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nfluence of various soils or substrata on the growth

e

The
snd funetionsl activity or plents is one whicn has long engaged
the attention of investigstors. During the pest Tifty or more

years many experiments have been pertormed in attempts to deter-

[T o
mine the particular factor or faetors in soils that exert the
controlling influence on the growth an functiongl aectivity of

+h

s, In spite of the repeated experiments there is yet no

ct

plen
agreement smong investigators as to the operstion and relative
importance of the various factors. ?his lack of agreement

et that the verious experi-
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arises, in part &t least, 1ram fa

mentors tske into sccount only certaln phases, 1@ e xample, the
efiect of physicel or chemical 1aciors to the exclusion oI &ll

must take into

"

others. A satisfactory solution, however,
account ell the factors and their interrelations. Another
reason for this lack of sgreement seens O be thet the effect
of the surrounding medium on tle functional sctivity of roois
has not been thoroughly considered. Iihe amount of absorption
by roots is, in many cases, conditioned by the rate at which
absorption proceeds rather then by the area 01 the absorbing

surface, aitho in any given set of conditions, the amount ab-

Sorbed is the product of*the rate times the sbsorbing area.
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Any condition wh ich adversely affects the development or acti-
vity of roots, if prolonged, prevents the development of the
perte above ground. Accordingly, this mey be of great import-

snce in determining the growth end productivity of the plant.

The enviromment of roots is & complex of several factors
ell of which are operative to a certain extent in every case,
but under given conditions one factor and under different con-
ditions some other factor may exert the predominant influence
on the rate of development and the functional sactivity of the
root system. An snelysie of the factors concerned is saccord-
ingly helpful in determining the probable effect of any single
factor. In addition to the direct and indirect mechanical ef-
fects of resistance of soils to root penetration the factors
determining the growth and activity of roots or underground
perts sre (1) the amount of water present end its distribu-
tion in the soil, (2) the guality end concentration of the
soil weter, (3) the supply of ozygen and (4) soil tempers-
ture. The final form and sctivity of the root system is the
result of the interaction of different varisble econditions in
which the effect of single fsctors often cannot be isolated

setisfactorily.

The amount of water in & soil varies grestly, Since
lekes on the one hand and solid rock surfece on the other re-~
present the two extremes. Lskes are to be regerded ecolog-
ically as soils with a minimum of solid matter and a meaximunp

of water-content. Rock on the other hand represents the oppo-
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site condition of a meximum of solid matter end s minimum of

water-content. Either open water or exposed rock may be in-
vaded and occupied by plants. The reaction of vegetation on
the hebitat thru a series of developmental stasges, in combina-
tion with topographic processes, leads to the establishment of
some finally dominant type of vegetation, The character of
this finslly dominant or climax vegetation is determined by the
climate. Within a given area the same climax is reached wheth-
er development begins in open water (hydrarch), on a rock sur-
face (xerarch) or on denuded soil. Three climex types are to
be recognized in Minnesote (Bergmen and Stallerd 1916). The
series of developmental stages in hydrsrch succession may be

shown by the following diagram.

Pinus ascociation Acer-Tilis association
Abies—B:tula associes Ulmus-?rgiinua associes
Larix-ricea associes ; Salix-AlJus associes
Chamaad;phne-Andromeda associes ; ~ Andropogon

» - 4 association

Carex associes

Q
Scirpus-Zizania associes

»
Castalia-Nympheea associes
»
Chaere-Philotria associes

L

Open water

The progression of stages to any one of the three climex-
es is due primarily to a corresponding decresse in the weter-

eontent of the soil. The amount of water contesined in a soil,

however, has a more or less marked effect on other factors.
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Accordingly a progressive decrease in water-content thru a
series of stages involves progressive changes in other factors.
On this sccount the determination of the probable influence of
any particulsr factor or set of fsctors on the growth end dis-
tribution of plants in swamps is very difficult. The problem
involves the consideration of & number of variously interrelat-

ed factors the general features of which are here presented.

SCOPE OF THE PRUBLEM

The problem is a complicated one. A solution of it in
order to be at all sdequate must take into consideration:

1. The effect of an excess of water on the concentration
of solutes. These may be considered under three heads:

(1) minersl compounds used by plants and more or less essentisl
to their growth; (£) geses, especially oxygen and carbon di=-
oxide; (3) humus scids or other toxic substaences more or less
inimical to plant growth.

2.  The effect of varying concentrstion of solutes on the
rate of growth of plants. This includes: (1) minersl com-
pounds; (2) gases; humus acids or other toxic substsances.

2z, The influence of the temperature of the substratum
on the growth ot plants; (1) the direct influence on the rate
of growth and setivity; (2) the indirect influence thru the
effect or temperature on the solubility o1 gases in water.

4. The influence of &ir tvemperatures, humidity, wind and

light on the growth of swamp plants.




5. The effect of habitats with an exces8® of water on the

structure and behsvior of plants.

6. 'The resction of vegetatiom on (1) water-content;
(2) +the quantity enmd quality of gases; (3) other solutes.

7« 'The reaction of vegetation on temperature, humidity,
wind and light and the influence of such resction on tThe strue-
ture and behavior of plants.

8., 'The effect of the reaction of vegetation on the habi-

tat and its relation to the ecesis and succession of plants.

The work has been in progress about three years, the
field work heving been %?na mostly in the summer monthe in the
northern part of the state. The experimental work was carried
on during the winters of 1914-1915 and 1915-1916 in the Univ-

ersity greenhouse.

AN ATALYSIS OF SWAMPS AS PLANT HABITATS.

The characteristic features of the environment of swamp
plants sre the excess of water, a continuous and often high
rate of transpirastion slong with a minimum oi seration and low
temperatures in the substratum thruout the growing season. fthe
amount of water present in the soil profoundly influences the
concentration of solutes, the serstion of the soil end the soil
temperature. Chemicel analyses of verious swemps in Minnesota
show that the quantity of minerels in peat soils is very low.

The following table may be taken as an example.
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Chemical Composition of Minnesota Pesgt
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Location per cent per cent per cent per cent pe ent
Imeket Feat Soils.
Kimberly 10,43 Zsllb « 395 « 128 253

Skibo 10.53 1l.634 . 145 165 2.41

Island 16.41 2.181 «301. + 130 1.66
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Grand Rapids 783 e 37
Grand Rapids 12,03 80

Average 14,40 1.930 « 300 s ED Lok

Kimberly Ll1l.24 2.874 «450 095 1.49
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Wallace 14,10 2.274 Al g .082 1,74

E(’Iﬁidji l"_J.’ﬁ:O 29500 -':-J3 ':"':r';fg :;obz-
Bemidji 6,78 24820 « 270 +105 2.38

Bemidji 9.97 2,790 o 273 139 2e93

.-

Middle River 10.48 2.693 285 . 104 2.80
Middle River 29,07 o 049 « 094 7.06
Greenbush 16,91 2,901 269 «103 2.66
Bronson 13.03 2o LR e 358 « 087 3.28
Lowry 43,83 2.060 302 «079 2a.17
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Dassel

Heetor

St. FPeter

St. Bonificius
Stgey

Laporte
Beltrami**

Average

38,07

26429

1.860

24295

2569

A 5 - 096 1,92
»318 234 1.03
2b6 « 326 J410
303 071 Zel?
« 540 «085 2,20
« 557 076 le4d

5495
0331 114 5¢35

*Average of 6 analyses.

**Average of 5 analyses

From De Forest Hungerford: Journ. Amer. rest 8oc, Vol, 9:p.74

The following table gives the resulte of chemical analyses

of various kinds of soils from different parts

of the state.

i

Locality Kind of soil Tégt&éu%' T)%Otgg% Tof“ogib To%imgub
Marshell Native prairie .38 48 .40 .40 .35 +26 469 .70
Sleepy Eye Cultivated 28 .10 .18 .44 .21 .20 .61 .67
Wedena S'dy 1oam,cult..256 .08 .28 .47 .20 .26 .60 .25
Mille Lece FPine Land,s'dy .07 . .14 .22 .38
Wyanette Sandy, cult. elb .06 .08 .08 .1v .13 .21 .22
St. Cloud Sandy losm sdl slB  JBB 462 19 A 2 «38
Minn. BExp. Sta. Bulls. 36 & 70.

Datva from H. Snyder,

The phosphoric acid content of pest egoils varies from

0.145 to 0.557 per cent with en average, for ten muskeg soils,

of ,300 per cent.
aged .33l per cent of phosphoric acid.

Peat soils from eighteen grass swamps ever-

The eversasge phosphoric

acid content of uplend soile in Minnesota, according to Snyder

(799:69) is .20 per cent for average of seventy-two surfsce
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soils and fifty-gwo subsoils. The potash content, for ten

muskeg pes ils, averages .l25 per cent and . P cent for
skeg peat soils, rages .l ent i +1l1l4 per cent Io

w

eighteen grass pest soils. Snyder ('99:69) states that in sur-
face soils of Minnesota the average amount of potash, based on
the analysis of seventy-two samples, is .43 per cent. The
analysis of fifty-tm:subsoils of Minnesots gives an average of
4 per cent of potash. Accordingly, there is a notable defic-
iency of potash, in Minnesota swamp soils, in comparison with
the quantity present in most uplend soils, Calecium and nitro-
gen are usuelly present in considerable quantities. The amount
of lime in peat soils comperes favorably with Snyder's (l.c.69)
average of 1l.29 per cent for surfece soils and 1l.78 per cent for
subsoils of uplends. The chemicel eomposition of peat soils in
Minnesota is similar to that flound by Dachnowski| in Chio swamps,
and by Transeau ( '05:428) in Michigen swamps. Dachnowski ( '12:
378,382,387) found that in pest bogs in Ohio the essentisl min-
eral constituents were presént in incounsiderable guantities,
which in the case of phosphoric acid and potesh amounted to less
then .5 per cent, in most swamps. Calcium and nitrogen were
present in relatively high percentage verying irom one 0 near-
ly four per cent. He states elsewhere, however (l.c.389),

that the amount ﬁf nitrogen as nitrites and nitrates is very
small, Coville ('10:46) has also shown that the nitrogen as
nitrates in Kelmia peat varies between .0008 and .0022 per cent
¥ith an average of .0015 per cent, fthus, with the exception of
available nitrstes and potash, the chemical composition oI the

substretum in swamps compares favorably with that of the aver-




age upland soil. Altho the amount of potash present is very small
nevertheless, it seems to be sufficient for the maintensnce of

plant growth.

