ith the a­

mounts round by amer n in t• e soil solution . e t e that 

"the weakest sol1tion \,hen first ut in the c lture ars ;as 

01 the sari e strength in regard to otash an rhosph te as t at 

01 t· e soi 1 solution . " .tie also sa s ·altho the plants ro 

in t.e di utest solution produce some h t ess dr m tt r t 

those in hi her strengths , the differe ce s not re t t e 

lants ere per~ectl health·. 1 ro n t '13:10-1 in ro i 

lants of lodea , found t ~ t e ·1u·ion of a ater th an 

equ amou1t of distiled ater prod ced ve · l"ttle effect on 

the o:.m"t or ro .th . He a so fc .• in compe. gro. h 

of .... lode a in tap ,,n.ter .. · tn t e gro th pla ts i.. o s ol 

ution of 0 . 5 , 1 , d 4 ti e standard stre gth t. ~ ~ne 



plants in Knop's solutio ·1 made better gror:th t hen t o...,e in tap 

water but tr.at there was very little diff e:!:ence in the growth 

o plants in the diIIerent c cncentraticms 0:£. .l\.nop 's solution. 

'1'his is in acreement i.ith the results o:t vameron, J..ottingha.m 

and ... tiles cited above and sup_orts Cameron•s viev: tha t tb.c 

soil solution, altho very dilute, is sufficientl c ncentrated 

to support vegetation. 

The assumption by some writers tIBt the inability of 

plants to avsorb a sufiicient amount O.L \,ater from a swamp su -

strai;um might be due to high osmotic pressure of' swam ;aters 

ha resulte ll in a number of' investigations o this property. 

12 . 

•_•he osmotic pre ssm·e 01· si;.amp 1. at ers has bee.a f ou.nd by .Livingston 

I '04:383J , ·.1:ranseau l '05:424J and lJach: ov-•ski ( 1 12:3721 to e a­

oout the sarae as that of la ~e and.river ·va:tor or the came region. 

The evidence doe not s pr ort tn1~ assumptio snl ail three ~ ree 

that the high osmotic pre s re OJ.. t .o \,a.ters is not a factor in 

e laining the structure a. distribution o~ m.ramp plants . 

Acidity of ·~amps. 

The acidi t' or s\·:amp \at er 1s another ±actor • :.ic has 

been assigned as the cause oft e ina ·11t of certa· pans 

to oe<.:ome establis ed and gro. i s·.ai .. p • .!.C.UC Sc .. · er I '03:8) 

attributes the xe 01 orphic cha_·._.ciie ... o oo r lant .... to e " n sio­

lo ical dryness'' bro ght s.bouii b the pre .... ence "oi humus acids in 

the soil . 11 Acidity tests have · een made o~ sw .. ate::.~'"' in many 

locali "ties in the northern par" 01 , .inne so ta . _he acidi "tY has 
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been found to vary Irom . 001 to . 005!3 o:t °' normnl solution , in 

most sv:amps , when titrated with N/10 potnssium h~,rdroxide and us ­

ing phenolphthalein as an indicator . J.he highest acidity found 

was . 01~5 normal but such h1en de5rees are ve1y unu ual . ~here 

is no uonstant relation between the degree oI a.cidii.;y and the 

character of the vegetatiuu oi sv:an.ps , lt o ten happens "thf t 

swamps with the very same associes may vary considerably in tnis 

respect. in general it may be said trwt tne acidi-cy increases 

\.i tn the progression OI stages rom the 

up to the Larix-Ficea associes . 'J.'hus, in lakes , in \".'hich "t;he 

Chara-Ihilotria as ocie s is the first to a11pear, the i:;ater is 

usua11~ neutral or of ten alkaline to as muc. es . 001 normal . 

However, some exceptions are to be 1ou d . achnm;ski in Ohio 

also iinds the hi~nest aidity int e Larix- icea ascocies . 

Transeau ( ' 06 : 37 ) states that "The acidity oI lac al bog aters 

varies fran . 00015 to . 00258 norma acid . ·.i:he lmrnst val es are 

found in areas covered by bo sedges and s •amp plants, an they 

are approximatel;y~ the same . 'The highest occur under the t, m-

arack.e .11 

The increase in acidi t;; is in so e \1ay d· e to the re­

actio OI egetation a d may e due to t e formation o~ humus 

acids by the slOi. decom ... osition o~ lE...ts under conditio s 01 

re uced aeration or to tne absorption 01 min rals rom oae or 

their sales thus lea vi (" unco:nbi ne d acid radicals . auma.nn ...... d 

Gully ( l'\10 ) correlate the acidit~- of peat soils .i'th 'the 

acidity ~ ~phagnu~ and conclu e th t since peat consists lDrge -
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ly of imperfectly decomrosed Sphagnum , it is probable that the 

acidity oI reo.t is the aci di t;y of Sy hag um . ~hey 1 ound that peat 

had a so100.1hat higher acidity than Si-ha".;num and that ,eat 1 as 

rather more active in decom~osing the sal~s 01 mineral acids • 

~hey attribute the acid reacticn to the selective absorption of 

the cell colloids of disintegrating plant tissue which retains 

chiefly the basic ions of di ss ol ved salts. 11•hey state also that 

sever al other mosses hcve tr.e same property as S:phae;num . 'l'he se 

observations are confirmed by Skene ( '16:?6) . '.ieler states 

that these properties are exhibited by tissues o many vascular 

platns . Czapek ( 1911) and. ... ieler t 191:...) a~ree i::i th the hypothes-

is of Baumann and Gully . '11he deductions of the latter , however , 
IT 

are disputed by other writers among whom are Tacke and ..:uchting 

(1911) , Rindell \1911) , Oden (191~) , Ehrenbere and Bahr (1913) 

and Tacke , Densch and Arndt (1913) . The op onents of the coll-

oidal theory attempt to show that tr..e acia reactions ot eat 

soils are due to the 1resence 01 more or less soluble humus acids . 

~'hether one or both of these hypo the "'es <:.re to be accepted as 

causes 01 the acidity 01 eav soils is no ~pparent a~d rust a-

wait urther inves tigation chemists . ltho it .. as oeen 

clearly established that ::>phagnum anc1 other mosses are able to 

ecomp ose salts , there are sv.a.mps in 1 hic.1 no Sphagnum or other 

mosses occur in which the acidity is as hi'""h as in a tY}Jical 

S:pha num swamp . No invariable correspondence is to be noted 

between the acidity of sv:amps and their chemiccl composition or 

between the ucidi ty and the chemical compo:: i tic n of tr~e soil 

·urrounding the swamp . 1he acidity o s m:nps is 01ten the same 
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in that part of the state in which the soil consists of the more 

calcareous drift as in the parts in which the drift is non-cal . 

careous . However , the lime content in swamps within the area 

of calcareous drift is often, if not generally , higher than in 

those within the areas of non-calcareous driit . 

From the fact the: t there is no appa.ron t c orrelatinn be­

tvrnen acidity and the character of vegetation in swamps and that 

the same species 01 mvarnp plants seemingly gror.' e uall~T ·well re ­

gardless of the degree of' acidity, it a pears that this can h ve 

no imrortant influence on the occurrence of plants in swamps . 

This same conclusion was reache by LivinfEton l ' OE : 251J . Tran­

seau ( ' Ob:4,.,7) hov.ever , arrives at a diiferent conclusion ana 

says "It would aprear , then, that the acidity 01 the solution 

is unfavorable for the growth of some plants, anQ t a t it is a 

factor in the se le cti on of species for acid soil con di t .l. o s . " 

Dachnowski l ' l.::: : 372} al so concludes "ths.t certain S!Jecies , such 

as cranberry, blueberry, blackberry , bean and others, favor ac i d 

soil conditions \7hile for other plap.ts acidity is n t advantag­

eous for -rowth and hence becomes a factor in tre selectio of 

sr;e cie s . " II}8.n earlier paper ( ' 11 : 14) he states that "t e 

stress laid b: various authors uron the r la1aon oi these two 

actors 1osmotic pressure and acidi~y ) to lsnt ocieties in bo s , 

in so far v.t least as this region is cone rue ::i , Jill not hold . 

They are not factors in the selection or distribu~ion o! species 

ror bog habitats." 
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Toxicity. 

Livingston ( ' 05 : 351) in failing i:;u I111a. any correlation 

between the osmotic pressure and inhibitory effects of bog wat­

ers on plEmt growth or betv;eon acidity and toxicit:r came to the 

conclusion thnt the toxic properties must be due "{;O the presence 

of certain chemical substances w~ich are present in extremely 

small quantities . Dacbnowsd ( ' 1~:334) also believes "that 

there are present in bog \:ater and in bog soils injurious sub­

stances ; .ich are , at le at in part , the ca'J.se o xeromorphy 

in - lants , and 01 decreased fertility in bog soils . "In spi te 

of the ccnc~usions 01 ~ivingston , ~achnowski and others , the 

assumption of the resence o acids or 01 very minute amo .ts 

of toxic substances does not seem to constitute an adeQuate ex­

planation. ln the firs-c lace it is to be o served t at the 

toxic properties of the s amp stbstratum re~in approximately 

the same thru several developmentul stages . rrogression ir- the 

hydrosere is due primarily to the pr gressive decrease in the 

mt er-content of the substratum. ~·or t' is reason , it is to be 

expected the t by a variation 01 the {._ ter-relE tions the sta e 

of development mi ht be either advance or thro•"n ack to some 

earlier stage . hen uater is present in excess , aera-cion is im-

peded . •ondi tions of aeration in S\ am s ma T oe materiall· a t-

ered by the reaction of vegetation , "ince the character and 

quantity of vegetati~n has am rke e~fect on the amolnt and kind 

of gases I>resent under given c ondi ti ons . ·•· .e resence or absence 

of acids or other substances ·:vh ich ma· exert a toxic infl ence 

on plant gro 1th is not disputed . 1.J.. they are resent , ho .ever , 

it is becau 0 e o lack of ox"gen and n. oper aerativ. i~ ro -

vided the alleged toxic substances \i~ disap ear . 
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~emperatures of the Air end or t1" e ubstratum i 

Various ssocies . 

Eefore the considerati on oi evidence on the effects of 

aeration hov.ever, the tern erature, evaporation and light rela-

tions of swam: plants as .t ossible Iactors in their growth and 

distribution will be dis cussed • . The amount of water in a soil 

exerts an influence on soil temperature . un account of the high 

speci1ic heat of water , any soil having a high or excessive .a-

ter-content , heats up ver~ slowly, but once he&ted maintains 

the temperature for some time . ~n consequence there is a marked 

lag in the seasonal riee and fall of tem~erature in saturated 

soils or in soils ·7ith a e;reat excess of ·1. at r ln comparison 

~ith the seasonal rise and fall oi temperature of t he atmos here 

or of soi ls Yli th a moderate or small amount of · a ter . ~ umerous 

readings of the temperature of different substrata h ve een 

taken during the three years 0 field ,ork . Un ' a fe .. l Of 

these are presented in the follo~ing table . The re 

ever are re resentat1ve and '7ill serve to i ust a~e t ne di -
t 

erences . 
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Cham-Androm Larix-Picea Abies-Ietula 
air soil air soil air soil 

m ldm 2dm 5m ldm 2dm Lbm ldm 2dm 

Pinus or 
Acer - Tilia 

l..5m ld.m 2d.m 

18 

rairie 
ir Soil 

m ld.m 2dm . 
Date 

June l<J* 21D 9 . 05 23 15 13 
" 27* 2 10. 5. 0 33 17 lb 
" 23 H 21.5 6.3 5. 0 20 14 13 

J ' ly io*2m 16. 514.b 21 1 13.5 
" 18H 29 13 ll .8 30 20.418.4 32 28 29 .1 
fl 19H 225 14. 6 13. 5 ffi. 6 13 12. 6 28 18 .8 17. 4 2 4 22. b 22. 3 
" 22H 320 22.6 18. 0 29 15 .214.l 2r/.4 17. 4 16.8 
If 29B 33 19.8 :13.4 26 .4 25 . 216 

Aug . 3 H 30 1 14.6 ol ll.2 W.4 5 25 . 234 
" 4 B 21 1 5 rs 
"8-JO B 18 J3.5 12.5 30 J4.5 14 

20 B 2b 16. 13. 
" 27 B IB. 5 9 9 . 5 
" 28 * 20 12.5 12. 

*Meadowlands H)l2; H, Hubert 1916; B, Benedict 1 15 

This table shows that i·or corresponding associes the tern-

perature of the substratum at any date does not vary greatly 

alt ho air temi;€rtures may fluctuate considerably. '.Vhe swamp 

sho s the greatest divergence bet :een air and soil tempera­

tures , a rapid falling off in temr~rature at increa ing depth 

and the lorest soil temrerature of any habitat . progressive 

incree.se in the temperature of the substr""'tum is to be noted in 

passing from the Charnaedaphne- dromecla or .Larix- icea assoeies 

to any of the climax associations . 'J!his is correlated with the 

progressive decrease in ~ater-content ic h takes place in the 

sarm direction . Other factors , however, such as the ne.ture of 

the substratum , the kind and amount of covering as affecting 

light int ens it y , evaporation, humidity , etc ., must be taken into 

account beior e the exact re lo.ti on can be determined . 
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In winters of moderate or heavy snowfall the swamps may 

not freeze or only to a depth of a few inches , but in winters o:t· 

light snowfall or when a period of severe freezing weather comes 

before snovrfall.;: it is not unusual for 1:> amps to freeze to a 

depth of two to four feet . Shallow swamps might thus be frozen 

to the bottom. ~/hen once frozen the substratum does not readi~ 

tha~ and ice may remain long after the surrounding ground has 

thawed out completely. In the summer o.i.. 1~15, between June 15-18, 

ice was :found at a depth of 16-20 inches in swamps north of liUll 

Lake , near Brainerd . .!!' . Harvey Stallard in his \'Ork at J1eadow-

lu.nds, during the summer of 1912, found ice at a depth of one 

:foot on the 27th of June . The temperature at depths of two to 

three decimeters, in sv1amps during June , vari e usua ly bet een 

4-6 c., while in timbered areas at oorresponding de ths the 

soil temr€rature varies bet een 11-140 . During Jul and ugust 

the temperature at depths of 2-3 deci~ters in s .. amps rises to 

10-14 c., and at corresponding depths in cod.land wooded areas to 

1'1-22 c. 

Thus it is to be noted that the temperature 01 swamps even 

in July and ... ugust is several degrees oelo\ that of the soil in 

surrounding wooded areas and a more marked difference exixts 

when compared With grasslanl or op:in areas . Dachnowski l '12 : 297} 

:finds in Ohio s ~1amps that "The persistence of winter cold and 

ice through the summer months is a point not proved either b 

observation or by rer.:istf3ring instruments . " Cox ( 110: 119) in 
recording 

'lisconsin finds that f rost remains in the soil of an unflooded 
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bog until canparatively late in the season , and there have been 

instances of frost in the soil in marshes ns late as July 4 . 

The observations of the nriter are in accordance with the latter . 

Transeau l ' 05 :420) gives a table of temperatures of the substrat­

um in various associes as compared with upland soils and with 

air temperatures . The substratum temperatures in the Cassandra 

and tamarack zone are the lowest and show an increase in pro­

gressing to the upland . J.Jow soil temperatures inhibit the growth 

of plants by retarding absorption and conduction . They a.ls o 

render the substratum unsuitable for the gro th oi bacteria 

which under more favorable conditio~1S decompose the complex 

organic substances of the soil and render them available for the 

use of other plants . When lmv temperatures in the substratum 

are associated with higher air temperatures , evaporation may 

exceed absorption . In consequence of this , certain plants may 

be excluded in favor of others with a lower transpiration ratio . 

Air temperatures in swamps during the night are usually 

lower than over upland soils . The difference is less marked on 

cloudy nights than on clear ones . uonsequently froots are more 

frequent in sv;amps than on the neighboring uplands . The reason 

tor th is is that the temperature of the substratum is consider­

ably lower than that of soils of the surroundin upland . Con­

sequently there is less radiation as compared 1i th ordinary 

soils . Cox (1910) finds a lower air temperature over Sphagnum 

than over bare peat . urine the SUlIUD3 r 01· 1914 at Benedict, 

a Draper recording thermometer as placed in a tamarack s •amp 
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· and another i retrummt was placed on the upland , having an ele­

vation of not more than ten feet above the level of the swamp • 

.!fro-st was recorded in the swamp once in July , h7ice during 

August and once during the first ten days of September. on the 

sarre nights on the upland , the temperature of the air did not 

fall below 40 :n· . Similar results are shown by Alway ( ' 16 :168) . 

