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INTRODUCTION

Tolerance of plants to flooding and wet soils is an important consider-
ation in several areas of resource conservation planming. This subject
is discussed in the first section (General) of this pamphlet as appli-
cable to any situetion. The following three (major) sectioms relate tc
specific situations: MNative Plants; Pasture and Tame Hayland; and

Woody Plants., Each of these major secticns is complete, with refeéerences,
so may be used as separate sources of information. The source used for
scientific plant names in all secticns is, Van Bruggen, Theodore {1976).

The sechbion "Native Planbs" will be useful in the determination and
description of range sites. The section "Fasture and Tame Hayland"
will be useful when selecting species for planting on wet socils for
pasture, hayland, critical area stabilizaticn, or aesthetic purposes.
The secticon "Woody Flants" will be useful when predicting losses that
may result from temporary flooding and when selecting woody speciss
for planting on temorarily fleoded sites or wet sodls.,

The primary purpcse of this pamphlet is to bring together, and thus make
available, the research and sxperienced knowledge pertainming to tolerance
of South Dakota plants to flooding and to wet soils,

GENERAL

For most kinds of plants, scil=waster content in the proxdmity of field
capacity is most faverable for comtinued growbhs As soil-waber content
increases above field capacity, the growth of most plant species will

in time be retarded as the resull of an 8ccompanying decrease in sers-
tion of the soil, For example, when scils become waterlcgeged any of the
common cultivated plants that are prowing there will turn yellow, show
wilting, and ultimately die.

Throughout time the process of natural selection; acting won genetic
diversity in organisms, has produced seme plant species that are
adapted to a wet habitat. These plents are called hydrophytes (water-
lants) and they differ structurally or physiologically from mescphytes
middle-plants) and xerophytes (dry-plants). In the course of evolu-
tion plante have evolved that Iind a suitable habitat in one or the
other of these soil-water relationships. No plant can become estab-
lished (germinate, grow, and reproduce) in beth very wet and extremely
dry situations. However, once plants are thorocughly established they
are able to withstand extreme fluctuabticns of weiness or dryness for



varied periocds of time. This accounts for the cccurrence of relicts of
water-plants on sites that are now drier than the site on which they
usually grow,

The time of year flocding oceurs, £s5pe v as related to the growing
season, has an importarnt bearing on tolerance. Mesophytic plants are
not adversely affected by flooding during the uormart seasgon unless soil
erosion or more than normal sediment deposition ococurs. When plants are
dormant the oxygen demand by roots is minimal. Another factor affecting
wetness tolerance is wabter terperature. When water tempsrature rises
the solubility of oxygen in the water decreases and demand for root
oxyzen becomes greater because of an inereased respiration rate. BSlow
moving stagnant water is mors repressive to plant growbh than is moving
water. Faster moving water generally has a better cxygen supply.
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Structural differsnces, though they may not be conspicucus, are of ex-
treme importance in determining the plant's ability to adapi itzelf to
wet conditions. In general, plants ”Iﬂhﬁﬂg in a webt habitat show the
following variations from plants growing in a dry habltat,

l. They develop a shallower oot system.
2, Foots Ars coarse and cormonly without root heirs.

3., The tissue in the roots has thin walled cells and very large air
SpACES.

L. Stems have large internal air chambers that are important in afford-
ing aeration to the submerged parts. For example, rivergrass
(uﬂ“lﬂﬂhl&ﬂ festucacea) has been called "hellow-stem" because of the
unusually large ppening in the sten.

5, The stomata, those minute openings in the leaves, ars more nNUmerous
in water-plants and they are nearly always open. In cattails (Typha
sp.) they cannot close even when the plant is subjected to extrsme
wilting.

6, The nearly water-proci skinlile covering, called cuticle, is usually
very thin on hydrophytes and is destitute of hairs, On xercphytes
this covering is very thick and often very halry, thus retarding
water losses.