In an attempt to establish some correlation between the
stages of vegetation and the chemical character of peat soils,
Dachnowski ('12:387) has given tables snowing the amounts of
various constituents of peat soils from different development-
al stages. The amount of nitrogen and potesh does not inerease
to an appreciable extent. Phosphoric acid shows a slight in-
crease as the mesophytic climax is approached. The ash content
also increases from the bog meadow stsge to the mesophytiec for-
est. Elsewhere (l.c.379) he states that "these analyses of the
ash constituents of peat indicate that the minersl salts are
largely of externsl origin. They are the sediments brought in
by stream or carried down by erosion end wind. <the material is
found mostly ss silica in the form of sand and silt, as alumina
end silics in the form of clsy, and as calcium carbonate in the
form of merl." The number of anslyses is small snd the evid-
ence, therefore, is not wholly dependsble. Likewise the avail=~
able dats on the chemical composition of the substratum in the
different developmentel stages of swampe in Minuesota is insuf-
ficient to establish definite correlatioms between the chemical
composition of the peat and the character of the vegetation in

the various developmental stages.

Concentration of Swamp Waters.

It might be expected that the concentration of water in
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lakes and swamps would be much less than that of the soil water
on account of the great excea@s of water in lakes snd swamps ss o
compared with that of soils. Livingston ('04:383) has deter-
mined the concentration of water from variocus sources by measur-
ing the amount of lowering of the freezing point. He finds that

41

the water of lakes and rivers lowers the freezing point .005 -
«0l C. and that swamp waters lower the freezing point 0025 -.02
C. Ee concludes thet “bog waters do not heve an apprecis ably high-
er concentration of dissolved substances than do streams and

lakes of the same regim." Transeau ('05:425) finds "a notable
difference between the total minersl content of bog water and

that of the soil waters adjoining .... The total minersl content
of the ground water varied from 267.7 to 585 parts per million."

Three analyses of bog water show "the minerasl content to vary

from 89.9 to 219 parts per million, the highest figure being

that for the sample obtained near the mergin of the tamaracks,
i.e., nearest the minersl soil." Dachnowski ('12:504) finds

in Ohio peat swamps thet "the concentration of mineral salts in
bog water from vaerious plant associetions (associes) renges

rom 40 to 160 parts per million" and that “the osmotic pressure
of the solutims..... is very nearly alike in the several plans
zones and sbout the same as that of lake or river water." Cam-
eron (F14) ) estimates that the soil solution ccntains about

28 parts per million of K,0 and about 7 of ¥,0g. Thus it ap-

pears that the soil solution in swemps is offen more dilute than

thet of rivers and lakes or than the water of adjacent minersal

in other cases no apprecisble difference exists.

soils. However,




Altho swamp water is & very dilute solution it shows no sbsolute

deficiency of any mineral constituent.

The effect of dilute nutrient solutions on plant growth
has been studied by a number of investigators and as a result
it has been clearly established that plants may grow readily in
very dilute solutions. Cameron ('lL:70) states "that if a given
ration of minersl nutrients be maintsined, relatively small ef=-
fect is produced on the growing plants by varying the concentra-
tion over & wide range." iottingham (1914) and sStiles (1915)
srrive at the same conclusion. Stiles in working with whesat
and rye found thet the emount of dry metier rroduced varied
but little in coneentration of 1, 1/5, 1/10 and 1/20 of a sten-
dard solution, Stiles ('15:96) compares the amount of potassium
and phosphate in the culture solutions used by him with the a-
mounts found by Cameron in the soil solution. He states thet
“the weakest solution when first put in the culture jars was
of the same strength in regard to potash snd phosphate as that
of the soil solution." He 8lso says “altho the plants grown
in the dilutest solution produced somewhet less dry matter then
those in higher strengths, the difference was not gre=t and the
plants were perfectly healthy.® brown ('l3:10-15) in growing
plants of Elodes, found thet the dilution of tep water with an
equel smount of distilled water produced very little effect on
the emount of growth. He also iound in compering the growth

of Elodes in tap water with the growth of plents in Knop's sol

ution of 0.5, 1, 2, end 4 times standard strength thst the




Plants in Knop's solution msde better growth than throse in tap
water but that there was very little difference in the growth
of plants in the different concentrstions of Knop's solution.
This i1s in spgreement with the results of cameron, Jottingham
and Stiles cited above and suprorts Gameronis view that the
scil solution, altho very dilute, is sufficiently coneentrated

to support vegetation.

The assumption by some writers thet the insbility of
rlants to avsorb s sufticient amount of water from a swamp sub-
stratum might be due to high osmotic pressure of swamp waters
has resulted in a number of investigstions of this property.
the osmotic pressure of swamp waters has been found by Livingston
('04:383), 4wranseau ('05:424) and uvachnows¥ki ('12:372) to be a-
bout the same as that of lake and,river water of the same region.
The evidence does not support thnis sssumption and all three agree
that the high osmotic pressure of b.og waters is not a faetor in

explaining the structure end distribution of swamp plsents.

Acidity of Swamps.

The acidity of swamp water is another factor which hes
been gssigned as the cause of the inebility of certsin plants
to become esteblished and grow in swemps. vhus Schimper ('03:8)
attributes the xeromorphic charecter o1 bog plante To & “physios
logical dryness" brought about by the presence"of humus secids in

the s0il." Acidity tests have been made of swemp waters in many

localities in the northern part oi uinnesota. yhe acidity has
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been found to vary from .001 to .0056 of & normal solution, in
most swamps, when titrated with N/10 potessium hydroxide and us-
ing phenolphthalein as an indicator. ihe highest seidity found
was .01556 normal but such high degrees &re very uaususl. Yhere
is no constvant relation between the degree oI scidity and tThe

sr 0f the vegetation o1 swamps, It orten happens thet
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swamps with the very same assocles may vary considergbly in this

respect. LN general it may be said that the acidity increases

with the progression of stages from the Chara-Philotria associes

(=4 =

up to the Larix-Picea associes. “hus, in lskes, in which the

Chera~Fhilotria ascocies is the first to appear, the weter is

o

usually neutral or often alksline to a8 much ss .00l normal,

However, some exceptions sre to be found. Dachnowski in Ohio

also finds the highest adidity in the Larix-Ficea associes.

Transesu ('06:37) states that "The acidity of locsl bog watlers
varies fram 00016 to .00258 normel secid. <+he lowest values are
found in sress covered by bog sedges and swamp plante, and they
are spproximately the seme. The highest occur under the tam-

aracke."

The increase in acidity is in some way due 10 tThe Tre-
action of wegetetion and mey be due T0 Thae formation of humus
scids by the siow decompogition oi plents under conditions of
reduced seration or to the sbsorption of minerels from some of
the ir sales thus leaving uncombined acid rsdicals. Baumann end
Gully (480 ) correlate the acidity of pest soils with Th

aecidity vi Sphagnum end conclude thet since peat consists large-




1y of imperfectly decomposed Sphagnum, it is probable that the
acidity of peat is the ecidity of Sphagnum. They found that peat
had a somewhat higher acidity than Sphagnum and thet peat was
rather more active in decomposing the salts of minersl acids .
They attribute the acid reacticn to the selecétive absorption of
the eell colloide of disintegrating plsnt tissue which retains
chiefly the basic ions of dissolved salts. fThey state also that
Several other mosses have the same property es Sphagnum. These
observations are confirmed by Skene ('l5:76). Wieler states

that these properties are exhibited by tissues of many vasculsr
platns. Czepek (1911) and Wieler (1912) asree with the hypothes-
is of Bsumann end Gully. The deductiouns of the latter, however,
are disputed by other writers among whom are Tacke and S;chting
(1911), Rindell (1911), Oden (1912), Ehrenberg and Bahr (1913)
and Tacke, Densch and Arndt (1913). The opponents of the coll-
oidal theory attempt to show that the acid reactions of peat
80ils are due to the presence of more or less soluble humus acids.
Whether one or both of these hypotheses are to be accepted as
causes of the scidity of pesv soils is notl spperent and must a-
wait further investigation by chemiste. Altho it has been
clearly established thet Sphagnum and other mosses are able to
decompoge salts, there ere swampe in which no Sphagnum Or Other
mosses occur in which the acidity is as high &s in a typical
Sphagnum swemp. No invariable correspondence is to be noted
between the acidity of swamps and their chemical composition or

between the acidity and the chemicsl composition of the soil

surrounding the swampe. The secidity of swampe is often the seme
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in thet part of the state in which the s0il consists of the more
calcareous drift as in the parts in which the drift is non-caly
careous. However, the lime content in swamps within the ares
of calcersous drift is often, if not generally, higher than in

those within the aress of non-calcareous drift.

From the fact thet there is no apperent correlatinn be-
tween acidity snd the charascter of vegetation in swampe end that
the same species of swenp plants seemingly grow equally well re-
gardless of the degree of scidity, it sppears thet this can have
no important influence on the oceurrence of plants in SwWamps.
This same conclusion wss resched by Livingston ('05:351). Tran-
seau ('05:427) however, arrives at & different conclusion and
says "It would sppear, then, that the acidity of the solution
is unfavorable for the growth of some plants, and thet it is a
faetor in the selection of species for acid soil conditions,."
Dachnowskl ( "12:372) also concludes "that certain species, such
as cranberry, blueberry, blackberry, bean and others, favor acid
soil conditions while for other plants scidity is not advantag-
eous for growth snd hence becomes a factor in the selection of
Species." Inkn earlier paper ('ll:14) he states that "the
Stress 1lasid by various authors upon the relation of these two
factors (osmotic pressure and acidity) to plent societies in bogzs,
in 80 far st least as this region is concerned, will not hold.

They are not factors in the seleetion or distribution of species

Tor bog habitate.”




TOXiCitE.

Livingston ('05:351) in feiling to rind eny ecorrelation
between the osmotic pressure and inhibitory effects of bog wat-
ers on plant growth or between acidity and toxicity came to the
conclusion that the toxic properties must be due to the presgence
of certain chemical substances which are present in extremely
small quantities. Dachnowski ('12:334) also believes "that
there are present in bog water and in bog soils injurious sub-
stances which are , at leat in part, the cause of xeromorphy
in plants, and of decreased fertility in bog soils. "In spite
of the conclusions of Livingston, bachnowski and others, the
assumption of the presence ol aeids or of very minute amounts
of toxic substances does not seem to constitute an adequate ex-
rlanstion. In the first plece it is to be observed that the
toxie properties of the swemp substratum remein epproximstely
the seme thru seversl developmentsl stages. ZFrogression in the
hydrosere is due primarily to the pregressive decrease in the
water-content of the substratum. ror this reason, it is to be
expected thet by a varistion of the water-relations the stsge
of development might be either advence or thrown back to some
earlier stage. VWhen water is present in excess, aeration is im-
Peded. Conditions of seraticn in swamps may be materislly alt-
ered by the resction of vegetation, since the character and
quantity of vegetation has & marked effect on the smount and kind
of gases present under given conditions. <+he presence or absence
of acids or other substances which may exert & toxiec influence
on plant growth is not disputed. If they are present, however,

it is because of lack of oxygen and ix proper seraticn is pro-

vided the alleged toxic substances will disappesr.
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Temperatures of the Alr and of the Substratum in

Various Associes.