He gives a table oi minimum tanperatures recorded in a peat 

swamp at u-rand Rapids , during the sUilllll3r of 1914 , as compared 

With the minimum air temperatures over the adjacen't mineral 

soil . '.i.'O what extent this is a factor in limiting the gro .th 

and distribution of native plants in swamps cannot be stated 

with certainty . Its effect on the limitation of the use of swamps 

for agricultural purposes , ho ever , is wel kno n . 

Evaporation in Swamps . 

The r elation of air temperatures to transpiration in 

swamps and its effect on the growth ard distribution of s mmp 

plants is another factor to be ems idered . ~he apparent anoH!­

aly of plants with xerophytic characters growing in abitats 

with seemingly unlimited quantities of water has lo. attracted 

the attention of botanists . t>chimper ( ' 03: 8 J assumed that the 

xerophytic character of sv;amp plants was due to "physiological 

drynessn . it has sinc e been generally a c cepted that the xero­

phytic character of swamp plants is due to transpiration in 

excess of fue amount which the plants are able to absorb . 

However , there has been no agreement as to the cause of the lim­

itation of absorption. There is also no agreement on the ef ect 
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of transpiration as a factor in the limi tation of the growth and 

distribution of swamp plants . 'J:he data on the relative evapo­

ration in various pl ant associes , h0V1ever , as determined by 

different investigators are essentially similar . The work of 

Livingston \ ~8 : 10) and rapp 109 :282) has shown that the evapo ­

rating power of the air is to be regarded. as the resu l tant of 

the interaction of humidity , temperature and. '.rind in so far as 

they influence water loss from plants . •rte rate of transpir ­

ation has a definite relation to the rate of evaporation , al tho 

Gates 1 ' 14 : 445) found that this relation varied both v;ith spec ies 

and with individuals . 

As a rough measure of the evaporation power of the air in 

differen't habitats , at benedict , in ugust 1914 , two evapori­

meters were set , one on top of a bare hill near a tamarack 

swamp and the other well out in the S\"amp . t the end O! a tvo 

~eek period the evaporime'tier in tbe !irst station had lost a 

liter of v:a ter , ¥Jhile the one in the sv1emp had lost less than 

hall: tbat amount . n August 6 , 1915 evaporimeters ·ere set in 

a number 01· sta't icns in the vicinity of International Falls . 

'.!:he results are presented in the follOVTing table . 

Station 
Amt . lost in cc . 

1st 1ee~ 
------ --- ----
In scrubby Chamaedaphne of a 
cleared , burned and drained 
arix-..t'icea S\.amp . 

::5aroo swamp under single bush 
of Alnus 

lnus-Salix zone 

f.68 cc . 

165 cc . 

115 cc . 

2nd .eek Total 

127 cc . 2'.:l5 cc. 

78 cc . 243 cc . 

50 cc . 165 cc. 
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mt . lost in cc . 
(continu~d) Station 1st . week . 2nd week . 1.i.•otal 

·----
Fopulus tremuloides 

on exposed ro cir s of an 
is la.rid in nainy .td ver 

124 cc . 

425 cc . 

·--------
65 cc . 189 cc . 

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

Evaporation tests were also rmde at Hubert, in 1916, v:ith 

the follov1ing results. '.t:he test .as begun July 18th and. ended 

August 14th. 

Sta ti on ount of .ater lost in cubic cc. 

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

~_Ly ___ ~-~~~u s~~-
20 ~3 27 29 31 1 3 9 14 

1. Clearing, sparse 
grass , mostly .LHlll th onieyo6 7 5 

2 . Pinus banksiana 
assoc ies 35 4:8 

3. In thicket of Be­
tula papyrifera, us­
trJ a, and uornus 

36 

4. Acel' rubfil1- :;: . 
resinosa swamp border 2 

• .L . res inosa- .l:. s ro­
bus association 

56 

27 

6 . rrairie on bank slo-
ping toward lake * tl9 

7 • .Partly cleared Pinus 
association near road 

60 72 30 

55 59 

38 ** 17 

x 69 

x tlO 

72 108 

x 100 

80 98 * 87 

60 45 121 58 

34 48 

14 1 

16 30 

168 98 

* 

3 

56 

0 

48 

112 

18 48 95 75 

8. ~inus, uercus , Cornus x 70 50 61 3b 
*Not working , reset on same date . ** nesetJuly31 

x Set July 2e . 
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The weather during nearly the entire :i;eri ad. was hot and 

dry Wb.ic h caused a high :tate oi evaporation. u-eneral clo diness 

prevailed on July 2bth v.ri'th rain during the night and forenoon 

of the 26th • .uuring the las't four or five days of the test, 

also, there was more or less cloudiness with lo er temperatures 

but with little o.r no rain. On August 11 , several evaporimeters 

were placed in other station and allov:·ed to run 3 days . The 

locations and results are as fallows : 

Station 

Over Chamaedaphne 

Under Char::iaedaphne 

Under Ca.v- ex 

ate r los"' in cc . 

65 

40 

25 

Under Andromeda 25 

Under Ledum - swamp border 25 

Picea-Abies-Bet la s .amp border 28 

Under inus banksiana 38 

Open prairie 72 

It is evident from the figures given in the preceding 

tables that the rate o e vaporation at the level o the shrubs 

in the 1 hamaedaphne - Andromeda associes is relatively high , even 

approeching that of gr assland . Evaporation is least in the 

bies-l'icea as ..... oc i es , or in the Alnus-Salix associos , the corres­

ponding stage)>f the subsere . The results obtained by Dachno. eki 

( ' l' : 3 O~ ) are s i r i lar • Ee finds greater dif ~erences, however , 



between the central sphagnum- cranberr y zone ani the University 

station than too writer does bet :een the QQamaed.a.phne - dromeda 

associes and the prairie station which resrectively correspond . 

The rate of evaporation is directly correlated i'.·ith humid­

ity , wind , temperature , kind and amount oI· vefetative coverings 

and light . The latter factors operate la.rr;ely thru their in­

fluence on wind and humidity relations . Thus the lmY rate oI· 

evaporation in the Abies-Picea or Alnus-Salix associes is to be 

attributed to the fact that the taller and denser vegetation 

greatly reduces the uind velocity and the light . This in some 

measure affects the humidity and tem:perature relations . · ... ·he 

h:igher water-content of the substratum as compared.-i;.ith that of 

the soil in the adjacent upland aloo inf uence the humidity, 

esrecially near the ground , at the level at .. hich the evapori­

meter v:as placed . The greater evaporating po er oi the air at 

higher levels in tre same vegetative comr unity has boen pointed 

out by Yapp ( ' 09 : 275 ), Dachno.ski ( ' 11 : 145; r1z : 504 ), Sherff 

( ' 12 : 421) , and ]·uller ( ' 12 : 424 ). 

Nur::erous readings oi temperature , humidity and wind veloc ­

ity in various asLocies and in different localities sho\. that the 

rate of evaporati an varies directly wi'Gn 'G he t anperature and 

w :ind velocity and inversely ith the humidity . Gates ( ' 14 : 484) 

reacbe s the same cone lus ion . ~he f olloo i :: e:Y.:pe riment at Bene -

diet in 1914 shows these relations . TviO soil cans ere fille 

vith v:ater. One of them was placed in an open grassy area at a 

height of approximately 1/2 meter above the soil . The other 
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was placed at the sarre height under the shade oi two isolated 

jack pines , about 10 meters distant from the f'irst station. later 

two days the second station ~as moved to denser shade 01 

of Alnus Crispa . The same distance from station 1, and same 

height from ground r:ere maintained , however . The loss in grams 

over a period of several d.a;ys is shown in tre following table . 

Loss in srams . 
Date Hour Sta . 1 Sta. 2 

Aug . 19 11:00 A. M. 

" 19 7 : 00 p . 1~~ - 12.5 8 .7 

II 20 7 :45· A.r: . * * 
IT 20 8 : 00 I . M. 15.7 11. 7 

" 21 7:30 A • :.r. 0 . 2 o.o .fove to shade 
of Alnus 

" 21 •7 :45 p . 1~. 21.8 8 . ? 

n 22-25 * * 

" 26 7 : 00 .i. ~.1. -&-* 1.9 

" 27 10:00 A•:.:. 1.0 * 

" 27 7 : lb .M:. 9 . 9 3 . 7 

" 28 9 : 30 • :1. 1.2 0 . 6 

" 28 7:30 p . ~ . 11. 7 6 . 6 

" 29 9:00 A. J..,". * * 
" 29 7:00 .. ~ . 13.4 3 . 5 

" 30 8 :30 . ... I! . 1 . 0 0 . 6 

" 30 7:15 p .r: . 22 . 5 3 .2f) 

" 31 7:2b p . ... :. 15 . 2 6. 65 

*Rain during night, weight increased. ... * Pot r:eigl: ed. 
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1. Graphs showing relative evaporation , humidity and t cmper­
of two ndjo.oont stations at Bonediot , Minnesota , August 19-20,191-;:~ 

.... tor loss in oubio millimeters , tempernture in degrees 1',ahrenhei t , 
idity in per cont are eho\'m ao ordinates , the time in hours a 

• Eeavy li~ca ropresent station 1 , in open graso- oovored nrea; 
light lines otation 2 , in shade o; two isolated jaok pines ~t a di6-tanoe o 
of about ten cotera from station 1 . Wind velocity , Aug . 19, 11:09 A .M~to 

:15 p. u. 60 , 048 ft ., Sta . 2 . ~1 . 528 ft . ;" Aug . 20 , 8 ; t.. O 1 .~ • .;.7 :30 p.u. 
Sta. 1 . 66 ,00'7 :ft , Sta . 2. 60, 41'7 ft . Ho wind after 4 :15 P .M. Aug . 19 
or n£ter ?:30 P.U. Au~ . 20. 



It is to be observed that the e vapor at ion in the second. 

station runs lower than in station 1 . The difference is still 

more :rmrked after the transfer of station 2 to the denser shade 

of Alnus . It is to be noted also that the evaporation during 

the day period is much in excess of tba t for ihe night period . 

In SOill3 cases the evaporation during the night is very slight 

or none • In order to determine the cor re lat ion bet we en evapo­

ration and other factors , a number of mea.sureill3n ts of tempera­

tu re , humidity anl wind velocity were made at the t o stations . 

The results are shown as graphs accompanying. 
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During the nights of August 19-20 no water loss ~.as ob­

served . On the night of August 20 , the humidity reached the 

point of saturation at 8 • J. and the humidity -;as maintained 

at this po:int until about 8 A. 1:. on the following morning . rhere 

Tas no wind du ring the night on either date. 

A similar evaporati en test as made at international Falls 

during August 1915 . 1.'he test began August 6 , and as continued 

three days . '..Cwo soil cans filled wi:th water were placed as 

follo?;s : the first on a bare , rocky outcrop, tbe second in tre 

shade of a group o!' 'White pines growing near b~ • .i;be results 

are given in the fo .Llowing table . 

Aug. 6 

- ug. 6 

Aug. 7 

Aug. 7 

Aug. 8 

ug. 8 

ater loss in grans. -Tem~ .-IIumidity . 
Sta 1. Sta . 2 Sf~ · S a . Sta. 

8:~5 . il. 

8:15 19 . 9 

7:50 " 1 . 9 5 . 4* 23 . 5 19. 65 
• .L.L • 

7:30 F . ... .1. 22. 5 5 . 0 21. 0 19 . 08 

8: 45 . il . 3 . 8 0.6 3~ . o* 25 . 47** 

7:30 A . ... r. 26 . 5 4 . 8 

*Total loss frorr: Aug . b, 8:45 A •. • 
** t 12 :30 . :. 

Sta . 
2. 

78 

82 

56* 

Te same correlation is evident tere also, na.roo y , that 

greater evaporation occurs under ccnditiom o o·er relative 

humidity and higher temperature • ..ind velocities ere not 

determined but station 2 was soroo hat protec'ted from the .ind , 

and evaporation would for "that reason also e less than in 
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station 1 . As in the exreri100nt at Benedict , in 1914 , the evap­

oration during the night reriod .as much less than durin the 

day period. 

The temperature and humidity relations at 1ihe suriace of 

the ground and at a height of one IOO t er or save ra dil ferent 

staticns on diiferent days were determined in conr.ection.,, ith 

the evaporimeter experiment at Rubert , in 1~16 . ~he results are 

shown in the followii:g table . ~he locati en of the vc:r ious siia-

tians is eiven in the table on page lo . 

Date and Hour . elative Humidity Temperature 

,Sta . 1 2 3 4 5 6 1 2 3 4 5 

July 29 1 m. 51 54 54 59 5 51 32 30 30 29 29 

9 : 30 .n. . I • 
Sur . 48. 5 50 60 73 59 4 34 30 30 28 29 

July 30 1 m. 0 82 79 50 37 '> - 26 ...o 

2 - . 1 ... . 

Sur . bO 79 79 41 ~ . ..... 26 26 

6 

32 

37 

36 

3 

-~-

Aug . 1 1 m. 66 69 69 61 . A 23 23 24 • 

9:oo;. .:·. 
Sur . 64 69 69 64 -6 23 23 26 

Aug . 1 1 m. 57 7 63 . : .. :1 7 .., 'I 

oon 30 27 
Sui· . 68 57 64 . 0 

Aug . 1 l .m. 4 54 4 4 4 4 

7 : 00 • ... I . 24 24 ;:.;4 

Sur . 54 4 54 

Aug . 9 . 1 m. 47 50 47 47 28 8 8 28 

3 : 00 F • .... . 2 
Sur . 4 7. 53 47 48 28 8 8 . 
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in 1914. Two anemometers were set out in a clearing. one at 

1/2 meter and the other at 3 1/2 meters above the ground. 'l'hey 

were allowed to run fran noon till 6 .t . 11. at the end. of which 

time it was found that the first anemometer had measured. 1.17 , 840 

feet and the seccna 322 , 715 feet . That is , the velocity of the 

wind at 3 1/2 meters was found to be near~y three times the velo­

city at 1/2 meters above the ground . 1 comrarison of the rates 

of evaporation in various plant associes make it quite evident 

that Wind is the most important factor in promoting evaporation . 

:x:app 1 '09: 301) came to a similar conclusion. 

Light. 

The intensity of the light exerts an influence on the rate 

01 transpiration by its effect on the size of the leaf, leaf 

structure and amount of radiant energy absorbed. It has been 

observed that for many plants at lea t, a very definite re ation 

exists between light intensity and 1h e size and structure of 

leaves . it has been found t at leaves or edum , elmia , f...Ildrome a , 

Chamaedaphne , species of Salix and o~ many other s~amp plants 

are larger and thinner on plants growing in s ade t an on sun 

plants. They are also less xerophytic in structure than those 

of sun plants . '..L'he differences in structure of leaves 01 plants 

of the same sre cies growi i:g in sunlight and in shade has been 

sh own by .... tahl ( ' 80 : 867) , Haberlandt I I d!f ) , J ho ( 18 lt 

. S . Clements (1905) ,and others. The size oft e leaves also 

effects the amount of radiant energy absorbed. ~he absorption 

of radiant enerey raises the temperature of the leaf and leads 
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as possible exact data have been secured as to the oxygen and 

carbon dioxide content 01 lake a...."'1.d swamp :aters undeL· no1 al 

c end itio ns . The in-Pluence o_ other factors, hov:ever, has not 

been neglected . A large 8.P.lount of data sec~red in the study 

of :plant succession in northern . innesot a has been used in de-

e rminint; the probable effect 01 other facto rs or sets 01 fact rs 

on the growth and. distribution o:t swamp plants . 

Experimental Study of eration . 

In order to determine the degree o aeration under condi ­

tions of root subroorgence and its effec-cs on the gro cth of plani;s , 

experiments . ith a number 01 p ants have boen .'erfonned in the 

greenhouse • :1he ex:perimen t 11·as begun in Pe bruary 191:: . The 

following '1ore the plants used; wa:::-:: beanc , Fhaseo us vulgar· s 
Bo.lsamine, 

var, balsam, Imp:i. ti em;; . · -t7~-F€~1P- eranium, _ elurgonium s • , 

umbrella plant , Cyperus alternifo ius, crov:foot , anunculus 

sceleratus and golden willo . , alix sp . 

'.:-he first test was with beruis , whicl ere gro. in garden 

loam in our inch pots. .t..fter the :rirst leaves ere iu deve--

oped the pots ere submerged , one i s11anip . ter and t.e eco d 

in tap .ater . fter three days the lants began t i t . _he 

Wilting ~as accompanied by a loss o~ greenne s of the eaves . 

