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SUMMAY

This report reviews -the theoretical and practical aspects of flood

tolerance in pl.ants, particut3lrly the nati"ve woody species of the con-

tiguous United States. The purpose is to provide a background under-

standing cf phenomena related to flooding and flood tolerance and to

sunmarize practical information pertinent to reservoir revegetation.

The report includes a wide variety of information previously unavailable

in an assimilated form.

Any depth and duration of flooding impose an extraordinary set of

deleterious conditions on most vascular plants. The most elementary

differences between well-drained and flooded conditi.,nn ariset in the

soil, and a0l are directly or indirectly related to the depletion of

fr-ee oxygekn. The near absence of oxygen creates a reducing environment

in the soil that favors the activities of anaerobic bacteria. These

wt-ganisms produce a variety of organic and inorganic byproducts, many of

which are present in concentrations toxic to plants. Some of the mo;Jh

physiologi-cally damaging are ethylenc, mttng-t0;c (Mn++), ana iron (Feu+).

Thus, a plmnt living under flooded conditions may have to cope with the

simultaneous effects of a rooting medium that is both anaerobic

and toxic.
Maaiy plants have an ability to survive limited periods of fiooding

Uhroug, h te!mpora.ry aclci.rat,:ion p-oceesses, but few auue genetically adapted

to thit. 5 eotd.Ltiuoi. The causal, rechani:Lms for adaptatiOtn or'e complex ,toIt

poorly under; tood. There i,' reasonlabie ,,grrt-emeott, however, oil wha. i:-;

adaptive. For o.plie ity¶ audaptations maty lie rerrded a; cither

asutllt-mi ct.L or metabl)olic.

Antom i-i cal adaptations include hollow s;tems, aerenuc!hyiia, lentii cel:s,

i.lito(ýrcoe -l1tl].•11 Lr air ;;p•ae, end other l:wioeu: ts'di; fwe ilitato tUle di.I'fu.

sion of oxygen From t-he (w-,]iti vcy) oxyen-rich shoot to the oxyraen-

poor root. 'The plant may thereby ii(' (t .i.ts minimal ro;quirements for

maintenanc;e ertor1 ,y through iaerobic, ri 5 p.t.cat,.on . V1V oxygo, is ;..a]lab.e

to tLh(,w root!; sý i-i excee; of the resp;.r at en. i.l.d. mean, . i.-; mAI y a; Lly din '-

witt! ; i.t'di.n;oo t-.e :-o1 il crci'l,,,:nj' all ox idi.iwed Jui.o ,w;loh te in the

'1
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midst of the reduced soil environment. In this instance, the plant has

effectively avoided the conditions imposed by flooding.

Metabolic adaptations include the ability to utilize anaerobic

pathways for energy production and the removal, of certain anaerobic by-

products from the roots. Even though these pathways yield far less

energy than the more normal aerobic one(s), some plants apparently do

grow better under these conditions. Factors involved in ihnis growth

probably are an ability to transfer an oxygen debt from the root to

the shoot via translocation of reduced compounds, preferential accumula-

tion of nontoxic end products, and even the ability to trano•for internal

oxygen from the shoot to the root system.

There is strong evidence that many morphological and anatomical

modifications are duc to changes in concentrations of certain hormone

or hormonelike compounds. Experimental research with ethylene, for

exwunple, has shown that at high concentrations there is an increase in

zeivent:i.tioue rooting in many plants. These are apparently more pervious

to oxygen than normal roots and hence would aid the plant during periods

of inundation. Ethylene, under "normal" conditions, is known to be

involved in leaf' abscission and epinasty, but apparently does not func-

Lion in the-)witr mF1 e oU1c wider flood conditions.

['f, external factors of soil anzaerobiosis and the production of

toxins, and the internal plant adaptations to these, :Lr0 basic to most

flooding, situations. The2re ace a vatriety of' additional factors, however,

Lhat often assume ,verridA nrg importWn c( in dotermining the survivi-al of

flooded plants. Iach frietors include substrate compos:i.tion, shoreline

gr;adient, wave and current action, lenood dejpth arid d(uration, i,(OJe-ran(-es

of' iridnvi. dualu epeci es, and ecoty pc vari-.tion wi bhin s pecise:. Because

these have an irnmmediate, praelti ca_ hearing, on sLrvi-vala , Glrty muLst be

considered in both reservoir planning and impact; assessment e!ndleavors.

']there aire two ways, to encour'agxe the development of vegetation "11

reservoir drawdown zonoe. Duri~ngL the constr-ucLiun phas.:e of' a reservoir,

see ective cl earing below smlou pool elevation susy beý employed to leave

ftl!hd-t.ocurl tweedy ' .i hneque Jis of' only trivnial t['f.uc-

[.ivenels in regrions of' the count;ry where( "-;w speciu are '*1Foo( t;o.l.era•nt



and the frequency of tolerant plants is low.

Revegete.ýion is the second technique; this is suited to both new

and established reservoirs. Generally, the methods of planting are iden-

tical to those in common practice in forestry, agriculture, and erosion

control. The unique features of drawdown zones often require some

special modifications of technique. Barge hydroseeding, air-cushion-

craft seed dispersal, and bolicopter seeding have been used to good

advantage in problem areas. Woody vegetation may be established from

bare root; container, or vegetative cutting stock. It is often real-

istic to overplant since mortality is likely to be high.

Diverse literature concerning experimental and empirical studies

of flood tolerance has been collated and analyzed in this report to

yield a summary of pertinent research for each of the U. S. Army Corps

of Engineers Divisions. A composite rating of plants accorciing to their

relative flood tolerances is included for field elements within each

Division. Because these ratings are subjcetivc, they are only approxi-

mate. Extensive supplemental data are included in the appendices. It

in intended that the regional treatments be used as a handbook of

selected, plants and literature for possible use in r(ýservoir revegeta-

tion efforts.

U1 I
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FLOOD TOLERANCE IN PLANTS: A STATE--OF-THE-ART REVIEW

PART I: INTRODUCTION

1. This state-of-the-art review is intended to summarize the

li.LeraLure on flood&-tolerant plants with an emphasis on temperate

woody species. This approach has been adopted first because a compr,_-

hensive up-to-date review of flood tolerance in woody plants is lacking,

and second, woody plants have not been adequately catalogued and
assessed for their potential in reservoir revegetation efforts. Herba-

ceous species are more adequately covered in the recent literature

(Wentz et al. 1974) and have been included in the chapters dealing with

basic research. Elsewhere in the t,:xt, they are treated in proportion

to their representation in the literature pertaining to reservoir

maintenance.

2. This review may be approached as two separate, though depen-

dent, sections. The first addresses the conditions imposed by flooding

and the resulting physiological, anatomical, and morphological responses

occurring in plants. This treatment necessarily covers many areas of

basic research in order to convey an understanding o' flood tolerance in

plants and to highlight the directions of contemporary researh in this

field.

3. The second section is applied in its emphasis. Included are

diLscussions of factors that may be measured and assess;ed in the field to

aid in impact prediction and facilitate the desig, arid management of

artificial bodies of water. An approach to impact assessment Lliat in-

tegrates these factors is discussed along with the limitations of

current knowledge in this area.

i. TechnLiques for establishing and maintaining vegetation along j
the shores of reservoirs and canals are disculssed _n a general rashion.

The limited amount of research in this area is reflected in the smlall

number of plant apcc~cs and management goal,,; that are described.

.The s taLus of research with pra,.ctLcal applications 1s

It0
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assessed for the ten U. S. Army Corps of Engineers Divisions. Plant-

tolcranc!e lists also are provided for each Division. Narrative sum-

maries of research have been deliberately avoided because such treat-

ments are availabl.e in severa.l. contemporary literature reviews. Instead,

research has been summarized on a species-by-species basis for each

Corps Division. This summary is incladed as several appendices. Each

is designed to be used as a han0book in conjunction with the tolerance

1 .;ts .. ovided in Hie text. This review circumscribes a large body of

research on diverse topics. It is hoped that it will serve as a cata-

lyst for future research, both basic and applied, in addition to pro-

viding tools for practical problem solving.

6. Scientific and common nomenclati-ure follow the "1sage of the

individual authors in most instances. Where there was reason to suspect

that nomenclature was inaccurate, it was reconciled with the binomial

used in either Gray's Manual of Botny_ (Fernald 1970), Manual of Culti-

vated Plants (Bailey 1949), A Cali'ornia Flora (Munz 1963), or Composite

List of' Weeds (Weed Soc. of America 1973). Often there are different

common names for a. single species that enjoy regional popularity. The

authors hope that the inclusion of only one common name for each species

will. not confuse those familiar with a plant by a different common nare.

The inconsistency of common namnes makes the use of seientiflc nan's

imperativw for accurate identification. One exception is the use of

common names for crop (vegetable) species, which are not applicable te

res]ervo.r revegetatioon.

.. ... .. ..
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PART II: THEOIRETICAL CONS9DNAP•TONS OF FLOOD TOLFRANCE IN PLANTS

Changes in Soils Resulting from Flooding

7. An understanding of flood tolerance in plants is fact.i_.M•tnated.

by knowledge of the changes occurring in soils when they are flooded.

The most basic change is the elimination of free oxygen available for

chemical and biological processes.

8. Under aerobic conditions, soil microorganisms obtain energy

through the breakdown of organic molecules via respiration pathways re-

quiring oxygen (02). Flooding a soil, drastically reduces the rate of

02 diffusion into the soil pores and, with aerobic respiration systems

intact, soil oxygen is rapidly depleted. Slow diffusion rates preve!nt

the replenishment of 02 in the soil and the net result i.s an anaerobic

condition. The diffusion coefficients of gases in soil are a function

of soil particle geometry and the soil moisture content (Currie 1961).

Surface soils are composed of between 35 and 60 percent pore space

(Buckman and Brady 1969). These pores are filled with complementary

proportions of air and water (Bradford et al. 1934). When a soil is

flooded, ncarIy all the pore space is filled with water and little, if

any, is occupied by air. Gill (1970) lists four results of flooding

that occur in soils: exclusion of oxygen from roots, carbon dioxide

(CO2 ) accumulation, production of toxins, and anaerobic conditions

around the root. All of these changes are related directly or indirectly

to the changes in gas diffusion characteristics resulting from the pores

being fil.cld with water instead of air. Oxygen diffuse? at a. rate

10,000 -times slower in water than air (Lemon and Kristense' 1960,

Greenwood 1961), and Buckingheam (1901) showed that diffusl,,o in soil

decreases as the moistiune, content increases. "'he difference betveen

oxygen diffesion rates and the demand for oxygen by soil organisms makes

it apparent that anaerobic! oonditinng will prevatil in soils when they

are flooded. Due to activity of microorganisms, moot free oxygen in a

soil w .Il be exhausted within a few hours of submergence (Ponnan[perumna

19(2). Soil texture anrd moistureL conitent will. have souie effects on the

12

_ _ _ _ __ _ _

.____________-,--- , '" ____....



concentration of oxygen in the soil. Diffuusion coefficients for hydrogen

ga:e in a physical model of wet soil were shown to be a function of at

least the following five variables: total porosity, crumb porosity,

crumb shape, the shape of the particles forming the crumbs, and moisture

content of the medium (Curri e 1961). Coarse soils, with low organic

matter, have relatively high oxygen cuicentrations in soil solution

(Zobell 1946). Generally, however, a sharp drop in oxygen concentration

with increasing soil depth is expected in submerged soils.

9. 'The amount of dissolved oxygen in the water interfacing with

a f.oodeS( soil will also affect the concentration of oxygen in the soil

(Ponnamperuna 1972). Factors such as water movement, depth of flooding,

biological activity, and temperature have all been suggested as deter-

minants of oxygen concentrations in these soils (Brink 1954, Hosner

1960). Studies demons;trating the roles of these factors under natural

conditions are scarce. Good correlations have been established between

low soil, oxygen (essentially zero) and stagnant surface water (Armstrong

and Boatman 1967). The decre:ase in available oxygen found in most

flooded soils is regarded by many workers ais being the most basic cause

of flood-induced injury to plants.

10. VircnLeonikov (1964) observed that calculated values for

dissolved oxygen in water were 5 to I.T times high( r than the dissolved

oxygen in soil water at the same temperature and pressure. He also

demonstrated that the oxygen diffusion rate was 0.5 mg/hr/lOG cm' of

surface area in saturated soils. Controlled experiments have been per-

formed to asses:s the effect,:; of various soil characteristics oii oxygen

depletion upon floodi.ng. ,Scott aand Evans (1955) ju'ov:ided a notable,

extoiple of' how rapidl.y oxygen is doepiclt(od in saturated s(oils. [01;i ng

four air-dried soils they measured cha, nges in oxygen content when the

soils were water satturated. Despite differences in organic matter

content amiong the soils, the oxygen depletion curves were very similar.

With each of the four soils, oxygen concentration duopped to zero after

6 to 10 hr. They deteroiined that dissolved oxygenl decreased to 0. 0.

of' the original value after approxilately r5 min. (It should be noted

that air drying soils accentu;es the ra•te of oxyg•en depletion.

II



II. Flooding a soil results in aL sequential replacement of soil

orgaLnissms. Obligate aerobic microorganisms rapidly go dormant or diec,

yielding to facultative and obligate anacrobes (Take~da and Furusaka

1970). The switch to complete anaerobic respiration in the soil occurs

-6at a molar oxyg~n concentration of 3 x 10 (Ponneanpertuna 1972).
Anacrobues are capable of using compounds other then 02 as the final

- +4 '+3 - 2
electron acceptor. Anaerobic bacteria use NO-, Mn , Fe, 0
organic dissimilation products, CO,, Np, and H+ as electron acceptors.

Those electron acceptors, are reduced to lower oxidatino or valence

states, during respiration. Ponnmoperuma, (1972) discusses the main redox
systems operating in submerged soils and chemical equations for each

system. A significant corollary of anaerobiosis is the reduction of

many compounds found in the soil and the accumulation of reduce] prod-

ucs(Gillespie 1920O). Pooinamperuma (1972) considers the primuary

chcmical difference between a submnerged and well-drained soil to be the

reduced state 4' the submerged soil. Three characteri~stics are indica-

tive of' a redi-edt state: a g' -L-grecn color, low reduction potential.,

and the reduced forms of a variety of compounds- including, No 3 , ;o4)I

Mn +, Fe 3, aind CO, (Ponnarupenona 1972-) . 'The sequence of' reduction 01'

various.ý com~pounds in the soil roughly follows the theoretical sequence,

dot erintined by their reduction potentials;. E~mpirical verification may be

found in the observation of the vertical s~tratification of elementts in

various redox states in eutroph~i~c lakes and in the succuession of aerobic

to facýii itative, and ob igjate anaerobic ini c2roorganisms found when a soil

is first saturated.