Observation of native plants suec ssfuLly establishad in wet spils pro-
vides a definite key to their wabter tolerance. The permanence cf

water — and the corrssponding deecrsase ln oxygen — is the main factor
limiting establishment, Fluctustions in water depth occur, not only
geasonally but cyelicly, with wet and dry c¢limatic pericds. In spite
of such fluctuations the natural vegetation has reached &n equilibrium
that permits classification,

To bebtter understand the cecurrencs and relationships of these wetland
plants it is importamd to recoguize them aﬁ stages in plant. sucesssion
from open waler to climax (Pﬂ*J¢ﬁl potential for the climate and soil}.
Succession starts with open wabtsr and m:nLLE;LLﬂ&f n communities. As
silt accuwnulates submerged ang fleoating plants becoms established and
form the next successional stags, Examples of such plants are species
of free-floating duckwsed (Lemna sp.) and submersed species of pendweed
(Potampgeton sp.}. These plants are pioneers that can grow in lakes
where the water is toc deep for
However, some of these pilants,
emergent vegetiation in marshes.

Lhe site tao “L_LVTZ emergent vegetaticn.
ussﬁci'l ¥ duckwesd, alzo cccour with

As iz the ease in most sugesssional plamt communities the pioneer stages
consist of [swer species. These stages lack diversity and in fact a
gite may be dominated by a single species. As the sysbem mabures pors
difrerent 'species come in and the more mature gystems have an incresslng
gegyes of shability,

Beczuse plant succession gcowrs 25 4 conbinuuwn some of the plants in the
following lists cecur on mors than one site. They f2re, however, lised
enkty for the site whare they are considersd as being most typlceal.

MARSH

Marshes gcour in deep wland depressions in glacisted ereas, in cub off
p¥~bows on flogdplains of major sbreams, and sround. some natural or
artificial lakes, The sodl in a marszh is covered with several inches
tc séveral fect of water during the groving ssdson. Plants listad are
those that are roobed in the goil and are emergent above the water,
Softabar and hardsben bulpush can grow in as much az five feet of water.
Common read oceurs in thes shellowest water and cattails typically gcour
between the peed and the bulrushes. In South Dakebs, marshes cdour
mest freguentiy in the nerbheast and north central parts of the state.
The water regime modifisr, as used by Cowardine st al, USDI Fish and
Wildlife Service (1977), that best deseribes this sits is "semi-
permanently flocdsd,™ Marshes are nod suitable for greszing by demestic
livestock and they are not a range site.

L



Typicel Plants

Commen Name Scientific Name
Softstetn bulrush Scirpus validus
Hardstem bulrush Seirpus acubus
Common cettail Typha latifolia
River bulrush Seirpus fluviatilis
Oreen bulrush Seirpus strovirens
Common reed Phragrmites australis

SHALTOW MARSH

Shallew marshes oceur in wland depressions that are not as deep, Or
that do not receive as much water, as Marsh, They may also occour 4s 2
periphery to a deeper marsh. The soil is usually waterlogged during
most of the growing seascn; often it is covered with as much as six
inches, or more, of waber until mid-summer. Studies by Smith (1873),
in eastern North Dakota, show that rivergrass reaches 1ts opbtimum pro—
duction when groving in wabter that is from 3 to 9.5 inches desp in June.
Shallow marshes usually dry out sufficiently to permit haying in August
or September. In Bouth Dakota shallow marshes cccur most freguently in
the northesst and ncrth cemtral parts of the state. The water regime
modifier, as used by Cowardine =t al, USTI Fish and Wildlife Service
(1977), that best describes this site 15 "seazonally flooded." <Shallow
marshes ave suitable for grazing by demestlc liveshock and the range
site is Shallow Marsh.