Oxygen as supplied to the plant in ta ater b· passin a 

strealJl of oxygen slowly tbru the ·1ater . T e oxygen as sup.lied 

for a. period of tour or ive hours morning and night . during t .e 

remainder of the test . On the followi da.; t e leaves 1ere in 
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normal condition , as to turgor, and Wi"tn. "the exception oft e 

fifth day when they \ .. ere slightly wiltea., remained in good con­

dition up to the end of the test . The phi nt in swam '.at er v1as 

not supplied v:ith oxygen . r1hree of the lo\'ler leaves of this 

plant fell Oif and some others became yellO\ but no further 

char.gas occurred. After a :eek or ten days roots developed 

from the hypocotyl at the surface or the water. ~rom tis tie 

the plants remaired unchanged until the end o:t at enty day per­

iod Vihen they were thrm n away • 

. t the same time two ·e 11-rooted cuttings of o de 1 o .· 

Tiere placed in sw ..... mp ·water d four roote cutting i ta ~ater . 

~he roots 01 two potted plants of Cyperus ere sub erged in 

swamp water and tap \Vater respectively . our potted p an'ts o 

.• anunculus sceleratus ere al so placed , tvro each in s 'lam and 

tap ater respectively. All continued to grow vi orously or 

three weeks at lhich time they :ere discarded . In all these 

cases the roots grew vigorou 0 ly at aJ. Qepths hether in s amp 

or tap 1:at er. 

On ebruar- 2 , t op ants o elargoniurn, potted in oam 

soil, .ere placed .ith tne roots submrged in .ater . ive days 

later the leaves began to sh ow signs 01 i lting. ' his became 

more morke d and was so on f ollor-e d bJ e 11()';'.' · o the leaves. 

i ht days after the test .as begun it as ended. t t .is ti e 

the loss of c-reen color had bee orm very marked and the leaves 
c; 

began to all 0±1. 
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On the same day , two other plants of elargonium , J!Otted 

in loam , were set up in the following manner . '.!:he leafy stems ,.ere 

passed thru the mouth of a ·wide-mouthed bell jar so that the 

stems and leaves came out into the air while the roots in the pot 

of soil were under the beli. jar . The mouth around the sterns 

and the bottom of the bell jar were sealed .ith ,.,ax so as to be 

air-tie ht . Carbon dioxioo was then passed thru to replace the air . 

This was repeated morning and night for half an hour to an nour, 

in order to maintain an atmosphere of pure carbon dioxide . a 

watering device was so arranged tat water could be added .ith­

out admitting air at the same time. On one plant a slight 

wilting was apparent on the second day following and on the third 

day following the wilting was very evident . On the second p ant 

wilting did not begin until tre fourth d.£.y out on tbe fifth a"'· 

it had become very pr anounced . !::he leaves on both plants after 

wilting became yellow ""nd soon dropped. ofI. J.' e yell ing an 

dning o! leaves continued until arch 3 .hen tlE test .as e ed . 

The soil was found to be airly moist at the end of the test. 

A plant of impatiens , potted in loa , and placed ith t 

roots submerged in .ater sho ed wilted leaves two d ·s later . 

On t e third day the plant as so bad y wi 1 ted tr.at it a re­

moved and allo~ed to drain . ~earl a ieek a~ re. ired for the 

plant to rec over a fully norma condit i 
ot er 

Impatiens , si 1ilarly potted as pace~ ith the ~te a d eaves 

rejecting into the air hile the roots .ere kept under t e be 

jar as describe~ f or Pelargoniwn . 
he air was then repla ed by 
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carbon dioxide . On the 0 econd d y the plant a s 11 htly ilted 

and on the morning of the third da badl · wilted . T e pl s 

removed at noon on the third day. n the 011 .i.n da · the lant 

a eared as if badl ros ted . hi p nt nev r rec ered. 

During arch four other p ants of Ixl four o 

mpatiens .ere placed , t o p ts of each , i o·ster . ter an:l 

t o each in arden loam . ~he results er si ilar to tho e above 

in ·cate" for the re pective plants n corre on ing cm itio s . 

and Salix are a. 1 e to gr . in :at er · tnout in adver el 

a ~ected . On the other han 

0 ho s ·gns of distress in t e ilt·n , lo 

m te loss of leaves . 

and J?elargoni gro 

t e air has een r 

ef~ects as . en ro 

rom the 

it their roots · n 

ac d b an d ·o 

ith t i roots 

t at the prob b ~ cause is he c 

o:t co or 

b 11- ar . i 

t 

r in 

n:l unt i-

B e 

r c 

t inter 

The follo i ut the e or 

extensive scale . ix p ant ea.ch o 

qceleratus , pot e i soi 
' 

ere pl.s.ce i Ve 0 

t a the roots e SU erged . hree p ant 0 ~ It 

ordinary gar en soil e.s controls. ft er t ee o.t s 

ere a 1 in go od co nd. it 1 on . t as f o o e er t t t e 

Plants Vii th the roots submerged had rod c a. mo and larger 



leaves and considerably more extensive root - systems th those 

in soil . The roots in all cases , ~hether submerged or not , ere 

distributed thruout the soil . 

Eighteen pots each of corn and golden v·ax beans 11ere plant­

ed Oct ob er 16 . Sets of six pots each for both corn and beans ' 

v.-ere or garden soil , peat and sphagnum respectively. ~ fter the 

plants v.·ere up the cotyledons of the beans ere removed . They 

were allov:ed to grow t\ o or three da s before the test was begun. 

On 1rovember 3 , three pots each of corn anl beans, growing in 

soil , "»ere placed in vessels of v.ater so that the root rnre sub­

merged . Three plants of each in soil :ere left as checrc . Sim-

ilarly three plants of each , gro .ing in peat ani spha n , ad 

the roots subroorged . Other batteries of three of both corn ani 

beans ere left in moist peat and moist sphagnum. ·amp a.ter 

as used for '·at ering except or plrui t in soi 1 for hi ch tap 

water was used. ~he plants er a lo ed to gro three onths . 

at the end OJ. this tin.e the plants o both corn d ean , ro .-

ing in soil had made the best development of le aves and root • 

Both corn and bean plants in soil had developed extensive root 

systems . The roots extended thruout the soi , tending to t at 

the bottom and ;ere ell provided "ii.th root hairo . Be ro 

in moist peat and spha num developed ne ly as muc . foliage as 

the plants grom in soil. The plants, no;ever , ere not uit 

as tall nor as robu~t . !OOt developm~1t as or al , t e roots 

extending thruout the peat or sphagnum and t ing to mas .. 

somewhat at the bottom of the o-4 • rtoot developme t as not 
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as extensive as in plants grov.n in soil but root hairs riere 

present in abundance . Under the same conditions cor~'l plants in 

peat or sphagnum behaved similarly to the beans. in the develo -

ment of roots, but the staLks did not reach the heieht a~tained 

by , orn grovm in ordinary soi 1. ean ""'lant .... in soil with t ne 

roots submerged developed a.s ma iy leaves as those the roots of 

v:hich were not submerged . HoViever, the leaves soon dro red of!' 

so trot at the end o:r the experiment the pla .111 s with roots sub­

merged had only one or t' o leaves each . Root development a ter 

subt'.lerge nee .as less extensive. and entirely superficia. l. The 

lower parts o:f the root system died m.ay " ne roots deve oped 

from the hypocotyl at the surface of the .ater . orn ·la s , 

i :'1 soil, with the roots submerged , sho:ed no letarda.tion int 

rate or extent oi shoot development as compared ·th lants in 

soi 1 vi th the roots not subr:x rged. . T e root development , ho ever, 

.as less extensive and was entirel su erficic.l as as observed 

in beans under similar c cndi ti ons. Bean" and corn hen gro 

in either peat or sphagnu , ·d. th the roots s ubmer ed , s ho e 

a marked inhibition in growth . 1'1 e teme ere nore s ender and 

d .ar:fed . 'he eaves \ere usuall less n erot ere reduced 

in size as catapared v1i th plan-cs in soi , eat , or ha num , t 

roots of .hie h had not been su merged . .oot deve o . t a 

po or . '.1..'he roots of corn gre;· much more extensive 'l tho re 

of bear:s which seldom reac .ed out to the c ge of the ots . 

Purthe rmore , they ~ ere al ays less extensive th an those o 

in soil with the roots submerged . 

lo.nts 
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'l1he experiment with corn ani beans was re eated t ice 

again during the winter , the plants bein._, dist:ci u'te in oatter­

ies of three each as previously described. in the second ex.i: er ­

ime nt the cotyledons of the beans vere removed as soon as t~e 

hypocotyls had straightene up . The endosperm was removed ~r m 

corn plants as soon as the first leaf \';as partly unfo l ded . l'he 

cotyledons oi beans and the endosperm o! corn were removed to do 

a.ay with the influence of the stored food on the subse.uent 

grm,th of the plants . 1·i ve days a.fte:.· t ie root had been sub­

merged new roots .ere observed in the nrocosP of formation on the 

hypoc otyl s of bean plants at the surface of the water . t the 

end of t1,10 months the plants :ere thro:.m a .ay . ·-·he results er e 

very similar to those 01 the first exreriment. 

The third trial 1. i th corn an beans a.s ma e d. rin t e 

spring , the experiment being set up as in revious tria_ ~ o 

days afi;er the roots v.'erc submarged al th3 bean plants er 

slightly wilted . .eek after the su zwrgence o~ the ... oot the 

leaves i::ere bad y \ ilted and turn·ng ye J.o.. . '... .e e ves soo 

began to drop off as in previous ex ... eri ents unti o o e to 

three leaves remained on a plant . The in.al cond'tian he 

plants was as de cribed in the other ex eri ents . the earl a 

more or less continued 17il ting of ... lants in this ex eriment to 

be attributed to h i ghe r temperatures in the reen.ouse , broug t 

about by the increase d he ating po1er of the su.~ as its altitude 

during the day be came h i gher i th the advance of spring. 



42 

~he experiments just described mre varied some hat by 

planting corn and beans in qua.rt lass j~rs partly filled 1ith 

garden soil . fter the plants .ere v:ell up the roots ere sub-

merged . • few days later the leaves of bean plants became .ilted , 

soon turned yellow and finally dropped off . A .eek or ten da·s 

after the submergence nevr roots developed from the • ocotyl at 

the surface o: the water . ny increasing the height of the water­

level it v·as possible to cause the development 01 nev, roots at 

higher levels, in sane plants nearly or quite up to the coty­

ledons . As the height of the \at er-level 1as increased t e o e r 

roots ceased to grow . 1°he sEf:f inally died and decayed leaving 

functional roots only at the surface . in earn , root develo ment 

occurred regularly at the node at which the cotyledonary sheath 

is attached but no higher . Roots of corn gre near the surface , 

as observed in bean , and \ i th an increase in t re height of the 

via te r-1eve1 again gre·.; to .ards tho surf ace t did not die off 

belo\ to the axtent that the more dee)ly submerged roots of the 

bean did . 

~xperiments rith Impatiens . 

On ... •ovember 5th , one plant of Im atiens potted in soi 

.as placed in a vessel of .ater so that t' e roots ere co pletel 

submerged . Several plants of }hilot~ia ~ere placed in the ater 

surrounding the pot in hich lmpat ie ... s .. a"" gro ing. '..!his as 

done to determine v.hether so ea uatic plant might .ot keep the 

a.ter in a better aerat e d ccndition b· the evolution o oxy e 

from photosyntheti c a ct i vity . • other plant 01 Impatiens , 
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similarly potted , a~ submerged in the same wa: , but without 

Philotria. Threo days later the first plant Tias in ood condi­

tion mile the second was ilted . "he ilting of the second 

plant continued two days more . _t the end oft a time i 's 

in such bad condition that it v.as remove • •1•he first plant as 

still in good condition. · ... his plant as left unti .uecember 28 , 

during which time it lost about four or five leaves . "en day"' 

after the submergence o: the roots , -e root .ere co i out 

along the stem at the surface of the 'ater . ~hese continued to 

develop and an examination later shai.ed that the roots lo er n 

t e jar ha died so that the superficial roots o ere live . 

The e~rperiment ith Impatiens v.a.s repe ted later , usin 

six plants . All :ere otted in garden loam . our of t em ere 

placed in \ ater so that the root . ere I .u. ... ub rged. O t e e 

iour one was aerated by bu bling air t .rut e .ater contin ou 

Another as aerated b·- pu ·ting s cxne S irop:yra in the ater 

surrounding the pot in hich the Impatien a r.omng . e 

n a. other two v.ere not aerated . The fifth plant a ro 

very .et soil . "his as done by placi the pot in a she. lo 

basin of at er so that only he bottom of t e ot s in dire t 

contact ith too .ater a the ater we. dra.n u in o the soil 

b., the force of capillarity . mhe s beth plant ... s gr n in 

ordinary , moist garden lo as a che ct: . 1n three d s the 

plants r.i th the roots "Ub .. rge~ i 0 -e.e ated at er .ere a.ell 

ilted and ~ere removed . 11 ot er plants .ere i. ood c di-

ti on . in five days the p ant in ater aerated bT· ub'blino-
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sho ed a slight yello.ing of soIOO of the leaves but no wiltin . 

~he plant aerated by irog_yra was slightly .. iltcJ. . 'J..'hi"' i.as 

assumed to be due to continued cloudine s on account of .hich the 

liberation of oxygen by S irog~~~ ·a reduced to such a.n extent 

that the \,ater .as i sufficiently erated . n the o .LO\.in 

day both plants in aerated ater ere adly ilted , the one in 

w.ate r aerated by Spirogyra being in the . orsc c ndit ·on . '..!e 

days alter tbe experiment as begwi the lants era stil living 

but each had lost several leaves . ' e rerna.inin lea·es ere not 

il ted . ~oots :ere beginni C1' to develop along the stem at vhe 

surface of the .ater in both plants . rte p.La.nts gro in soi 

1.et by capillarity and in moist arde 1 

t on. 

.ere in good ccndi-

The experiment as allo.ed to rwi three .ee 11 t e 

p ants except the o in non-ae ated ater s r ·ved. ~ o 

roots submerged in aerated ter loRt ~ veral le ve in t 

.eek or tenda s . f ter e e 0 in roo .:. t th ac 0 

ter , ho ever, the egan o gro e.in and re tl. 

t 

ir t 

}{cots be t' c u fuce 'ed do cu d 0 onl r-
0 

face root .er living . •. oot ir .ere de 'e 0 e f 

t e root in aerate ater. 1 t e t i oil et r-

ity roots a "O eve loped at the rfe.ce . n h c e the e r 

roots ma.de t. e greatest ro t' but a l t o er root ... ere 

li i In ord.inar soil ro t develo r. e te s ve, re ch-

ing to all parts of the pot ith an abu ant evelopment o~ root 

airs . 
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and uo e 

s"r.:iilar e:: rime t . s carr.ied out ith 

45 

i ilar results . On plants it roots ~ubmerged and not aer­

ated t .e leaves egan to tur!l ·e o in t e course of ten da 

or t o eeks. he le ves dropped o short y after turnin 

ye llo • .·he losf' of le aves, o ·er, · as never a reat he 

the .ater as aerated . Leaves of plam; 

ity ai o turned ell nd drop ed o 

n oil et b c pi 1 r­

be avi or of the 

roots of el r onium s i ilar to that obs er e in 

1 a 1 ca e .here t: root er ub r e 
' 

e h 

e.ter a'"' rated, no. roots ere e eloped t e r 

tbe 6 bmerged roo"·s die .... is a also 0 e 

root Of soil et b capill.a.ri . a it 

m ns th lo er roots re e li e. e 1 

of sur e.ce roots t pl.ants i • e a. 0 c 

e veQ . cot ·e e_o ent in or dinar mo t 

.e.s 1o nd to be es ... re 

t at it did no sho ing clear 0 

color s the firc::t sign of d tre 00 r c in 0 r 

be eaves ual ropped o 

Si il r ex r en a tried it. 0 

plant potted in a lo um oil ..... the root 1r 

plant .:as e \'.'ll in ode ·atel 0 01L . :r it root 

""Ub erge gre more rankl" than ... OS in r ar s il . 
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examination revealed the fact that , in the ca e oi the lants 

with the roots submerged , the ta.p roo"t syster.1 which was present 

at the time when the test was begun , had died and that ne; roots 

had developed along the stern at the surface o:t the ·at er . •. _e 

tap root s;rst em of the plant in moist soi 1 haa remaine a alive and 

had made an extensive growth . The roots branched freely , extend­

ed to all parts o:t the pot and sho1. ed an abunda t development of 

root hairs . 