12. The switch to annaerobi e pathways; is itccosipani~ed by at change

ton metabolte end products as wel-L. Anaterobic and] aerobic respiration

pathwatys are similar up to the point where pyruvate is syntihesized Just

joi~orIo entr.y into Lhe Kee Os cyclec. Undur asrobie cond.UL iito;, pyrilvete(

is degraded to CO and water via the K-rchs cycle. Under anaerobic con-

ditions, pyruvate is degraded to CO2 ethyl1 alcohol, orgbanic acids

(acetic, formic, propionic, batyric, lactic, valoric, arid succýinic

acid) , and organlic gasesL (Methane, ethane , propane, n- and i sobutarre,

ethylene, propyleone, eind. bitt,,er -i.) (esul.1973,_ Nofxgle and Fritz -1.9'r6).
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One of the first workers to recognize the accumulation of CO,, in the

soil was Clemenl.s (1921), Other workers (Bergman 2.920, Zimmerman 1930,

Childiers .nd White 19)12, Yclcnosky 1964) ascribed this increa:;e in CO2

to decomposing organic matter. Of the organic acids formed, the major

ones are acetic, formic, propionic, and butyric. These generally peak

at 10 to ho ljmoles* per litre within a period of 2 weeks of flooding and

then gradually decline. During this period they may rit ch concentra-

tions toxic to rice, and soil pH may drop below 6.0, but these eondi-

tions are unlikely except in soils high in organic matter (Ponnamperiona

1972). Methane (CH,,) is produced by a specialized group of obligate

anaerobic bacteria (Ponnamperuma 1972). These are substrate specific

and utilize only a ' ,all number of organic and inorganic compounds aris-

ing from fermentation. The activity of these bacteria results in an

aloLwus complete breakdown of the low molecular weight fatty acids and

ethanol to carbon dioxide and methane (HItadtman 1967).

13. Soil bacteria utilize a variety of compounds as electron

sinks and i hey may be ordered according to their redox potential (Eli),

which reflocc:- ti 4W, ree of reduction present in a saturated soil. The

following tabu liaon presents such an ordering:

Redox. T'tn IR V, ;ýý°C
Reactioi, P11 5.0 PH 7.0

02 + 11H+ + hie- 2 2H20 930 820

NO3 + 2H+ + 2- = NO- + I12) 530 420
3 2+2 2

MnO,, + 411+ + 2e- Mn + ;211, 1 640 410

+ 311+ + e = e + tpO.70 .. 1.80

,0- + l ol + 8e 1 13 + )111,. -70+ -1

(I02n " 1[ + tc C(IIt + 21120 -120 -240

P11 ± + Pc H,, -295 -413

The higher the redox potential, the more electrons required to bring

about P. unit reduction in Eh. Because the soil contains a mixture of

compounds with different redox potentials, not all compounds will be

* jnolol ox' miicrojil.e 1. X 10-6 moles.

]'.J I
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reduced at the same time; NO MooO, Fe(OH)3, H+, and SO_- 2,,n thb.s

excrL an inhibitory effect on the complete reduction of a flooded s•oil.

Depending on the mixture of substances in a soil, it is said to be

"poised" at a characteristic redox potential (Russell 1973).

14. The advent of reducing conditions in a flooded :soil if;

paralleled by a drop in Eh. Upon submerging an aerobic soil, Eh reaches

a minimum within a few days and then gradually increases to a peak.

'This is followed by au asymptotic decrease to a level characteristic of

a specific soil. The presence of readily decomposed organic matter

sharpens and hastens the achievement of the first minimum (Ponnumperuma

1955, Yamane and Sato 1.968). The initial decrease in Eh is, 'jut to the

release of reducing substances* that accompanies oxygen dtepletion before

the Mn And Fe+3 buffering systems are fully activated (Ywmane and

Sateo 1968, Ponnamperuma 1972). '.he presence of high levels of nitrate

pttfepone the ac!hicvement of a ngatLive Eli. This is due to inhibition by

n, LtriLu of redox reactions lower on the thermodynamic scale of oxidation-

reduction reactions (see preceding tabulation). Low organic matter

content or high Mn rose lts, in it. high Mh. This has been shi' wn to occur

fnr as long. it; 6 months. Temperatures both above and beluo ;15')C also

retard u decrease, in Eli (PonnaLuperuma 1972). Jones and Ettherington

(1970) round that Eh in waterlogged slack** sands was lower than that of

dute sands and ascribed this difference tLo the higher organic matter

content in the slack soils.

15. Accompanying the decreasce In Eh is a slight decrease in pli

within L1h, First few days or' 1'looding (Ponnwinperuma 1972). 'Thlis is

V ,vI.1 owtn l)y u$tn a syuleqe ot iC rise: to • ::•Udi.,• value I t~ween 6.7 and 7'.P'

within it few week', (Mote murr', 1.()(6,, )€-rflerllra 1965). The ntA eflfect

of flooding the soil. is to increas;e che Ic of an acid sol! and decrease

the phi of an a] kaline soil. In so[ils% high :in. organic matter and

reducible iron, p1) stabilizes at 6.5 within a few week:s, whijie in acid

soils,; with low organic watter or bhose with iron in an inactive form,

*A re(ducing su'bstance is.; otnte. that donate:; electrons to another in art

oxidation reduction reactlion.
"•'* A "slack" si.. deCined by the authors as "the hollows betwcen dunce:;

16
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pH stabiYliv.es ýiore graw.b1,,lI.ly at less than 6.5 (Ponnwmperuma 1972). The

fir:st decretse in pH is caused by an accumulation of CO2 produced by

aerobic bacteria. The following Increase ii pH is due to the reduction

of the soil m.•inly on•s•ed by the formationn ofr fel•rrOIUs iron (MoGunmura

1962, Ponnamperuma et al. 3.966).

16. McKee (1970) investigated the effect.s-) of a, soql,'nee of

wetting and drying of an acid flatwoods soil from theC Gulf Coastal Plain

to determine the effects of pH. He found that submergence for 60 eon-

secutive days caused PH to approach neutral ity. The bih decreased ap-

proximately 500 mV during this period. Subsequent drying of the soils

decreased pH, while submergence decreas:ed the level of exchangeable

aluminum, calcilim, and magnesium, probably through changes in pH. McKee

concluded the changeL; resulting from submergence could be corrected or

remedied only very slowly upon rd(IryiJng.

17. The equilibria of hydroxide, sulfate, phosphw.te, and sili(e'te

are affected by the pH of the solution. In turn these equilibria con-

trol the solubi.ities of various solids, ion exchii,,go,, all thU conce'n-

tration of Al+3 , Fe+ , HS, and 112C(. TOhe indirect effect of changeu

in pH1, particularly with r-espect to aluminum and iron, are especial-ly

important in rice culture due to the toxicity of thuse ions. For

example, changing 1'rom pH 6.5 to 7.5 can change the concentration of

Fe+2 f'rom 350 to 3.5 ppm. The lower concentration is inadequate while

the upper is, toxic to rice. Similarly, at a pH! of '1.5, the conceotrf-

I; ion of A.+3 1 n :;omw pddy I oiy l is 69 prpm (toxic to riuu) while aL Lt

pH of 4.5 it is I Ppm (nontoxic) (Ponnamperuma 1972). Toxicities; of'

lJc;hei e ction:f; will., of, ousvaly from Jpe'iu 7os~'~

li . A t 'ot.i.ejws tiha .11' ion coneentrat(a ' is• chanige, then spe]• I' i-

conductance: will also change when a !;oil is flooded. Specific conduc-

Lauce is a fluncaion of the balance of chemical reactions that produce

or inactivate various; ions. Upon flooding, specific conductance of' 1i,

soil generally reaches a maximum w.ithio• h wk. and is followed by !t

docr-enoe e.nd girralual sýtabili ation after 16 vTnoýu; L o a value that is

!har•ciori:;,:it< of the -puccific ;oil- (1 nnoumrperumia .9(2). l'oanaanpteruIR

(1972) attr*i.but es the in] tiLl incre.CsUe, to the r'•e•Juse or lieQ and Mnt+

".7
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from Fe and Mn hydroxides-; the. accuimiil~itioreý of NHl HIO adRon

the dissolution of CaCOi3 by COý and organic acids; and t~he displacement

ot' cations t-,oi exchange sites on soil colloids.

1.Nitroge(n alsio un~derg-oesF a complex series of chaniges when the

,.ýoil is, flooded. Under aerobic conditions nitrogen occurs as lip NO,

and NO. In the sequence of respiration, nitrogen from organi-c matiter

isý present as proteins Wthat arc broken down to amino acidsP, which are.
41 +

further br-oken down to NiT.r . To the presenjce of' 0 Nil) coul1d be

oxidized to NO, anid NOC3 depeniding on the Eh, pH, and temperature of' the

t-ystem. Undier anaerobic conditions the br-cakdowii process stops ati

ammonia, which will accumnulate under flooded conditionis.

20. Amnonification of proteins3 i.itic acompl.1ishedl by anaerobic

bacteria in flooded soils (ionnasnperuma 1972). The rate iL. temperature

dependent, with hidgh temperatCur es giving rapid. production of' ammoni~a.

lie also reportsV that nearly :0. Inin o'ri 1 i zrdr.Iýi nit'rogei iii L r;oil.] is, con1-

verted to aimmonia within L2 weeksi of s;ubmergence i ' lUrnh mitriti r

t'awOIribleL' rod if the soi.l is not strongly acid or de' i cici'it iii phosjrbe-

rue . D~e!omrposition of aiminlo acids 1.11 aniocrobicon. i d to the re-

lease of' 80 percent 'of' the N present in the airino acids as,- amimonia

w~i. thinl 1.0 (Days (Greeniwood ar-it bvee; 1.960.)

21.~ ~ ~ ~~: Ilntrfct W~ic h biochesil at reduhction of' No anid

NO 0, to N,)() anid N,, gas. frn the soil, deiii trif'icatioo reýsu);lt j it loss

of. nit~rogen to tieitniirhhrr o Dcitrci t'kitfr0 er weliti only rr.'Low

oxygen rin cobrcUa tions arid I.:; aceollip'Li. shed. by h:1te!'1r.1n fung~i that,

t uricLi~r enIst',e IUJtat1Vt' aiuit-oeri h ( tikernan anid Machat.( Lji'(1 7, 20r-e- aridn

Pair ickt -1.96H, ltic~aeki retid Brady 1.969),Ianr' QrIoorrirrina.)?

itrsrr~t. 11(). 'Iirn or'goirrirs eritire 11+ to aTreNo- iaid en:r1leni anidj

Trlmrorl inie rrrr' totr(J~ r w r7rr, i i(Aoir!rt;irr ,irr; raw rrr t,t'ltI; i , it cl vi'!

fr~om~ irrcfn~rai 11itIir:.tigr hs ity bre miorui rrrrv(Ar J11aro.ir hig~h li.1

de c-r orri p sable nrtzaarn. (2inn i; Ier (lil; ric. In.r rrt Wy at, 19(1, 1, ioniwuij itruain 17

Trie trm!,-niea of' 0 ig uiic- muttc- UrY irir y nom u.rti~wnyityft nrc i.t I. in cci ut or dcnitii4r1--

0-i 1 tLrn o . Ruddy sodc I atr i .k (19'(')), f'o uC teNr Ip te , ]' Ind tlstth lIi rrdriU -

t, Lon 0 C 1ci( ire .st UW unir1~ rid I sotV.0 urTimr J ro 1111 ( Nitl ) thereby Lim u i .tt .1 ig ti



P2. Alternate wetting, and dtrying of the soil has been shlownl to

increase nitrogen losses (Patrick anid Wyatt 1904, Reddy and Pwtriek

1L975) This, resulted froma the creation of' an aerobic. surface -Layer

daring the drying cycleo in whJich wii7 may be biologicall1y oxidized -to

NO. 'J'is nitrate thenl diffuses into the antaerobic. -nib:nirfitce s~oil

where denitrification occurs, (Patrick and GoLch17)

213. Nitrogen ailso enters the s~oi.l from the atmosphere throughi the

processL of nitrogen f'ixation. T1hrough this process atnospheric N i~s

conivurted to amtmonia. Nitrogen fixation occurs largely through the

activities o, hIe b-lue-green algae and various bacteria. It'a flooded

soil, contains; large populations of these organisms, n1itrogen fxation

cara be enhiLnced,

"h4. A pronouinced 1increas.e in the concroý-tretior; of wr~ct'r- ;oluqbie

phosphorusj (P) is observed when aL soil is flooded (l1onnonperumna 197P).

In acid s~oi-ls (p11 < 6.6) this increase is attributed to the hydrotlysnis

of, Fe 3 and A-L + phes-pliates , the release of' P fromr anion exchiange sites
+ 1 +3 + j

on c Itty cs]d bydr ne:; oxldo., uCs c c and A-l , and. tire r'eduction of We

Ije lW1' +24 1,J.1 Lhlc JiCii Uti-L-tiUJUes of both bonided rand ads;orbed ]' ½ in

alkal~ine (p11 > Y. 3) s;oiiLs floodi~ng riecreiuic:; thi, pI1, thereby inicrceasing

the solubil il of' hydroxyrqctt~ite (CaC, C 1' ) (oil),,)CPnuoemr19)

+4+~.Manganlie (Mn1 ) OXides are converted to maniganouus NMil'

oxi tles i~n reducingfý :oil.:;. 'lhri:; k;1 both a bitologictLLalnmd chemical-

pt.,ocess, and resuAlts i. n increase(.d eonc entratiere; of so'l;uble znarrgaxe!;;e

Will;i ii 3 weeks,. of JI oiIIg [(105; tJ Lhtie MILItogIiC.S e is; in Whe reduced MI-I +

Leer (I'm mn)nrnfnperurnat 197'(, ).