Typical Plants

Common Mame Scientific Name
Slough sedge carex athercdes
Rivergrass Seclochloa fesiucaced
Beaked sedge Carsx rostrata
Common spikesedge Elocharis macrostachya
Giant burresd Spargarium eurycarpum
American bulrush (3-sguars) Seirpus americanus
Swamp smartwesd Polygonum cocelneum
American MENNagrass Glyceria grandis
tmerican sloughgrase (annual) Beckmanmnia syzigachne
Waterplantain Alisma plantago-agquatics
Common arrowhead Sagittaria latifolia
Rice cutgrass Lesrsia oryzoldes

-



WET MEAIOW

Wet meadows occur in shallew upland depressions in glaciated areas and
on floodplains where soil in marshes has bullt up so that it rises
above the water level, This site is 2 successional stags between Marsh,
or Shallow Marsh, and the wet lands that support prairie cordgrass.
Water m&y stand on this site for from four to elght weeks after snow
melt or for short pericds after heavy rains. In South Dakota wet
meadows occur most frequently in the northesst and north central parts
of the state, The water regime modifier, as used by Cowardine et al,
USDI Fish and Wildlife Service (1977), that best describes this site
is “emporarily flooded." Wet meadows are suitable for grazing by
domestic livestock and the range site is Wet Meadow.

Typicael rlants

sientific Name

Ui

Common Namea

Smopthcone sedgs
Ra:ﬂ;raszeg

Reed cdanaryprass

Fowl hWluepgrass

Needle spikesedge
Torrey rusl
omartweeds

Falze—aster

Pardele aster

Swamp millwead

Field mint {(introducsd)

WiT Lall

Wet lands occeupisd by coarse
and on
lands are characterized by &

most or all of the growing scason. 2
usually for only short periocds after sn
soils are drier than Wet Meadow @
serated, to grow cotm or bHig bl uestem.
mors mesic sites, such as Sublrrm
bluessbem ie dominant.

listed for this site, occuxr in & trans

cordgrass and blg nluestens
freguently in the

regime modifier, as used by Cowarding et al,

ETasses: gCotur on
table.
bhat
inches

uplands that have 2 perched water
water table
orlly short periods bubt remding within 36

Carex lanuginosa
Carsx prasgracilis
Carex vulpinoldes
Carex lasvicoricsa
("EI_.EJ‘“':-ZLUI“' stis SEs
Phalaris arundinaces
PC'LT- ]_:'E..LL..-L -.,-I”:I. =]

Tl epcnaris acicularis
Juncus torreyi
Polygonum sp.
Boltenis astercides
heter simplex
Asplepias incarnata
Mantha arvensis

mell cr heavy rains.

pub are L—-t:i_'Ll too wet, and poorly

These wet lands often adjoin
igated or Overflew, on which big
Typically switchgrass and Canada wildrye,
itional mone between
In South Dakota such wet lands
pastern and central parbts of the stats.

USDI Fish and Wildl

neavly lewel floodplains
Soils on thess wetb
reaches the surfsce for
of the surface during
T.afc;': :* may stand on this site but

the prairie
QOCUr moS
The water



Service (1977) that best describes this site is ™iemporarily flcoded."
Wet lands are suitable for graging by domestic livestock and the range
gite is Wet Land.

Common Mame

Praivie cordgrass
Switchgrass
Canada wildrye
Kentuecky hlusgras
Bottlebrush sgdge
Cther sadges
Baltiec rush
Waterneml ock
Glant goldenrod

d erusalen-sriiche
Sepurding-rush
Hernp dogbans

Tyoical Plants

Seiertific lame

Spartina pectinata
Panicum virgatum
Elymus canadensi s
z {introduced) Poa pratensis
Carex hystricina
Carex so.
Juncus palticus
Cicuta maculata
Bolidago gigantesa
ke Eelianthus tubercsa
Egui setum hyemale
fApcoymum canmabi num

SALTINE S0ILS

Water in most of the wet =zoils in Sowbh Dakota 1s no mors than moder-

at.ely saline,

The plants listed for the abpve described sites, for

the most part, thrive best in fresh or slightly saline moisture condi-

L .
[ 5

range from 28 to A, or more; mmhos

freguently are salt tolerant.
ag SALINE LOWLAND range site.
cctur typically in the various water regimss.