Before the considerstion of evidence on the effects of
aeration however, the temperature, evaporastion and light rela-
tions of swampr plants as possible factors in their growth and
distribution will be discussed.. The amount of water in a soil
exerts an influence on soil temperature. Un account of the high
specific heat of water, any soil having & high or excessive wa-
ter-content, heats up very slowly, but once heated maintains
the temperature for some time. In consequence there is a marked
lag iﬁ the seasonal rise and fall of temperature in saturated
soils or in soils with a great excess of weter in compariseon
with the seasonsl rise and fall of temperature of the atmosrhere
or of soils with & moderate or smell amount of water. Numerous
readings of the temperature of different substrata have Dbeen
teken during the three years of field work. 0(nly & few of
these are presented in the following teble. The readings, how-

ever, are representetive end will serve to illustzate tThe dif-

ferences.
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Cham-Androm Larix-Ficea Abies~FPetula Pinus or Frairie
air soil air soil air 8oil Acer-Tilis Air Soil
15m 1ldm 2dm L5m 1ldm 2dm 15m ldm 2dm 15m 1ldm 2dm 195m ldm 2dm.
Date
June 19* 210 9 0B 23' 18 1B
L 10 265 10. 5.0 33 17 156
LI o - 215 6.9 5:0 20 L& 45
J'ly 10*20 16.514.5 21 146 13.5
" 18H 29 13 11.8 30 £20.4184 32 28 29,1
" 19H 225 14.6 13.56 8B.6 13 12.628 18.817.4 284 22,6 22,3
" 2Z22H 320 2246 18.0 29 15.214,1274 17.4 16.8
" 298 33 19.8 134 26.425. 216
Aug.3 H 30 162 146 ol4 <2 194 355 25, 234
r 4B 81 155 165
"810 B 18 55 12,6 30 M5 14
20 B 25 16s 13,
nET B 18.5 9 9.5
nag ¥ 20 385 12,

*Meadowlands 1912; H, Hubert 1916; B, Benedict 1915

This table shows that for corresponding associes the tem-
perature of the substratum at any date does not vary greatly
altho air tempertures may fluctuate considersbly. The swamp
shows the greatest divergence between air and soil tempera-
tures, a rapid falling off in temperature at increasing depth
and the lowest soil temperature of any habitet. A progressive
increase in the temperature of the substratum is to be noted in

rassing from the Chamsedaphne-Andromeda or Larix-Picea assoeies

to any of the climax associations. This is correlated with the
progressive decrease in water-content which tekes place in the
same direction. Other factors, however, such as the nature of
the substratum, the kind and amount of covering as affecting
light intensity, evaporation, humidity, ete., must be taken into

account beifore the exact relation 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 of
light snowfall or when & period of severe freezing weather comes
before snowfally it is not unusual for swamps to freeze to &
depth of two to four feet. Shallow swamps might thus be frozen
to the bottom, When once frozen the substratum does not reasdily
thaw and ice may remein long after the surrounding ground has
thawed out completely. In the summer of 1915, between June 15-18,
ice was found gt a depth of 16-20 inches in swamps north of Gull
Lake, near Brainerd. Iir, Harvey Stallard in his work at Meadow-
lande, during the summer of 1912, found ice at a depth of one
foot on the 27th of June., The tempe rature at depthes of two to
three decimeters, in swamps during June, varies usually between
4-5 C,.,, while in timbered areas at corresponding depths the
s0il temperature varies between 11-14C., During July and August
the tempersture at depthse of 2-3 decimeters in swamps rises to

10-14 C,, and at corresponding depths in woodland wooded aress to

17-22 ¢,

Thus it is to be noted that the temperature of swamps even
in July and August is several degrees velow that of the soil in
Surrounding wooded areas and & more marked difference exists
when compared with grasslaeni or open areas. Dachnowski ('12:297)
finds in Ohio swesmps that "The persistence of winter cold and
ice through the summer months is a point not proved either by

observation or by §g§%g3fgéng instruments,” Cox ('10:;119) in

Wisconsin finds that frost remsins in the soil of an unflooded
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bog until comparatively late in the sesson, and there have been

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

The observetions of the writer are in sccordsnce with the latter.

Transeau ( '05:420) gives a table of temperatures of the substrat-
um in various associes as compared with uplend soils and with

air temperatures. The substratum temperstures in the Cassandra
and tamarack zone are the lowest and show en increase in pro-
greseing to the upland. Low so0il temperatures inhibit the growth
of plants by retarding absorption and conduction. They also
render the substratum unsuitable for the growth of bacteria
which under more favorable condifions decompose the complex
organic substances of the soil and render them available for the
use of other plents. When low temperatures in the substratum

are associated with higher air temperstwes, evaporation may
exceed absorption. In consequence of this, certain plants may

be excluded in favor of others with & 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 then on clear ones. Consequently frosts are more
frequent in swamps than on the neighboring uplands, The reason
for this is that the temperature of the substratum is consider-
ably lower than that of soils of the surrounding upland. Con-
sequent ly there is less radiation as compared with ordinary
80ils. Cox (1910) finds & lower air temperature over Sphagnum
than over bare peat. During the summer of 1914 at Benediet,

& Draper recording thermometer was placed in a tamarack swamp
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" and snother instrument was placed on the upland, having an ele-
vation of not more than ten feet above the level of the swamp.
Frost was recorded in the swamp once in July, twice during
August and once during the first ten days of September. 0n the
same nights on the uplend, the temperature of the air did not
fall below 40 ¥. Similsr results are shown by Alway (*16:168).
Fe gives a table of minimum temperstures recorded in a peat
swemp at Grand Repids, during the summer of 1914, as compared
with the minimum air temperstures over the adjacent mineral
s0il. 7o what extent this is a fsctor in limiting the growth
and distribution of native plants in swamps cennot be stated
with certsinty. I1te effect on the limitation of the use of swamps

for agricultural purposes, however, is well known.

Evaporation in Swamps.

The relation of air temperstures to transpiration in
swamps and its effeect on the growth and d.istribution of swamp
plants is enother factor to be cmsidered. The apparent anom-
aly of plants with xerophytic characters growing in habitats
with seemingly unlimited quantities of water heas long attracted

the sttention of botanists. OSchimper ('03:8) assumed that the

xerophytic character of swamp plants was due to "physdological

dryness", 1t has since been gene rally accepted that the xero-
phytic character of swamp plents is due to transpiration in
excess of the amount which the plants sre able to absorb.

r'q However, there has been no agreement as to the cause of the lim-

itation of absorption. There is also no agreement on the e¥fect
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of transpiration as a factor in the limitation of the growth and
distribution of swamp plants. ©The data on the relative evapo-
ration in various plant associes, however, as determined by

dif ferent investigators are essemtially similar. The work of
Livingston (¥8:10) and 1app (09:282) has showmn that the evapo-
rating power of the air is to be regarded as the resultant of
the interaction of humidity, temperature and wind in so far as
they influence water loss from plants. The rate of transpir-
ation has a definite relation to the rate of evaporation, altho
Gates ( '14:445) found that this relation varied both with species
end with individuals.

As a rough measure of the evaporation power of the air in
different habitats, at Benedict, in August 1914, two evapori-
meters were set, one on top of & bare hill nesr a tamarack
swamp and the other well out in the swamp. AU the end of & two
week period the eveporimeter in the first station had lost a
liter of water, while the one in the swemp had lost less than
hali thet emount. On August 6, 1916 evaporimeters were set in
a number of statioms in the vieinity of International Falls.

fhe results are presented in the following table.

Amt. lost in cc.
Station lst week 2nd Week Total

In serubby Chamsedaphne of &
cleared, burned and dresined

Larix-ricea swampe. 268 cec. 127 cc. 295 ce.
Same swamp under £ingle bush ,
of Alnus 165 cc. 78 cc. 243 cc.

Alnus~Salix gzone 115 ece. 50 ce. 165 cec.




23
Amt, lost in cc.
(continued) Station lst. week. end week. Total
Populus tremuloides 124 ce. 65 cce 189 ca.

On exposed rocks of an
island in Rainy Hiver 4cb cc. N | SRR

Eveporstion tests were also made at Hubert, in 1916, with
the following results. <vhe test was begun July 18th and ended

August 14th.

Station Amount of water lost in cubic cc.

<0 &3 &7 29 3l 1 3 9 14

oy . A RS

learing, sparse
s, mostly Danthonight 756 60 72 30 80 98 oY

2. Pinus banksi ana

asgocies 35 48 85 59 50 45 121 58
3. In thicket of Be- 4 - = ",
tuls papyrifera, Os- 36 56 38 ' 17 34 48 56
trya, and Cornus
4, Acer rubum- F.
resinoss swamp border 2£ 27 p-d 69 14 18 35 &6
5. ¥, resinosa~f. stro- X 80 16 30 65 48
bus association
6. rrairie on bank slo- . 4 N
ping toward lake * g9 72 108 168 98 112
7. Partly cleared Pinus
association near road x 100 18 48 96 76
8. Pinus, Quercus,Cornus x .. 70 50 61 38

* 6T working, reset on same date. . nesetv July Il
x Set July 28.
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The weather during nearly the entire periocd was hot and
dry wvhich eaused & high rate or evaporation., ueneral cloudiness
prevailed on July £5th with rain during the night and forenoon
of the 26th. During the last four or five days of the test,
also, there was more or less cloudiness with lower temperatures
but with little or no rain. On August 1ll, seversl evaporimeters
were placed in other station and allowed to run 3 days. The

locations and results are s follows:

Station Water loss in co.
Over Chamaedaphne 65
Under Chamsaedaphne 40
Under Carex 25
Under Andromedsa . 2B
Under Ledum - swamp border 25

Picea-Abies-Betula swamp border £8

Under FPinus banksiana 38
Open prairie 4

It ie evident from the figures given in the preceding
tables that the rete of evaporstion at the level of the shrubs

in the Chansedaphne-Andromeda associes 18 relstively high, even

approgching that of grasslend. Evaporation is least in the

Abies-Picea associes, or in the Alnus-Salix associes, the corres-

ponding stagebf the subsere. The results obtained by Dachnowski

('18:302) are similar. He finds greater differences, however,
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between the central sphagnum-cranberry zone aml the University

station then the writer does between the Chamsedsphne-Andromeda

associes amd the prsirie station which respectively correspond.

The rate of evaporation is directly correlated with humid-
ity, wind, temperature, kind and amount of vegetative coverings
and light. The latter factors operste largely thru their in-
fluence on wind and humidity relations. Thus the low rate of

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

attributed to the faset that the taller and denser vegetation
great ly reduces the wind veloecity amd the light. This in some
measure affects the humidity and temperazture relations. The
higher water-content of the substratum as compared with that of
the soil in the adjescent uplend alsc influences the humidity,
especially near the ground, at the level at wvhich the evapori-
meter was placed. The greater evaporating power of the air at
higher levels in the same vegetative community hes been pointed
out by Yapp ('09:275), Dachnowski ('11:145; f12:304), Sherff
('12:421), and Fuller ('1l2:424).