'21;. 'lIie red iuced -irr ;eii tnd mgns form,;WLU edLIC inI I'TA te1d 00 so Is: Qt ti-

lids t ot t'?Lt- II.Or X1 A1 [;cltitg s )Ii t n clay III in a 111'L On :;()l I !; w.i 1l1i Low

cij, Lioil exe hanpue Capacity , We arid Mil I May d t~ceeerneb

p BA,:c ;'3I un (94) , res--ul. inrg i~n hi gher K. eonw ritra Li~ons. in the S;oi-l

so L~tlaio1n ( flu Lq(,-i, Jonles 95. 'tssi arid Alteor basic cat-iore;

311ty1)1,y f dit;.is Al.' d 11 W t is; mtoiiiclt and art1Iy ] oi'tb-~irie (-'l ''w y by waterý litv(.-

m( i nLii the :om..]. FluJ.:; J.se Is in ro V.rl 21Len, dm.:il1(i 1 uio L itci~t i(c-mti~u

u(W Lhls :ouil. lRHIIIiTUmrar ( I9(7) luae; tbsrr11cd ths ut oms:;: ill hi.:;

['ern .l.y:;i ; rmod(-l ofI' so(il. l[mVrmnt-ijui wt( o 1ie'r a ueg i rue( of' soanonmil .inomlicrI

19)



P7. According to Ponnamperuxna (1972), concentrations of silica

in the s(oi increaseu- slightly after flooding, then gradually dr,Ž- -ease to

le vels lower than before flooding. This phenomenon is thought to be due

to the reduction of Fe +3011 sorbing silica and the action of carbon

dioxide on aluminum s.i 1icates.

28. Ponnamperuma (1972) speculates that the reduction of Fe(OH) 1

and Mn(0H) 1 4 should increase the solubility of Co, Cu, and Zn. The

increase of pH in acid soils and formation of sulfides should decrease

the solubility of these elements. The net re.sult is an increase in the

availability of Co, Cu, and Mo, and a decrease in the availability of

Zn (Mitchell 1964, Adams and IHoneyset 1964, Jenne IV(;8, IIRRI 1.970).

29. Tn sitiiniiry, floiodhl.og of a sroi. r?.yl0dly vtabli;he- reducing

cuidiLiuns characterized by an ahnence of dissolved 02, reduced forms of'

cations, elevated concentrations of CO21 and shifts in Eh and pH that

affect both the absolute amounts and availability of nutrient.:-. Addi.-

t; ional ly, organic acidts and gas en are prodored by ,iw1. IT5?rnwi,, ,

These changes create a stress environment| around, the roots that provokes

a range of responses in plants inhabiting flcoded ccii . Ihs, ,o-

opon:;es are addresse;d :1n the following, section.

Plant Resj)Onses Fo1,loodin•

iS0. 'The eonu;iderati.on of plant responses to flooding is confus-

ing bccausc the responses are numerous artd s,,imultaneous. Some are

direct, 1. .e., resualti.ng frt m external factors arising in the ssi.i and

waterc, while other:s are ind~irect, ar isiag from changes; i the pulant

e.poradi~rLg to t~he directL 'actors,;. Direct and iuli-oct factors are not

uwnMILly independent and thus frust;rate attempts to identify causal

mnehat, i, ;mt. Fuirther, rt is; often" ij.ff: •ii;1l.1i dj St:[n('uilh tat injury

['rom ean adatpt.stion. For example, McPhcrson (1939) reportL the death

and collapse o[' root cell., in corn (Yea ;½•p) grown in unaerated culture.

... ; apprent injury may have some adaptive value, howevevr, because

(a) iHt decreae; the ,Pnount oi' t J;I ue that; mus;t be maratairn•od at low

exyg o 'o(n c oLtrat oLn;; a id (1)) th1 rC:;s.alting air :;j:):,:(-, JlaY exinhaluce the

10

I



rate of oxygen diffusion from the shoot to the root (Cannon 1932,

Glasstone 1942, Kramer 1951). Lastly, there is suirprisingly little

verification of injuries caused by specific flo(od-induced conditions.

Much of the early literature must be regarded as anecdotal because

experimental design left room for confounding factors. Recent research

often Pails to consider enough factors simultaneously to arrive at, a

complete picture of the nature of flood injuries.

31. The discussion thus far has focused on changes in the soil

system induced by flooding. The biological and chemical characteristics

of flooded soils have a profound infl noose on }I'hcr nl.oit . Tablu I

summarizes the conspicuous plant responses to flooding.

32. The historical development of the understanding of flood-

induced i.njiiry to pL,;v:nts began in the early 1900's with work by a number
of' EliropewbtL invuetigators. (No attempt is made to document the complete

histury of rescarch in Lhis area. The interested reader is directed to

Krwmer (1951) and Bergnan (195-9). ) Early writers :stressed the impor-

tance of good soil aeration and aLttributed :iujory to low 0,2 concentra-

tions in saturated. in. While much of their inductive explanation of

observ{ 'symrtoms Las been verified by subsequent research, they were

igooranI, of mectnLsi•nis involving hormones and mutabolisim. Accordingly,

their hypotheses arc optimistically simple. More refined hypotheses had

to await theoretical and mnethdological advances in the fields of bio-

sh(uts tLry and plant :,hyi.L.oiogny. Tr nd.c-, the the ;t~r g (W ifc11iflic

hypoLthesc:; on the nm.tur of' foo(I injury :i.:; a ro].Ative.ly rucnt
it ! Vt Kl. j)nriei-.t;.I

I A (': t.)'rtAr noe ct ii; well. (,aken itL Ii,&]. O tn .IIreseine' into

" I odr li~'Jil Iry l R,. t IJ.1c s eIi ; is be ii tor) A'"t~e W 11. iJd oll ibUC i r' hypol horscs.

However , many hypothes on have been inLbstlaut;ited. and lhilf; thin h e Ie ) iit

rich diversifi•cation of research elfor sometimesi at the expense of

intecgration of' idea:.s. Kramer (.1-951) rucog;znlized the complex nature of

f..ood injury. It is believed that both irJirvy and taoertlcc are ai-

I',.•tld, by manly ai.e1 Fand indirect;ac ['Ltors) that inuteract I;c yield] a

jsi'I;:i.c tar ne. o.P plan] chslaractrisltic s. With thi.s cauti.Jon in. Mind,

the lo w . n analys..;;. i.. Jnee ex.i(onted,

S'1.
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Table I

Plant Responses to TPoodin~jd

Bes2on~s e Citation

Leaf wilting Bergman 1920, Heinicke 1932, Marth
and Gardener 1939, Curtie. 1949,
Parker 1949, Shanks and Laurie 1949,
Kramer and Jackson 1954, McAlpine
1961, Dickson et al.. -1,965, Hook 3-970

Leaf chlorosin Heioicke 1932, Marth and Gardener
1•939, Shanks and Laurie 1949, Kramer
1953., Bcrg, man 1959, McAlpine 1961,
Yelenosky 1964, Wainple and Reid 1975

Decreased leaf size Heinieke 1932, Lindsey et al. 1961

Increased leaf' size Bergman 1920

Leaf thickening Hook 1968, Hook ut al. 1971b

Epinasity of leaf and petiole Kramer 1951, Jackson 1955, Railton
and Reid 1973, Kawase 1974, Wmnple
euid Reid 1975

Leaf chlorophyll breakdown Kawase 197)1

Leat' absceission Parker 1949, Yelenosky 1964, Hook
1968, Hook et al. 197.1b

Anthocyanin in leaves Parker 1949, Hook 1968, 1970

Petiole reorientation Kr.mer, 1951

])c-ereaUed shoot growth Bergmjan L920, Marth and Gardener
1939, Seeley 1949, MeDermott 1954,
Soo;n(..er 1960, flook 1.906, Kennedy 19ft)0,
lUilen: 1973, Tonueks and Keen 1973,
Walnp.e and. IRed 1975

Stem hypert.rophy Kramer 1551, Hook 1968, Kttwsee 1974

Decreased internode length McDermott 1954

Ifypertrophied lenticels Hahn et al. 1920, Zmmerman 1-930,
Hook 1968

(Continued)
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Table 1 (Continued)

Response Citation

Spindly shoots Heinicke 1932

Flower abscission Oskwnp and Batjer 1932

Death of original roots with and Bergman 1920, Cannon and Free 1920,
without new roots developing Oskamp and Batjer 1932, Kramer 1933,
close to surface Parker 1949, Seeley 1949, Hunt 1951,

Veretennikov 1959 and !964, Hosner
and Boyce 1962, Hook 1968, Hook
Ot al, 1971b

Decreased root growth Bergman 1920, Cannon and Free 1920,
Heinicke 1932, Marth and Gardener
1939, Curtis 1949, Schramm 1950,
Williamson 1968

Adventitious rooting Zimmerman 19•0, Kramer 19>1, Hal]
and Smith lV2, Veretennikov 1959,
Hosner and Boyce 1962, Yelenosky
1964, Hook 1968, Reid and Crozier
1971, Hook et al. 1971b, Kawase
1974

Production of o, larger root system Bergman 1920

Increased length of late ,al roots Schramm 1950

Decreased number of root hairs Snow 1904, Weaver and Himmel] 1.930

Discoloration of roots Heinicke 1932, Curtis 1949, Schramm
1950

increased root diameter Cochran 1972

Decreased, nutrient uptake YeIenosky 1.96)1

Decreased water upbake Marth and Gardener 1.939, J'r-amor
1951, Williamnson and Splinter 1968

Developmenit of aerenchyma Bryant 1934, Sobranai 1950

Poor fruit set Heinicke 1932

Corky fruit Hein.!ekc, ct ,l.. 19)!0
(Continued)
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Table 1 (Concluded)

Response Citation

Fruit abscission Haas 1936

Decreased transpiration Livingston and Free 1917, Bergman
1920, Heinicke 1932, Childs 19111,
Childers and 'White 1942, Caughey
1945, Loustalot 1945, Parker 1949,
Kramer 1.95.1.

Excretion of organic compounds Grineva 1962
by roots

(03iec! 3 of 3T
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Direct sources of- injurvj

34. Low O2 concentration. Anaerobic conditions, or anoxi:,, re-

sult from the depletion of available 02 in the soil. through aerobic,

respiration coupled with a reduction in gaseous diffusion rates.

35. The adverse effects of poor soil aeration on plants have long 4

been hypothesized and demonstrated to varying degrees (Livingston and

Free 1917, Bergman 1920, Cannon and Free 1920, Cannon 1925, Beardsley

and Cannon 1930, Zimmerman 1930, Hleinicke 1932, Haas 1936, Marth and

Gardener 1939, Loustalot 1945). Virtually all of the visible symptoms

associated with flooding lhtve been ascribed to poor aeration. Soil an-

aerobiosis is probably the most basic cause of observed flooding injury,

althou,,0h secondary plant responses medialte some symptoms. Bergman (1959)

"attributed the death of the root system in oxygen-deficient soil to in-

hibition of respiration, which reduces energy available for maintenance

and growth. Kramer (1951.) presented a ncena,,rio that is a comprehensive

model of flood injury. According to Kramer, flooding causes a reduction

in wýuer uptake by the root system foliowed by wilting of shoots and

.Lcavw s, chiorosis and death of the lowest leaves, epinasty of middle

leaves, and adventitious rooting. The rapid production of adventitious

rooes decreases the degree of injury and faci.itaLes postflooding re-

covery in some plants. Kramur's model is based on re:;earch with. tomato,

but his observations are c-ousistune with findings for many woody and

herbue eons species. Y)enolasky (1.964), for example, used :;everen, trct

species and observed decreased transpiration rutc: , increasved leau watier

deficits (where leaf water lot.; exceeds .:upply), and :olventt-[ 1-ious root-

ing. DeW]it (1-969) fouud that dcoxygeiiated culture resu]Ls in decreatsed

polysac charide coent-.,tu; .I. barlcy roots: and sjpeculaited t1iat the formation

or cell walls is inhibited at low o)xygen concuntrt.ations. tJhis model. is

usefill, too, i Jn thba; tIt support:; tie mLtabolic and acLitomical aLdaptation:;

that have becn demonstrated more recently. Kramer (1951.) suggested that

accumulatior of aur•.. aind the cessation of downward h-ranslocati.on of' car-

bohydrates result in stem hypertrophy and cLd.venotit:Lous rooting. Actual

iriecicto])::m(:' o" cc:001o0s ilL be discssed laL;er.

3ý6. LIt should be borne in mind [tdct d.iiIcret p•lants wi. lJ

r



manifest different responses to low oxygen concentrations arounI the

roots. Schramm (1950), for example, found that oats and b,.ley grown in

nonaerated solution culture developed longer roots than either the con-

trol or the forced aeration treatments. In contrast, tomato and corn

had the shortest root systems in the nonaerated culture. Woody species,

too, show differi rg resronin,,e, to root ,aoxito, In a coeJlparison of tulip

tree (Liriodendron tl__ipifera), sugar maple (Acer saccharum), white oak

(Quercus alba), honey-locust (Gleditsia triacanthos), and Amterican elm

(Ulmus americana), only American elm developed adventitious roots

(YClcnouky 1964).

37. Accumulation of C02 . Next to lowered 0 concentration,:; the

accumulation of toxic levels of CO2 around the roots is the most oh,

served and best documented. adverse effect of soil saturation. Much of

the work has j.nvolved. varying proportions of CO and 0 in an effort to
2 2

determine compen;atinf, effects. KnIEght (192)h) found that CO2 concer, tra-

tions of up so 15 percent did not affect corn after the soil. had been
fumigated for 5 days with various concentrations of COG. Pure CO),, how-

ever, caused w{.tingo P days. C.nnoon (1925) concluded that oranges

Hire. highly toleruat of CU,, because some root growth w•,ý maintained even

wAen 1. jots were gassed with PP.8 percefnt CXO 1.3 [)irirent 0,,,, and

.6. percent N,, or 75 percent CO2 and 25 pet-cent 0,. In contrast,

Gjt'ton (192°7) found that root elongation was suppressed with S7 to
5, percenth CO, even widA 0,h concentrations of 2(7 to 20 percent.

38. Chitd.s (1\9)11) concluded that low 0, concentration, not (3).

concentratJion, had an overritding effect in decreasing tranis)iration and

photo.synthueelsA in apii, sI. Vhuni s and Davis (0.9,4)1) :onrid 1.; Hat 1)1;:Ji.1ng

(!0,) LA cou9gh a nutrient solution in which rice, barley, and tomato were

growinig caused an [ruAeAdi]•.! I cess;ation tif. growth with concomitant wilt-

ing. Barley va.; cspeciaj.ly suseept i ble u., growth co- I d sc: topped with

20 to 30 percenL partial pressu;re of (0) even though the remainder of

the gua mixture was 0,,. St1oiwijk and Thi.han (1947') identified oats ande

bail]ey as bcing wor.e tolerant of 0,, than pea, bean, s•i1nft.fower

OleL:ianhhI.1 II!; aninuls ) anod [)roa(Poan. 'the t(lort.lt plaxit:; cool; inucd ro(e t

growth until. C(,2, ennee'nt ration A-xO.A;cdi ((1 6. 5 percent, whiilA) 1 ,i!e•le nt Co',

i i . . .. . . . . . . . . . .



wan sufficient to rct,'rd the lattcr group. Willianson (1.968), too,

foiud that broadbean was sensitive to C0, tho",Jh not particularly

sensitive to low 02 concentration.