Where total soluble =albts, &s measured by slectrical conduchivity,
ol

er cm, the species that occeour most
These sites, when grazabtle, are classified
The fgllowlng speciss are examples bhat

Semipermanently Flooded
(not a range site)

Alkali bulrush

Scirpus maritimus

Narrcwleal catbail Typha sngustifolia

Seasonally Floodsd

Nuttall aslkaligrass Puccinellia nuttalliana

Pursh szepwsed

Suaeds depressa

Temporarily Floodsd

Foxtail barlsy
Alkald muabhly
Alkali cordgrass
Saltgrass

Hordeum jubatum
VMidhlenbergia asperifolia
Spartina gracilis
Tistiehilis stricta



Several cther range sites, because of physiographic festures; benefit
from moisture in excess of that received &g normel precipitation.
These sites are more mesic than Wet Land., They do not have hydric
soils and their dominant vegetation is not made up of hydrophytes.

SUEIERIGATED.

Subirrigated range site occurs on nearly level botiomland and en upland
having a beneficial perched water table. The water table is within 36
to 60 inches of the surface during most of the growing season, This
site often vorders the Wet Land range site, The dominant wvegetation 1s
biz tluestem, 4 mesophyle.

CLOSED LEPEESSION

Clcsed Depression range site occurs in flat or concave botioms of closed
depressions in the centrel snd westerm part of the state. This =ite

may pond for brief periecds but is not sufficiently wet for the develop-
ment of hydrophytes. The domdinant wvegetation on this site 1s westemn
wheatgrass.

OVERFLOW

Overflow range site is nearly lewvel land that recelves additional water
from other lands, This site oceurs throughowt thes state, usually con
floodplains adjacent to streams. Water may stand for brief periods

on this =ite bub the vepetation is dominated by big bluestem and cther
mesophytes,



Iliustrations are from the following publications as listed:

Wet Meadow = illustrations Ho. L, 2, 3, 5, &, © and 10,
Wet Land — illustretions: No. 2, I and 3.
Saline Bedlls — dllustraticns Ho. 1 and 5.

Thesge are from;
Britton, W.L. and Hon. A. Brown. 1%36. An illustrated flgora of

the northern United States, Canada and ths British possessicns.
The New York Botanical Cardsn, Bronx, Hew Yorx., Three Vel. 252 p.

We wish to thank the Wew Tork Boteanical Garden for permission
to use the illustrations, listed above; Irom Britton and Brown.

Wet Meadow — illustrations No. & and 4.
Wet Liand — illustraticn Ho. 1 )
Saline Sgils - illustrations No. 3, 4 & 7 &nd 8.

These are Trom:

Hitchcock, A.S, 1950, Manual of the grasses of the United States,
U.5. Govht, Printing Office, Washington, D.C. 1021 p.

Marsh — illusbrations No. 1, 2, 3, & and 5.

Shallow Marsh - illustraticns No. 1y 2 3 by 55 6, 7y 8 and 9.
Wet Meadow — illustrations No. 7 and 1l.

Wet Land - illustratiomn No. L.

Saline Soils - illustraticn Ne, 2.

These are from:
Hotchkiss; Neil., 1%7). Common marsh plants of the United States

and Canada, Bureau of Sport Fisheries and Wildlife. USDI, Wash. D.C.
Besource Pub. 90. %9 m.
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SHALLOW MARSH ~ Some Typical Plants ( continued)
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WET MEATOW
Some Typical Plants
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WET MEAIOW — Some Typical Plants ( continued)
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WET LAND

Some Typical Flants
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SALTNE SOILS

Somie Typleal Plants
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SALTNE SOTLS - Some Typical Plants (conbinued)
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PASTURE AND TAME HAYLAND FLANTS

The number of pssturs and tamé hayland plants adapted to wet soils in
South Dakota is very limdted. Cultivated legumes, as a group; with-
stdnd very little flocding., Selection of species for pasture ar tame
hayland plantings on wet sites is thereby limited to adapted grasses.
As indicated under the section Native Plants, there are several grass
species that ere adapted to wet soils. Most of these grasses are
sulted for use by grazing amimals or as hay. The problam encountered
when considering most of these grasses [or pasture or tame hayland is
whe nonavailabllity of seed for plamting, This problem reduces the
nunber of adapted native species availatle for seeding on a site as
wet as Wet Msadow to one species, resd canarygress (Phalaris arundinac

Y

2a)

Heed canarygrass will zlso thrive on the Wet Land site.