Numerous readings of tempersture, humidity and wind veloc- .,
ity in various ascocies and in different locelities show that the
rate of evaporatim varies directly with tvhe temperaeture and
Wind velocity and inversely with the humidity. Gates ('14:484)
reaches the same conclusion., The followinz experiment at Bene~
dict in 1914 shows these relations. Two soil cans were filled
With water. One of them was placed in an open grassy area &t a

height of spproximately 1/2 meter above the soil. The other




was placed at the same height under the shade of two isolated
jeck pines, sgbout 10 meters distant from the first station. After
two days the second station was moved to denser shade oi

of Alnus @rispa. The same distance from stastion 1, and same
height from ground were maintained, however. The loss in grams

over a period of several days is shown in the following table.

Loss in grams.

Date Hour Sta. 1 Sta. 2
Aug. 19 11:00 AN,

s 19 7:00 P.M. 12.5 Ba7

v 20 7:45 A M. " *

" 20 8:00 P.M. 15,7 11,7

1y 2l 7:30 A.HM. 0.2 0.0 Moved to shade

of Alnus

Ly 2l 7:45 P.M, 21.8 8.7

" 22-25 3 <

" 26 7:00 R.M. i 1.9

» 27 10:00 A.l. 1.0 i

o 27 7:15 P.M. 9.9 Se7

" £8 9:30 A.M. 1.2 0.6

» 28 7:30 P.M. 11,7 Ge 6

" 29 9:00 A.M. i .

" &9 7:00 P.M. 13.4 3¢5

® 80 8:30 A.l. 1.0 0.6

" 30 7:16 P.l. 2245 Se&5

' F 7:25 P.M. bel 6+ 65

** Mot weighed.

*Rain during night, weight increased.




Figure 1. Graphs showing relative evaporation, humidity and temper-
ature of two adjacent stations at Benedict, Minnesota, August 19-20,1914.
The water loss in oubic millimeters, temperature in degrees Fahrenheit,
and humidity in per cont are shown as ordinates, the time in hours as
abgcigsasg, Veavy lines represent station 1, in open grass-coversd area;
light lines station £, in shade of two isolated jack pines at a distance o
of about ton meters from station l. Wind velocity, Auge. 19, 11:00 AM.to
4315 P. Ms 60, 048 ft., Stas 2¢ 31, 528 fte; Auge 20y 8;00 AME7:30 P.M,
Sta. l. 66,007 £, Sta. 2. 60, 417 it. llo wind after 4:15 P.M, Aug. 19
Or after 7:30 PJM. Augs 20,
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During the nights of August 19-20 no water loss was ob-
served. On the night of August £0, the humidity reached the
point of saturetion at 8 P.M. and the humidity was maintained
at this point until about 8 A.M. on the following morning. There

[

was no wind during the night on either date.

A similar eveaporati m test was made at International Falls
during August 1915. The test began August 6, and was continued
three days. Two soil cans filled with water were placed as
follows: the first on a bare, rocky outcrop, the second in the
shade of a group of white pines growing near by. The results

are given in the following table.

Weter loss in grams.-Temp.-Humidity.
Sta 1, Sta., 2 Sff- Sga. S"ia.y Sta.

Aug, 6 8:45 A.l.

Aug., 6 8:16 F.M. 19.9

Aug, 7 7:50 A.M. 1.9 B.4* 28,6 19. &b 78
Aug., 7 7:30 F.M. 22,5 5.0 21,0 19, 68 82
Aug. 8 ©:45 A.M. 3.8 0.6 2.0" 86, 4T 6%
Aug., 8 7:30 A.l. £6.5 4,8

*notal loss from Aug. 6, 8:4D A.lL
**At 12:30 P.M.

The same coryelation is evident here also, namely, that
grester evaporation occurs ander cmditions of lower relative
humidity and higher temperatures. Wind velocities were notv

determined but stetion 2 was somewhat protected from the wind,

and evaporation would for that reason also be less than in

ﬁiﬁa_hgi;,_;-;;.: .




E_ _ | i

station 1. As in the experiment at Benedict, in 1914, the evap-
oration during the night period was much less than during the
day period.

The temperature and humidity relations at the surface oi
the ground and &t a height of one meter ior several different
statioms on dif ferent days were determined in conmection with
the evaporimeter expe riment &t Hubert, in 1916. The results are
shown in the following table. ?he locatia of the verious sia-

tioms is given in the table on page 16.

Date snd Hour. Relative Humidity Temperature

_Sta.1354551¢3456

July 29 1 m. 51 54 54 59 59 51 32 30 30 29 29 32
Sur . 48,660 60 73 59 &0 34 %0 30 28 29 37

July &0 1 m. 50 & 79 BO 37 =26 26 36
2 P.M,
Sur., BO 79 79 41 36 26 26 38
Aug. 1 1 m. 66 69 69 61 24 23 &3 24.5
9:00 A.M. ! p
Sur. 64 69 69 64 26 23 23 26
Aug, 1 1 m. B7 57 63.° op BT &f
ioon =y . 2
Sur. 88 57 64.0 30 27 &9
Aug. 1 1l.m, b4 54 4 24 24 P
7: .‘h‘:. -
ke Sur. 54 D4 B4 24 24 24
Aug. 9. 1l m. 47 50 47 47 28 28 &8 &8
3:00 F.l, . e T




Prom the figures in this teble it is evident that the humid-
ity at stations 1 and 6 18 lower than at other stations, <These
stations are cleared areas occupied by grasses, while the other
stations are more or less protected by a govering of shrubs or
trees., Station 6, vhich is more exposed than stetion 1, shows &
preater evaporation than Stet jon 1 snd has & lower relative
humidity and gemerally a higher tempe rature. Wind velocities were
not determined but Station 6 as the most expoced shows the highest
rate of evaporation and. hae the highest temype rature and lowest
humidity. Stetion 1 ranks next to Station 6 with respect to
high tempersatures, exposure to wind , end low humidity. Station 4,
on the swamp border, and much protected by trees and shrubs
was the least exposed to wind eml shows the lowest rate of evap-

oration of any of the stations, IThe humidity st this station was

usuglly slightly higher then at the prairie stations. It has

been found from numerous separate determinations that the humid-

ity is ususlly higher and the tempe rature lower nesr the surtace

of & wet or moist suwstratum than at & height of 1.0 meters

above, The difference is less merked in woods than in swamps

end less on cloudy days them on cleer. In faet, in woods or on

cloudy deys the tempersture and humidity sre of ten the same at &

height of 1.5 meters as at the surface. In prairie, on clear

daye, the tempersture &%t mid-day 18 ususlly higher sml the

humidity lower at the surface tmn at high e levels. the veloeity

of the wind alters these relations more or less in different

sssocies. The veloeity of thewind is grester st higher levels

This is shown by 8 meesurement at Benediet,

than at the surisce.

R




in 1914, Two snemometers were set out in a clearing, one at

1/2 meter and the other at 3 1/2 meters above the ground. They
were gl lowed to run from noon till 6 r.M. at the end of which
time it was found thaet the first snemometer had measured 117,840
feet and the secmd 322,715 feet. That is, the velocity of the
wind at 3 1/2 meters was found to be nearly three times the velo-
city at 1/2 meters sbove the ground. A comparison of the rates
of eveporation in various plant associes mske it quite evident
that wind is the most important fsetor in promoting evaporation.

Yapp ('09:301) came to & similar conclusion.

Light.

The intensity of the light exerts an influence on the rate
of trenspiration by its effect on the size of the leaf, leaf
structure snd smount of radiant energy absorbed. It has been
observed that for meny plants at least, & very definite relation

exists between light intensity snd the size and structure of

leaves. 1t has been found that leaves ol Ledum, Kelmis, Andromeds,

Chamaedephne, species of Salix and of many other swamp plants

are larger and thinner on plants growing in shade than on sun

plants. fThey are also less xerophytic in structure than those

of sun plants. #<he differences in structure of leaves of plants

of the same species growing in sunlight and in shade has been
shown by Stehl ('80:867), Haberlandt (1881 ), Jahow ( 158H )
E.S.Clements (1905),and others. The size of the leaves also
effeats the amohnt of radiant energy sbsorbed. The sbsorption

of radiant energy raises the temperature of the leaf and leads
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to greater water loss. It has been shown that the rate of trans-

piration bears a definite relation to the evaporating power or the
air. Accordingly the determination of the rate of evaporation

for any associes of plants would measure the effect of this factor
elong with that of other variables of which the rate of evaporation

ies the resultant.

The smount of light may in some cases be & controlling
factor, in limiting the growth and distribution of plants, ¥For
most plants there is & fairly wide but definite range thru which
the light invalue may vary without advercely affecting the growth
of the plant. A cmsidersble fluctuation irom the optimum in
either direction may adversely affect the sctivily o1 The piam
ani if the fluctustion be too great may csuse the disappearance

of the plent. The bog shrubs Andromeds, Chemeedsphne, salmis,

Ledum, and vaccinium are plants which make their best growth in
the open. Some of these are not able to W ithetand & great reduc-
tion of light and in consequence soon disappeer in competition
with taller forme which out off the light. Andromeds ie the
first to disappear with light reduction. It has been found in

the Larix-Picea sesocies where the light value varies between

50 and 100 per cent but has not been noted where the light value
was reduced to 20 per cent. Ledum and Vaccinium have been found
where the light vslues were a8 low as 10-b per cent. seatvered

individuals of Ledum amd Vaceinium may be found in stations with
light values of 2 or evenm 1 per cert .! uowever, they do not grow

succesefully in such low light intensities and soon disappear,
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normal condition, as to turgor, and with the exception of the

fifth day when they were slightly wilted, remained in good con-

dition up to the end of the testa The plant in swamp water was

not supplied with oxygen. Three of the lower leaves of this
plant fell off and some others became yellow but no further
changes occurred. After a week or ten days roots developed
from the hypocotyl at the surface of the water. Krom this time

the plante remained unchanged until the end of a twenty day per-

iod wvhen they were thrawn away.

At the same time two well-rooted cuttings oi golden willow
were placed in swamp water and four rooted cuttings in tap water.
The roots of two potted plants of Cyperus were submerged in
swamp water and tap water respectively. iour potted plants oI

Hanunculus sceleratus were slso placed, two each in swamp &nd

tap water respectively. All continued to grow vigorously for
three weeks &t which time they were discarded. 1In all these
cases the roots grew vigorously at all depths whether in swamp

or tap water.

On February 22, two plants of Pelsrgonium, potted in loam

=

soil, were placed with the roots submerged in water. TFive days

later the leaves began to show signs of wilting. Yhis became

more morked snd wae soon followed by yellowing of the leaves.