Four seedlings of .... icinus, t rn in loam soil and tv:o in peat 

~ith roots submerged , the 1ormer in tap water ana tre latter in 

swamp water shov.ed similar results . _ fter about ten da~ s he 

leaves becarre yellow on all plan-cs Vi ith submerged roots and 

drop ed o1i' until only ore or t .o small .Leaves re .uined on each 

plant. • he submerged roots on al plants ied and ne~ roots 
• 

developed froi.. the hypocotyl at the surlace of tho ater . 

increasing the height 01 the water-level it .es pos"'ible to ca' e 

t e de-velopment of ne: roots nearly up to the cot ledo IB . 1 

grown in ordinary soil developed norrr~lly, lost no leaves und 

sl:ov:ed a nor:nal an extensive development of the root s- tem . 

lants of Coleus blumei , po+ted in so·1, ith the roots 

submerged , sto ed signs of distress iri one or t o da s. :.i.he 

first evidence ':as the \,i tin of leaves . ,,_ .e leave after 

remaining in a more or les ilted condition for a fe', da-s 

l t three ,...,,,..,1 ,_eaves, near the to dropped off until on y o or 0 u~ 

of the stem remained . A ter teni da s or t ·~o ee -s ne 1 roots 



ere al ays 101nd to have developed from tbe stem at the surface 

of the water . Plants in soil developed norrmlly. 

xperiments dth Vicia faba. 

Durinf the spring o l~lo another experiment 'a~ tried as 

follo s . Seeds of Vicia faba 1ere planted in batterie~ of six 

pots e ch c o:at ai nine garden loam , peat an sp arnum respective ~r . 

s soon as the seedlings had broken thru the ground. the cotyledons 

ere removed from t\10 plants in eac set . rom eac batter" o 

'"'ix, t .o plants with cot lo dons and o e with t e coty edons 

removed ,·ere placed in vessels o:r .ater so that the roots ere 

fully subrr.erged . The other three pots o each batter of 

•ere kept moist but never et to saturation. In four or f'i ve 

da~s all plants the roots of hich had been submerged, be an to 

ilt. This condition contin ed for a eek or more ·n var"i 

egree accordin to the temper ttn"e o t e reen.o se. n all 

ca"'es, . owever , the plants lived . _ e plants er pe .itted to 

ro ten eeks . t the end of thi time it a oted that t e 

plants in soil with the roo'ts not subr.ier od, d gor 'll the o t , 

those in sphagnum east , and tho:::e i t ere nter. ediate . 

n sub erged plants le::: differe .ce · as noticeab.._e bl t t e .e 

or er seemed to ho d here a so. oss o leaves did not occ!ll' 

in an~ of the plan ts . ....emoval o 1he cot e d n"' caused general 

reduction in the amount o~ ro~ta. m i as least noticeable in 

Plants grown in moist arden loam and quite evi ent in plant 

gro .n in peat or spha num . The reductio. rn" most noticeable in 

plants grown in peat or sphagnum iii.th the roots submerged . 
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Plants growing in moist loam soil sho:,ed the s reatest 

deve 1 opme nt oi roots . ~o ever , the £orm of the root systroi oi 

pl ants grown in either peat or sphagnum '\".as similar , and in ex­

tent 01 gro\~th nearly equal to those in soil . ~he roots of 

plants in all three media under conditions of submergence ere 

about the same . The lower roots in all cases ~ere dead and 

decayed , while new roots had developed from the stem at the sur­

~ace of the ground . The depth of penetration was never more than 

an inch belo. the Y1ater surface . The longer and more branched 

roots usually came even nearer the surface . no root hairs ere 

present on submerged roots altho abundantl; present on others . 

Ext€ riments with Tree Seedlings . 

Experiments with Acer negundo, Prunus vir inia~, ulmus 

americana, uercus macrocarpa , and ~· ruba, potted in soil ith 

the roots subroorged , all sho results similar to these obt ined 

with other plants . Under conditions of sub .ergence, the lo er 

roots die and ne · roots develop from the stem at t e surface of 

the ground . ln ordinary soi 1 the roots deve o ormally, ran h 

freely and are 1ell provided Y ith root hairs . ... .. o to three 

year old plants of uercus ruba , ~ rubrum , and arix arici 

gre ·' 1' ether he r oots ere su brnerged in sphagnum , eat or soi 

but both uercus and cer a.de less gro't} than in moist lo 

oots of ~ · ruba and of ~ . rubrum submerged in peat or sp agnum 

\.ere much d arfed , pars oly branc.'1.ed and apparently had m cor­

hiza . otcer p l ants of • r uba and A. rubrum ro. in soil ere 
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i·ound to have extensively developed roo"Gs, v1hich branched freely 

and ttere to all appearances normal and free from mycorhiza. J...arix, 

Betuln pumila,and species or ~alix greTI 1ell during an indefinite 

period of root submergence al tho in both .Larix and Betula the 

roots gre' .. near the surface . Even in s m h a common swamp plant 

as Corarum palustre root development is best near the surface 

but root~ lo er in tr.e substratum make eome growth . Submerged 

roots 01 J...arix and Betula ·ere very short , little branc.ed, and 

evident.Ly v.ere better developed . Two to three year old plants 

of Larix , grown in moist soil , developed extensive ar:rl apparently 

normal root systems. ....everal plants of Larix , Betula pumila , and 

Andromeda gla.ucophylla v.ere planted in the reenhouse gar en in 

the s pr in:_: OI 1916 . ~ es ere allo .. ed to ro ·: unti June l~n 7 . 

The plants pas"'ed the inter :.ithout the least .inter kil.LinP-. 

On examination the roots ere found to be e 11 deve .Lo e , 1re e.L 

branched and .i th ... o e vide ce o ... mycorhiza . 

corhiza. 

Transeau ( '06: .3 ..... ) has reported the oc curence o .. cor iz 

on the roots of a considerable n mber OI pants ro ing ins am 

in ichigan . in addi ti o to the ericads, most OJ. hich have 

mycorhiza on the roots, a number otoo r p.Lunt"' gro ing in 

drained sphagnum s.mmps Vlere found b the riter to have :co iza • 

• mane them are the fallowing : cer rubr _ 

balsan:ea, Larix laricina, Picea ariana, - ----
~troous, Fonulus balsamifera, _ . tremuloides, 

x 
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Figure 3. Comparative transpiration of two seedlings of ~uerous 
maorooarpa. The broken line represents a plant in moist soil, the heavy 
solid line represents a plant in submerged soil. Leaf area of latter 
64.27 sq.om., of former 100 sq. om. The light solid line represents the 
rate of transpiration of the plant with the smaller leaf area based on 
the same leaf area as the plant in moist soil. 
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days of the reduced rate of transpiration , the leaves began to 

turn yellow. ·rorn this ti. .. e the average transpiration rate 

d11oppe d st ill lower unti 1 at the end of ten days after the roots 

had been submerged the transpiration rate per day averaged 7 . 3 

grams for one plant and ~ grruns for the other . This average 

rate was maintained three days at which tiim the plants began 

to shed their leaves . In tl'.e nine days follo-iing , during which 

weighings were continued the average daily rate of transpiration 

was reduced to 2 . 8 r.rams for one plant and 1 . grams for the 

other. It is to be observed that '<ihen too roots of plants had 

been submerged a decrease in the average dai1i rate of transpir ­

soon followed . it is to be noted , further , that this decreased 

averace daily rate of transpiration continued two or more days 

before the manifestation of an; sympt~ of dis tress on the part 

of the leaves . These facts indicate clearly that tr~nspiration 

is greater than absorption a.r:d that the shedding 01 leaves is to 

be regarded as a method o:!.' c cnpensating far the reduced ability 

to absorb by reducing the area 01 transpiring sur1ace . 

on February 8 , two seedlings o uercus macrocarpa ore 

potted in garden soi 1 in aluminum pots . 'l'he roots 01 one ·.ere 

submerged while the other as allm ed to gro. in the moist soi • 

~he nots were covere with rubber tissue to prevent surface 

evaporation and \,eighings 1•ere begun 'ebruary 9 . 11he results 

are shown in tte accompanying graph . 



• Jomparati 
ueroue msoroonrpa in moist 

soil. leaf area lGO eq . om . 
'Io . l . 64 . 2'7 s q . am .• no . 3 , 

avy solid lino represents 
erv.ed soil based on same 1 

rates of transpiration of o 
oil enc.l in sup::nor ged soil . No. 2, in moist 
os . 1, 3 and 4 in submorged soi l. Leaf area. 
8 . 34 sq. cm . and No. 4· , 70 . 0 sq . om . The 

tho average rate of tho three plants i n sub­
area aa No . 2 , in moi st s oil. 



53 

'l'he plant with the roots in moi "t; soil had a lea area 

of only 64 . 27 sq . cm . hile the other plant ad a leaf area of 

100 s • cm . In order to make a compar son of the rates o~ 

transpiration the transpiration rate of the former .as calcu­

lated on the basis of 100 sq . cm . and o the latter on the basis 

of 64 . 27 sq . cm . of leaf area and the correspon in curves 

ere platted . lt is to be noted, ho ever , that t e rate of trans­

piration for the plant with roots sublTBrged is lo er than that 

of the transpiration rate calcula11ed on either ba"is. Since 

the actual rate per unit area o± lea! urface pro abl ie 

Som:! ere bet .een the tvo ca culated rete it eo r to 

assume that the dif ere ce bet een~t.e ca c ated rate am the 

observed Fate for the plant with submerged roots is brought 

abo t by submergence . 

Later t o other seedli 0 uercus macrocarp~ 

added to the first t o . T e t one pl nts adaed h t 

submerged and ·ere potted a covered in t same a t 

former one" had been . ei hings Cl at int val... 

a period. o:r about tbree s beg · nn1n0' c 2 • h 

are s o n in the ol.lo n raph. 

The average dail· tran piration is s f eac 

The plants , however , ere of dif e nt s ze and. 

r 

ere 

roots 

t the 

ur·ng 

lt 

lant . 

er nt 

leaf a. re as • umber 2 , 'hie.. a ro. in mo ·.,.t soil,' d a 

1 a:f area of 100 sq . cm . rbe other three p ts ad the roots 

sub .e rged. heir leaf areas in s are centimete1· ·.ere 

fol.LO S: o • 1 , 64 . 7 : o. 3 , 48 . 4 ; o. 4 , 7 • In or a.er to 
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make a comparison the daily transpiration for the three plants 

was averaged and calculated on a basis of 100 sq . cm. oi loaf 

area and the curve for this calculated rate was drawn . The calcu­

lated rate for the average of the three plants vas much lo ,er 

than that of the rate for plant .i:o . 2 , tre roots of which .ere 

not submerged , .hen C<:i.lculated on the basis of e uivalent leaf 

areas . Plant Jo . 1 had the highest rate o! transpir tion oI any 

plant with submerged roots. ~ven i the tra spiration rate 01 

this plant ere calculated on the basis 01 100 s .cm., . bich 

is the area o! plant . .Jo . 2, the rate .ou d be found to be consid­

erably lower than that of o. 2 . '.L'he second trial \Vith uercus 

~ocarpa, thus sho s tha.t the rate o:t transpiration per unit 

area in submerged plants is much reduced in comparison ith the 

rate of transpiration of plants , tho roots of which have not 

been su br.oo rged. 

The Effect of Root Submergence on oot-pre~~re. 

The effect of root Sllbmer ence on root pres ure has been 

tried also. For this purpo e Coleus and .!!' chs1a ere used. 

usua.L.1y tv~ plant'"' v.-e re set up at a ti e . The to '"' ere cut 01 

an inch or t ·o above the surface O- the ground and a do bl e U­

tube filled i th .at er or me rcur · con. cned by a rubber tu ·ng 

tightly ired so as to be air tight . ~fhen 1.ater v:as used a long­

er tube as necessary . One plant as then oet in a vesse 01 

ater deep enough to cover the surface or the soil t a depth 

of hal.1 an inch to an inch. The other ~ lant as al o ·e d to gro 
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in the moist soil. '.l.'he c olu....'Illl of .. ate r or mercury began to rise 

r.i thin an hour or two after the plants \":ere se "t ap. '.i.'he pl snts 

in moist soil usually sho . ed the maxiown pressure on the second 

day . They also maintained this pressure several days before a 

fall occurred. "hose with the roots .... ubmerged usually sho .. ed 

a slight rise OI pressure t first. To\7Urd eveni ()" . of the 

sec and day or morning of the third , hovrever , the column failed 

to show any further rise and a.lways remained much below the 

height reached by the plant the roots of . r...ich ,. ere not sub­

merged. in many cases the column rose two or three times as 

high in plants whose roots iere not subroorged as it did in th 

others. The experiment ms repeated several. times it both 

Coleus and_ uchsia with t.be same results . lt as a.l~ varied by 

aerating the \,at er in whlch t bo potted plants ere placed . _be 

aeration was acco:nplished either b i: bub in air slo ly thru 

the vrater from a tank under pressm.1 0 or laci J.-ihi.iotria 

or Spirogyra in the 'li.ater su:;round ing tbs ot. .7hen the 

surrounding a ter ta'°' aerated th:! root i:ressure o the plants 

with submerged roots as nearly as great and \as ma·nte.i ed 

nearly as well es in the case o:r plants goz-i.ing · mo·st a.rden 

soi • Since root pressm·e is due to the activity o roots in 

aosorbins water trese experiments shm; c.tearly that absorption 

is hindered greatly , i not molly ·re vented i some case ... , by 

a lack of aeration. T ey s O\., further, that if aeration be 

:provided , plant may live and function nearly as actively ith 

the roots subroorgcd as they do in ordinary moist soi ls. 



Effect of Swamp \later ·Ji th uood eratio on t 1:e lant lrro ,.th. 

To determine the effect o:t' aeration 0~1 the grO\.t of 

plants 1atered with svmmp "Water , six pots of corn and six beans 

were planted in washed , .hite quartz sand . The cotyledons of 

the beans \•;ere removed as soon as the first leave began to ex­

pand. The endosperm oI the corn plan'ti ·1as also removed as 

soon as the first leaf began to unroll . All plants were .atered 

with distilled water for t ree days . 'l'hereaf-cer three :plants 

each o.r corn and beans were \atered :ith Sach 's culture sol it ion 

and three each \'lith s .ump ater . In frur or five days it became 

apparent that the plants watered it s~amp .ater were makin~ 

less rapid growth than those receiving culture solution . ~ is 

diflerence was maintained and at the end of tne experiment the 

plants . atered with culture solution .ere some .hat larger , stro g­

er and of darker ereen color than those ihicn had been atered 

it s ;amp \.ater . '...'he root "' stem . e1....:.ially el deve o ed in 

all plants . 'l'he difference in the gror;t ... of pl<.J.nts \; tered .ith 

s -:amp water ani those watered . i th cul tu re solution as ot ve r 

great and is probably to be eA'J)lained b~ a lac 01 nitrates or 

potash or perhaps of both • 

. '.any analyses have been made o vaters from v~rious sour­

ces ani under varying conditions . in eter~ining the amount of 

air dis olv d the boiling method :as uc.e • "J:his ethod is de­

s ori bed in JJennis ' tram:: lat ion 01 .b.empel 's 'Gas nalys is" , and 
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Ef e ct of Philotria on the Gas Content of 

\later. 

The following analyses show the effect of placing PhiH~­

tria in water with good illumination . no. 1 is tap water which 

had stood several days in t h3 laboratory; lo . 2, tap ·mt er with 

:Fhilotria over night, analysis made early in forenoon; • o . 3, 

water in vh tch Philotria had grown for t 10 to three weeks, anal­

ysis made in afternoon after several hours exposure to goo lig t . 

Duplicate analyses are given in eac case . The results are 

presented in the follovring table: 

Gas Content of T' ater •i th and i'iit hout ~hilotria . 

~Carbon ~ioxi~ Qxygen I itro5e1 
Number Kind of ';fat er in cc. in cc. in c . 

1 . Standing tap • tj 5. 4 ll; . 6 

1 . " 11 ' .6 . 6 . 4 

2 . Tar over night ith . 8 5.4 12 . 8 

F ilotria 
2 . 11 11 " ~ 5 . 6 L .. . 6 

G .b 

3 . Tap, Fhilotria. 3 .eeks. ~ . 6 8 . 2 13. 0 

3 . " ' " " 0 . 8 7 . 8 2 . 8 

From this is to be noted that the ox> en and carbon di­

oxiu.e content are not affected by Philotria during the ni ht. 