Garrison creeping foxtail {Alopecurus arundinaceus), an introduced grass,
p = = T

]
SHEIME

has about the
CanAryEriss.

adaptability for survival on wet seils as doss reed
These two species ars the only hydrophytes, suited for

pasture or tame hayland in South Dakota, for which sesd is commercialiy

availahle,

Tolerance of forage plamts ic
reported by seveéral authors.

Cne such

study,

spring flcoding has been evaluated and
using many species

that

are adapted in Scuth Dakota, was conducted bty McKenzie (1551) near

Lat T

Swift
in Tahte 1,

Current, Saskatchewan, Canada,

Hesults of thds study are shown

Table 1: Range in days for tolerance Lo sarly spring flopding of
grasses and legumess ds matures shtands, ssedlings, and seeds
common Name Scientific Name Mature Plants| Seedlings] Seeds
Day s Davs Days
¥Heed cen8ryerass Phalaris arundinacesa Lh-plusk* AL_LG 1556
*Western wheatgrass Leropyron smithii Lo A3 — .
#Slender wheatgrass Agropyron cardrim L5-63 21=35 | 35=56
Timothy Fhleum pratense LO9-£3 2l-1 L
Meadow fescue Festuca pratensis 35-£3 LG-63 | 21-42
¥Virginia wildive Elymus virgiricus 350G Z1=35 A5-5G
Tall wheatgrass Agropyron elongatum 3545 21=35 | 35-56
Hed fescus Festuca rubra 2135 21-35 -
Hussian wildrye Flymus juncsus =15 2135 pe e i
Intermediate wheatgrass Agropyron internedium 2l-35 =2l | d-28
Smooth brome Bromus inermis 2l 28%% L9=63 | 35-56
Crchardgrass Dactylis glomerata 142 — —_
Alsike clover Trifelium hybridum L=l —— =14
Alfalfa (Ladak) ¥edicago sabive 12 - T-14
Crested wheatprass Leropyron cristatum 10=-1 "= e ——
White =weebclover Malilotus albus 101 M s L8 P
Red clover Tyifolium pratensze b - 0=

*Grasses marked with ®* are native plarnts.

##Indicates data from Bol

ton & McKenzie (1948).

21



A study of grass survival in floodwater deterticn pools was reported I
Gamble and Rhoades (1%64). This study extended throughout Oklahoma and
sdjacent parts of Texas. Thelr report shows the average time grasses
could be expected to satisfactorily survive inundation with cool water
during the spring. Results from this study, for species that may be
expected to grow in Soubh Dakota, are shown in Table Z.

Table 2¢ Spring Inundation Tolerance of Selected Species:

3pecies dverage Number Days

Commen Name Scientific Name of Inundastion
Buffalograss Buchloe dactylodides L5=50
Western wheabgrass Azropyron smithii 30-60
Barnyardgrass (amnnual) Echingchloa crusgalli 30-60
Virginia wildrye Elymus virginicus Z=b5
Switchgrass Fanieum virgatum 15=30
Tall fescus [introduced) Festupa srundinacea 10-20
Indiangrass Sorghashrum nutans =14
Blg blusstsm Andropogon. gerardl T=14
Little Bluestem Andropogon scoparius 3=t

Buffalograss, as known in Scuth Dekota; may seem out of place at the top
of Table 2. However, vuwifalograss is'a common native in the closed
depressions, called "playas," that cceour in the Texas pannandle. These
undrained basins are usually dry and droughty but ogccasionally they ars
imundated by heavy rains and the water may stand for & considerable time.
The tolerance of buffalograss is reported to be greatest when inundation
ccours while the plants are dormant, However, Porterfield (1945) reported
that buffalograss survived inundation for 30 days in the summer of 1741
and for 36 days in the summer of 1943, There is the pessibility that this
iz an scotype of the species that has ewolved under these particular
conditions.