Eight days after the test was begun it was ended. At this time

the loss of green color had become very & ked and the leaves

began to fall off.
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On the seme day, two other plants of Felargonium, potted
in loam,were set up in the following manner. vhe leafy stems were
passed thru the mouth of & wide-mouthed bell jar so that the
stems snd leaves came out into the air while the roots in the pot
of soil were under the bell jar. The mouth around the stems
and the bottom of the bell jar were sealed with wax so as to be
air-tight. Carbon dioxids wes then passed thru to replace the air.
This was repeated morning and night Ior half an hour to &n hour,
in order to maintein an atmosphere of pure carbon dioxide. A
watering device was so arranged that water could be added with-

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 VeIry evident. On the second plant
wilting d4id not begin until the fourth dey but on the fifth day

it hed become very prmounced. The leaves oOn both plants atfer

wilting became yellow &nd soon dropped off. The yellowing and

dying of leaves cmtinued until March 3 when the test was ended.

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

A plent of Impatiens, potted in loam, gnd placed with the

roots submerged in water showed wilted leaves two days later.

On the third day the plant was 80 badly wilted that it was re-

moved and allowed to drain. Nesrly a week was required for the

plant to recover & fully normel condition. Another plant ol

grly potted was pleced with the steu and leeves

Impatiens, simil

vrojecting into the air while the roots were kept under the bell-

The sir was then replaced by

jar as described for Pelargonium.
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carbon dioxide. On the second day the plant was 8 lightly wilted
end on the morning of the third day badly wilted. The plant was
removed at noon on the third day. 0On the following day the plant

appeared as if badly frosted. This plant never recovered.

During March four other plants of Pelergonium amd four of

Impatiens were placed, two plants of each, in cistern water ani
two each in garden loam. The results were similar to those above

indicated for the respective plants in correspond ing conditions.

From the above results it appears that Cyperus, Ranunculus,

and Salix are able to grow in water without being adversely

affected. On the other hand, Fhaseolus, Impatiens, and Telargonium

Show signs of distress in the wilting, lose of color, eml unti-

mete loss of leaves. From the fact that the plants of Impatiens j/

end Pelargonium grown with their roots in a bell-jar, in which N

the air has been replaced by carbom dioxide, showed the same

effects a8 when growm with the ir roots submerged in water ind icates

thet the probable cause is the lack of oxygen.

Aeration Experiments during the Winter of 19156-16.

The following autumn the experiment was repeated on & more

Six plantes each of Ranunculus sbortivus and Z.

extensive scale.
Sceleratus, potted in soil, were pleced in vessels oI water &0
B ——

that the roots were submerged. Three plante of each were left in

Ordinary garden soil as controls. After three months the plamts

¥ere all in good condition. It was found, however, that the

Plants with the roots submerged had produced more esnd larger




leaves and considerably more extensive root-systems than those

in soil. The roots in all cases, whether submerged or not, were

distributed thruout the soil.

Eighteen pots each of corn and golden wax beans Were plant-
ed October 16. Sets of six pots each for both corn and beans,
were or garden soil, peat and sphagnum respectively. After the
plants were up the cotyledons of the beans were removed. They
were allowed to grow two or three days before the test was begun.
On November 3, three pots each of corn anl beans, growing in
soil, were placed in vessels of water so that the roois were sub-
merged. Three plants of each in soil were left as checks, Sim-
ilarly three plants of each, growing in peat and sphagnum, had
the roote submerged. Other batteries of three o both eorn amd
beans were left in moist peat and moist sphagnum. Swamp water

was used for watering except for plants in soil for which tep

weter was used. The plants were allowed to grow three monthe.

at the end of this time the plants of both can and beans, Egrow-
ing in soil had made the best development of leaves and rootvs.
Both corn and bean plants in soil hed developed extensive root
systems. The roots extended thruout the soil, tending to mat &%
the bottom snd were well provided with root hairs. Beans grown
in moist peat and sphagnum developed nearly as much foliage as

the plants grown in soil. The plants, nowever, were not quite

as tall nor se robust. Root development was normal, the roots

extending thruout the peat or sphegnum snd tending to mass

somewhat st the bottom of the pots. #oot development was not
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as extensive as in plants grown in soil but root hairs were
Present in abundance. Under the ssme conditions corn plants in
peat or sphagnum behaved similarly to the beans.in the develop-
ment of roots, but the stalks did not resch the height attained
by dorn grown in ordinsry soil, Bean plants in soil with the
roots submerged developed as many leaves 2s those the roots of
which were not submerged. However, the lesves soon dropred oft
80 that at the end of the experiment the plarts with roots sub-
merged had only one or two leaves each. Root development after
Submerge nce was less extensive.and entirely superficisl. The
lower parts of the root system died eway and new roots developed
irom the hypocotyl at the surface of the water. Corn plamts,

in soil, with the roots submerged, showed no retardation in the
rate or extent of shoot development as compared with plante in
8oil with the roots not submerged. The root development, however,
wes less extensive end was entirely superficizl as was observed
in beans under similar commditions. Beans and corm when gromm

in either peat or sphagnum, with the roots submerged, ©showed

& merked inhibition in growth. The stems were nore slender and
dwarted. The leaves were usually less numerous and were reduced
in size as compared with plants in soil,peat, or Sphagnum, the
roots of which had not been submerged. 00t development was
poor. The roots of corn grew much more extensively then those
0f bearswhich seldom reached out to the edge of the pote.

Furthermore, they were always less extensive than those of plants

in soil with the roots submerged.
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The experiment with corn and beans was repeated twice
again during the winter, the plants being distributed in batter-
ies of three each as previously described. 1In the Second exper-
iment the cotyledons of the beans were removed as soon as the
hypocotyls had straightened up. The endosperm was removed from
corn plants as soon as the first leaf was partly unfolded. The
cotyledons or beans and the endosperm of corn were removed to do
away with the influence of the stored food on the subsequent
growth of the plants. Frive days after the roots had been sub-
merged new roots were observed in the procese of formation on the
hypocotyls of bean plants at the surface of the water. At the
end of two months the plants were thrown aweay. ‘he results were

very similar to those of the first experiment.

The third triasl with corn and beans wae made during the
spring, the experiment being set up as in previous trials. Two
days after the roots were submerged all the bean plante were
slightly wilted. A week after the submergence of the roots the
leaves were badly wilted and turning yellow. The leaves sSoon
began to drop off as in previous experiments until only one 10
three leaves remeined on & plent. The final condition of the
rlents was as deseribed in the other experiments. The early and
more or less continued wilting of plants in this experiment is to
be attributed to higher temperatures in the greenhouse, brought

about by the increased hesting power of the sun as its altitude

during the day became higher with the advence of spring.




The experiments just described were veried somewhat by

planting corn and beans in guart glass jars pertly filled with
garden soil. After the plants were well up the roots were sub-
merged. A few days later the leaves of bean plants became wilted,
Soon turned yellow and finally dropped off. A week or ten days

4

after the submergence new roots developed from the hypocotyl at
the surfasce of the water. by inereasing the height of the water-
level it was possible to cause the development of new roots at
higher levels, in some plants nesrly or guite up to the coty-
ledons. As the height of the water-level was increased the lower
roots ceased to grow. Thes¢finally died and decayed leaving
unetionel roots only at the surface. In carn, root development
occurred regularly et the node at which the cotyledonary sheath
is attached but no higher. Roots of corn grew near the surface,
a8 observed in bean, and with an increasse in the height of the
vater-level again grew towards the surface but did not die off

-

below t0 the gxtent that the more deeply submerged roots of the

bean did.

Experiments with Impatiens.

On November 6th, one plant of Impatiens potted in soil

4

vlaced in & vessel of water so that the roots were completely

was

b

were placed in the water

submerged. Several plents of Fhilotria

surrounding the pot in which Impatiens was growing. This was

done to determine whether some aquatic plent might not keep the

water in & better serated condition by the evolution of oxygen

from photosynthetic activity. Another plent of Impatiens,
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similerly potted, wes submerged in the same way, but without
Fhilotria. Three days later the first plant wass in good gondi—
tion while the second was wilted. ©The wilting of the second
plent continued two days more. At the end of that time if was
in such bed cmdition that it was removed. +The first plant was
still in good condition. <This plant was left until vecember 28,
during which time it lost about four or five leaves. <Ten days
after the submergence of the roots, new rooie were coming out
along the stem at the surface of the water. These continued to
develop and an examination later showed that the roots lower in

the jar had died so that the superficial roots only were alive.

The experiment with Impatiens was repeated later, using

m

o

ix plants. All were potted in garden loam. Kour of them were

=

leced in water so that the roots were iully submerged. O0I these

ey

four one was serated by bubbling air thru the water cont inuously.
Another was serated by putting some Spirogyra in the water

surrounding the pot in which the Impatiens was growing. The

wa

other two were not serated. The fifth plant was grown in @&

wet soil. “his wase done by placing the pot in a shallow

vVery

basin of water so that only the bottom of the pot was in direct

contset with the water end the water Wwas drawn up

by the force of capillarity. Phe 8ixth plant was grown in

ordinary, moist gerden loam &S & check. In three days the

plants with the roots submerged in non-serated water were bedly

wilted and were removed. A4ll other plants were in good comdi-

{n five days the plant in water gereted by bubbling

tion.




showed a slight yellowing of some of the leaves but no wilting.
The plant aerated by Spirogyra wes slightly wilted. <Lhis was
assumed to be due to continued cloudiness on sccount of which the
liberstion of oxygen by Spirogyra was reduced to such an extent
that the water was insufficiently aerated. On the following

day both plants in aerated water were bedly wilted, the one in
water aerated by Spirogyra being in the worse condition. Ten
days after the experiment was begun the plants were still living
but each had lost several leaves. The remaining leaves were not
wilted., xoots were beginning to develop along the stem at the
surfece of the water in both plants. <he plants grown in soil

wet by cepillarity and in moist gerden loam were in good emdi=

tion.

The experiment waee allowed to run three weekS. All the
plants except the two in non-serated water survived. ‘hose with
roots submerged in aerated water lost several lesvee in the first
week or ten days. After developing roots at the suriace of the
weter, however, they began to Erow agein and apperently normally,
roots below the surface died and decayed 8o that only the sur-
face roots were living. xoot heirs were developed on some of
the roots in serated water. i1 the plant in soil wet by capilar-
ity roots also developed at the surfece. 1In this case the upper
roots made the grestest growth but all the lower roots were
living. In ordinary soil root development was extensive, reech-

ing to all parts of the pot with &n abundant development of root

hai rs.
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examingt ion revealed the fact that, in the case of the plants
with the roots submerged, the tap root system which was present
at the time when the test was begun, had died and that new roots
had developed along the stem at the surface of the water. The
tap root system of the plent in moist soil had remained alive and
had made an extensive growth. The roots branched freely, extend-
ed to all perts of the pot and showed an abundent development of

root hairs.