During daylight , on th? other hand., t .e carbon dioxide content 

is decreased ani the oxygen content is increased . .ccordingly, 

too value of 1-hilotria as a means of aerating .at er :s e tab-

lished by these analysis . th er analyses t ie figures for h ich 

are not presented sho the. t in c lOi.ldy ee.t er ... ilotr ia has 

little effect on the oxygen content . This acco nts for the 



Gas Content of .'ater v ith Philotr·a 

Sample Tir.1e Carbon Tiiox- Oxye;on :Tit ro~en 
1. u.1ber tarren ide in cc. in cc . in cc . 

1 10 : 00 ~ 1.1 6.2 l~ .2 .. 
2 11:00 ~ • J • .s 7.0 lf. 2 

2 11 :30 ' .b 7 . 4 l"-.4 

It is to be noted here ::J.So cs ..1.n tl:e .t'recedint. table 

that the .Presence of : 'lotria in gocxl li.._ht causes & decrea:::e 

in the a:nount 01 carbon dioxide, and ~n increase in the amo t 

of oxy en present. 

Gas Content of S~a ater . 

Durinf the sumroo r Of 1916 at nube'Y' , t:. Serie" of nal:lses 

of lake and swamp waters \Yas made. ':he ... at er s .l..rom Lake 

Hubert near the shore in !ater abo~t t .o r et deep . ot er sa.mpl s 

:ere ta'r.:en in the s1:am bordorin ud ...,e.1 I art of the samples 

were ta:en in the Carex-Calamop.;rosti associes ad. tbe oh rs 

in the Larix-Fi ea associes •• 11 sample" er tal n in o.:reas i 

which S agnurn and ot er mosses .ere abundant •• tt·r· seri s 

01 ample'"' v:as to.ken from .enderson's boO' nort of a.· e ubert . 

One sample ms ta :en in t e Carex as oc ie and he other t o 

below Sphagnum in the harrneda hne-~ndrooed~ as ocies. ~be :re-

sults are presented in tile fo lo ing table . 





carbon dioxide content . rihe oxygen content falls of!' to about 

half that of lake water or tap :ater. ~.is undoubtedly is a 

very important factor in retarding the growth and function o 

roots of plants which do not ave air-conducting systems . tten-

ti on is also to be callc d to the fact that in the e:....'}Hn' iments 

in the greenhouse, the plants v:·ith -cr..e roots su1Jmerged in 

S~tagnum shovmd the greatest reduction in root development . ~he 

low oxygen content of the vater in a n· armum substratum makes 

clear the reason ior the reduction in gro.th. '.::he sample .i..rom 

the Carex zone of Renders on• s bog rn.s taken just at the edge 

Y:here Carex was invadinB t1:e Castalia assoc ie eo. ~· e oxy[en 

cGntent there is somewhat higher than it is in later Qtages . 

The high carbon dioxide content is to be explained by t'he decom-

positi en o organic rr.at·cer. A lake · .. b ten co ta.ins o ar e 

amount at' vegetation is usually found to be com arativel · lo 

in oxygen and high in carbo dioxide cant ent. irge u 

(1911) sho that similar conditions prevctl in ,,iscan in a e 

v:i th considerable organic matter on t .e botto .. • 

· i content i's d e to the a.ct The apparently hig. n -crogen 

that considerable quantities of metha!l.e are p esent in s am s, 

but the quantity as not determined. In ma ng analyses th 

residue after absorpticn b potash ana. p rogallol as r arded 

as nitrogen . .:b'or this reason the nitro en conte1t of s .'amp 

.ater a lays runs too hieh . 



DISCUSS I ... r OF RESULTS . 

I:f ect of Root Submergence on Development. 

The various ex:reriments just de cribe point clearly to 

the fact that a proper degree o± aeration if one of the prime 

necessities for the developioont o:f roots. The roots of plants , 

v hen submerged, are retarded in growth exce p t ·n aquatic or 

amphibious plants V:ith .ell developed aerenchyma. In some cases 

there may be a tota:B- suppression of gro 1t • in' ibition o root 

devolopmen t may result in a reduction of the s · ... e of parts above 

above sroun • In exi:erirnents ~ith corn , bean , castor beans, and 

Vici~ ~aba it has been found t at the roots are lesc developed 

:hen submerged than when in ordi...ary moist soil. r.ihe art of the 

plant above ground. in all the species med also under-goes a 

slight reduction in size as com ared ith t abov -gr und rts 

o plants the roots of \"hich are not submerged. If the er-

ence is pr ol o ere d , t rn more dee . s merge r()Ot S die and ne 

ones evelop at or near t e s face of the a. .. er . 1t as been 

round a.ls 0 that if oxygen be s p ied, t e de ·elopme v cf roots 

under con.di ti ons 0.1.. sub mer ence is not much red e ' 
if at al t 

as com ·ared with roots in moi soil . '.!:he 0 · en be SUPflied 

by b bbling air thru t e a ter from a t · under pre"'s re, y 

pas ing a c rrent o~ oxygen from a en rater slo l· t u t 
in the ater surro 

ing the pot in v hie t' e pla s ar gro'\'lll . .erati n b e latter 

method depend on the liberation of oxy en b photo ·nthesis. 

Consequently it accomplis e the re ult onl in ood li t. 



Certain plants such a .anunculus abort!.!__, • sceleratu~, 

C erus ro n itb root sub-

merged showed no retardation in root or s oot development . n 

the contrar a better development of roots and of ... o ia e .a 

to be noted hen the roots 1.ere subrr:erged tan..,. ... gro in n 

rnoict gar en soil. The ability of the" plants to ro·· t 

their roots su merged is to be explaine o· the rr sen e of a 

enchyna. in t e root hi ch r.e rmi ts air to be up lie under , ch 

condition • ' e re ductio in root am leaf devclopmen t of 

unculus gro in moist soil i prob& l 

high ater require ... ent of th so pl 

the roots to absorb readily from or 

o the re tive 

a to t e in 

ary oi- t e a o n o 

. ater re ... uired . e.cker \ '9 · g,_) in exper e in ·ith t 

of 

rorl of equat ic plantc.- in moist oil obt · e d imi r re ult 

and dre .. similar conclu ons. 

Sac h" ( '73: 410) nd t t root of lan 

slowl in ~ater t an ~n renso·1. ·ni e ex 

ins t rden coil 1th re 

atisfied hile in at r re i i 

also { . c . 411) t t the rt o ro h o ro 

up to the ... ·xth da .hi.le t e rate O.L th e n 

evident decrea e on t e third or o r h da: • 

ha found that the d istru in effect of ro 

sho clearly in a o -c t hr e to ive d .: .. r 

re.th of roots of land plant at er b 

·er ( ' 79:1277) , c·. rt:: 18 J • cker ll 

lant ore 



othe re. :erce kn ( 187 ) and ch artz 11883 J ound th at o :in 

ln.nd. plants 'li.it'1 the roots submerge ca ed reu reduction in 

the development o-" root hairs and that in many ·nsta.ncos no roo 

h a irs v1ere forrmd. Sncm ( '05:33} as sown t a air depriv 01' 

ox ye-en s to pre d the production o root ha i.rs an e tarde t .e 

grov:th of roots. ..rker 119001 1ound tr.at b pas in ir t u 

mte r or s oi 1 too rate of root ero tL e nc e ed . . c Ker 

1 '98 :8,'.::;), in gro.:i e seedli g o... ic ·a a ard 

u-cder bell jar::: in .hich the atmo p' eric press ~e had been re­

duced to 1/10 o the usual p essure , i'ound e i.:. ht ret rdati n 

in t 1e root develop nt as compared i~h lant s under ... u 1 a o -

pli cric pres sure . i·he fference ~snot r t, o .e 

iacker could no <'>tate ifu cer ... ail ty t at e ret 

due to the r duction in the a .... ot 0 gen . r" ( 1 "' 
that the percentage o germination Oi on ra 0 r 

or seedling o-"' l'""nd la nts in ari e 0 0 en 

c n be ereatly in"rea ed bj s pl• in 0 r 

hi ch too seeds or seedling are sub lt 

cited above have been c cnfirmed b t 0 

~he mount of or 

The runo mt of ox gen ne ces r ~ r 11 

according to , ieler (' : .... 1 ) out v r1 

_e found the m xirr.u.m gro wtb to t e lace it 

5-b er cent of ox gen . _ o · e ianthus t ree erce t as t 

optimum amount, a retardation ta ·n g lace be een • 4- er 

cent according to the plant. Deherain nd. es ue ( ' 76 : 340 ) 

,. 



fou d that ··:.en tm roots were der.r·ved o ox ccn, ant .e ... 

" not able to live . VochtLYJ.g (' : ~4) oun tr.at a red c ion of 

ressure '1.10 3 per cent or belo co.ui.ea. t e rod cti of irs 

on the roots of otato tubers to cea~e. e al o 1 ound ( ' 78 : 13 

that 1ater contained suf.icient oxygen to su art liie i 11.Lo . 

t;vi s , but that a suprl :from.the sirface n ne essary for the 

pro ction of l·oots and s oats. ..ac' er (' 8 : 8 ere seedlings 

in . at er ·tho· t aeration , in 'a ter thru . ·hi ch ai · .a.0 p ssed 

n in i; ater t ru '1ich ox re. ·as '"'Se • t. t end of three 

days no noticeable difference as to o aet cte int .e ra c OJ. 

i::ro t of th root" under the di fc ren tre ... t e11"11 • rom t i 

1 ac er c oncludod. that it a no ue to ck OJ. 0 nT en in t r 

that the gr .th o: roots in ater as r arded . o ever. ob ec-

ti on to this cone Jnsion be de o o.cco t o 

period thru \hie the plants .ere ro.n. eri 

ain uni es ue ( '76 : "' 0) a Sachs \ '73:410) ho 

0..1. the exclusion o exy en re no 

da later . • · e · ter • .... exp er i nt 

paring t e r:-ro Ith or ber...a v or of lant 

effect o_ bub bl · n ..... ir or ox· e t 

re 

un ti 1 t hre e t o i ve d .. usu.a. ter t 

until 

·t ro 

er i 

e eri 

ccor ing y it seems that . cker term'n ted .... e 

t effects nad an op ortuni to ma .. e t e elves 

t' at his c onclusi ans r tr st 1 th , pre tur , 

or 

De r-

r 0 

in 

r 

t 

e t 

i e t, an 

a t re o 

u ·arranted . mh 1" , , 'th t be xcepti on of .o.c ~er in is on 

SA'J)eriment , the results of · ich sees u stio ble , t · e e t 

obtaine b·' all inve"'tigators re lite u iio:nn in o ·ng t 

ct 



the ro it h of roots is rohibi ted b s mergence th t th 

re tar at ion of gromh is d .i:re ctly re erabl e to 1 c of o en . 

~he paucity or absence of ai ~ on submerged roots, a sho· 

•· Snow ( ' 05 : 34) is a o correlated ith a 1 cK: of o:xi gen. 

~ comparing the BT rth of vari<r. lan ·s in soil , at, 

and sphagnum , . ith the roots subm ed , it is to bo note t 

the roots of plants in peat are usuall or e · de in ro 

than those . n soi , and at t e root 0 t. 

ereate~t retardation in de 1 elopment. s· ila.r r lo.ti v 

t·on in the gro .t of parts 0 e roun is to e 

Dachno ·sk.:. ( '1 : 314) obt ined Si ·1ar re 1lt t b 

larly a st· nting of root in c lture 0 

0 er plan s in bo teI tre t d . 

remedied the stunting e ct o b ter . 
io nd , 

as at ir t so e at at c los o ex J.ai e 

itor e ect of root submergence o l nt 0 

sp a num as ornp e t· hose n oil. 

faun that see 1i s o corn and b an , ro 

quartz sa.n , an atered it ac ' c ture 

a little bette r gro·1t n 

sa e conditions but up lie 

of corn or 

at r 

ent so l ut ion . inc en itio 0 r 'tion i 

good , the s lie;ht reduction in ro 

s omp ator su ge ea it elf a b in 

more r.ii ral const i e ts . It 

ob erv 

mor 

rn, 

re 

i 

r 

r 

r it 

ed 

0 
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om i eat roo 
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s 
o vai· i ous k i n s 

c-

o . 

rtic -
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s o 11ed a much greater re ucti on n t e £XO rth of the entire 

plant \•hen reserve food in the eed a r oved a an arly 

stage in germirnti1~ t•an' en the reserve 10 a s allo ed to 

re in. On the other and very little ·f ere ce as to be 

observed in the final a.mount of gro .rth of seedlinss in so·1 ith 

the roots submerged hen the reserve food .& remove earl in 

ge rmina. ti on as c ompare wit· th ro wth of plu c e 

all owe to e the reserve fo o • r:1 • 
- l. els seems to ic te 

lack o... food materials a an explano.ti in rt for t e re t 1 

reduced gro\. h of loots in r at or sphagn it the roots 

submerged . ... e principa reason, ho var, is a lac of o en 

since it has been found that ater in . bich :.;;..i;;,..:;;;.;:...:.:.:..;...;.;..:.; 

is very deficient in oxygen content as co 

content of lake or river .ater. mhe same ho d 

ith the o 

ood to 

extent for peat. 

The R t rdation of bsorption !:.__ ~ Lao of 0 en. 

It is not onl t e rate a extent o 00 

that are affected b a subm ·gence of the roo 

the absorbing capacity. The latter ·s o rea. r i o 

und more directly and fectivel ·nr en est e 

parts above ground . It is conceivable t root 

very limited extent in direct contact ith ater, ·f cti l 

functioning , might e able o suppl~ t e nee so 

tho and an extens i 
' 

1 de ·elo d 00 reat . On the other 

e 

ser 

0 

n 

system in ibite in functional activit mi ht be o i· le or o 

value to the plant . inhi bi ti on of the ab orb· g capac it of 
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roots is indicated in the esperimen 113 erformed by the it b 

the e tiolati on am s dding of le aves \ hi ch soon follo root 

submer ence . This i more c learl · s wn b t m ro. '" (pp. ~1. ~3) 

.hich g·ve the comparative rates of tren piration per unit are 

of plants of elarp,onium and seedlings o1 •th 

the roots submerged a d other ith the roots in . oist soil. ... e 

significant fact shown b the fir t raph is t at the re ce 

rate of transpiration recedes b t o or ore the etio tio 

or oss of the le aves . stated elso. ere ( • S\ ) t e c-

tion of leaf area b· drop in of eaves i to be re r e a 

method of compensating- for tile reduced a ilit- of the root to 

absorb . B·· suitable met o s of aeration t e b orbi c 

of the roots m~ be intaine d . In his c e etiol t ion 

cit 

d 

los of le aves or inhi i ti on i the ro 

does not occur . Little a beon o 

the effe t oi root submer ence n 

roots . lJachno ski , ( '12:313), 

tra. '"'piration o lant ro mi 

aeration as com rea. it th tra 

of ar 

r ntl 

1 

s t 

Of" the so.me pin ero n una r t bo at r . 

J,i v· n ton and ree ( ' 17: l 2 in e 

and 0 

sup ... lie to the root of 

privation is an interference i t e 

root • ' 

e 

0 ti 

c 0 

0 

bo c ro 

0 

l 
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~he ox eon oo ntent of t e ater or ot er sub t at in 

··.nich uhe 1 nts are erowinr, i ... the import nt actor in er-

m.i!l'nr not only re uctiv' t,; and rror:t o: tro root"' t 0 t e 

c nt ire lant. Dehera in c d V s ue ( r 7 : 40) b. t ir ox e i-

e nt"' e"'tablished the fact that .:f th root .or do.r.rivo of 

oxy en the lc:;..nt it .... el soo per'shed. J.!: .. e onl ti on 

o fere 1 s the state e t th.a '..,' b or tion d'ox en •••••••••• 

c'e3t un ~cte res iratoire .u'on ne eut su .ri er ue 1 

plant e per · sse. ' .7ac· er. b similar e _ e rime nts f o tha:t r -

lacing t c air of soil b hydro en c~1 e an o or ous r t 

tion o rooli r,.tO .th as compared ith the ro·.·th O..L root in o 1 

un er ordinary con i i ns. m e riter plic t d 

Of' e e:x:pe rimon ts f De rain s. e in e cl in 0 n 

from th eo 1. . it' t e s e re ult 1 • t t l 

soon died. ~te oil a .... d 0 t eri e 

to av_ i h .ater-co tent 

th su. 1 01 ox en as ll.ltered. er r 

0.S"'i na.bl i'o r e e .... t 0 t 

Of 0 y en the ro s ere to 

prec-ent in nor all. .. a or tit • 10 

furt or up orted b t 1 0 

los oi' le VOS soon fOl-0 

at er . rnran p·ration a 

a diminution in rate , a s • 5"\ } 

h 
ution in/rate 0 ransp·r i n 

le ·es . e roots themselve oon ie 
an 

er tion b C' itable me1; od aintc a r al r rl 1 



rate of transpirat · on , rev n s etiolation and los 0 o 1 ves 

and keeps t e roots in a l" ve e.nd a pare ~tly l eal cond.i ti n. 