39. Harris and Van Bavel (1957) generalized from past research

and stated that in the absence of CO, 0,, concentration wol I d have to

drop below 2 percent *or deficiency symptoms to appear. The introduc-

tion of CO, was found to aggravate the effects of anoxia, bit aL long

as 0C2 concentration was greater than 10 percent, CO2 toxicity could be

avoided. They further qualify this generality by adding that the CO0

concentration cannot be greater than the 02 concentration. Cessation

of elongation by either roots or shoots was the usual criterion for

uatsscslng injury. Harris and Van Bavel found that leaf elongation

dropped sharply when CO, concentretion exceeded 02 concentration. It

should be recognized that the authors did, not control for other factors

that could affect leaf elongation.

4O. In addition to reducing plant growth, CO2 in the soil

"atmosphere has been shown to result in larger diameter roots and a

uupprcssion of root rejpiration (Shanks anti Laurie 1949). Caughey

(19l5) hifs shown that transipration, too, is affecued by CO 2 around the

roots;. Inkberry (ix. abra), wauonyrtle (&rica cerifera) sweet pepper-

bush (Cluthra alnifotia), and white oak (Quereus alba) all showed (de-

creases3 in transpiration by 50 to 70 percent aEftcr 1 day of exposure

to GO2-saturated C,;oil.

hi. Nutrient uptake also i~s affected by abnorm:ally high CO, coin-

oe(cobraLioon aroensd the roots . VI nnticc; and Davw!; (lPAi)l) wlo 14.1,1 ," f l,

. 1150114 tr,;c•r:£L• dicirol ct p(115 s:liumn uital•Y• iln hualr.]y and. tomLto but Inot .i.n

rice wbr:n pl-anrs wetre grown in 0.0)05 M Kitr solutions saturated with CO2'

In ia collpl'relelln ive study by Chang arid Tooic.ii (1945) wi hL wheat, corn,

and rice, bubbling 00C, through nutrient so_1lutio)ns, for 10 min/hr for

36 lat' decrcasud tic auceiuulvi-ion of elements in the plant tissues in the

order K>N>P>(!a>Mg. Moue reccntly, Orable (1.966) fuinid that concentra-

ti on o)f C(,, in e1:1ss of ',(1 petreon caune cb].orosis; and. ii icre'afoid ion

uptake in corn an(]. :ccybieoi.

11".it 1i a; lpparet rL o L i'io si; brief treii,mucte tihati high CU,)

SII



concentrations, like low 02 concentrations, affect a variety of plant

functions, beginning with respiration on the most basic level, and then

directly or indirectl.y altering nutrient uptake and growth. The actual

mechanisms of the various injuries are poorly understood.

43. Production of organic acids. It will be recalled that

anaerobic respiration of carbohydrate-rich organic matter results in

Lhe production of a variety of fatty anti bydroxy acidt (Russell 1973) by

anaerobic bacteria. While many of these acids are toxic to plants,

little work has been done to determine the actual toxic concentration

and whether these concentrations are reached under field conditions.

Nevertheless, it appears that field concentrations of' some organic acids

may approach 10-2 M rn-r ,vrl.1 wols after flooding (Russell 1973),

and this could be sufficient to reduce or stop root growth. Russell

(1973), for example, states that butyric acid is toxic in concentration:;

of 10- 4 M while acetic acid is toxic in concentrations of 10-l M. Wang

et al. (1967) cite the work of Boerner (1.956) in which p-coumat'ic and

p-hydroxybenzoic acid, suppressed root elongation in rye and wheat, whiLe

stimulating root growth :In barley. These same worlern's found that formic,

propionic, aeetic, and n-valcri.c acids in nutrient solution depres,;sed top

growth in sugar cane in c-oncentrotlonnu of 5 x 10- N.* iso- and normal

butyric acids were mert! toxic, depressing growth at 1 x 10- N Wrecncl-n-

trations. Ourprisingly, 1 × 10- ) N concentrat.ions, of' Lactic, miulc, awo

1ceirui c acids promoted top growth in ,Qugar canc by up Lo 7.1 percenl,

over the controls (Wang et al.. 1967). I1t is apjlF.xenei ithat und,.r teiid

Li on-, wher~e I011 t Itihigh in organi .!t mat~ter, concerutra tinon cof o egani cc

acids may arisu unidtlr f'looded c•nditionl:: tidt il'I fct; the g•ro)wth rVsCjoul5,

of plants.

44 . Methanu and ethy.len. Along Wi th MK),,• m, 'i;1, ro is a me,)0n1' to1d

product of respiration by obligate anaerobcs in the ,oil. after the fi.rs;t

few days Oaf P1 anding (PolnticrumITrnee. 'I Q97"t Pus:sil 1197() . TMthelMe WICt

continue i;. he prodne ed for a long perwiod. of i. ime by opt citi zr I

* N, or Dont-J.i Ly, is definOrd as, time number olf grwim- t'eluier1t]nLtt, of'
'Io~lultc d:[:;'s,•Lvt! il [. Y. of' -~la[tlion. A /Irram-(qlui~vidot~e ; [is nmuntiwr (! .J V

t:ulU to Li ith graman-aI10m1ic weitgrt of' f) coml1t) riJ . .ito retd iV i Jit:1 vt l lw(:Ot.

II
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anaerobic bacteria that reduce fatty tcid:; by(lrox acids, cellulose,

ethanol, and CO2 (Porunamperuma 1972, Russell 1.973). Despite early

reports of growth reductions in tomato and barley resulting from methane

bubbledI around the roots (Vlamis and Davis 1944), recent research has

demonstrated the noninjuri-fini patvire of mnt't-h c (Y !nus•j 196)!).

45. Ethylene is another low rnol,,ei','.r weight hydrocarbon pro-.

duced by bacteria in anaerobic soils. Ethylene can persist due to its

lcxw solubility in water. Of all the organic gases produced, only

ethylene has a pronounced effect on plant growth. Russell (1973)

reports that root growth in tomato, tobacco, barley, and rye was de-

creased when ethylene in concentration of 1 ppm was supplied to the

roots. Measurement of' ,.thyl.rnc en.ccuntr.tttion in poorly drained clay in

fields has shown that concentrations can reach and exceed this level for

up to 2 months per year (Dowdell et al. 1972). While this may be a

significant factor controlling plant growth on some soils, the major

influence is probably ethylene produced by the plant under flooded con-

ditions (Kawase 1974). This issue will be dliscussed in more detail

later.

46. Hydrogen sull'ide (11-0). Hydrogen s l.fide is produced under

anaerobiouis by Desulphovibrio bacteria, obligate anaerobes that reduce

sulfaLe compounds to sulfides. The result is the liberation of'f 12•,

whieh hne; a demons-trated toxicity in concentration of 10-6 M. Virtual ly

ttijl, meYtu,bol l'c fimcnti, 10; 3f L he rooto are divrecl, y or indirectly affected

by 11,0, resulting in the death of' the root syst, em. Armstrong and JBuat-

Mran (196'() ob,,•rrved tLhat. rr',: We(e r-ot)td or" tounGted iii muuot genas

(Moltila sp. ) and sedge. (Caurnx routrata) growing in bugo where iui'a(nc

coticetrut ions of' 1I,,3 reached 7-.5 mg/i. However, they aJl.so demonstrated

that pilanit,; with ao ability to oxidize their rhizoophere ,ould forts

prot.est-ive ,;heathl u,' le]) .l*1() around the roots. Hydrated ferric

oxide cool(1d re•art, with Tl,I to I,'?•I-it'tIi i l•t•. busse .•l (19(:3)

states t.hat. thU presence of ii gh concentrations of' Fe +3 inl neutlr'a]. :;oil.:1

W..I..1. a1.:no e•1-.isiu! ,, the jii'obl em of' 1*,,. Aom I rie (I96:1) 19 (;tti ý;riil,,,d(

too, thOt, 1;,11' fIreýSeiI of' f 1, .1 i the so:il :1 olut ion indictel,; an Ell

t'hlat h; toe Iii g to ,e.r)nrI; t lie roeduction of :lu f'at;es. [bhlus 11, ,hooFVl

29
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highly toxic to roots, is likely to present a serious problem only in

upecific cases such as soilu that are high in organic matter and

deficient in iron.

117. Iron. Pornnmperiimw,. ( _.Y2) .taUtL that ihc wusot important

chemical change in flooded soils in the reduction of iron and the
+2

corresponding increase in its- solu),1]ity. Conceivably, Fe could reach

toxic levels in flooded soils as suggested by Misra (1938). Recent work

suggests that concentrations as high as 500 ppm are not toxic to rice

(De and Mandal 1957). Fonnanperuma (1.965) reports a range of Fe+2

between 0.25 and 290 ppm for soils flooded for 50 days. Despite the

potentially high concentrations of ferrous iron in flooded soils, toxic-

Ity is not ge)inrally recognized as a problem except on tropical

laterites.*

48. Manganese, Manganese in the reduced manganous (Mn +2) form is

another metallic ion produced in submerged soil that can be toxic to

plants. According to Ponnamperuma (19'(2), toxicity to rice does not

occur ijt floodcd -ýals. Junes (1972), however, reports toxicity symp-

Loms in :Iedge (Carex nigra) and red fescue (Festuca rubra) at 200 ppm.

lie found concentrations in ('xetln2 of 1000 ppm in slaci. :mnnds and

uggestts that Mn+ could bc a factor influencing species distribution.

)19. .Tunmairy. Flood.ed s•oi.s are, chl,.t-atrrized by an absence of

free oxygen, that is, demonstrtve t',tuced ,onditions. Plant growth rind

survi VLI. are d i.reotly i'.fertod by I c condJ Uiuo; and the c hemio..

by-product:! of onlae-rolliLc respiraLion by soil. bacteria. 'loxi ity hais

been dmonititraLed. for many of these by--products under specific condi-

I.i uri. (heeral.1 y, hoWe"ver, low oxygen jis the primary .l.iL. ting factor in

fJhJudUd zioj Is, I X.d tox3iQe FElo i•2~tiofl5 of ions maid organilc acids and

ga:ses exerl a secondilry effect. ih._ separatioun or simultaneous,

lyn:rg, s }t;:i.- t'c:, J:; extremely tilificu lt,.
Aui'p. t ivc r,_.s)on1230 Uo I'loodinmg

50. Nature- of mrlaip,2t io." Plants respond. dirctl y t.o thc low

te'r::oIal cominuiulieat iln , '3 May _9'( 8 , Duamme !. M kkitIeson, co).cs:;or,

I)vt.)l. (WI A , " w-iy -irid UnivmIiL T," ' Davill.

;(i



o)xygen concentrations found In saturated soils and to the reduced com-

pounds arising from anaerobiosis. These responses are most appropriately

regarded ts injuxies, as discu:l:eed above.

51. Indirecti responscs include those hormonal, metabolic,

anatomical, and morphological changes occurring in plants when they are

flooded. Many of these changes are adaptive in that they convey flood

tolerance to plants. As previously suggested, the semantic line between

adaptation and injitry is fine. The focus of this s•ection is on the

mechanisms and adaptive significance of flood-induced changes in plants.

52. In a strict sense, an adaptation arises in re:;pon:se to

selective pressures that differentially favor evolutionary trends.

Acclimation, on the other hand, refers to an organism's ability to

responed tu changes in the environment. The plasticity of phenotypic

response reflects the degree of specialization a plant has undergone to

exploit its environment. With regard to flooding, some plants have

become speCi.;Llists in their abi Iity tn tol !rr,,tu or Uvun irquire 'looded

conditions. Others, which are riot particularly speck' lized, are able to

undergo acc]- imation processes that enable them to tolerate flooding.

This distinction generaFlly is neglected in the literature. Much of the

understanding of flood tolerance has bern gained from studying plants

that are not adapted to flooding but which can acclimate to flooding if

so required. The ability to generalize effectively from bas.iic research

to applied situations rests on a recuognition of this distinction.

53-. Anatomniral ,and morph(ological rueponses. Anatomical and

morphological- adaptatio)n:; to ciodiig arc the assi,;! efm5j)1icuouars and have

received much'.i atteortiaon il. the literature. '.ll! (tevxlor)pmnnt of: n(w rout

sysote•ms, roeuts with different characteristics, smaller stems, inter-

ct-I.IIs1tar -Ar" :'r (Iu Sd jhciiifl c1oxiui)oUilj..y ubserved in fluoded

plants, all have one thing in common: they fae:ilitate the conduction of

0, to the root sy.stem to enabl.' the! srt to ,void Lhr souse•ouenc 5 of

anaerobic soil. Evidence supporting this, hypothesis has appeared in the

literature C'ur soiime time. Hahn et al. (1920) observed the development

of hypertrophied l.cnticels below the soil surface on conifers growing

on wet si Leo. The co0,m•leetLin between lenticels and ray tissue in the

p 11



phloem was described by Wetmore (1.926) who siuggested that this f~acil-

itated the aeration of storage t is-sue. Z~immermani ('1930) demornstratle~d

a culationship between oxygen conicentratint (ca. 1 1Ppm) and the develop-

menit of Itenticels on submerged willow (3alix) cuttings. Apparently,

lenticels did notý form at 0 2 concentrations, below ±. ppm, suggesting that

the stemn could take up 0, through lenticels only when this threshold was

exceeded.

54. A s;irn: tar re~lationship between the! l~oc-."tion of rootsý in bog

plantF and aerated strata was observed by Thuerson (1921). He claussified

four types of rooting behavior: (a) plants with root systems, herizontrtl

and parallel to the water table, (h) plants with taproots that die at

theu water table and then produce horizontal laterals, (e) pl?;nts with a

diffuseo system of vertical roots that die at tho water tablec and

[)roII-furtLtc into u mat of' ;at'vcat~iiuý UtastouuLs ju~st above 'the watter , ioid

(di) p~lants with roots; that grow under water.