Four seedlings of Ricinus, two in loam soil and two in peat
with roots submerged, the former in tap water and the latter in
swamp water showed similar results. Affter about ten days the
leaves became yellow on &ll plsnts with submerged roots and
dropped off until only one or two small leaves remained on each
plent. The submerged roots on all plants died and new roois
developed from the ﬂ}pocotyl at the surface of the water. By
incressing the height of the weter-level it was possible to ceuse
the development of new roots neerly up to the cotyledons. Flants

grown in ordinery soil developed normslly, lost no leaves and

showed g normal and extensive development of the root system.

Plants of Coleus blumei, potted in soil, with the roots
The

submerged, showed signe of distress in ome or two days.

firet evidence wee the wilting of leasves. The leaves sfter

remaining in & more Qr less wilted condition for & few days

dropped off until only two or three small leaves, near the top

of the stem remained. After tem days or twWo WeekKs new roots
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Plants growing in moist loam soil showed the greatest

eyl

ievelopﬁé:ﬁ ol roots. However, the form of the root system of
plants grown in either peat or sphagnum was similar, and in ex-
tent of growth neerly equal to those in soil. The roots of
plants in all three media under conditions of submergence were
about the same. The lower roots in all cases were dead and

decayed, while new roots had developed from the stem at the sur-

-

face of the ground. The depth of penetration was never more than

irface. The longer and more branched

0w

below the water
roots usually came even nearer the surface. [o root hairs were

Present on submerged roots sltho abundantly present on others.

ith Tree Seedlings.,

2|

Expe riments v

Experiments with Acer negundo, FPrunus virginiana, uylmus

ameri cana, Quercus macrocarpa, and §. ruba, potted in soil with

+

;0 theose obtained

m

imila

b
c

the roots submerged, all show results

with other plants. Under conditions of submergence, the lower

roots die and new roots develop from the stem at the suriace 01

the ground., In ordinsry soil the roots develop aormally, branch

Two to three

freely and are well provided with root hairs.

year old plants of Quercus rubs, Acer rubrum, and Lerix laricins

grew whether fHe'peots were submerged in sphagnum, pest or soil,
but both Quercus and Acer pade less growth than in moist loam.
Roots of (. rubs anmd of A. rubrum submerged in peat or sphagnum

were much dwarfed, sparsely branched and apparently had mycor-

hiza, QOther plants of Q. rube and A. rubrum grown in soil were
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found to have extensively developed roots, which branched freely V
and were to all appearsnces normal and free from mycorhiza. Larix,

Betula pumila,and species ot Salix grew well during am indefinite

period of root submergence sltho in both Larix and Betule the
roots grew near the surface. Even in swh a common swamp plant

as Comarum palustre root development is best near the surface

but roots lower in the substratum mske some growth. Submerged
roots of Larix and Betula were very short, little branmched, and
evidently were better developed. Two to three year old plants
oif larix, grown in moist soil, developed extensive and apparently
etula pumila, and

normsel root systems, ©Several plants of Larix,

y
o

andromeda glsucophylla were planted in the greenhouse garden in

the spring of 191s. These were allowed to grow until June 1917.
The plants passed the winter without the lesst winter killing.

A

On examination the roots were found to be well developed, ITreely

branched and with no evidence of mycorhizs.

-t ol Ld
lyecorhiza.

Pranseau ( '06:32) has reported the occurence of mycorhiza
on the roots of & considerable number ox plants growing in swamps
in Michican., In addition t6 the ericeds, most of which have

rowing in un-

g

mycorhiza on the roots, a number of othe r plauts

drained sphegnum swampe were found by the writer to have mycorhiza.

Among them are the following :Acer rubrwa, Betule pumila, Abies

balsamesa, Larix laricina, FPicea mariana, Finus benksisna, T,

stroobus, Populus balsamifera, E., tremuloides, Quericus rubra
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BIGURE 2. Graphs showing ocomparative rates of transpiration of two plants
of Pelargonium, the broken line for the one in moist soil

and the solid
line for the one in so0il submerged. The water loss in oubic gentimeters

is shown as ordinates, the time in days as abscissas.
x Roots submerged. Leaves becoming yellow. ** Leav.s dropping off.
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Figure 3. Comparative transpiration of two seedlings of quercus
macrocarpa. The broken line represents a plant in moist soil, the heavy
go0lid line represents a plant in submerged soil. Leaf area of latter
64.27 8qeom., of former 100 sg. 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. From tﬁis time the aversge transpiration rate
dropped still lower until 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 9 grams for the other. This average
rate was maintained three days at which time the plants began

to shed their leaves. In the nine days following, during which
weighings were continued the average deily rate of transpiration
was reduced to 2,8 grams for one plant amd 1.5 grams for the
other. It is to be observed that when the roots of plants had

been submerged a decrease in the average dally rate of transpir-

soon followed. 1t is to be noted, further, thaet this decreased

averege daily rate of transpiration continued two or more days

of the leaves. These facts ind icate clearly that transpiration
is greater than sbsorption am that the shedding of leaves is to
be regsrded as a method of cmpensating for the reduced ability

to absorb by redueing the erea of transSpiring suriace.

On February 8, two seedlings of Quercus mecrocarpa were

potted in garden soil in aluminum pots. The roots of one were

submerged while the other wae allowed to grow in The moist soil.
The pots were covered with rubber tissue to rrevent surface

evaporation and weighings were begun February 9. The results

are shown in the accompanying graph.
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Figure 4. Comparative rates of transpiration of seedlings of
Juérous maoro in moist soil and in submerged soil. No.2, in moist
goil, leaf area sq. om. Yos, 1,5 and 4 in submerged soil. leaf area
Noe le 64427 B8le0me, Ho. 3, 48434 8qe0me and No. 4, 70.0 sg.om. The
heavy solid line represents the average rate of the three plants in sub-
merged soil based on same leaf area as No, 2, in moist soil.
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the plant with the roots in moist so0il had a leaf ares
of only 64.87 sg.cm, while the other plant had a leaf area of
100 s¢. em. In order to make & comparison of the rates of
transpiration the transpiration rate of the former was calcu-
lated on the basis of 100 sq. om. and of the latter on the basis
of 64.27 sq. cm., of leaf ares and the corresponding curves
wvere platted. 1t is to be noted, however, that the rate of trans-
piration for the plant with roote submerged is lower than that
of the transpiration rate caleculated on either basis. Since
the actusl rate per unit sres of leaf surface probsably lies
somevhere between the two célculated rates it seems fair to
sssume that the difference between {the calculated rate am the
observed rate for the plant with submerged roots is brought

about by subme rgence.

Later two other seedlings of Quercus macrocarpa were

added to the first two. The two new plante added had the roots
submerged and were potted anl covered in the same way that the
former ones had been., Weighinge were made at intervals during

e period ot sbout three weeke beginning ¥arch 29, The results {ii

are shown in the following greph.

The average daily tramspiration is shown fa each plant.
The plents, however, were of different sizes and with different
leaf areas. Number 2, which was grown in moist soil, had e
leaf area of 100 sq.cm. The other three plants had the roots

submerged. Their leaf areas in square centimeters were as

follows: Mo, 1, 64.27; No. 3, 48.34; uNo. 4, 70. In order to
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meke & comparison the daily transpiration for the three plants
was averaged and calculated on a basis of 100 sq.cm. of leaf

area and the eurve for this caleulated rate was drawn., The caleu-

lated rate for the average of the three plants was much 1
T e t‘st f the st f " A ) +he 10 ¢ hich v ~a
tnen hat of the rate for plant No. &, the Troots ol nich were

not submerged, when calculated on the basis of equivalent leal
areas. FPlant Ho. 1 had the highest rate of transpiration oI any
plant with submerged roots. Even if the transpiration rate of
this plant were calculated on the basis or 100 sq.cm., which
is the area of plant No. 2, the rate would be found to be consid-
erably lower than that of Ho. 2. The second trial with guercus
crocarpa, thus shows that the rate of tramspiration per unit
eres in submerged plante is much reduced in comparison with tThe

rate of transpiratio of plants, the roots of which have not

been submerged.

The Effect of Root Submergence on Root-pressure.

The effect of root submergence on root pressure has been

tried slso. For this purpose Coleus and ruchsie were used.

Usually two plents were set up at & time. The

an inch or two above the surface of the ground and & double U-

o
&
[

tube filled with water or mercury conmected D

tightly wired g6 se to be air tight. When water was used 2 long-

or tube wes necessary. One plant was then set in & vessel 0OI

water deep enough to cover the suriace OI the soil to & depth

of half an inch to an inch. The other plant was allowed to grow
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in the moist soil. <The column of water or mercury began to rise
within an hour or two after the plants were set up. The plaants
in moist soil ususally showed the maximum pressure on the second
day. They also masintained this pressure several deys before a
fall oecurred. Those with the roots submerged usually showed

& slight rise of pressure 4t first. Toward evening’ of the
secand day or morning of the third, however, the column failed
to show any further rise and always remained much below the
height reached by the plant the roots of which were not sub-
merged. In many cases the column rose two or three times as
high in plants whose roots were not submerged as it 4 id in the
others. The experiment was repeated severel times with both
Coleus end Fuchsia with the ssme results. It wae alsc varied by
serating the water in which the potted plamts were placed. The
seration was accomplished either by bubbling air slowly thru

the water from & tank under pressure or by placing rhilotris

or Spirogyra in the water su;round ing the pat. When the
surrounding water was aserated the root pressure of the plents
with submerged roots was nesrly as greet and was mainteined
nearly 28 well as in the case of plante gorwing in moist gerden
soil. Since root pressure is due to the activity of roote in
absorbing water these experimente show clearly that absorption

is hindered grestly, if not wholly prevented in some cases, by

a lsek of serstion. They show, further, that if gserstion be

provided, plants may live and function nearly es actively with
soils.

the roots submerged ss they do in ordinary moist
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Effect of Swamp Water with Good Aeration on the Flant Growth.

To determine the effect of aeration on the growth of
plants watered with swamp water, six pots of corn and six besns
were planted in washed, white quartz sand, The cotyledons of
the beans wem removed a&s soon a8 the first leaves began to ex-
pand« The endosperm of the corn plants was also removed as
soon a8 the first leaf began to unroll. All plants were watered
with distilled water for three days., Thereafter three plants
each of corn and beans were watered with Sach's culture solution
and three each with swamp water., In four or five days it became
apparent that the plants watered with swamp water were making
less rapid growth then those receiving culture solution. IThis
difterence was maintained anmd at the end of the experiment the
plants watered with culture solut ion were somewhat larger, atror._s__g-
er and of darker green color than those which had been watered
with swamp water. The root system was equslly well developed in
all plants. the difference in the growth of plamts watered with
swamp water ami those watered with culture solution wes 1_101; very

great and is probably to be explained by a laek o nitretes or

potash or perhaps of both.

Analysis of Air Content of Various Waters.