'::' is indicate"' t iat the trouble lles in the d · t ance of the 

normal root iunctions, that the rate o b or tio loo n t k e 

r ace :ith that of transpi'rction a that the inllb it of root 

to absorb is correlsted ith the ox en su .ly. ·vinesto e 

Free ( '17 :182) using cifferent met ods , also conclude thnt the 

exclusion oi OX'J n from the roots inte:rieres i th t e ab orpt on 

of ''at er . 

~he Ox:· en Content of Various Sub-st ta. 

'::'he relative omounts of ox·g n in di ferent t 

under variou ccnditions, whether sue a unt are 

for the plant 1 s ne d , ....... ~d the manner o replenti~hi 

icien 

0 in-

taining the supply are other points t be con i er d. L 

Bossingault ( ' 5 : 7 3) and on o or ( '7 : ... 05 f 0 

con tent 0..1 soi ls o be "'O?newl lo r t n t 0 

air . .. owever, since in so· 1s ther ar abunden ~ c 

SOi 1 particles , ~. ru .hich ir can di f e • u 0 0 

" 
is available to the roots c.t al ti es . oil i t ed 

i h viater , air is driven out 01 the e oi ti-

cles and the only ox C'en then avai ... ble i th ... t di ol e 

soil ater . r: .. is ~11ount i UC e s ' an that c aine 

soil nder usual conditions, a accounts 1! or the ob 0 

Of ~acke r ( 8 : 109) th t ~eedlin 0 icia f~b and 

albus gro~·m in su ersut rated soil sho e a arked tardation 

in the grov~h of roots. e observed , ho ver, that ithf · nt 



changing of water the retardation as some :hat ess. c er•.., 

results we re confirmed by Arke r ( lYOO). .tl.rke r i ound that the 

rate of growth of roots of Lu inus albus and Reliant.us annuus 

was increased by passing a current of air thru t1 e .ater. lso 

that roots of plants in water readily take up ox en i solution, 

and that passing a current o:: air thru 1,ater docs not increase 

the oxygen content but merely keeps i up to the usual ancen­

trat ion for a i ven temperature and pressure. ~l:o ri ter in 

his experiments has confirmed the results of rker as to t e 

ei'f ect o pass int; a current of a i t ru water on t e 0 0 

submerged roots. Analyses of samples of ater aerated b passi 

a current of air thru it also conf i _ rker · s results t t the 

oxyfen c cnt ent is not increased b this procedure. curre t of 

pure oxygen likev:ise has l' ttle effect on t ox en con ent. 

The e fccts furnish other reasons in addition to too al eady 

men ti one d t p • ) for the failure of ,acTer to find d re nee 

in the gro ~h of roots, in non-aerated .ater, .ater er ted b 

a current of air and by a current of pure ox en re ecti el . 

The reason trm.t plants ith the roots sub rged in o -

aerated water , sho etiola.tion, iltilne, loss o lea es, 

death of roots is that the ox gen co te t of e et er i r -

duced below the necessar minimum. o.... en diffuses s o r 

the water so trot the suppl is no 

diffusion . mhere nre fei availabl 

uick replenis d b 

ate on t ·s poi t, b t t 

investigat: :ms of Kraus \ '01: 13 J sho t at boile ater in 

vessels sealed to exclude the air prevent completel · t e er -

inution of seeds . Bo· ed .ater exposed to air after eight ays 



gave a ereatly reduced percente e of eermination as comp red with 

the percentage of germination of seeds in unboiled .ater . Tne 

amount of root growth in the former v;as also much less than in the 

latter . This indicates that while o.ir wo.s bsorbed, at the on 

of eight days it .as still not pre ... e t in uanti t· e ual to that 

in the unboiled water . He also shov. s that submergence at re ter 

depths de creases the r;e rcentage of germination of se ds 

explains by the slowness of d"ffusion of oxygen. 

ic he 

~- e fact t at ox• gen diffuses £lowl. t ru ate · readily 

accounts _or the observation of ;ac er ( 98:1 9 lat 'ici f ba 

and Lu inus albus gro'.n i supcrsatu ated so·1 houed o. reator 

retardatio evon than "i •• en gro 111 in ,a.ter a com ... red t 

amount of gro th in moist soi . In soi .... s , u der u 1 c ditio 

air can diffuse t. r tm spaces bet een soil article nd t c 

supply t r..a roots . en the soil is saturated, or ter re 

in excess , the air is riven out of tie i terstices oi the "'oi 1 . 

T e only oxy en then av ilable is that in solution in the ater . 

ln a supersaturated soil t· e reater part of a unit vo :l.!iie i 

occupied by soil articles lea.vine onl u small vol : ic c 

be occupio by ater containing dissolved ox· en . ·at er 0 

e 

contains a relatively small amo o ox. en. ccor 1 it ic 

evident that much le s o, Ten i"' a.va ila.ble · n a upc 

so.:.1 than in at r alone and a much reat r if re ce e 

bet .een a supersaturated so · 1 and an ord· r soil. r, 

agi ta ti on b: ind and convection curren s tend o re lo i t 

oxy en content of the ·- ter . 'i: e e actors a 0 i -

t 



port nt than d fu ion. c rro 0 

..... t r cause o. cort n a o 0 1 11 
·, ter, a ·ho or a. 10.1 n c ct :t r. r-
aturute soil , on tl e other h i t• n c i n 

currents are not f ct or or arc 0 lit 

... · c r r. all ount of o en 0 

or Sphagnum al o to be 1 e i 

replenis i t e u 1 if the r. 0 

sub tr ta t e t 0 r er 0 0 

ter-con 1 v r lo,. er i Ci e t 

to re vent surf ce a it t on of t 0 

tion curren b t n co 

c- bstra.turn coul t .... or "' 
are ot r ... ct or b 0 

ct or&ti er 

xte t . 

a 0 :P 

1 

e r l inc r 0 

( . t• 0 c 

ro i is ver lo D c 

c re· ci po. r o 

cen rnl ::one 0 0 

the re ucin "Ub i no r 

beo rbcd b· deco ... o i r 

u 1 nts rro i t i .. 



r 

1 
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~he elation of .. oats to th el. 

Certain peculiarities in t e be ior o root 

erence to the .ater-level re to be note • It a bee 

that the roots ox lan plants i ubmerge soon cea e 

.. fe . de. s later tho roots ere found to b de d. e 

variabl developed !ram th stern at t e surf ce o 

The e roots remained near the urface he 

ro th and branched !reel • n no re 

trete more thsi r..ali inch to i h belo 

If these surface roots ·ere s bm ed to o 

the ater- eve , th in n died m 
eveloped t hi her level . u ot r 

ation as provided , th roots of n t 

re ined a.li v , retaine their ca aoi t o 

ca e , even de a fairly exten i e ro h . 

as es than for pl ts o t e 1 in 

of plants , i th a consider bl o 

no retardauion in ro h a 

The on h ot e 1 tha c co 

der the conditions abov e crib 

ces ive tar-content 

the oxy en sup 1 • 

roo 

01 

rl 

i th r 

o nd 

o orb • 

root i -

t r . 

1 

r-

r 

1 0 

V6chting 78:13,) fo 

cutting or alix in at r a 

t e lo o r 

e de init corr h 
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the oxygen supply. Re found that un er or inary conditions ne 

roots developed best at the surface o the water and little or 

not at all at greater depths. He concl ded that ater contains 

suf :ficient oxygen to maintain t ba life of Salix cuttin s b t 

as not sufficient to bring about production of ne ; roots. J.he 

writer ' s own experiments have sho m t at roots 0.1. land plant"' can­

not live or function under Nater unless aeration is maintained b .. .,. 

passing air or oyygen through the ater . Bennet't, h ever, 

( ' 04 : 241) concludes from a series of aeration experi nt ith 

seedlings of various kinds tha:~ roots are not aerotropic. 

comparison o1 the rel.at ion of roots to tbe 

in swamps confirms the results obtai m cl exµ3riment 

( '08:75) finds that the direction o.... rowth o .... roots 1 

t r e e 

ap 

lar el 

determined by the ater content of the soil.' 
n etter soil 

he f inds that "roots grow much more hor · zont 1 nd sa t at 

this phenomenon is doubtless correlated. i the a cit of ox -
h i l 

gen ot the more v:ater-logged soi ls . 
e ... a ination o 

trations by s erf:t \ '12 : ~' 
) sho. s at o t .at t e roo s o 

plants gr above the a ter leve • 
1hose r in un r 

are of plants with a great development of air-con uc 

1 though many of the plants the roots of 
c or i ril oco r 

above the ater level , are able to en ure submer enoe for 0 -

Siderable length of ti they normall de ·e op roots 
, 

.at er level . .ihen the roots of these plant ara ub red 

gro •th is more or less r etarded or ever. • revented , a ne 

are formed. at the surface 01 tile water • 
his has re e te 

r 



been observed to happen en root o:i: 

pumila , ornus stolonifera, and other s rubs .er su mer d. 

This has also been ccnfirrn d by the ex rim nts ith 

pla s . 

Diversit in 

I t is to be observed that pl ts gr i 

rious 

of hydrophyt·c , mesoph tic , or xero h tic ch r cter . e 

plants grow often in close proximity . he apparent 0 

hydrophytic anl xer oph tic plan s ro ing side b s · de 

"'a'Ile area as bro crbt forth man e rent oxpl anat 10 b 

ious botanists . chimper ( ' 03 : 8 ) attribut d r6 o h 0 

b 

of 

r-

presence oI ree h us acids hie c us a p 
1 r -

noss 01 the su stratum. arrni 
a.c · ae 

presence o free hurnu~/and O'ther ce 

cause" but admits the infl ence o o her c or • 

Ki hlman ( 1890) , Go b 1 ' 91 : 11 an Ya ( ' 09: !301) 

conclusion that 1 humidity an:l stron n c 

i th tho col nes ... of t s b r 1 or 

'ore recently Ga.t s ( ' 16 : 
concl ed t 

ation i fu da ntal re le or th 

of the eve r r een e r icad at the 

tageous even i n su e r. Davi l ' 0 : 1 

xerop tic habi tat , br o ht bo t 

and the abi lit of peat to ho d a !erg 

en 

ro 

0 

oun of 

h th 

ig ti t 

(1 

0 

r ace 

r . 

not avail ab l e to plants . ., rump ( 1 1 : ' lr..) also s ests 

r 

r 

1 
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great water retaining pov.rer of peat . Hurns ( '11: 11 <J) agre s 

in part with Davis canclud :ing that the iluctuation 01 the .... tar 

table is t be i mportant factor but that secondary changes accom­

panying are to be ccnsidered • . l!'rilh , chroeter ( 1904} and a o 

Transeau ( 06 : 38) believe that low soil temperatures and 

aeration are the important 1 actors. 

ck O! 

There has been much cant rove rsy also as to t h3 supposedl 

xerophytic character of certain swamp plants . . an~ writers 

regard Scirpus , ~quisetum , Juncus , ann imilar plants as bo 

xerophytes on account o the absence of leaves and general ex er­

nal appearance . ~cirpus , however , has been ~ho n b Sa~pson and 

llen 1 ' 09 :49) to e a typical h~ drophyte in its rate of tra "'pi.r­

ation . The only plants ,hich are unquestionably bo xeroph·te 

are the ericads . As Groom (10: ... 41 J has Shown, in the ca e o 

Larix decidua/ some s~-called xeroph ic pl ts transpire mor 

rapidly than some mesophytes . The ratio of tra spiration o 

absorption is the import .... nt ::actor and ii p t are xero .. tic, 

it must be due to the i. ability of the root to ab orb 

in sufficient amounts to eet the de nd o r s ir t io . 

mong the causes assigned tor the ina i it of t e roo"t o_ bo 

Plants to absorb readily are the ~o :- coldnes or t e 

substratum end shallow root :::: te s. c oater 04); 

low temperature anc. lack o~ aeration, .ranseau ( '0b:38); pr senc 

or humus acidS . 'chimper , l ' 03 : 8) ; poor aeration , e selman. 

( '11 : 6L) , Pree,( '11: 110) ; bog toxins , Livingston, ' 0b:3 3) , 

Dachno ski , ( '12: ); root execretio1s , ivingston, ritton a 

Reed (190b) , end Sch reiner a."'ld Ree 11907) . 



d ·ustment o.nd Structura 

ants. 

Proximity o~ location in a c a 

sa.. 

d.O es not nee es r 1ly 

similarity or identity OI ccnditions either for the root or for 

parts above ground . In fact ccndit ·ons ford ferent 0 

vegetation are ver differ nt a. both a.pp 1 '0 : 27 ) er ff 

( ' 12:Jl S} have pointe out. :,i;he s for root gro t 

above ani belo the ater level are a 0 ery d. erent. It i 

to be noted that the more or less so hyt"c pl nt ha i 

roots in the subztrut o.bovo th at er level. I 1 

is raised t e roots o these plant c:. m en ure or 

a considerable time . ·i:· e ir act· ·t ro t ll 

l 

the ub rgonc b prolon r -
t rded, howe er, a d 

ed roots d · e and are re lac d 

ater, or e se the entire pl t 

ne o 

ccw:i 

io od at o 

root 

:phyti c plants al belo th .L 

a. oovo t ater level :t:or a lon r or orte 

best ro th under .ater. T t h 

enchyma t rrugh 11 cu t 1r c rcul te 

plant . c · plants not o · con 1 o gr t 

ub rged , but ·o bot ... er h n in m i t oil c 

dro-

r-

ro 

) 

h stated . any p nt 

or completely sub 

06-11) have :: ho . • 

1 o ro i 

n ~ l '7 

oist o 1 

1 10 (1 

c ( \ Co s a.ntin :171 

othe~~ b ve po· ted out t t 
hi h a.re a le o 

land or i "'.'ater dergo tr ct r 1 cbD.n es, rtncipal 

0 

i t 



develop cnt o large intercellular spo.c .. or e throu h 

'hi h air ma be sup lied . ~hese a.ir passa e are to be re rd­

ed as adaptati~~0 to acquat·c or amphib'ous hab'tat . 

Goebel (1886) and Jost (1887 h·Y e"'cribe ta ion 

of roots to secure air hen rO\ i e in s p place . ob-

served that certain plants sent roots to t e ur.1..ace or ent ou 

branche ..... above the wface as 'br t · ng or an ' • Thi te 

cy 01 the roots to gro. up to t e mface or o ev lop 

proces ec extending above t e a er surf ce o t 
I 

d e to "aerotropism" , bile oebel rit 0 s 

gatively geotropic al thou st :t "" ci 1 

are develo:pe to secure ir s or t root a .d ir 

pro duoti en is c di ti cne d b t bit t . 

he roots o 1 ts , ho ever , do ot r 

t ural c nge but ada t the mse ve to t e 

other m ner . : c ... ct th· t t. e root o ro 

above t e s.t r leve 1 as alre b en ion 

o ... roots to the t r le el need not b r 

Of n · 01 th bo 0 t hie· ordin il ro 

level or at ea t o no ex en muc be o it , 0 r 

' ure submergenc or -t ·tho t i r . 

roots O..L t se pla ts m-e ener 11 no e . 

u er the on ic h bo ro 

little av il ble ater on accoun O..L i re " i 

.a er. 11 .e fore ate r in la.r e a ou s b i 1 0 



f If 

obtain. U{ltes t 14:451) statos tho.t in uc case .... " ... he ero­

phyti c adapt at i 011s • • • • • materiull r a id by le sse ing t e 

demand upon root absorption . 11 In tinter\ ith oont:inued ater 

loww from the parts above ground n.nd . ith the present condition 

of the soil , the xerophytic c _aracters are considered b vates 

to be of even greuter importance. in th3 bog eaths hen, o -

pensati on is made for the lessened abili o:;: roots to absorb 

by re ucing transpiration by rooans of xeraphytic leaf stru ture" . 

'::his also probably explains the ability of these p 

d ure root s ubme rBenc e • 

ts toe -

It has been found by ma inve ti gators tho. t e 

the ericads have mycorhiza on the roo.. • In ge eral it h been 

assumed that the presence of myco:rlliza on the roots of bo 

plants is to be considered as an adaptation to bo condit·ons . 