1)5. Working wi-Lth miarsh plantsu of' the genera bulrush (,; ( i rpus),

cattail ('Iypa), reed (1'hrapnltes), and cordgrass (tipartina), Weaver and

Himinell (1930) found -that root- development was; again determnined by watei-

I eVil, and.J asiieiyIO 'llmii ~O'It).'(,,. PoorP aeraLtioun rcst;sitcd

in (;he dovelopmoutU of fine, shallow root sstew.Interestingly, onliy

:Jýýua deve-loped aquatic root-,, altho-ugh the root; rntorpho.i 'g~y was similar

to the thrgenlera.

56. Cannon (193;') 1in-Cers that; under ii. t'avornltle temperature. andi

:1ighLt regfime, willow ( JaL'lx) andI sunf-lower (hlfeiaitnhus ) c-an em 'IvA'v 0,,

p~h') o ya;.jihe LcI aly that c an bo trauis l. meat f'r1 i L n'lit ,' lt,?vi Lo 'ILbte' nt,'m

.or tr B.Where JA c ean he J! oil~e ti r .r(4? sf1.hrat; n . It(- t u i;o r m;plsCsI i

time plar Li.ai pm? c cuteL,[ ofixygoii .i.ii Ole, stem oay' be a i.i0) Lst o .l '1I)I!e1

oisjL o V Ihit .rct,:; into 'IHie s;bAlstrot e . As sums zii ig that Ciii:; 10 enar o is ecor-

rout;, ýa .1Cit : t a t WitI T'f' I Lrerrm (Ie m(IJ) MOCIIII iii: elW f' iI Y.1 horyl:, I O1 rt')))i',it iP()t't l' , CLItIti

an .inUteronn(.cted ytmlof' air channel.:.; mast; be pres:ent t'.rom 'Leaf 'toI

n'ooLC. Conway' C191-[) r.ound týhat In t~he hf-ru:co,(t tmj: nktir:hli pml.)i nt, twig4 ru!mti

t1 Lad]~ioi utU[[ .i;ti: as, mci iuh a6 p;jervcin't; of.' Whc' :t'LeM v'n.m .utoimt os; ii.d fie

1'i. -iedI by' ctjr . T'ittIIf019b. t I s'L 0tf (ýmqtCl'].TLQXIIt;5 !111(; WU:; NAItCim tW tJ er.ttm--

mijo lit' 'i:d if r74i)o ty rowir~it Ino uiiatma'ttd imud roe t;!.m.'v'd 0, t'rimin Li elit; t of'



dead leaves and living, nongroving leave.,. 'She folird that active

meristems have few vir spaces, which may account for -the absence~ of an

iix~ygef conftrii bi 1oii I''fro g-,rowinrLi leaveq.

57. Conway (194i0) formal, -ed the initernal acrat:[on hy-potihesis- and.

cited the need f.or experilnental verification of' thle role of derenchym;

lenticels, arid adventitious rooto in conveying flood tolerance.

Me-Phercion (1939) provide:c L'visienre thaLt intercullular air spaces found

under anacrobic coolditiono are anl expression of' injury-, namenly the death

otf cortical cells. Coniway po:ce!; two queootions that lay tile foundation

for much of the modern investiga~t-trns in the field. To paraphirase,

Conlwty s,.:;ltt; (a) Du roots of aquat;i e plantni need Itc.;L oxygen for

re:;piration, or arc the oxygen demands met by supplies from the- shoot?~

1isrnO (hb) Dole: Lhu aeýrenehyma forml a co)t~unlmion ý;y,-tem :uid whatL is, the

oxygren concentration in the'iy;fsm

5t3. Drawi' Iii ouerl3.1r work, Coiotay coiwwirvatitvciy :;Late!; that.

OXYg'el osrne' ni,t', ijol around -h rot u.ot sirop be-1ow 10 percent; bei'l'sre

i nj uriy be-comes apparent (Cannion l925, Zimmermanl 1.9-1())'.Illu Cladlumn

111111'_iorw:. she Found ani iut~eriirl oxygen ooncen(Lra.ti. in of P, per-e-en I; whi.ch

c xeoeuls U he c onservat ivcly high Uhres-he Ld erconeifm ra tli 'I. )hc nost~e,; WiLit

l tlm~mtl,f VoJlunsii FW :l;ern Itiir male~~ Uiy 1)( Utig, C llijiji1 ! 8:;uifu~o

(.eId; ( byi nt: at woody roun toLuck) anO Wit, volu( ofe 1 pore sipac in; 1.11 tImle

root'sLock i;ii low. Conlway Lm~e;1; hat -roo)t acm-Ist~iomi ill Wood U nrl

kelu will~ow ( Calix) and aide-, ( AJ uS) Tlighyjt. 1W iuspi:dVia at

soo' L i;yLtcmrm UV ai ii 51t18': ill WIC Wuiniy Liý;:osi

).Most. of the .iijimpm'to.lu I recerit, rcioearcl ilt!m; ds alI I wi tim 1a:;

bildalic withim;1 plalit:; Ilnit'crI' ioiodud ocidioUI ion:; ill ani t'f~l( 1 rUtoIs '

ILmI Lllmtl cii ctciuit ll' w f,0 rill)()i [Sll Much iF t(lf s H i ohr lilt; liIt7 1 wUI L rs-

o(ild~y pitiiLt;L anid miiily (W FA0:( Liim 8l.tdiA2 1.8W'rV Wi tim Vf-5t7,MIflfl 0i( e

Nu vs s- Lilit-u rei L; F ojick; sit' woody p.! ant-,; co~ine ide remar-kabldy

wi '.1. Wt. il thsc!;c, :O',timlI.

Wi. Barbor (!I, al . (1.96ý ) direw 1'rrom 1%rY-eJt' (1f*9-01 ) ci;evti

Hutt, batr? 'y 1,rown vrJAti I.L.; tc(ooL;; ii; ilmmi iasv1ib irc m Iitwilm dev( l.5ij50(i ci ir1J.('? I

a. ic 111ileis; andil ttsijts ii L roiipaat.iv' I i:: Ill8:; Cros LosicAJy i



while rice is. 'the possibility that both species maunifest similar

rtdvt~tqlye rL espousesL:L provided an itnt erecting opportunity for experimenta-

Lionl. Barber antld hisl COWO, or; wcrc unable to induce tire formation of

air spaces in barley, bitt were aible Lu derive some important findlogu

nonetheless. After determi~n~ing thu percenlt air space in the ronts of

both species, they compared observed 0O2 diffusion rates with calculated

rates, baseLd on the assumpt-ion o)f i nttr'r ~nnoirt(d, intixeelinl-ai' Li-. s~paces.

'Sli ti~ i >:poie quite closely.

61. O~oldatenkov and Chirkova (1903) demonstrated that a range of

ji1mitns overt them ne-sophyte -+ hygrophyte- (sic ) con];i nu-Lm were able to supp~ly

0 fr-om the leatve:: to roots through intercellular air sýpace:; . qgro-

phytes with; their shoots, in ai~r. were able toa suppl1y o,., to theE Uonts

(in ant anaerobic s-olution) fVol an idef'i nite per led of .' ints. Mesojih1y bLl

unader similar cent -i ore; were abl( L( fe mintain their root;; fI'r only

7days.

6:'. Cou~t, (i196)i) studied buekbcant (Menyanwithe trifoiiata-) , an

:tiuat i- anti maiiet'i Tmari,))~ iftltl wy In 60 pecet. oI Lbie r-1imilvmn

oreujied by a4ir: space:;. Oxygen ndji Iu.r.ter;r rates; ae en::; the entduderrný

wi e'r:::: Oliabyte s;atire its they woulId have been it: let aque ins : -ystejii

w11it]I' , t r';;~io.- dli;f~:: imi we:; tire teettyuv fi~lth ilie di l'tull-ion vt~~ei by ill

n i r-. Oxvygenr replieli~i;;;isiie I Li tie' ront:: wf;ie via LI s11 Lyule, Which .!,:;,

inl partV, :;ttpprIlied by the rIuitte; route thlroughI the entlit~frriri Is. Cool It,

idolnt[if'] e Lfiii:: atIlfiooiu; 11ITl''r;i01 nit Ln ie ae Lmtn f~totor hin bitt

(ill. lee :1,11t Itiriowislrer (.1-901)) anI U ';ntr((jwii t ( tfi f;)'(.l) fuiavi

::itiwtt Ilien, wilth'itigis:: (:;pss' JI, i e.aUA'~tAI'tiL ri) , I ehlucn ( IncfIust

t1( 11________ Il'u

'Iii:;, tIi()t-tiit" Ptltu fWild, diih I kmis ;r't:tii: f Lt I'lolu tin ji1i,:: leaf teat

iinowi!::lter ntef~ltrmrirv it theý ts::pin i atry qotIiuiettl* for Jjjniartinla ruoeb:: toot

* 'ot kmttd t1at thke 0,, :;uppL. i (A; I ) bit b te u( root: w riei fro I- 1). 0 i f-3 1( 1, i t

Jlur ii::teitityi1pýi' mist: ni woiit and (;(iiTii1iiitu ( I9I0) frt.

_______ill ("0" (!________/_ 4-___ _ _ I



demonstrated that 0 2 supplied to mustard roots from thre shoots decreased

with increasing partial pressures of 0 in the rooting medium, again

;luJ.or~ingthe hyp~othesisi thaMt gas0eous diffusion may account for the

.3upply of' oxygen to the roots.

64. A number of' workers have found that under experimental flood-

ing conditions; plants develop adventitious roots and have demonstrated

to vuryirng d'ri;;that. the rl('vT rnoot; ;,re more porous than the original

root siystem (&1nersoxi 1921, Hook 1968, Lurnore and stoizy 1969, Yu et Ill..

.1,969, Hook et al. 1971L, Hfook and Brown 1.973). "lome workers, have' f'ound

that cell walls are thinner (Bryant 1934) and less suherized. (Schramm

1950, Hook et ai.]. .1-971) , whiile others. have2 shownT that f looded plants

have the ability to oxidi ze the medUM 107oun1d, th~in r r~ot it (JensenO. (t l.1

'1.964, Hok1.968, [Hook et al. 1971) . A caution i.s well Ltaken to defer

thot tonicloston that adveoti Itous rooting under flooding always serves in

ini adapti~ve role. lii.L_ (19(5) , though niot. examinilng root; porosity

per se, was, uniabtle to detect; any advantage to the shoot contveyed by

adve2nIi t Joas ruootng in Al~nus gl.WJYinosa , which is normalJly cons~idered to

largeu nriwui-e W.' p)lanttict ievities. over a prlonuxged period of time, teid

hlow arid When the phelnomlenon is studied dcl ormine;; the conc lasi~on;; tioit,

*') Y'I'hionglrIh i ~to by carli er inrvestigation;;, ((BrieI;;on .. j

*,i tort I Q9)05 , HestIc;iotltq' etý (It, ý1.95) the ac teal role of leuitice-loL in

rI.d v ; tlad Ila .' ; so. itp Ar-cis~ty s b(_m 1.61)) WF ;;abled Mio ( deo; j rati ofLI't

_;ije vi~ o to.t, I err Ii;is tll Igy Le Os iii Lry hir (;I (A8)ori trat aod.e tou derog~ LIjf eecin 5

rigt oul (1' : Itfli tJ.U5Li'; ioi.['lit; watcur'i..;rlc etCrectively stoppe(.d

ijiy~iL d I '5i~t[ on I,[) e wit;;. Iliro et~srv all iwe;; tz.fJpitIott (If' 1,11c

121(15 jy~sa ]loo)k ( itrfi)[l) nutd [took et; ial.. ( I V(.I ) ;;hurwt,( IdtO.t htiti i l l ii.-

cet,;I , aridt not), eiivi.:;;;, IwriterrIl.1x l:t't. ol to dl I ties;;I tUroiffgh thel( stt'rmr L,0 thtir

- .root: vi. '[h av t,;iL.grttOr;:; wCoos aIbe I o U e(a~, oTl~' ch~airiuse; i.11 -1three(d

[t"orni N,, to) air. Wire l e ;;w Le;(,11; w('r'( eo(itLett with1 h1ttIe)t'Ai.ii trot .al.;r t.iln

uir' St to exoi i hi' 1,tol it ,11i; N,)) 'U rýtiint ,o l ;ligi

ri. inr Frtiii : L:; ntr wett. 'JB.; i tnin ii'i'ttr h ii v sre rpI er I; as

7'



was attributed toc a leak in the stem coating. (hsing simliar techniques,

Maronek (1975) found that under anaerobic conditions both red mnaple

(Acer rubruiw) and sugar maple (Acer saccharine) developed swollen len-

ticels, which facilitated oxidation of the rhizosphere.

66. Hook and. Brown (1972) experimented with water tupelo

(Nysa aqujýtiea), green ash (Fraxiinus pennuylvanica), tulip tree

(tiriodendron Lulipifera), cottonwood (Populus deltoidos), sweetgum

(Liquidninbar styraeiflua), and sycvaaore (Platanu:s occidentalis) to

determine the pressure drop required to draw air from the nheat to the

root. They founid that water tupelo and green ash (both flood tolerant)

required a smaller pressure drop than the other spedcic;. Thjis incr~eased

permcaeob~i.1ity w~as linked to intercell-ular air spaces in cambialt ray

initials, which wore continuous through tho phloem and xylem. They

,;peculated that eamrbil.l permeability may be an expressioni of evoiu-

toiuniry strategy. S'pec ice adapted to an environment Where water isnsme

times, limitingf have an impervijous cambium to impede water loss,. S3pecies-

adapted to habitats, where oxyrgen is, limiting but water is abundant have_

camnbielt air spaces to facilitate gas. exchange.