Many snalyses have been mede oI vaters from verious sour-
ces anl under varying coditions. in determining the amouat of

air dissolved the boiling method was used. <+whis method is de-

soribed in Dennis' translation of nempel's "Gas Analysis™, and
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carbon dioxide camtent. The oxygen content falls off to about
half that of lake water or tap water. This undoubtedly is =&
very important factor in retarding the growth and funetion of
roote of plents which do not ha ve air-condueting systems. Atten-
tion is also to be called to the faet that in the experiments
in the greenhouse, the plants with the roots submerged in
Sphagnum showed the greatest reduction in root development. The

the water in & Snhegnum substratum makes
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low oxygen cont

clear the reason for the reduction in growth. The sample from

the Carex zone of Henderson's bog was taken just at the edge

where Carex was invading the Castalia associes. The oxygen

content there is somewhat higher than it is in later stages.

The high carbon dioxide content is to be explained by the decom-

positim of orgsmic matter. Any lake which contsins a large

emount of vegetation is usually found to be comparatively low

in oxygen and high in carbon dioxide ¢ ontent. ILirge and Juday

(1911) show thet similer conditions preveil in Wisconsin lokes

with considersble organic matter on the bottom.

The apparently high nitrogen co ntent is due to the I act

that considerable quantities of methane are present in swamps,
but the guantity was not determined. In maidng analyses the
residue after absorptim by potash and pyrogallol was regarded

as nitrogen. For this reason the nitrogen content of swamp

waters always runs too high,
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gave a greatly reduced percentage of germination as compared with
the perecentage of germination of seeds iIn unboiled water. The
amount of root growth in the former wes &lso much less than in the
latter., This indicates thst while air was absorbed, at the end

of eight days it was still not present in quantity equal to that
in the unboiled water. He slso shows that submergence &t grester
depths decreases the percentage of germinstion of seeds which he

explains by the slowness of diffusion of oxygen.

The faset that oxygen diffuses slowly thru water readily

accounts for the observetion of Wacker (98:109) that Vicia faba

and Lupinus albus grown in supersaturated soil showed & greater

- ~

retardation even than when grown in weter as compered with the

1o soils, under ususl conditions,

amount of growth in moist soil.

thus

(=5

8 an

L]

ir can diffuse thru the spsces between soil particl

supply the roots. ¥When the soil is satursted, or has water present

in excess, the air is driven out of the interstices of the soil.

3 s + ta +ha n o it inn +ha >
The only oxygen then aveilable is that in solution in the water

. " i - 3 1m 8
In a supersaturated soil the greater part of a unit volume 1

occupied by soil particles lesving only @ smell volume which can

T - 1 oo L tdsd-Ra "-'r‘tl y ‘-.C\"‘t
be occupied by water cantsining dissolved oxygen, Water, however,

ontains a relatively small amounnt of oxygen. Accordingly, it 1is

evident that much less oxygen is availaeble in & supersaturated

w

80il than in water alone and & much greater difference exis?d

between a supersaturated soil and &an ordinsry soil. In water,

egitation by wind and convestion currents tend to replenieh the

These factors are probably more im-

oxygen content of the water.
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A COMFARISON OF EXPERIMENTAL AND FIELD OBSERVATIONS

The Relation of Roote to the Water Level.

Certain peculiarities in the behevior of roote with ref-
erence to the water-level are to be noted. It has been found
that the roots of land plantes if submerged soon cease to abeorb.
A few days later the roots were found to be dead, New roots in-
variably developed from the stem at the surface of the water.
These roots remained near the surface where they made extensive
Erowth and branched freely. 1n noc case Were they found to pene-
trate more than haelf an inch to an ineh below the water suriace.

1f these surface roots were submerged 10 Some depth by relsing

the water-level, they in turn died end enother set of new roots
ieveloped at a higher level. on the other hand, W hen good aer-
ation was provided, the roote of land plants, when gubmerged,

remeined elive, retained thelr capacity to absord, and in many

cages, even made 8 fairly extensive growth. The growth, however,

weg less than for plants of the same kind in moiet soil. Rootls

of plants, with a considerable development of serenchyma showed

ho retardetion in growth and no cessation oi absorbing activity.

The only hypotheeis that can account far the behavior 01 roote

under the conditions gbove described 1is that in soils with ex-
cessive water-content the roots adjust themselves primarily to

the oxygen supply.

V8chting (78:132) found that the development of roote on

cuttings or Salix in water was very definitely correlated with
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the oxygen supply. He found that under ordinary conditions new
roots developed best &t the surface o1 the water and little or
not at all at greater depths. He concluded thaet wa
sufficient oxygen to maintein the 1ife of Salix cuttings but
wee not sufficient to bring about pr yduetion of new roots. T
+het roots of land plante can-

writer's own experiments have shown

not live or funetion under water unless seratio ig maintained by

passing air or oxygen through the water. Bennett, however,

('04:241) concludes irom & series of seration experiie nts with

-

seedlings of various kinds that roots are 1o

y, comparison of the reletions of roots to the water level

=y

in swamps confirms the results obtained experime ntally. Yapp

-

(1'08:75) finds that the direction of growid of

content of the so0il."™  In wetltlerT soils

much more hor jzontel ly",

doubtless correlated with the paucity o1 0OXy=

of the more v.-uter-lo;-~r*ed goils., 4an exemination ol the illus-

*llg ) shows &also0 that the rooisS 01 most

Thi o 1
this phenomenon i€
gen

trations by Sherii 112

plants grow above the weter level. Those growing under water

ere of plants with & grest developme nt of & ir-conduc ting tissue.

of which ord narily oceur

Although many of the plants the roots

above the water level, &re 8blé T0 endure submergence for CGOL~
siderable length of time, they normally develop roots above the
water level. When the roots o these plams are gubme rged, thelx

growth is more or less retarded or evenl prevented, ard new roots
sre formed at the swface oI #he water. This has repeatedly

e



been observed to happen when roots of Sallx, Fopulus, Betula

punila, Cornus stolonifera, and other shrubs were gubmerged.

This has also been cmfirmed by the experimente with various

plants.

Diversity in Character 01 Swamp Flants.

It is to be observed that plents growing iﬂ:S“&mpS mey be
of hydrophytic, mesophytie, or xerophytic character. These
plants grow often in close proximity. The apparént anomaly of
hydrophytic anl xerophytiec plants growing gide by side in the
ssme ares has brought forth meny aifferent explanstions by var-
jous botanists. Schimper ('03:8) attributed xeromo rphy to the

presence o1 free humus acide which canse & "physiological dry-

ness of the substratum.” Wearming ( '09:95) agrees that the

acids
presence of free humug/&nd other substances is the "weightiest

csuse”™ but admits the influence of other factors. #ohow (1684),

Kihlmen (1890), Goebel ('91:11) and Yapyp (109:301) come to the

conelusion thet low humidity amd strong winds in connection

vith the coldness of the gubstratum are the {mportant faetors.

More recently Gates ('16:4456) heas copcluded that winter evapor=
ation is fundamentally responsible for the xerophytic characters

of the evergreen ericads and that these cheractiers are advan-

tageous even in summer. pavis ('06:130) regerds the bog 82 &

xeropytic habitat, brought about by the drying o1 surface layers

and the sbility of pest %o hold & lerge amount oI weter.which i8

not available to plants. Crump (1911:'lZ) &lso suggests the
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great water retaining power of peat. Burns ('ll:119) agrees

in pert with Davis cmcliud ing that the fluectuetion of the water
table is the important factor but that Secondary chenges accom-
panying are to be cmsidered. ¥rilh, Schroeter (1904) and &lso

Transeau (06:38) believe that low soil temperatures and lack of

aeration are the importamt factors.

There has been much controversy also as to the supposedly
Xerophytic character of certasin swaemp plants. M any writers

regard Scirpus, Egquisetum, Juncus, and similar plants as bog

Xerophytes on account or the absence of leaves and general exter-
nal appearance. Scirpus, however, has been shown by Sampson and
Allen { '09:49) to be 8 typical hydrophyte in its rate of trandipir-
ation, The only plants which are unquest iomably bog xerophytes

are the ericads. As Groom (10:241 ) hes shown, in the case of

Larix decidua/ some so-called xerophytic plants transpire more
rapidly than some mesophytes. The ratio of transpiration to
ebsorption is the important tector and if plants are xerophytie,
it must be due to the imebility of the roots to absorb water

in sufficient amounts to meet the demsnds of transpiration.

Among the csuses assigned ror the inability of the roote oI DbOg
plents to sbsorb readily are the following:- coldness 0I the
substratum end shellow root systems, :r;h e Schroeter (1904);
low temperature and lack of aeration, Transeau ('06:38); presence
ot humus acids, Schimper,('03:8); poor aseration, Hesselman,
('11:65), Free,('11:110); bog toxins, Livingston,( '05:353),

Dachnowski,( '12: ); root execretions, Livingston, Britton aml

Reed (1905), and Schreiner and Reed (1907),
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development of large intercellular spaces Or a ir passages through
which air may be supplied. ThetSe alr passages ere to be regerd-

ed as adeptations to acquatic or smphibious habitats.

Goebel (1886) and Jost (1887) have described sdaptations

of roots to secure air when growing in swampy places. Both ob-

served thet certain planmte sent roots to the suriace or sent out

e
o]

branches above the swrfac s "preathing organs". This tendea-

¢y of the roots te grow up to the surfece or to develop upright

er surface Jost designated a8

et
-

a

=t
f

processee extending above the
"
dune to "serotropism", while Goebel writes of such roote ae

"negatively geotropie” although he states Epe cifiocsliy that they

are developed to secure 8ir Supj 1y for the roots and that their

produetion is conditi med by the babitat.

The roots of many plamte, however, d o not undergo & Sirue~

tural chlenge but adapt themselves 10 the swemp habitet in some

other menner. <The feet that the roots of many swamp plente grow

sbove the water level has slready been discussed in the relaetion

of roote to the water level ani need not Dbe repested. The roois

of many of the DbOg heathe which ordinarily grow above the water

level or at least do not extend much below it, may however en-

dure submergence for aame-time without apperent injury. The

roots of these plants are generally not exténsive. During the

summer tHe Sphagnum On which the bog heaths grow, WM&y have but

little aveilasble water on account oI its grest sbility %o retain

water in large amounts might be difficult to

water. Therefore




obtain. Gates (14:451) states that in suweh cscges "The xero-
phytic adaptations . . . . . materially 8id by lessening the
demand upon root absorption.” In winter with ant inued water
loww from the parts above ground and with the presenmt condition
of the soil, the zmerophytic characters are considered by Gates
to be of even greater importance. in the bog heaths then, com-
pensation is made for the lessened ability of roots to absorbd

by reducing transpiration by means of xeréphytic leaf structures.

This also probably explains the ability of these planta to em-

dure root submérgence.