Factors that cause a variation in flooding tolerance of grasses are
documented by Camble and Rhoades (1964) as thsey report on a contrclled
inundation study made near Chickasha, Oklahoma.

1. Tolerance differences bebwesn species:

Prairie cordgrass was not damaged but big bluestem showed moderate
to severe killing of top growbh and occasional plants killed when
flooded in mid-spring for 10 days with 2-4" of water. When flooded
in late spring for 10 days with 2-4" of water prairie cordgrass wWas
not damaged bub all big hluestem plants wepre killed,

2. Tolerance differences within ecotypes of the same species:

Kanlow switchgrass (2 lowland selection) was not damaged when
flogded in late spring for & days with 2-4" of water. Caddo

]
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switchgrass (an upland selection) under the same treatment showed
moderate to severe killing of top growth and occasional plants
Hlled,

3. Tolerance differences resulting from depth of flooding:

Big bluestem was not damaged when flooded in late spring for 10 days
with 0=2" of water. When flooded in late soring for 10 days with
2=4" of water big bluestem showed moderate to severe killing of top
growbth and occagional plants kKlled. When flocded in late spring
for 10 days with 4—6" of water all big bluestem plants were illed.

Tolerance difference resulting from season of flooding;

.I."‘

Big bluestem was not damaged when flooded for 10 days with 4-5" of
water in the esarly spring. When the same treatment, depth and dure—
tion, was delayed until mid-spring a majority of big bluestem plants
were killed., When the same treatment was delayed until late spring
21l Big blusstém plants were killed.

5. Toleraznce differences resulting from temperature of flood water:

MeKenzie (1951) reported that flooding tolerance studies wers con-
ducted on mature grass sbtands during two years. One year was
sigrmificantly cooler than the other and plants withstood flooding
for a lenger perdiod during the year in which mean temperstures ware
the lowest.

The variables that effect tolerance within a species, a3 indicated in
items 2-5 sbove, make the devéelapment of an exact guide to flooding
tolsrance an impossibdlity., A riule of thumb guide, that may be used
while Keeping these varigbles in nmind, is shown in Tabkie 3. This guide
may be used when selecting sgeding mdxtures for detention pocls of
flocdwater~retarding structures where the water level will fluctuate.
It can alsp be used when predicting survival of forage species in aresas
that will -be subjected to temporary flooding.

s
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Table 3: Guide to Early Spring Flooding Tolerance of Mature Pasture and
Hayland Plants

Species Duration of Early Spring
Common Name Sedentific Name Flooding Tolerated
Heed canarygrass Phalaris arundinaces t-8 weeks

Garrizen creeping foxtail Alppecurus ariundinaceus

Timothy Phleur pratense

Radtop Aprostis alba

Slender wheatgzrass Agropyron caninum =& weeks
Western wheatgrass Agropyron smithil

*Tall wheatgrass Agropyron elongatum

Tall wheatgrass is also tolerant of saiinity.

Kentucky blusgrass Poa pratensis
Intermediate wheatgrass Lgropyron intermedium
SBmogth brome Bromus insrmls
Switchgrass Pandicum virgatum o) weeks
Russian wildrye Elymus junceus
Orchardgrass Dactyliz glomerata
*Tall fescus Festuca arundinacea

¥Tall fescue, only in southern part of S.D.

Indiangrass Sorghashbrum nubans
Eig bluesiem Andropogen gerards ,

& SN E 1-2 weeks
Green needlegrass Stipa viridula
Alfaifas Medicago sativa
Little bluestem Andropogon scoparius . .
Crested wheatgrass Agropyron cristatum 1 week or less

[
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WOOTY FPLANTS

More attention by foresters in Sowuth Dakota has been given to the effects
of drought on woody plants than to the effects of too much water. This
SEeems very reasconable when comparing tihe less critical need for trees on
waterlogged scils with the need for trees on the windswept, droughty
Uplands,

There are wet scils, often arpund manmade structures, where for assthetic,
recreational or wildlife habitat purposes it would be very advantageous
to introduce trees or shrubs. For this reason & better understanding of
the effects of flooding on woody plants will be of some practical value
to conservationists and land mansgers in South Dakcta.