'.!:lranseau ( '06: 33) fo nd that 't e m co izas develo onl in 

poorly aerated su strata' ani c . 34 sa ... "m corhiza t ere ore 

appears to be an a bnorms.l root c andi t io • • e"- er t e fu u 

is of advantage to the root unde· poorl aera ed con tions 

cannot as yet be states." ates ( '14 :450} state t " 

absence o ... mycorhiza on Chamae a hne anl t ese o•bor 1 t~ 

demonstrates that it is not a ces ary adaptation o bo 

environment . " _.oots of plants i th a er enc hymatous tis 

When sub rged do not have c orhiza. ... he e er i evidenc 

of · •ranseau , ·hi ch the miter has been ab le to cm ir both 

experiment and field ob ervati an , m kes it eem •er cert · n 

that the presence o m corhiza. is ind ced b~ c of ae · t 1.on . 

.... ... e riter accordingly a rees wit Transeau that a m c orhiza 



conl ition o t e roots is abnormal ,ani it liate"' in t t it is 

not a necessary ada.ptati en to bo con di ti ans. _at er it · C' o 

be regarded as a mild form of para itis ·hich i" f vored b· 

lo ered resistance o the roots under conditions of oor aera­

tion . 

Significance of daptation 

Reference to ~eration. 

mhe great diversity of character of s amp t ha , as 

already stated , called forth ny e lanatio of e 

lay emphasis on the effect of a.tmoepher ic factors 

emphasize the influence o facto of t ne u· tr t 

il ot rs 

n pi e 

or all too di fe rence"' of opinion a to t e cause or c o 

the diversity of characte · of s p nt a c rte.in amo o 

agreement is to be ~ound . There iC'! , in enera eit r n 

p .i. ici t or implicit assent to t · e o er at ion of 

atmospheric facto hich tend o brin out 

comb· tion o 

transpiration . rhere is al o a f airl 

the ex:iC'!tence in s .amps of cert n 

stratum , y .. he inter ction of . bi 

roo s is retuded . e a ·sagree nt lie 

·hie faci:or is the most i ort t . 

ene r 1 re n 

f c ors in 

or i 0 r 

i d ci io 

t a bee. pointed o t :n t e p ecedin r 

8 

he 

0 

or c mtinued cti v· i ab-
ati n of t .e root i necessar 

sorpt ' on as ·ell as for gro h • .uvidence fro thee eri en 

0 

b-

r-

of man. investi a.tors as been pre ente in conf·rmation t ereo 



The Tiriter has also re~ented evide ce from his o. oxp i e 

'hi ch indicate the aIDe fact . ivingston a1 re ( 17 : a ... 
have sho". t bat absorpti en of ater b the roots i interfered 

· i th by depriving the roots of oxygen. 'J.'.he .riter usi g a 

iffere:'It met' od has a1so sho :n t t absor tion i retarded d 

fina lly almost canpletely checke b~ root submargence . rom a 1 

the evidence , there can be no quest;ion that 1 ck of aeration is 

sorbin capacity o 

rev·oul tatte 

a very important factor in re ucing the 

subroo rged roots . 1t as also been tated 

ratio bet .een absorption and tran pir ti i t o critical fac-

tor and that if plants are xerophytic it mu"'t be due to i bil-

it o their roots to absorb ater in sufficient amoun 

t e de rmnds of transpiration . 'lhe po"· i o and c r c 

roots ith reference to tbe ate level ha n o 

irectly correlated ·t aeration. f er 

necessit Jor tr.e contin ation of the p ces 

ti on too roots , plants ma eet thi nee 

if:fe re a s : ( 1) The p t u 

tio n by the deve 1 pment 0- an 

o.ir y be up lie to t. e roots; l ) 

above t .e at er level: ( 3) •' e aer al pa 

in s a manne as to e ucc trans irati 

tion f r reduced absorption b t e ro 

".rou 

a co 

t 
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( 1) In con iderin the ad ·u t e t..... nd. 

plat to the S\am . b i t it ""' ... oi c o t t t dro 

ivel evelo e ir-conductin 

..,·t'i ma ~ir i~ s r 'e' 0 tr. roo hich ar 4-- u ble 

not onl to \, i thsta.ncl root ib r ut to ~a better r 7t 

t at i a er tel moist ..... oil . . corp i n not r t r ed 

ho ever sreat t ater lo~<'! 1ro ~ ri t it r r -

4loced b~ absor tio 01 tor ~· t r o t 1 v il-

e of r c 1 i.. .. ic 0 

ter las .... 

r 1 ro .... to t t r 

ut t 

l. 

·u t e. t to rv.t· 

been re anted . lant ·.h s ro 0 t t r 

re sually 0 g 0 I ne am co e t or r e 

ram excess·v ater losn . 0 ti e c 

c .... little or not at all e uce ord ril 

is ovided an 0 r f ctor r n r r 

are suall~ more or loss c n c . r c r . 

dr ear or ur dr r s 0 t r 

b sub.,ect to ore sever co i i 

b tr at b come dr or at le t 0 

for la.nt on account of t re t 

or this r 0 ro b l' 

1 vel m ho more OT 1 S s ver .i t' on . e r 

I f the dr ouc become t oo prol n e r t n ·e e ... o 0 0 

pl ants m perish . 
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T OF TO 

any plant are able to establish hem"' el es in a bi tat"' 

\;it h excessive wat It hue- been foun b ex eri e ts in t e 

ereenhouse that seeds of plants a.da ted to a tic or am ib-

iOt"' conditi ns are able to geir.minate and ro. un er ater . 

Gluch ( 1~ .J ; ' Oo, ' l_) foun that t e seeds o ny l nt os eeo.sed 

the ability to germi te und gro .. under a.ter. other "'eed 

faile to germinate if covered to a de th of half an inc or 

less . : raus ( 1901) as sbo t t crmin tion o see s o 

plants unaer ·ater may be brou t about b er tine t t r . 

Differe ces are to be o serve , ho ever, in the b avior o 

various see s in t ·s respect . Som Pf r n 

oxy en t n others . ...,aliY, ~.lnus, Betu u 

an ot er plants r rminate ·ea.dil 0 

on mo of eat but fa'l ot ermina lb 

n. seedlings are una le to rs is if 

su merged . t' er see lin are ot affecte 

Seedlin s o many pl ts rue 

~umex brita.nnica are ble to e 

siderable period U U Ul. ... l n ou ne 

of the ater . Te· be avior o ro t of 

same relation to aeration t t 0 b 

req uir 1 s 

of 

r e • 

r 

o. t e 

ro t 0 old r 

d 

plan ts . nl those pla ts · vine eli-develo e sere c are 

able to extabli h themselves in hab t ts it e.~oe 

If t ~e a.ter level is belo the urface S 11£ tl 

e at er. 

a t 

are able to invade a become establ.shed . Te root o~ 



YO 

plants , ho11ever , remain near the s1u·face. erio ds O.J. hot dr 

'"'ea the r dur i ng the summer w!iich cu.use the un er e er ... o tb e 

substratum to dry out ay then result in the de& th of eedling 

't shallow root syster.s. ~hu it is evident that aeration 

throagh its eff oct on the germination of seeds and the develop­

ment of seedlings is an important factor in ecesis. It etermines 

in a large measure the character of tile invaders in sv.amps . 

- E R::::: CT I _,lJ C 

Reaction on ontent. 

The converslon of a lake or open bo · af .ater into 

swamp is due to tre rogre sive decrease in the amount o-P ter 

present . In effectin~ t ~ ecreaso the eacti n of e eta in ...., 

in the various stages is an important .J.acto r . ... ro t e t 

Chara and r ilotria · ith ot er r.Ders of t t associ e 

a lake until the regional climax is e tablish d the r d al 

accumulation of organic debris resu t·n 

decay of plant bodie reacts on the ha 

fro the e t 

tat to rin 

crease in the ooiou t of .at er resent . r.ihis is accel r 

or less by the de ositio o eroded ter l .e.s ed in 

shore . ... e continuation of the e roce so;;.i er 

e tablisheioont of members 

t e 

':'hus each assoc ie s in tu reacts on the abi tat to reduce e 

depth of at er . _ e eacti on of th egeta ion of u.n 

i.., nfavorablc to its o c tinu nee t vora lo to t e i 

ion o:t' plants of follo'.:ing as ocies . J.. i 0 rre re ion i 0 

e 

t 
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about by tho continued upb ilding 01' the sub tratum .. hich e. te r s 

conditio ... s of aeration . lo ;•:ith that a n ber of other clo ely 

correlate change 0 oc cur ~hich final make pos si le t in o.sion 

a.nl establish.man t of t. e cl i · vegetation . en acco t of th 

s lormes° Fi t1 v. hich t sub tratum is built p , t e Larix-ricee. 

sta5e may persi~t fore lone t· e e. ub-cli p·nall·, 

ho . ever , t i" replaced b la er t c-os _ din to the cli ax . 

Reaction of Vegetation on Co centrati n o ~ol ----
T e reaction of e etation on ... olute s to be c n 

ed 'it reference to : ( 1 ) , ineral c rn ound 

more or less e ssontia.l "o the . r ro (~ 

ox;rren n carbon dioxide , and ( 3) h Cid or 

sibstances mor or es lni ica.l to ro t . 

( 1) rt ha. been sm.n e er t 

c e .ical co os it ion o_ the ·at er in the s 1lJ tr 

i! ferent in succeedin sta e or deve 

ical com O"' i ti v ries so at , 

reference to t tot cl i. eral c ten"'" 

ere t from that o :r lake , r ver , or gro 

nitre en as ni rate"' i rer 11 , t 

i 'tn e :f .. o:t organic n.:tro en . n· 
J. • 

mucl l o er an t .... of 

of hosphor i c ac .: d , ltho h 

t at of many mi ner 1 soi 

avera e 

u 1 · lo 

0 en t . 

co ce tr 

i ot e e 

er . 

o en 

0 0 0 

r 1 oi . 

1 nt 

Ci l 

ot r 

e t t 

io i 

1 

l 

r-



(:..) .... ith reference to cases it h .... s been '"'hon on p e 

t .... t t _o oxy en c ntont o lake ... a.+ r i'"' uo ally n ... r the at · 

ation point cs far as s r ace ater at 1 
t £ conoerne • .....ir e 

end Zuda .. ; ( 1911) hc...ve c o :m tret the ox" en a ont v ... ies re .... t­

ly at d ii'fer'lnt ti .e::: o the year and t ii ... a rent de1 t ... . .e 

..-: 'o·;. also th~ t the mt er under c • t c di .:.o 

"'aturated . ',, ul .. se .... oi .a.i p ater at R bert 

procression 0i st 6" , ...i.nl e eciall., ·ith t e 

Carex s: d S Larn llil , the oxyeon c tent s .s 

·hi le t ... e carbon di o_ride content s 1x> . s an e ~ 

i ncrea .... e . :· e decrease in oxygen content iS p 

ausor t ion o:: ox; gen by organic co 0 

c ompoGition. in ro c l. on 
urine the 

to its libeY t. O:?:': in t e d om po itio o.r or nic 

ccording y .. here ever or anic rat r s r n ' 

dio_:::ide incre ea and the ox n acre 

( 3) ,ith ref ranee to aci it · s fo 

CLamoedar me -.nndrom~d~ or ar ix- ices s 
eS • 

t ere i<> very little diff r nee in aoid · t · 

ucidit .. i" to be attributed o t e ·e ici c 

substra.t m. i milarl .. t. e r ence o to·:ic s 

cons idered as the result of decom o~ition o~ or 

unde r condition of red ced ox.. en su _ - • 
B 

tion t e ac·ait c...nd t o~lcit of tile su trat 

"o .ever , t h3 relation be"t\ een to~ ic1 r an 
acid' 

co11sta.nt . 

• DY be er-

t t it th 

e .... ra e oi 

rk 

·ue to t 

tr t 

·oxi i e 

t r al . 

c r o 

i 

0 

0 

r 

rov r -

r ere e . 

i~ not 
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Re c~11ion o 

It ha be en s ho n t t the temfe r tur of tLe .... u b ti tm. 

decrease::: in t Le Cha u as oc!e.., . ____ ..___ ---
'.:1'1e substratum in these a.ssocies c.r s u or • slo 1 in the 

s ri r;: an consequently ver: lo. tern er e m revail eve 

'r£n the tem.erature of the air and of e neig ori up and 

soil 'as reac ed an average maximum for tc season. ~ e lo 

te ICTat res are ie lar el .. to tle p;rea e no a· n of e.ter 

irom the Su.abnum s rface . e s n 's c is .xpended in ho 

evapor'""tion 01 i;.cter ene rati t 

ub<>tratum. 

_,.ir temperatures are more nearl t s e in rio 

developmental stages . o .ever , on accoun o t cooln 0 t 

substratll1I am s ar particularl sub foct o fro t o 

nie:hts . be temperature at • a ov t o ~uri ce i 

l~· unif o nn in the va.ri o ·c a ... ocios t a th te er t 

i d ve~oci t near the urface . _e eratu h it 

r 

affect the rate o~ eva. oratio . or t o r t o · r t 

b shrubs of the ocie i i 

com a es .: ith that in gras land . ·a oratio i re t r t 

ro· 
he irrh t of 1.5 m. in s amps than at the 

• fter the appearance 1arix or 

int en "ty in loY:er levels i dccroaseet . 

do not 'Im d.eneo e and t e c e 

assoc ie .... th in ater one • 

sur ace of 

Iicoe. or 

se i le 

bo t 

es. 

r e i 

.. --~~~~--------------------............. .._ 
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T'-T .u ~FFECT OP E •• C~ IO ; 0 ... 

. rany writers have attempted to count for the gro 

end distribution of plants in m.a:ips thru the in+'luence o some 

sinule factor sue. us lack of certain iner 1 con:Jtituents , 

prese·1ce of humus aci s , toxic or anic snbsta ces , and o on. 

The explanation, ooover , does not depend upo t' infl ence 

of any single factor . ~he factors ffectin vegetatio &re var­

iously interrelated and a clange in one facto brig about 

c1ange~ in ot ers . To1ever, a certain ordinal relation in 

torial cr..anges may be shmn to e~is . '::he c em·ca.l pos io 

of the subs ratum in various as .... ocies, t.he c ncentra.tion o 

soil ater \:it re orence to nece sary miner 

o acids, o~ other toxics bstances hus alrea 

CO Otl. nee 

ee d · cu e 

at sane length . 

T ... o chemical ana sis oi vario eat a d r ro 

soi s shows no absolute deiicienc o an impo t t co stit n 

..i vailable nitrates, potash , and p o s .. hor · c ac · d r re ent .:.n 

shall amounts . • e soil ater i~ ver dilute ·th ref re e o 

these substance • o ever, the concentr tio re ai abo ... t e 

same thru several as ocies . urt e ore, e i enoe o v ri tis 

i vest igato rs ho1 s t at plant 
ro r adil in •er a·1 tc 

solutio E c , tLere i no rea on to me t t t e gro 

und distribution of vegetation is eterm'ne · b t c e ic 1 

composition of the subs ratum orb· too a·1u e Eolut · n o t s 

substances . 

• 
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Lime is present in s\·,amps an in differ nt developmental 

stages in amounts equal to that in many upla d mineral so·1s • . 
Ho correlation cc.11 be establi had bet· een lime c a.'1tont and t e 

character of vegetati en. No c onsta correlation can be fo d 

beti.:{een lime content a.nd aci ity altho ins amps ith relative­

ly high lime content the acidity is usual · sli ht. 1 t i 

po"'sible that in undrained :a.LI , o. account of lack o aer-

ation , the lime exists ~s humate~ and i t·i"' c nd"tion i 

not available to lants . .ith increa ed er ti on the tu re 

of the lime compound may be chan ed ·nto mor av i s.ble 

fo:rms . 