Tt has been found by many investigators that nearly all
the ericeds have mycorhize on the roots., In general it has been
assumed that the presence of mycorhizs on the roots of bog
plants is to be cmsidered as an adaptation to bog conditions.
Transeau ( '06:33) found that "the mycorhizas develop only in
poorly aerated substrata" amd c.34 says "mycorhiza therefore
appears to be asn abnormal root conditicn, Whether the fungus
is of advantage to the root under poorly aserated conditions
cannot as yet be states." Gates ('14:450) states that "the

absence of mycorhize on Chamaedaphne ani these other plante

demonstrates that it is not a necessary esdaptation to the bog
environment.” Rootes of plants with gerenchymatous tissue even
when submerged do not have mycorhiza, The experimental evidence
of Transeau, which the writer has been sble to cmiirm both b;
experiment and field observatims, mckes it seem very gertein
thet the presence of mycorhize is induced by lack of seration.

The writer accordingly agreee Wwith Pransesu that & mycorhizal
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conmlition of the roots is ebnormel ,amd with Gates in that it is
not a necessary adaptetion to bog conditionms., Rather it is to

be regarded as & mild form of pasrasitism which is favored by

of poor asra-

lowered resistance of the roots under conditions

tion.

Significence of Adeptations of Swamp Plants with

Reference to Aerstion,

The great diversity of character of gwemp plants has, &8

already stated, called forth meny explsnations. Some of These

lay emphasis on the effect of atmogpheric factors while others

emphesize the influence of factors of the eubstravum. In spite

of g1l the differences of opinion as to the cause OY causes of

the diversity of chsracter of swamp plants, 8 certain amount of

agreement is to be found. There ig, in general, either an ex-

plieit or implieit assent to the operat ion of & combination of

atmospheric fectors which tend to bring about & high rate of

transpiration. There is salso a fai rly general agreement as to

the existence in swamps of ceriain physical factors in the sub-

stretum, by the interaction of which absorption of water by the

roots is reterded. Yhe disagreement lies in the decision &8 To

N TR

which factor is the most importent.

It has been pointed out in the preceding pepers that aer-

ation of the roots is necessary for o mtinued ectivity in ab-

sorption ss well as for growth, Evidence from the experiments

confirmetion thereof.

of many investigators has been presented in
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Temperature in the swetratum is direectly correlated with
weter content. A high water content prevents the substratum
from bewoming heater. lLow temperatures in the substratum retard
bacterial sction, chemical section, end diffusion of solutes.
They also retard absorption and conduction of water and sub-
stances in solution. When essocisted with atmospheric condit ions
vhich eause a rate of tremspiration of greater fhan that of ab-
sorption, low soil temperatures mey be an importamt factor. Trans-
eau ('06:28) has shown the importance of a cold substratum in
influencing the growth and structure of certain plants. The i
influence is more marked, he finds, when combined with poor Al
serstion, In ewamps which have been drained the temperature of '
the substratum is more favorsble.Bince the tempersture of the

gubstratum is so intimetely correlated with the weter content

it is to be regarded as a condition incidental thereto with

water-content as the controlling factor.

Evaporation ies more rapid in the Chamae i&phne -Androme da

associes than in the leter omes and ie nearly ee greet =e in

-
‘_l

prase land. The evaporation ever Carex sssocies ig gbout the |

came as at the corresponding he ight over the vegetation of the

Carex, bog heaths or

Chemsedaphne-Andromeda associes. ynder

other vegetation the rate of eveporation is ¢ cnsidersbly re=

This is

duced ahd becomes lezsst in the Abies~rices associes.
ting tempers~-

largely due to the resction of vagetatibn in gffec

ture, humidity, and wind relations. 4 sovering of vepetevign,

particularly of the taller shrubs and trees,tends to reduce
a, decreseing the

evaporation by deoreesing the amount of win
temperature, and inereseing the humid ity.
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tion is begun. Freshly drained and "peeled" bogs require lime

other fertilizer because the change in

4

physical conditions

is so recent that opportunity for the reduction of acidity, in-

eresnse in bacterial flora with its consequent increase in nitrates,

L]

other improvements has not been afforded.

with drainage and its attendent improvement

Since,
in ~o~ditions of aeration, the swamp naturally has a2 tendency to
nce to the climax it is possible to accelerate the progres-
cion by seeding to trees. In northern Minnesota the pines,

to plant since

Pinus strobus and Presinosa are the logicsl ones

the natursl order of things they would replace other vegeta-

tion with the decrecase in the water-content of the substratum,

CONCLUSIODNS

(1) Roots of lsnd plants do not live under prolonged
submergence, The roots below the surfece die and new ones are
formed from the stem at the surface of the water. This occurs

whether the plents are grown in loam, peat, or shhagnur.

(2) Lend plants grown in peet or sphagnum show an evi-
dent reduction in growth of the entire plent when the roots are

submerged. Thig is little or not at ell evident in plants grown

in loam with submerged roots.

(3) Reduetion in growth of plents submerged in sphagnum

is greeter then under similer conditions in peat. This differs

ence appeers to be due for the most part to & greater lack of

oxygen in these cases as compated with the oxygen supply avail-

eble to submerged roots in soil.

M o |
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(4) When the water is serated plants sre able to endure
root gubmergence as long as seration is maintained. The roots

show gome reteardetion in growth but remsin slive.

(5) Ranunculus seelarstus, R. sbortivus and Cyperus slter-

nifolins grown in submerged soil show a greater growth of the en-
tire plent than when grown in moist soi;. The ability of grow
with the roots submerged is und oubtedly due to the presence of
gerenchyma: The reduetion in growth of plants in moist goil is
probably caused by the insbility of the roots to absorb water

readily under those conditions.

(6) Land plents with submerged roots show more or less
pronounced wilting after one to three days., If submergence is

prolonged the leaves become yellow and soon drop off,

(7) TLend plents with submerged roots do not show these

etfects or only to & very slight extent in aerated water.

(g8) A current of sir pessed thru water does not produce
much effeet in ineressing the oxygen content. It does, however,

keep the oxygen content more nearly at saturation.

(9) Philotria placed in water with good light causes &
decresse in cerbon dioxide and an increase in oxygen content.

The value of Philotria as & mesns of serating water has been

clearly established.
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(10) Plants in soil from which oxygen is exelunded show
wilting, etiolation, and loss of leaves. The effects appear in

t.ec same order and time as in plants with roots submerged.

(11) ' ™e trenspirstion of plents with submerged roots
shows & temporary inerease soon followed by & sharp deeline in

the amount transpired as compered with plants in moist soil.

(12) The reduetinn in transpirstion precedes wilting. It
precedes etiolation and loss of leaves by two to four days.
This indicates that absorption is reduced below the amount demand-

ed by transpiration.

(13) When seration is provided the development of plants
is essentially es good with swemp water as with & nutrient sol-
utiong Plants with swamp water are somewhat smaller. The
di: ferenee is slightly more evident when the plents are deprived
of reserve food then when they are sllowed to use it. This
indicates that the difference in growth is probably due to an

insufficiency of one Or more minersl constituents.

(14) Swemp soils compare favorably with upland soils in

chemicel compositions There is no deficiency of any important

minersl constituent. Fhosphoric aeid, potash, and nitrogen 88

nitretes are deficient as compered with most minersl soils. The

amounts, however, seem to be sufficient ©0 gupport plant growth.

(15) No ecorrelation can be estsblished et present between

+he succession

the chemicel composition of the substratum and
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(16) Acidity in swamps varies between .0001 to .0055
normal. No ecorrelation is to be found between acidity and the
eharacter of the vegetetion. The acidity decreases with im-

provement of eondition of sersetion.

(17) If toxic substances are present they are due to in-
sufficient seration in the substratum and are removed by an in-

crease in the oxygen suprly.

(18) The oxygen content of lake water is ecsentially the
Same as that of tap or distilled water. The ox;gen content of
Swamp water decreases from the Carex associes thru the Chamase-

daphne-andromeda and Larix-Pices sssocies.

(19) Carbon dioxide shows a corresponding increase thru
the same associes. The incresse is due to liberation of carbon

dicxide in the deecomposition nf nrganic mattfer.

(20) The edjustment of the roots of swamp plants to the

water-level is due to the necessity nf securing a sufficient

supply of oxygen. This nece:sgity is met by structural modifice-

tions or mesely by & change in the level of root development.

(21) The presence of hydrophytes, mesophytes, end xero-

s EE R
phytes in eloge proximity in swamps is due to loecal differences

of water-content in the habitet. nLocal differences in atmos-

Pheriec factoms affecting transpiration also exist. The ratio

between the amomnt of water lost and the amount which the ro~ts

are able to absorb determines the charackr of the plant.




(22) The rate of evaporation decresses with the progress-

ion of steges from the Chameedaphne-Andromeda sssocies to the

climex. The decrease is due to reduetion of wind, slightly
lower temperatures, and inereased humidity brought about by the

reaction of vegetstion.

(23) Light becomes an important factor after the appear-

ence of the Larix-Ficea associes. MNost of the bog heaths require

a considerable amount of light. ZILedum and Chamgedaphne may

ersist for some tive where the light velue is as low as one per

(24) ZEcesis is possible for mmny plants even when submerged.
Ecesis can occurr only when the oxygzen requirements may be satis-
fied. Atmospheric faectors promoting transpirstion sre effective
in controlling the growth and distribution of wwamp plants only
when the amount of water lost is greater than that absorbed by
the roots. When the roots are not able to supply water to equal

the demsnds of transpiration the failure of plants to become

esteblished may result.

(25) The resction of vegeteti-n in building up the sub-
stretum is fundamantal since it is only thrm a decresse in
water-content that incressed serstion amd the consequent amel-

iorations can oececur.

* k% % % %
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Figure 1. The effect of root submergence on beans,
No., 1, in soil; No, 2, in submerged soil; No. 3, in peat; No. 4,
in sphagnum; No, 5, in submerged sphagnum; Ko, B, in submerged

peat .

Figure 3. Effects of roct submergence bn corn.

Nog. 1-2, in peat; Nos, 3-4, in submerged peat; No, B, in sub-

merged sphagnun,




f various substrata in the growth

Figure 3. The effect ©
No. 2, Peat; No. 3, gubmerged Sphagnum;

of corn. No. 1 Soil;

No, 4, Sphagnunm.
=

'z’

on the growth of corn.
4-5 Sub-

f root submergence
i1; No. 3, Sphagnum; Nos.

Figure 4. Effects ©
No, 1, Soil; No. 2, submerged sO

merged Sphagnum; Nos. 6-7 Submerged Peat; No. 8 Pect.

B - R —




Figure 5. A pot of corn showing a formation of surface

roots by a plant grown in submerged soil.

Four castor bean geedlings. The middle ones in

in submerged peat, and the one

Figure 6.

submerged soil. The one at the right,
at the left, younger seedling in goil, The leaf scars of fallen leaves

may be noticed on the three older geedlings.

DS




Figure 7. The effect of root submergence on the growth of beans.
No, 1, in soil; Nos., 3-5, 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 geries asin Fig, 7.

Nos, 1-4, same as in Fig. 7; No. 5, in submerged peat; Nos. 6-9,

in peat.

i |




Figure 9, Three planta 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 aerayed by a current of air

passed thru the water. Plants in submerged soil and unaerated died
after about three dams.
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