0'7. A topice deserving, brief attention as a sýpecial case is t~he

nature and roel~ of pneumatophores, stilt roots-, s;wollen buttresses ,-, and

kneesý ini plamnts. in a nice~nt, review article,_ on such mourphological- fea-

tlures , J(10 ik (1.97") s;tate:; that). the phenomenon it; c entered rtioi(i

tropTic';, whore :it; has; 1)101 abserm d in 18 dicet u nd i srionecot fauinli icc

U Inalw~ays ass,.ociateid w-i Lb waletri ojrgi 6 o II :;ei-. lnna ot (lie

ieee L 0.1 ;e~ ja'vilI iuig ;; tab Ei. jy , iddi(,,l~ nutrienat; iiptlake, and meow.1 dl igj

avenrues 1% a!or at tii . 'i lott l) r lbi d. ,It1 1t, t'liot; till(2 t 112'J.1 1. i tOO

I.I.k- 0rgo~s oi aton riiaigroi e:, : rw In ta JIda I v 2115 1-1[' thUu rp. - and

suttrepi es. oALi orl'anl; ; ire .ompe a. ,d ol aurciuohyiaatous; t i nou and are-

ovrdwith 1eati eels :,, strongly 'u(1g[-0t iJ~j ;A o~le ill ;mýt! ub-

terraneeri po(-rtJ.!ns of (the root. ehl'oi)1ndor and his eorl 1. (L95,)))

peurlformed t.i o'ld measureiiints on1 bllack e~jilagrove (lyle ic(,in],L nilILda111 W11Joh
)111inmuopor C ;) 1),ll reod. 1mange ov(.e (lDIii.oj dora1 !nLIg I whiclh Ila.2 L.

rm (II t 5) :1e1 I'ouend ti;hut both ti01.2 dO Iiav{ i1'ilI a Jý: s c~lilw I I liii

belwwto (1(2 ttulyterta1 R1111. fWor1.a.I lrtin t1' ttmŽ-lI) I When 0 lI



stilt roolde, and pneumatophoree were exposed at low tide, oxygen concen-

tration in the belowground portion of the root systems was maintained

at 10 to 18 percent When pneumalophores were removed from black

mangrovc, oxygen concentratione in the roots d-ropped to less than 1 per-

cent within 2 days. Siii lar.ly, plugging the lenticels on red mangrove

resulted in a rapid decrease in oxygen concentration in the roots.

68. In the swamps of the southeastern United States, swollen

buttresses and root knees are found on baldeypress (Taxodium distiehum)

and water tupelo (jssaaquatiea). Like pneumatophores and stilt roots,

their modified trunks and roots have long been suspected of aiding in

root aeration.

69. 'ieufound (193h) ex mined the anatomy of Nyssa aquatica and

found that the density of the wood increased from knees to buttresses

to normal k, corresponding to decreasing numbers of parenchyma cells

and ring w-i.oti.hs. He found little evidence suggesting acrenchyma and

therefore discounted the role of buttresses and knees in aeration,

though the degree of expression of the:'e features was correlated with

depth or flooding. Kurz and Demaree (1934) hyvrothesized that butt swell

in cypress was determined by the interaction of aeration and inundation

with swixi.. reuting from flooding with aerated water. However, 1he

absence of knees in deep water caused them to be skeptical ubout their

role in internal aeration. Whitford (1956) offered the observation

that eynress knees were. found only in situations where roots were

partially inundate,•d and attributed the formation of knees to higher

c.mbi al activity or thle tops e of roots whe' Ce aeration was presumably

better. Tt wouljd bc useful to reexamine the occurrence of knees and

trunk blWttre-ses in Iohlt of Kawas c"- recent (1977) Findings, which

rel-.te reoling of submerged cuttins LO ethylene accumulation.

70, The function of cypress knees in aeratLion was exauiiited by

Kramer et sil ( 952). They concluded that ithe knees were permerable and

that gas movemeni to the roots iia the knees was possible. That this

does, in feet, occur was not demorts tiated by KErmer. '('he rapid growth

rate of' the meristematic region of the knees was identi fied as the sink

for the absorbed oxygen by Kramer and hi e, coworker.ý.
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71. In brief summary, at wide variety of plants, including

domestic crop plants, aquatic macrophyt(:s, and shrubs- and trees are

capable of producing anatomical and n"'rphological modifications that

enhance thei.r ability to withstand lo-ding. These modifications in-

clude intercellular ai.r spaces, aerenchyia, swollen lenticels, adventi-

tious roots, and pneumatophores. All of thes' facilitate the movement

of 0, to the root system, thereby avoiding anaerobic conditions caused

by flooding. The role of knees and buttressed trunks in aeration is

questionable but available evidence suggests that it is negligible.

72. Metabolic responses. The ability to regulate and. utilize

anaerobic pathways in the roots, along wich the ability to supply roots

with oxygen through appropriate anatomical modifications, enable plants

to tol.erate flooding (Hook et al. 1971, Crawford 1966, 1972, Hook and

Brown 1972, 1973). Respiration would be expected to be a good indicator

of changes in the 0O2 regime around the roots. Because energy for nall

active plant ('unctions is derived from respiratory processes, it fo)low';

that the onset of anaerobic conditions under flooding; would be expressed

most basically in changes in respiration. in turn, virtually 10l plant

functions would be influenced by these changes.. As early as 19314,

Bryantk AatLb'. ',ta decreased aeration would lead to decreased

re.piration, thereby creating an excess of' sugars that could then be

incorporated into cell walls;. In tl.ih; wa'y he sought to explain ithe

occurrence of thicker cell walls of barley roots in anaerobic culture.

A different conclusion from a similar ob.siervation was drawn by Van der

(Weide et al. (1-963) who found thiL barley with r' ots in a ni.trolgon'ted

cuilture had a :;oluble s,.ugar content more than J.00 percennt higher and n.

probein content 4 to 25 por-eont hi.gher iitao ro1url: vi ;i :to;l'cd o t;.

It is suggested that cell wall f'ormation was inlibi loed by low 0, anrd.

that the untused. sugar:1 :;how up In the as say

73. The process of glycolysis is identical, in both aerobic and

anaerobic metabolism. Aft'e.r glucose is I)rok!ri down to pyriv.i . ac id,

however, its fate is del;ermined by the pr :seiw:n( o.rt' air: 0000 01 oxygen.

With adequate oxygen, pyruvate is rt-sp.Lrod ý,crobicaljly ,ia the Rt:h';

cycle to Co)p and 120. 2 In 1hie ;-t.s:eence of oxygo1n, pyruva tLe i;ualy :.:;

C>



fermented to ethyl alcohol and carbon dioxide. Alt'ernat~i sly, different
pathways arc available that convert pyruvate to several simple organic

acids instead of ethanol. All anaerobic pathways involve a penalty to

the organism in -that significantly less energy can be obtained from the

partial breakdown of' glucose than from complete oxidation via the

aerobic pathway. Thiree lines. of' inquiry arc interwoven in conitemporary

literature of metabolism in flooded plants. The first deals .;ith the

identifie'ation of m:!tabolites from anacrobiosis. The second compares

relative level.:;, of. the ineael o:u:tne hypothes~izes, flood toAl~erance

mechanisms based on general trends observed in pnlants. In the third,

inv.Ž;t~getrsha~ve exuejiieied rae A'o metabolism and enzyme activities in

an effort to i~dent~ify geneýrall di~fferencesi bet~ween flood-tolerant and

intol~erant plants.

74- Pu~binina (196.1) found that when oxygen-deficient conditiorns

were imp~ose(,d on the roots of pumpkin, tomato, and willow (Salix ci~nerca),

the coneentrations of' na~late, saccinate, and pyruvate, increased. This

indicate's- that glyeolyuisu and the anaerobic portion of' the Krebs cycle

were the mtajoir metabolic activities, anid thai; oxidattlute was; retarded or

eltriti netted. - Frthe!r, thu( root:; becaime cot' icited in Laiino aic ids, suggest-

ing, a postponement; of' protein :lyntliees]:;i . bettea wide range of flood

tolerances were rep~re(!en,cnd in h[,s ;tudy, Dubiniona concluided thiat the

phentltiflnla ohs o-!rvwed were greneral to at V1 plant:;.

T). Cri novai (196:1) feuind Witi L oino w. th root:; in anaerobic sola-

L;ion cultulre inre~reas ed time excretion of' gtimec ot;e nrid 1'ruelotosu, ttitno)

acids", arid tihe organi~c acid:; o)f imte i•rfdtes cyclt;. (Un1V1 n10ova! riojo: flnUt;W

tuxcetc 'tI, tfl)ic uttcO:J are te (;h.Wer I;1±oýe,: 1ail; ut~il i'zeci ill eenel e trob re ee itIc

or di jcenodcni, ontI:rg r ki rgyt .ixmput;; f'ot fur timer : cYnftAe:i:ý.i

[tot 1.i1,erY of; !I If (I q(r) cfloc w ) i.Y t he itu 1roduo t;i,(ni of1 organi,

alCid::' and OtlmA11mol inl L!lt, :etm :JtI. :0: from the rhi zone'( of' yeci Low i ni:; (in-

p:;edtesonm' ) nder var iou:; min xLuret;; (W 0, N,,,. and COý. flioug): nim-'

acoW;Ad were dot ceted, ntone et aenj~cfOcU. a i~yfnrtmi iiant ]erti on. oH' ir

mca.e.bmelydiatm; Oo()tviiit!eti ]'tJl:;tmn 0ccnle]i (' Ilcce .y '((17 y i:cueIl, ofl Uhii

m!imrisettyeiemio ifn I y: at, (1weee~m c ot rkei';; coned ci] u1(d tLhaI, t1he

11; c :flht:L o: itindue; mut:t:; hav e at ltii g aI) 11 ' ~ldii.Y t ir' o~xy gelm ( as d(o the



cytochrome oxidases) to permit such a large percentage of' the carbohy-

drate to be respiredA aerobically. Armstrong and Gaynard (1976) found

that 2. 5 porc~ent 02 was n-ufficient to mn, intaim unrestricted aerobic

respiration, supporting the theory that the system ha-s a high oxygen

affinity. Lumbers (1976) provi~des, add it]oti- coal sportive- evridE~mile orI

high oxygen affinity of' the t'rE~id.xOtlI:id.e in flood-toleranL groundsel

(Seniecia a quat-icus ). Recent, work by Ye ci; :0- (197(7) aind. Cto'penter and

Mitchell (1977) has correlated F'lo-id tolerance in several woody spec],,

wi bi cyanide-rest stant respiration. 'ihE; indicates that, r) alt errott le

exidase to the cytochroire system may have i. role in flood tolIeranice. *
77. One of the most active workers; in Owi fir] J of* vceletation

flJood tole; ince has been Crawford. lie studied noiolloood- tol erant

species in tile geniui: SencioP iantd obse(rved that, when t subj ected to

f~lood] tig, they towed decreaseýd growth r:'.tes, accelIerat~ed rater: of'

glycolysis3, and acciumiulated poteosIal~ly toxii.c quantities; of' etnianoil.

(Crawf'ord. .1.966) . in at subs equent neti -eli, Crawf'ord (.1-96'() further

demonstrat~ed that týhe- ItLC vitby of' the cozýymct alcohol- do fy iirogei rse (AD11)

was increased in flood-intolerant planits, lieý pointed out (Ahat organic

ard MreId Cf P 7urthe~r brokni (town and ti UeFoe h erit irI orgain] acid

component :;hould beý. e-xwimii nd to adequately portray t-he dynrirert te of'

anaerobic resPiration . ]'t~hyl. alcohol, on thec ether hand, in3 not, 'or' Lb 'i

ru: pired and inicreased( produlction s-otld be used asý ani indieaidl~ ,f

intolerance.

'(8. Vurn;ui~ng the erryotik activity idea f'urthcr , Crawf'ord tuid

MoMannon (1:9i6H3) pplirýil fann~ld~dm AfDiI InduterE., t~o a, r'ajgi of'

f0Jjo. I IG rn : otd in Isfeohrato Fltt,;WiM it; t -voyinj'l : t~eru m ei( j1It lo gij'e::. Ilt w1 t:.:

fIolrind Li a;h ciuyI : i ol ix( i'a t iai : ) ; Is wEd 'L-!e ! ADI I i. due Ii fi

F'rolt aC otAutlt0Idei (d (1,1f IUt to tot tc Iii ytL;. T11 'I'e f V ie t, FII ta; Li:; , reIa

wiLit perforicttnee uniler' F.I todeýd coeditLion::, :'gdlc;;of' tue( intountL of'

iterenlchyma i-, ::gcFe hat it cooll f), h need as anreein method I or.

'(9. Morný rici ovlý (Wi gnvitrj;th :.E.id G(irenveLy 19760, Wi gnaniajii

1to . (. ,9 6) Feel is-tu; f :;()III( dfouh(t onl Uiti:uriu~ ln of' AIMF, wf; I vi f~y in

I t~f~ f 1fi)ii'l F II itii(9. A~IM tý l iVity in; ;. Viii: fifiO oF' oxyJgen

Ffo



tension within the roots, which in turn is dependent on root anatomy

and morphology. In corn, high ADH activity was found in roots when the

sturrouniding media had an 0O content between 8 and 13 percent. Thus a

flood-tolerant plant with a high proportion of aerenchyma in the stem

could conceivably have an ADPI level higher than an intolerant species

simply because the flood-tolerant species is able to provide more 0U, to

the roots. In addition, it has been shown that flood-tolerant species

may have lower radial. permeability rates than intolerant species

(,Tererin et ,i.ý 1967), which could ruesult in less ,02 and correspondingly

higher ADPI level:: in tolerant species.

80. Wignarajah and Greenway (1976) were able to detect a gradient

in ADH activity that inicrea.sed toward the root apex. This indiewtes

that younger tissues may have intrinsically higher levels of enzyme

activity, and sample material for flood-tolerance tests would have to be

selected from tissues of equivalent physiological ages.

81. Laiibers (1976) has found that the activity of' several. enzymes

increased while respiration decreased in roots under anarobic condi-

tions. Increasýied. activity of roduced nicotinwmide-adeninc dinucleotide

(NADP!) -oxidizing enzymes (nitrate reductase, glutamate dehydrogenaneC,

and lactatu duhydrogenase) is proposed. as one possible mechanism by

which adeno' ine tri phlrs;pha}te (AT]?') f'c r oul...1' e%.!JlJd ;ýynthoui may bel - uL

tained anaerobic ally. ,ulnbers draws on an earlifor fi:nding (Van der

[bide et al. 1963, Dewit 1969) and suggests t~hat ATl' levels may also be

maintained through the inhibition ol ceel I wal.] synthesis. nteres'tingly,

the finding that nitrate reductase activities increai<sed, in anaerobic

roo;:t :suggests that suffiieneat oxygen was. trauisporbed k-e the roots to

maintain a supply of nitrate in hhe roee. zono.