_ e acidity and toxicity of the s b tratum o re n 

the same thru several associes . . cidity n toxic ty are both 

high in tle C amaedaphne. dromed and Larix- ic associe 

anl decreases in the later stage~ . 

it and ve etation or bet een toxicity ve eta be 

establis ed . It has been roven exper ntal t ion 

decrease toxicit and acidit • e decre f aci 

toxicity in later stages · also co relat d i incr e 

aeration . cidit prevents the ro o or 11 

! ic are effective in breakin om or anic ni 

stances and converting the in""o nitr te"'. . c 0 -
ici t,. , ho ;eve1· , are 0 incide tel c diti ns ri i ro 

poor aerat · on . encc a ·ait and toxicit re 0 i ort t 

... actors in the J. ·'"'tr· butia and r .. th o± • 
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Ter er tur t e r t 

.10.ter content . 

from beoo n e t r . 0 

bacter'el ac ion , c emic 1 o.cti 

~}en o ret r abs or t' n u cl cod 

tan es in ol 1t i 

· ... .ic cause a r te 

sorption , lo so'l 

e u ( I Q : 8) a 

.flue c e 

1 ence 

er ti n . 

t e lb ... t t 

tun, i 

i J. 0 b rd 

o.te.-,,,.o nt 

v por 10 

,... oci s t n n 

era..,E land . 

o er 

duce d 

par ·cul 

u or ti on b 
tern 

o ... 

te 

or 
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er 
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ir 
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t e 
t 

ociEi. 

ti 

ort c 

r 

r tl corr 1 

re t e 

r 

cti t 

r . 0 

t " 
1 rt 

0 col 

0 

r 

i 

er 



Bva~oration is the re8ult 1t 01 ~h i ter ctio o. 

tcm1" ,•,.tu·:·n , 1d ,,mi· i· ty 1 t e r to o v or ti n 
' - - - '' ....... . 

in tl e Vo-ri us associez is a measure or t e re cti n o e-

t_.ti..m on temrcrr....ture , humid:.ty , nd ind as a f cti rut 

of c vapors.ti n . _:.e rate of evaporation i. ... i port t i 

inr the cro•tl anC. distributi n o ... s a p pl ts o 

rcte o· evaporation is ·reater than tl at 

the rate ..... t ·.1 ich absor tion pro eeds ·eo 

a ~or:i:t· 

ectl :::ec 

n 

aeration . -· i"' in turn de .. end up 
t e relo.t i o root 

.atcr- leve l. Sin e pl ts ·t e 
d~ nt air- ... o duct 

cro 1 readi l~ t ith the roots s ubmereed , t e 
r 

secure ~eter. con i t i o s favoring a ig r to o 

do not affe c t them , e i · er as to form o eri 

to the ability o~ ""' e roots to absorb e ub er 

p' eric factors hie l promo e ree.t e · po tion 
4" e o.t r 1 el. 

onl~r those le. \Is ith the ro .... a.bo 

:r-lc.nts nu t either develop :x:ero 

rcns ate er reduced a ~orp i ·e & 

prote ction o tal~er la ts her 

c 0 

1 ct-

e 

0 

o t e 

s 

0 



if ht ..... :pa ently does not eco e a 

the ecesis or dist r ibut'on of pl .... tc in 

ort 

l 

a oc s . 

c or 

r t 

to 

~tare , not consi erin sta es prior tote C _.;......;..._ 

lc.nts find a su1 icient a o nt o li ht to 

persist . Domincnce in the 

to a conside r able exten a mat er o c 

• e lifht values der shr bs o thi 

. 005 t o . ~~ i rather dense tan·s . On 

t:t1 

a.c oc · 

11 e to 

i 

or li 

c 

li t intensity th 

t er vegetati"'.l • 

rou d urf ce under 

n more open 1 ce 

ocie var e 

cc 0 t 

e s r b i re o 

able to invade . _ · e r are ab e to er 0 t 

ovortop int;· t em , t bJ r eb.. re uc · n li 

tr.:e fir .... t to disa ear and has not b 1 w i 

t li · lue is bolo t ent per ce 

da hne of en per~ist in pl re 

as one per c nt . o ever , he 1 1 

li ht value i reduced to that xt nt . 

;. ro e de ree o 

stra um . - · e a oun o ... 

i 

affected by the cmount of . t r r e 

tho e f cto r is so · nt iI ..... t t i 

co 

0 

rr 

0 

It a. re 
to s a.rate th 

in or de r to absor· a.ter nd t .. t c 

ificationc and the irectio t ... en b · oot t 

the ·:ater-le ·el ar e all oda t tio ar era. io • 

toxici t ~ ar e duo t o lacK of aeratio nd dr ina e 

r 

r 

c 0 

c t 

ereb 

:t 



a rat:on i~ pro'idedreduces aci toxicit • Lo t or-

atures also are correlated ith exce ivo ter-c o :rten 

temreratures reduce ~b~or tio • The o r von r 1; o 

bacteri~ . Brt bacteria can t lie i a u tr&t·o .ith 

excess of uate1· ca se of 1 ck of er tio... to er 

d is appear , it drainage . he re "o t exce~ ter i re o 

eration is provi ed . ..it hig er temper ture co e l 

ox.i. at ion i · c decreo.E:es c..:.di t nd tax· c t t e 

um become"" suitable fo r bacterial ro Ith . n re c 

activity eor·th pro. otes the fo atio o nitr te 

c anpo i ti on o::· organic nitrogen . 

of av il~ble nitrogen i incre se . 0 

c~omical composition of e ub tr t m 

by incre sed bacterial activit and c 

grcrat number of ot1or can es ta e 1 c 

abitat better as to sic 1 acto 

teriolo ic"l propert.:.e o t e be r 

ence by be ter co ditio 

a~f ec ing 

the sub tr 

factor mean" 

y i cal , c e ic a. l , nd bac 

are inti tel err 

cnan e i some ot er . 

is the controlling fac or . ut i i t 

only be a se · en p esent in e c s , 

t 

r c' an 

0 

c trol• 

ti i 

ol te 

0 1 

i 

re 

r c 

i 

e 

tr t-

e-

0 

r 

.. it out aeration bsor t1on f ater an 

Bacterial gro hand activit i 0 po s·bl 

.ater c oatent anl conseq e .t ett r er 

decreaee in at er content t ru o e v c i VO e 
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a pro ressive ca e in other factor _ .e ro r iv d c 

in \later content is broug.t about bJ the ccumul tion of t 

rerr~ins thru the various sta os of s ccessio • ~ocordi 

t' e reaction OJ.. the vegetation on the .ab· to.t in brin in bo t 

a progressive decreane in \ate content i f 

only thrn a decrease in uater-conte -c t t 

and its concomitant a liorations o n occ r . 

~es in or dependent on , or inc ide t al to 

aero.ti on . 1: e i fluence of ot er cto~ 

c and i "ti ons , be of great importance bu t e ar 

dL at ""vo · .. ater content and aer tion. 

The i port ce o good a rati 

n .am s has been ~tro gly em esize • 

in order to ~ec~re ood root 

it • ith good aeration also , ic 

ence to soil temperature a.re i proved . 

higher temferaturce promote bac rial 

notrogen is c en :erted into n'tr 

activity mean"' im rove co i i s ac:-

m1erefore drainage in the _ir 

s .amps for a rlcu tural pur ose • 

mhe che ical co os "tlon • 

man. co tituents is not oorer 

otash am p._0 sphor• s are resent i 

c 

nc 

0 

t t 

ery 

ent 1. i 

l a 

11 

o.er ion 

an e 

nd 

or-
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pparentl t e eoe nt t e ro f ic n inc 

that a e been pl co . u d r c ltiv ti on . ro 1 

,,e"r a.f er ye r ·itho t t e dditi n o ert·1·z t-

o...,t def icienc i"' i ni.,r r 

v st .uantitie 01 or i tro en d .. i ic 

brin s about better co d.itio 0 ue ti on 

, 0 i·ioIID ae .f-0 tern ere. re t c n r o ct 

.it a i crease of b ctor·a t e i 

0.1d co verte into not1 ate 0 t 1 0 

di i n better c 0 l 

Ho .. ever n e re 

it .L 0 ten nece r· 0 ro c 
" 

to "t tund more nf or bl 

cro ril· or 

incompl ... • ti c t 

re ~ble to e 0 l 

•e r r 

sec: ent i .. pro c 

clove_ mu be d d 

ra.sse or c 

roken and so. 0 0 

al o· s t e c t +o ec c 

eal o the , and 0 

e cd .:.ti r 0 1 -
not be nece o.r i r 

a all . i his .... o ro or r l 
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tion in begun. Freshly dra ined d "peeled" bogs require lim 

nnd ot~er fert ;J izer because the change in phy ic 1 conditions 

i s co recent that opportunity for the reduc tion of cidity, ·n-

c r~~se in bacterial flora ~ith ito cJ sequent incr a se i nitr tes, 

d oth~r improvements has not been afforded. 

Since , ; i th drnir.age nd its atte dent i .prov e t 

i ''O ·di tio. s of aeratio , the s amp natur·•lly h s t .. n ncy to 

a 'rrnce to the climax it i s possible to accelera te the progr e-

s ion by seedi to trees. In northern innesot the in s , 

inus stroous nd P~~oinosa -r~ the lo ic one s to p l t ince 

in the n tural ord r o~ things the ould replace oth•r veg ta-

tion ~ith the decrease in the ater- conte t o the sub tr t 

C C L U S I S -------- ---
(1) R ts f land plants n t live under pr 1 

subr.:ergence. The r" ts bel 

rmed fr m the stem t the 

the a rf ce die 

rf ce ""f t• e 

ne 

er . 

hether the plan ts a.re g in 1 a.m, pe t , r a 

(2) L d plants gr" 

dent reducti n in gr th 

in eat ~r ph n 

the entire pl 

submerged . is is lit le r n t t all evident in pl n 

in loam i th subrne rged r " t . 

(3) Reduoti n in gr h f pl ts s b e ed in 

is gre ter than under similar c di i~ns i e 

cnce appears t be due f r the m st r 

o gen in these cases as c mpated ith the 

able t submerged r ts in s il. 

r a er 1 c 

gen suppl 

e 

ar 

c 

i-

f 

v il-

n 



1 3 

( 4) !fhen the mt er is erated la.nts are able t endure 

root submergence as 1 ng as aerati n is maintained. 

show some retardati n in gro th out re .ain live. 

.e r ts 

(5) Ranunculus scelaratus , ~ · ab rtivus and Cy;perus alter­

nif lius gr wn in submerged s il sh w a greater gr tth f the en­

tire pl~t than 1hen gr m in m ist soil . ~ne ability f gr 

1i th the roots submerged is una ubtedly due t the pre ence f 

aerenchyrr.a . T'.ne reducti n in gro rt. f pl ts in m ist s il is 

:probably ca.used by the inability of the r ts t abs rb water 

readily under thnse C"nditi r . 

( 6) Land plants 'th subl'!'lerged r ts sh m re r 1 a 

pronounced wilting e.fter ne t three dS;!S . I sub .er ence i 

pr longed the leaves bee me yell and s n dr p ff . 

(7) Land plants ith submergea r ts a n t sh t e e 

effects r nly t a ver-J slight extent ir. a..,_ated at r. 

(8) A carrent fai r passed t ater d es n"'t uce 

much effect in increasing the x:.gen c nt 1t . I des, l ev r, 

keep the xygen c ntent m re nearl at satur ti~ · 

(9) Philotria placed ~n ater :t d li · c se 

decrease in carb n dioxide and s.n increase in xy en c nten 

The vo.lue of .;,._ ___ _ as a means f aer ti be · 

clearly estebli hed . 

-
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( 1 0 ) Plants in soil fro!?' .ich xygen is e eluded sh 

wilting , etiolation , and 1 ss f leaves. Tile effects appear in 

t .e same order and time as in plants with roots subrr.erged. 

( 11) ' The transpirati n f plants with subr::erged r "ts 

s:-r:0ws a temporary increase s n foll wed by a s .a._ decline in 

t~e amount trunspired as c mpared with plants in m ist s il. 

(12) T11e reducti0n in transpirati n precedes il•ing . It 

precedes eti lati n and 1 ss f leaves by tVT~ t" f ur da s. 

This indicates that absnrpti n is reduced bel , t he unt de d-

ed by transpiration . 

(13) ihen aerati n is pr vided the devel p. nt f pl n•s 

is essentially as god ith s.amp ater as ith a nu~ int s 1-

utinn Plants with swamp 1ater are me hat sr..aller . e 

di ~Ierence is sli htly m re evident when the pl8!lts re depriv d 

f reserve f od than hen the~ a.re all ed t use it . is 

indicates that tbe di~ference in gr wth is r"b bl due 

insuf~iciency one r m re mineral c nstituen s. 

(14) Sze.mp soil compare fav re.bl itb upland .:.1s i 

chemical co • siti n. ere is n deficienc f an i r 

mi eral c nstituent . Jh gph ric acid, v ta.sh , d ni tr en a& 

n· trates are deficient as c mpared ith m st min r 1 s i ~e. e 

am unts , however, seem t e sufficie t t supp r 1 t r h . 

( 15) r c rrelati n can be established at pr sent bet een 

the chemical comp siti n 0f the subst t t e successi n 

~~~__;:._ __________ ................. .. 
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( 16) cidity in swamps varies bet een • 1 tn • 55 

normal. N correlation is to be found bet i'leen acidity and the 

ahar ct er 1 the vegetation. ~-e acidity decreases ith im­

provement of conditi n f aerati n . 

(17) If toxic substanceg are present they are due t in­

sufficient aeration in the substratum and are rem ved by n in­

crease in the oxygen suppl y . 

(18) Tne "'X gen content of lake water is es~entially the 

same as t hat f tap r distilled water. Tl e ox· gen c ntent f 

swamp 1ater decreases from the arex as s cies thru the C ae-

(19) Carbon di xide sh ws a c rresp nding incr e t hr 

t he s e ass cies . T"ne increase is due t liberati"n c rb n 

di xide in the dee mp siti n f rganic t er. 

( 2 ) TLe adjustment f t .e r ts f pl nt t t e 

ater- level is due t the necessity ecurin a u£ icient 

supply f gen . T'nis nece si ty i rr.et by e ruotur di ic -

tions r ~~ly by a change in the level de n 

( 21) T"ne pre ence b··dr"'phyte ' rr.e ph te 

phytes in cl se r ximit:v in a - due t 1 c 1 i n 

0 ate r-content in th he.bi tat. r, cal i_ e nee in t 

pheric fact,., s affecting tran pirati "n also e ist . e r ti 

bet ,een the am ~ f ater 1 st and the am unt v 

are able t ab _b etermines the char r the 1 t. 



( 22) :.i: e r te ev P r i n er 

i n .p t e r the Ch 

elin1nx . .J.ne dec~ease i due t reduot i n f 

1 · .. er temperatur s , n inc re e hu. idit b 

react i n f veget ti n. 

( 23) i ght bee mes imp rt nt ct r 

a.nee of the uarix- ice a ass cies. t f 

a c nsiderable am nt li ht . Le d 

er :st for s me ti e here the li ht lue i 

cent. 

( 24 ) - Ce is i p s ibl r pl 

cesie oan ccur nly he t e 1 

i ed. tm s · eric ct r 1 

in c ntr l l i the i 

hen the f t r i r 

the r s. en .._he r t n le 

the de · d t r pir ti th :f ur 1 

establ ished resul . 

5) e reacti v in 11 

str is fund nt inc 

ter-c ntent th incr r n 

i rati can cc·r. 

0 
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Figure 1. The effact of root submergence on beans. 

No. l, in soil; No. 2, in submerged soil; No. 3, in peat; No. 4, 

in sphagnum; No. 5, in submerged sphagnum; No. 6, in submerged 

pe t. 

Figure 2. Effects of r oot submergence bn corn. 

Nos. 1-2, in peat; Noa. 3-4, in submerged peat; o. 5, in sub-

merged sphagnum. 



-

Figure 3. The effect of various substrata in the growth 

of corn. No. 1 Soil; No. 2, Peat; No. 3, Submerged Sphagnum; 

No. 4, Sphagnum. 

Figure 4. Effects of root submergence on the growth ot corn. 

No. 1, Soil; No. 2, submerged soil; No. 3 1 Sphagnum; Noa.4-6 Sub­

merged Sphagnum; Nos. 6-7 Submerged Peat; No. 8 Peet. 



Figure 5. A pot of corn showing a formati on of surface 

roots by a plant grown in submerged soil. 

) 

Figure 6. Four castor bean seedlings. 
The middle ones in 

submerged soil. The one at the right, in submerged peat, and the one 

at the left, younger seedling in soil. The leaf scars of fallen leaves 

may be noticed on the three older seedlings. 



Figure 7. The effect of rDot submergence on the growth of beans. 

No. 1, in soil; Nos. 2-5, in soil submerged; Nos. 6-7, in sphagnum; 

Nos. 8-9, in sphagnum submerged; Nos. 10-11, in submerged peat; Nos. 

12-13, in peat. 

Figure 8. Other plants of the · same series asin Fig, 7. 

Nos. 1-4, same as in Fig. 7; No. 5, in sub erged peat; Nos. 6-9, 

in peat. 



Figure 9. Three pl a of Ranunculus abortivus, the middle one 

in submerged soil, the other two in moist soil. 

Figure 10. Two plants of Impatiens. The one on the right in 

moist soil the other in submerged soil aerajed by a current of air 

passed thru the water. Plants in submerged soil and unaer ted di d 

after about three da~s. 
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