As with herbacecus plants it is known that zome woody plants tolerate
lenger periods of fleoding than do others. For example, hardwoods
(deciducus) species generally show greater tolerance than do the pond-
fers. It is considered wery probahble that differences in tolerance may
also ceewr within a speeiss, due to genetic variation which has cecurred
over a considerable period of time. However, the guide developed in this
paper will be confined to peoiniing cut differences in tolsrance between

species.

It is equally important that other factors affecting tolerance of woody
plants to flooding be ecnsidered. Some of these factors may be guite
variable and difficult to predict but effects from a1l these factors
must be anticipated.

1. Time of flooding:

Flooding is only critical when it occurs during the growing season,
unless the flooding causes severe ercsion or deposition., Studies
have shown this to be true both for sesdlings and mature trees: For
example, MeAlpine (1961) reported that seedlings of tuliptrse
(Liriedendren tulipifera) withstecod dormant season flooding very
well, but died after four days' flooding in May and after three days!
flpoding in June.

2 Duraticn of flocding:

The duration of flooding becomes ¢ritical when flooding cceurs during
the growing ssason. Studies on several reservoirs show that even the
more tolerant species generally can withstand repeated [looding for
only 40 to L5 percent of the growing seascn. Gill (1970) states that
year-round root inundation can be telerated in isclated years. The
period over which flooding ¢an ccecur withoud it resulting in critical
injury is & common criteria for describing tolerance of species.



3. Depth of flooding:

Posgibility of injury of woody species incrsasss as depth of flooding
progresses from soil sstursticn, to partial inundation, to complete
inundation., Most injury is ceused b;;.r saturation of the rooting zons
with water. When this occurs oxygen is excluded from the rocot system,
there may be a buildup of carbon dioxide and there may be adverse
effects from toxde by-products of decomposition. As the water level
rises to submerge the plant other essential functions are affected

by reduced light intensity and interference with stomatzl functions.
The study by Hall and Smith (1955) points out Lhat when two flood
tolerant spacies occurring side by side are flcooded the taller of

the two species may survive if the top of the taller plant projects
atove the water.

Lo Type of flocdwater:

Moving water iz .generally less injurieus than is stagnant water,
because of the better oxygen clstribution in the moving water.
Water temperature is alsc a factor and &= water temperature rises
the danger of injury increases,

5. Age znd size of plants:

oize and, in this context, age are Tactors in that the shorter the
plant. the more apt it is to be completely inundsted., Gill (1970)
suggests that mature, vigerous individuals suffer less fleooding
damage than do either seedlings or overmature specimens of the same
species.

5, Boils fachtors:

In genersl woody plants tolerate more Tlooding if growing on sandy
soils than they do on ¢lays. The sffects of poor sodl asration are
more acube on heavy Jolla. Because of betber permeakility and
drainage the soil ssturation effect; after flcoding, is not as
enduring on sandy sites, Alse, ol a.ntE growing on sandy soils have
a much branched and well developed oot gystem.

The differences in flooding tolerance betweesn spescies have besn surveyed
ori several ilcodec reszerwlrs. One such survey, invelving many spacies
that grow in South Daketa, was reported by Hall and Smith (1955). This
study was cqrmhc::,ﬂ from Sepbember 1, 1544 to July 1, 1952 on the West
sandy diking and dewatering project 'oﬂateu in Henry County, Tennesses.
Tolzrance was measured by correlating survival with thes percent of time
Tlooded during all of the growing seasons. The results for woody
piants that grow in South Dakota, cor neighboring states, are shown in
Figure 1.
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Teble 1. Morbality of Trees When Flooded in Spring of 1973 (Harris 1975
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Another study, by Harris (1975), was made following a 1973 spring flood
of flood pools behind two structurss put in by the U. S. Army Corps of
Engineers in the mid-19%60s, These flood pogls, both near Tulsa,
Oklahoma, were flooded for the first time in 1973. Flogding started in
early spring and water in the lakes returned to normal level oy the
middle of June. Mortality of trees was determined from nermal Laice
level to a height 10 feet above normal lake level. At Xeystone Lake
the duraticn of fleoding was 73 days at the 10-foot level and wat=r
receded to normal pool level in 8%+ days., AY Oologzh Lake the dursticn
of fleoding was 67 days 4t the 10-foot level and watsr pecedsd to normal
pool Ievel in 92+ days. The mortality, as détermined for species of
trees that grow in Soubh Dakota, is shownm in Table 1,