82. Clrav.f'ord and. Pyle.r (.]i,)69) 1'oundi that the mala•te Lto snuccinate

rat I't i 0lo ) j)l)'1 Vi dI 'f co:rr l 0.w.0 i !vt hIJt o 0. CorI 0' ý di_, ! .t ug iL;hi aug I, IJ 'raii t

f'olm intolerant plantls. In helophy tees, the ratio was larger than in

nonhe ophytes. Other acids provided n consi :tent j'atrerll which could

be used for sepiratinig plants into tolerant and intolerant groups. 'lTie

a•ecoUmilatitles of @uccinate has been artsoc:i.o-tod with tiss.oucs domigied by

Ie)(p.5 ireI IIt)t eesr'ls 01 d~in.:iLI.el~ or niltrogen aiiitns.pher.e•i; (;Ilobs: J.9~tj6, lhied~l. II

till

U
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et al. 1960, Wager 1961) while malate accumulation occurs in tissues

not irreversibly damaged by anoxia (Renshaw et al. 1962).

83. Crawford and Tyler (1969) have also sugges ted that the

accumiulation of malic acid in floodcd root systemrs may not represent a

inetabolilc owt H. ather, mralate may be produced to correct the charge

imbalance in the cells resulting from the uptake of' reduced cations

(inotably Mn+2'). Thi~s hypothesis has recently gained support from

Keeley* who found that in the genus NYZssa._ malate accumulation accom-

panied high rates of ethanol production. Further, the high rate of'

growth obsecrved in siwamp turpe1.o (.Nyssa sylvatica. var. bif'lora) after

I year of f'loodhqy Indicates an energy gain in exces..; of that attainable

via anaerobic prodtuction of malate.

84. in surwrnury, the study of planit metabolism under flooding con-

dition.- is; one that promises to help clarify understanding of flood-

toleranoc itechanisms rind provide expedient methods for screening flood-

tolerant plants. It is fair to state that at the presentl tine there Ui

a paucity of' generalizabie result:-. 11Uhr ubility tou control rates of

respiration actIvity a~nd seciectively accumulate nontoxic biy-products

would undoubted~ly be advantageous; under f-looding. The abi-lity to

oxidizc the roots via aerenchymni and inturcellular air ,;pace,, is equaLly

important; however, metabolic !itudies must be considered to en~sure

proper iritvrpreý~tal.o0! of the r~usul ts

85. -Ihei role of' plant hormones in flooding respon.ses. The

diversity (if' morphological responses to flooding, hwi suggested that

*horlionres might ii.a~y it :go ii' I cant role in flood i njury. A p1 ant. hormonev

miay be e tfirned it- i a ihi ra] Iy (Ccii' r il ig io'gin L A com unld thiatt, inl !;m~U 1.

con1cCJtrUt Ions, iilo0tlfiCt5 phy"siological procOSSes; (Pappaport Ii

These reactions are Involved Ine protei~n :,yn thes is, Cell., wall formatIon,

and syrithe~sisi of ,secondary compairound (includinig hormones) arid are

manifes~ted in turn by the prowth of' the, plus!,. 1,caf ;Lm ~s~rserli

lI~iy
t

:ýtrpy,__ad1i-nt].tiou!; ruuti, chi(i5ophu~y h orua.sed

*Keel oy, E.T. lI.)(Y. Minl.ic a LdCL acelono I~iittioii in root!; ini resfiorisi', Lt

fl oiij. ni f it (Viili w( [7' or :Li I 111.W Ii tk ji.S. lIiil . iiLIU(1Ip . Ofri-(-!

I ~llu e ,IL. A. f i'



elongation, and similar morpho Iogical char4ges all implJ cate hormonal

mediation In flooded plants. The synthesis of a partinular hormone does

riot necessarily indicate a plant's, ahil tov LuviAtitund flOUdio6 I~aLher,

:ite ort ýiyriLhutsLs, iLcu_ of action, and amount of' a h~ormone will deter-,

mine the nature of the plant.'u responses. These responses, together

with ai p~lhnt's respiratory and anatomical adaptaf.Lons, determine the

:aicceso of' a flooded planit. The first suggestion -that hormones may act

in Cloud injury came from Jacks;on (1956). fie Look issue with the

prevalent view that flooding injliiry wfis! forled( by dccrcutied water anrd

nutrient uptake and siiggentod that Injury aruse f'rom the intAbility of

thf! fioCodcd root Lo Lsupply the shoot with ar n iin-'wr substance necessary

for normal growth.

86. The most popular hormone for study in flooding response is

ethylene. The symptoms of ethyl1ene exposure were firuL elaborated by

Cirocker et al. (1913) who described it "t~riple res-ponise" in etioLated

pea seedlings of (a) decreasedI rates of stem elongation, (b) increased

stenm dinine.Lur, and (,) sitf- pi n;i:0y, Mlchciur (1)38d) found that

et~hylene increase(d the sensitivity of plants to auxin (iniduleaceLic acid

or TALA) and suggested that the- two hormones acted syniergistically to

p~roduce the triple re~spons.e.

87T. ")mILh arid lRestfull, (19'[1) postulated that ethylene in flooded

fielId so I I hcould be a signi ficant fact or in (let.ermifling plJ~ant responses

LW flooding. Conceritrations; far inr excess of the phys4iol1 )gical thresh-

old were suhbseqnr~ntity founsd in fi'l d st4udies ( 8mith arid Dowdell 1 9'(h)

fsodf U Wi fltu dLUl ILCor'iritI~lt 1that the PtIII'I ('O Wn! If ryr rbiu2l ulig is

(8;M1.t 19y").

H8. ikýLhyient-iil,;ul L; psiroduced e-ndogornuas Iy by flooded plants,

LhAough the' :s to( of' ynlhe's !i ; i I'tt': dJaLILSo~i ( ir t)and Jackson

Poif Cifirndip ( b (-JIb swiam al ii Lfhat,1. he, ntimiiuLs fuor c thy~eri pruduic-I

Lion ar.jsein the ron'. unider aniacroblis sý rund 1,; ti'ans~locutedJ to the

shIout; wik rcr etlhyleno ,i :Is yntLhesi:. ed arnd its, effects: are observed.

KieLws,: ;e (.II9( , 19'( 6, PVf() ha i ideý aL conrV I .jjjIc i n mca forin the of' the

et~hylol irl'ir 1)()t,h) Ihlu s- aiinod, root,. llnder worma I. i5(Iod*A~tionii, endogen.uu.;

eth1ylene F,11; i!; din;:;i.jr10tted to the tiiir hef'orr activo -onicenit,rILthiOIW 10fr



reached. When a stem or root is flooded, however, eth~ylene accumulates

in the plurit tiss~ue because of' its low solubility in water. Kawase

(197(2a, 197Th-I, 19'(4, 1976, 1977) has found that ethylene accumulates" in

stems of' crabapple (Malus robusta), privet (Ligustrum. obtusifoliuxn),

chirysanthiemum (Chryanthecmum morifoliurn), sunflower (Hlelianthus annuus),

tomato, radish, and willow (Lialix fragilis) when portions of the stem are

either s4ubmerge:_d in water, centrifuged in water, or wrapped in plastic

fljint. In all eases, ethy'lene accumulation was thought Lo result from

imp)eded diffusioun mttheriu than accelerated production by the tisstics.

1I';Lcry.en also appears; to to trarisLo(cated. to port. Loris of the plants not;

subjected to treatment (KawiLSne1977. Bothi the local accurrulation of'1

eýLirylteiir and[ its; translocation to other iurLrt of' the plant are highily

correlated with flooding responses such an leaf epinas~ty, chlorophyll.

breakdown, stem hypertrophyv, ran adventi~tious rooting (Kawie:;" 1 974).
'thec causal link between etylevlne and these responses has: been abnmost

conclusively us tabli sited by the f~inding that plant,; treated w i~i

o tiitojlion (a synithetic compound that, release;;, ethlylene) shbow tHie same

responses as flooded plants, (Kawase 19'01).

819. Wamrrp I e (.197(6-) propos~es- i;Iit t1 ethl'lt', Fir. pv Iifad1);:1t, I ly ce rtairn

auzins , arne res iouns ibLe f'ori'teni tkY pert.rioptry anld adven~lt; il.' mi rooting

In flooded 10111.1 ower p1 anits. Hi-CFeeW rU ICs r' te; morh01o Log]C.R t'C:;j xi:; Os; wore

o bserved on planits growl pri iii aerat~ed 51) liii;toi en [tore, Wimiiij1t corroluit ed

tWtat; those( erljn, 01111 i lire p~rinrarily tire ''C !''; of' cwater' around the root

anid po:;ý;i l~y ill Lthe i nLore 'l1iril 5 puacv;;. I'4oin ty , :tAirtAc growtLii, arid]

eliur sisar' tt I toribtiL(( L riotl anox ia. Pnroitoei tri 1)11 DI ey (1 p711, ijn

140,011- drrtriitsriiewIiit. oriilerl 1ra etit(Ly rrli; Llion e ;troy- of' t,om~nd,r).L

''lucy cone tided thinL r'oot L woxin was tire p r imary cause;r_ of accehtorah 'd

ethlylenet jirodle 'L on ril Lire :itoui, arid dit1(1 nI, teuLf'eoi tile diA~.,"uion

tW etLiyhette Vrory roe( L( to shoot. '['hey dill it rot iletect it t2(JiOOeitI.'ritln

grIWivit'J (,i W et'etylee 1 't'iii rootA Lo 11 .;iLo, n (flii itrt!Vli( i'ln ecj he root.-

sit' ot, di t' t'usi~ iniiy pothle:si:;

910. I'lielyt, e lo. af'ut'e (W oL etylene arid aouxin wex'e 'I est

t''H'eli L() ci Ioilso f e dire~ct, ly, i' is i, rersti to ror; i d1r', ri that110
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light. Michener concluded that ethylene did not affect the production

or transport of auxin, but, ii conjunction with low auxiiii levels,

ethylene could produce stem swelling in pea, corn, and oats. The

similarity of this response to stem hypertrophy induced by flooding

sugy;gested to later workers" that nthr,, p):tot grouLh subsLainces might be"

responsible for flooding symptoms.

91. Phillips (1964a) found that flooding the roots of sunflower

(Rlelianthus annuits) resulted in leaf epinasty. Tf the shoot apox was;

removed, the epinastie response dY.sap rrr', Epino.sty could bu roiseored

by supplying TAA to tile cut shoot surface. In further experiments, en-

dogenous IAA content in the s;hoots of flooded sunflowers was found to

exceed the levels in control plants by a factor of 3 to 4 (PI> jips

1964b). This increase was attributed to one or more of tht following:

(a) a cessation of IAA transport to the root, (b) inhibition of oxida-

tion of IAA in the root, or (c) an accumulation of root-synthesized

Rlixin. The offCets attribuLud to accumulated auxin were suppressed stem

elongation and the promotion of root initiation.

92. Phillips (1964a) also reports that gibberellic acid (GA)

counteracted the TAA-induced l.eaf epinasty. He speculated that flooding

the roots may hfve :;toppcd GA production by the roots, resulting in an

IAA/GA imbalance in the shoot. There is good evidence that both GA and

cytokinin are synthesized in plant roots and tlhat lack of root aerat-ion

May reduce the leveL:i of these hormnones (,nfoes ai, Phiflips 1966,

Burrows and Carr 1-969, Reid et al. 1969, Reid and Crozier 1-971). Reid

aud Cr',zier (i )7.L) have shoitwnl thrat (,.A level!; i.n theo root ald 1li.e s;liot

IL- we1 1 ill .11 the xyem :;alp (),f toymirL de•ehtý'tn: aftir I Pi;y of ro•t;

fr.lrilo r .'ig,. 'i rittrbate the deer,,u;r in stem elongfat.io)n to decrease(,d

(,A r Kport Crom tWh rto to s, but eoncl.ude I that t;her rfi,.(•to rl proba'. Iy

eerromle. I im l-,oiiw . t ;i ('et,- '( (Ifty: I W' "] uillu o

93. FIelmani and ")andanam (.972) found that, growth of tomato inI

noaruvrni.t~ew ct.t-ulnre solutions was i•o-t'ased by rolias ar.i•li.icatio n of (CA

IntL benzyhrLt•nlnr (it cy Lokniin). (Hi.bbe:rei.l.:,rc acrid increarred dry wi .ight.,

Ihci,l" ox; ainl;ion, tamt :;1;,'in .iongati( a whhile •rri zyVi.:L;t)n e I iice. c i rca ; td 1.(a1"

I1hirdhnurest;, s ,term Iicirri 
1
't!r , :tud waOter r'ir.rrtent.

I
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94. Burrows and Carr (1969) attributed the breakdown of

chl.oro1phyll in leavu• of eunflower whose roots were flooded to a reduc-

tion in cytokinin export from thc roots. Chlorophyll brcldowsx could be

delayed by applying either kinetin (a cytokinin) or sap from unflooded

plantLs to leaves froe£ flooded plants. Railton and Reid (1973) were able

to eliminate chlorosis, epinasty, and adventitious rooting in flooded6'
toiato by spraying the leaves with the cytolinin N -benzyladenine.

95. It should be apparent from the foregoing discuws:;•on thit

flooding and/or root anoxia disrupts the hormone balaneo of plants. Thu

synergistLc expressions of these hormones on plant met,-abolism and form

are only beginning to be understood, and it is diffic Lt to generalize

at this time. Thus far, however, hormone fluctuations do not seem to

be good ;indication+' of flood tolerance.

96. The evolution of toxins. The possibility that toxic by-

products of anaerobic respiration may accumulate in f.ood-sensitive

plants has been introduced in the se-ction on metabolic respono':, . Other

'o;L)L'ces OF toxinUs are present in some species and are a significant

source of injury. Evidence suggests that thu evolution of toxins such

a:; cyanide and phenolic compounds is restricted to taxa with the appro-

priotto metobotie intermediatus already present in the roots. The

uobiquity of the phenomena has, not been examined1 but warrants study.

97. Howe and Catlin (1971) established it correlation between the

anount of cy,!nitoOF, en g lyhe:;i bydrolizud in floodL .1 roo to and the rela-

tive flood bol.Crrnc( X 1 j('!),th (1'rile li :, , ,'t ' Level I ' ) , plico)L

(I'runus armeniaca 'Royal' ) , and plum (Prunu:; cerasifora 'MyrobaLan :3 J, )

They hypo htc::;.i,ý.d i hai, Uhe I . ,n logen~i u ,y o ilt * eid it:' Iydti-,•oylic

('IIZF -•sit; 41(I' ;.);1I, LlIy ,;t-Ipavl't[;edL by ) electivtI.Ly permie•bi.e to mo brtlle; o Wider

normal aerobic conditions. Arnaerobiosi.:; dt ereitso:l the energy aalitabe
For 5eIr.libiti ile aitnta atitla' e , ca log the giy(n-(

1 
3 10 (, l ,'toid. the enzyiiiuttc L tItLo

together and cyanide to be released. Free cyanide would theln cause

further dssmaax, in. n chain reaction and the tees would be killed.