A guide to flood telerance of weody plants can also be developed b
ctserving plant distribution on flood plainsg and around the laks
marshes in Seuth Dakota. For example, the dead snags of both FOLg
and mature trees behind the Missouri River dams testify to the fact
that total submergence for several years is fatdl, With a knowlsdg
of flood plain species, #nd sbservation of the habitat in which they
grow, a2 [leod tolerance grouping, shown in Tabls 2, has been develc

=

Tadle 2. MNatural Decurrence of Woody Plants on South Dakota Flood Plains

l. PFlooding is most frequent and of very long duration:

a) GShrubs thal grow slong sbreams, lakez and marshes or in wet
meadows.
Sandbar willow salix exdigua
Bog willow Salix candida
Dhamond willow Salix rigida
Meadow willow Sakix petiolaris
Indigobush Amorpha fruiticosa

bl Oceurring where wetness is slightly less than (4] are tres
willows and woody vines.

Peachnieelf willow calix amygdaloides
Biverbank grape Vitis mparia

Poisomivy Toxdeodendron rydbergii
Virginis creeper Parthenceissus gquinguefolia

Lad
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Flooding 1= less frecuent and of sherter duration —
duration may still be classified as very long (mere than
one month)

a) Oeccurring on sandy soils that may nave a high water table.
Eastern cottonwood Populus deltoides
Hedosier dogwood Cornus stolonifera

b Qeeurring on less sandy sodis which do mot have such a
high water Lable.

Boxelder Aeer negunde

Green ash Fraxinus permeoylvaniea
Pricklyash Zanthoxylium americanum
Wild recse Fosa arkansana

Gooseberry ' Ribes missciuriense
ihiersweat Celastrus seandens

¢} Introduced speeles that tolerate tinls degree of flocding,

White poplar Populus aiba

Lombardy poplar Populus migra

Flooding is gccasiomal and duraticn is for a long period.

a) Qeeurring on moderataly well drained flood plains.

"

bmerdican &lm Ulmus americana
Slippery elm [Lmus rubra
Hackberry Celtis occldentalis
Ameriean plum Prunus americana

b Introduced species that tolerate this degrvee of flopding.

i g 2 £
Russignolive Elaeaemus angusiifalia

Broad flood plains that are pcecasicnally flocded for long

pericds {7 days to 1 month) otut where scils are richer,
more maturs, and bestter drained.

Honeylocust Cleditsls triavanthos
Black walnut Juglans rigra
Kentucky eoffesiree Gymoool adus diodica
Silver maple Aceyr saccharinum
American linden Tiliz americans

S
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Species which ir eastern South Dekots are more apt <o cceur
on steeper slepes and sides of ravines bub further west may

coeur on flood plains.

wn
.

Bur oak QUer¢us macrocarga

Eastern redcedar Jundperus yirginiana
Buffaloberry Shepherdia argentea

Westermn snowberry Symphoricarpes occidentalis
Smooth sumae Fhus glabrs

Using the data shown in Figure 1 and Tshle 1 and the cobservaticns
presented in Table 2 as guidelines, it should be possible to
=elect species that will tolerate predictsd amounts of flcoding.
This will be of wvalue when planning tree and shrub plantings made
for aesthstie, precreational or wildlife habitat purpeses in flcod
plain or flood pool areas.
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