_98. lPursuing further the possibilLty of aototoxic ity under

wate<r Ih ,g&t condition::, (,uiLi tJ 1 h011 1i.:; (iio-w0,iki!.r., ( 1.977 ) contduetid a

c rit'o; o' e•yxji ristent:; on walnut (,_Jly ans hi ndst:; i J .r r and.

4(I

_____
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J. hindsii x regia 'Paradox'), and wingnut (Pterocarya• teroptera). The

.wnu hypothesis of membrane deterioration in root cells was again

rauiecd; howev-er, thu toxic agents in thtese species; were thought to be

phenolic, compounds. Released from the vacuole, the phenolics could.

denature proteins and ther-eby further inhibit metabolism. Phenolics

cOllV]. al. mo entcr thu Uranu.piration struem and be Lran;luuated to the

aerial portions of the plant where further damage could occur.

_..



1'AR'I' III: I'EGONDARYl FACTOIRS iINVOLVED IN 11,001q,)1'JOLFiANC.E
AND I.'HAC'.PIC~, APTI CAITEON

Sec ondaryjjactoruj

()9, Thefle'tr diLeCUsLued itt Part [l-ane;in ,;oil chiemistry

and the direct and .indti act responsUe: at' Plant; to these-, cimngfen-fi-f'IN

culhmfl()1 oa it.1 lood. sitnati~ons; A:s sauch, they Fepre pritht Wimarlty

-VI eiL: ' Uooding, ulconiPoundea with11 otheIr Varhtai.Q:s sued a: W; poe

age. o.' pIIt.IL, water depth, turbidi.ty, iLemierittire , wave tie Lkni, etc.

Whose sucoindary t'ac~toru, however, Iuhmo of nne )lIUIL perl'ormance and may he

aul ovi(i'r.i.d~rtti rigImport;,neCC euilt 'r Nc; cot e ittions, War uxmonpl.e (, currenlt

voL icitly oti Wave I' oreu ma iy bŽ;i I If'V to I C Wa crude a)o. I. Vr oill 1;e roo t.:,

mid. Iofippit even at trite Llitt would. tolliralo', t.xtrcmc l'oodng, lin tie

zah:woee 01o' wiittttt or !i o . I t. 'IIi' CoMiIil) L (I~ tll 0 l' :;i'eiititl'y fl'tiii))i' weil, IeI

jiecuLItiar to each U b icd sitnabiuut an1d1 Iol:Us L1W UVILLIVLLedOl onIt eaI;-hy-.ease0

lin't 1!;s. 'Ilint major ;tcoriiiio-y i'At2eLoV;; are'( 0Iuioeidttri hollow.

jIweiý and tub jJ~ypio vV~iLId .i1J01

.1.0)0. PrcobablytI L ii'' n l, l ' o.Li lel i n 
1u liLcvi'ji Ili ill' ;;i VII viol

oCit put tlt When' f'i.ii'iitditi I V U; jilii'luokyl~yir adapLtatioll to litl i.I titer-

jWpc i.flit dii l'Cttriwii':; iii I' Linl ~ii Lohrultur(e; ian' widley i'itgilzo te

11:1,1 1 :il.it :)Il i W .i.0Y , lb ':;oeto L¶JVlI, NY),f 1.90), W1 .1 I i5 too 1.9"'), Ihisrt,, r tid

Car erI apt,' l isle: li-);U O , L9 '' in ibt ol, is l lt::. ý W I 9Y) fit ill. i'l'IJ'9tii t

h1reedL.Joy mvu~ttr IIitl..' I 'lirt is t'ttietl..Iu fu t KqI'cl I,)'(iiii, isin ig l I a d J)I r out.

19t'l()1 l C)11 U (11)' ( ) w: tL e e~ ij it ie: li'd WI (t X(', 1. 'I.JItt1, ('(I ito wl. l )Iow (I' ;IW ix

a1 jio ;Ii ctt andi g ll:; rs~.l Y itt Ii,ii t; lell[ iji, )ii ill dlnt , c iii.d lItl -l wl f

lol [iv~l.y p-oill) (Lit ;lt.?lL w~ Lib (qinoie itis. jullj,adfoi

nut~lor n r hi~i e Till:, 1111.k Wi low (ýJillK

10ra o~iim. if;Ik~hvIL), a d, w l,41. hp-I
n t-( lr ll(! u IJ y IL, 1111ýIld ()1 1,1(' ~o~l ill ltil wl i*h

W111 G( o ~ ldtO, ~ldLil iA
i ri 1(11-li vo ). 'llI ij) .1,ko , t: o L. TJI. L :;k o l



select~ing species suitable for reservoir plantings is3 simplified

"somewhat by thle wealth or related experimental and empirical observe.-

tUcns, blthaxit inl the literature of forestry and plant eco.± ogy.

10l. Within a species, ecotypic variation may acecount ['or at witde

raolge of flooding tolerances-. 'Some of the~se may be genluine, ecotypic

dirrc~rcrxnccs with ge~netic bases, as demonstrated with groundsei (Senocic

vulgýaris) (Crawford 1,956), black gum (Nzss sylvatica), and water

tup(Žio (N._ tIejotticnit) (Heck. artnd. S1tubbo 1967) . In o thor instLances, a

speci~es mayW ha~ve beconm inorphol ogienfilTly 5,ýIT1'e o flooding. Inl

these cases any individual of the species may have the potential for

being flood tole~rant. As pointed out by Hleok and. Stubbs (1967), such

qw-,stions are! academic whe-n it comes to selecting plant materials for a

parlt~iculari s:ito. "hley r('ecernnr'edi t~hat; !01.) prjiig re;locte-d from

the area whore they will] be. used.

102,. Ago of' ;re, 'iree age is a f'actor in do~toriini~ng s;urvival-

do inrg Ule1odtinrg becr'iuue older, taller treces grincraitly have their loaves

ab)ove! water and maty 1w subj]ected to relatLiveýly loss severe, oundi.th-ios

titan oci [brdI gs;. Conver:; ely, a;s C].1-.1 ( 1970)) points out , latrge si.soa e

canl be at li~ability b2ca~us of inlCrealsed oxygen dcnrtnd coupled,( withi iii-

creased, res--istance- tO oxygen diff~usion tlwiiugh t1172 s-tern. ]'orseil.L ( 1-975"

pirovides ruorta~liy oh.,rervatioiis consist ent wiLii thi;: liyjothen is. De-

ýp1. to thisi ribstace, ol der trees:, are generatl~ly hit e ['[cod tolIerarnt than

seu Ii~ig: anlti sapling;; of' tMe samre species (Blroadi'oot, aret W v.1I.T. s eol

19 1rý) . A :;Lv [ki~ng c!xamjtl e i;; provi~thd b.y lDemnatr c' :r ( .9'1 ) :; tud y Oi'

raid Cey;'r''tc (T'horUi emrl i.ntihrr),Ir w~li~h :eriig;Iedve uock. r l

LO uiiiVi.Vlit ;;uimxci'ii'r . ~ rMatur I;.etrs';, Ac-L ecriuet l are Yearuirn l .

I 10 ir o '~ ro1i. (riwdnx palcoeIi; ro 017041 l'eriiucliof Lii; of rso:d IT~

c' Vrt Ls the; eliroc!tsIWN of surviLvral. 'Ibiois i51n Cof'ii . let. with1 1Pie Iitrgr

I)1 i :tr i:; "A ral. . 1' )thiat tvice;; For -rt~sle q 0 1. year were rio ;ilIn;

l)r)



year cuttings (Maisenhelder and McKnight 1968, Broadfoot and Williston

.1,973, and Kennedy and Krinard 197h).

105. Regeneration under natural conditions also is affected by

flooding. Du Barry (1959) found that among the nine bottomland species

tested, germination of hard-coated seeds was enhanced by submersion.

Thus, prolonged flooding might be expected to cause changes in species

composition through difforential germination. Hall aind Smith (1955) and

Pursell (1975) found that even if seeds germinated after floodwaters

receded, reflooding the fl..lowing season virtually eliminated all, repro-

(.uction. Broadfoot and Williston (1973) state, however, that seedlings

of species that typically leaf out late in the season (e.g., green ash

(Fraxinus pennyslvanica), water hickory (Carya aquatica), and overcup

oak (Quercus jyrsata)) will survive spring floods lasting into July.

106. Noble and Murphy (1975) found that unders;tory vegetation

recovered very rapidly after a prolonged flood in Louisiana. However,

seedlings of American elim (Ulmus americana) apparently were eliminated

and species of ouk (Quercus spp.) suffered significant decreases in

cover, according to the 1 13-day postflood inventory.

107. A secondary factor allfecting reproduction is predation by

waterfowl attractrd. 'to newly flooded forests. Minckler and Jones (1965)

and Minckler and McDermott (1960) found that though pin oak acorn pro-

duction wau higher on flooded sites, the seedling population was much

smaller than on nonflooded sites,;. They attributed this; to increased

wa•er.fowl consumrLption. As would be the case with di.fflerential s'Ipeciks

:survival, preferential predwtion w(uld, be expected to have a long-te~rm

(,1To!0t oil :;ptsvief; compom lition i.n a fl.ooded fores;t.

Cuondi Li on of floodwaLt;er

1(.8. Aeratli.on o0' floodwater is another i1Upori~ant Factor in deter-

]mining, pr1f'or'lmalce under flo oin ,g. look (,1, ,1. 0( .90b1) ,xl(i Hs rms (19Yfl

have shown expewrimentally that growth 1is inhibited more under stagnant

e6i U a than with circulatjing water -nd Lhat stagnant water has tboth

lower oxygen concentlrations and higher carbon dioxide concentrtt, ions than

muvi.nig Wateor . IiroadVfooi; (1. 967) ohse -trved that 0) i n 1t 5111a I I ow imlpounlIJd-

irient was dpt.pict(ed duriejg, dcy peCiodh; bat wa; r •0e lJ.sh'd by ra•iln. 11.

50
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attributes good growth to this reoxygenation and sugj,' sts that different

results might have been obtained in the, thbsence of rain. Similarly,

Conner and Day (1976) found that flowing water resulted in higher

productivity in sw imp forests in Louisiana. Kennedy and Krinard (1974)

report that water trapped around trees after floodwaters have receded

was not only low in oxygen but was also warm. Demaree (1932), Brink

(1954), and Broadfoot and Will mston (1973) have reported similar find-

ings. Demaree found that warm water hastened death in seedlingý; of bald

cypress (Taxodium distichum), which is typically f ood tolerant.

Soil factors

109. The biological and chemical changes occurring in flooded

soils have been discussed at length in Part II. It is apparent that

soil texture, organic matter content, bulk density, and other variables

will influence survival of plants under flooded conditions. With the

large variety of soils found in reservoirs and other water management

projects areuri the country, the magnitude and. direction of soi. effCcts

would have to bc evaluated for each site individually.

[I0. Armstrong and Boatman (196)7) have conducLed research

correlating soil factors with the occurrence ef certain British bog

plants. Of more immediate relevance, however, is the work of Harms

(1973). Using two different swamp soils, he was able to document that

soil type had a s ificant effect on total height, height growth,

growth rate, and dry weight of flooded water tupelo. lIe speculates that

the effect is largely nutritional.

111. The role of mycorrhizae (symbiotic assoc.atuions between

fungi and plant roots) i n nutrient uptake has gfained. receint popularity

in forestry and agrieultural research. While it is reasonable to expect

that flooding would uence the formation of mycorrhizae and thus

affect tree growth, there is an apparenL shortage of published research

on this subject. Filer (1975) reports that flooding reLrsed sy ,

endomyc!orrhizA.e and prevent-ed the formation of' new ones o0 7wes Lgwa
,(Li[uidnibar styracif lu) a.nd Freen a.sh (le'raxinus pennsyvanica)

Ecteuvycorrhizae wetre simil-arly affected oms Nuttall ''s oak (Quercus

enittl] ii ) wiellow oth: (.Que0cus pbeLl 1o;) and overcujp cak (UQLL•'eu

5 J



.lyrata). In both eetomyeorrhl.zae and endomnycorrhi~zae, however, f'o .1.

recovery wias observedl by the end of 'the growing season. Tfhe long-term

influence of changes in myeorrhizal populations resulting from floo)ding

remains to be examine(d.

Mechanical factor-s

112. Closely related to soil ty~pe and water movement are mechan-

ical factor-s such as wave action, erosion of soil. Prom around the roots,

and silt deposition. Steep) banks are known to erode toi more gradual

grades and shoreline trees can be toppled in the process. Loess,, soils

are particularly susceptibleo to this phenomena (Peterson -1-957). GillJ

(1974) suggests that age s-tructure of at willow nopulai.O on sumrro-undi~ng, a

British lake is, inversely related to wave power. Wave actAion in conjiuoe-

Lion with abrasion by floati~ng debris (-an wear off ba~rk on woody vegeta-

Lion on the downwind shores of2 water bodies-.* Seedlings anod sapliings

would be especially sus-ceptible to mechanical domiingo.

J.13. Siltation and tree performance have been examined 1by several

workers (Kenniedy 1.970, ]roadfoot and Wili~is ton 197', Kennedy and 1 KHIUaIt

19Th4, Noble and Murphy 197(5). Cottonwood (L'orailus doltoides) alppears- to

be(- especialIly tojlera~ont oF siltation around the trunk, i oeit. wits o ini-

jured by sil~t deposits up to 5j frtx* deep (Kennedy and Kr~irerd I 974).

11.4. Broadfoot and Will i~slotj (1.9() state! iUht icotl,iinw(ý

(lopuLus deltoides ), bald cypress (Taxodliun distiehlum) , tupelo (ys

.'pp1. ), and b.-lack willow (S)alix Qhgra) can withs-tand nioderat( si LtitL 1)11.

Along the P~acific coa:.L L Seuoi sempervirens.- tile coast redlwood, is1

fr.equently subj ectedl to si.1tat ln and respond : by dievitl~opiuxgjr toei t'eyr

story of' rootsnrm:odn to -the now soi.lsuae (SItowll too1 Vttse~y

-1-9683)-

]5.Texturr-z ol, the silt deposits Can ýCcm xe1[oteatt :in d11teto iii ii i

I. j1itry. (Clay-dj e t crack as t~hey dIry, prnvidi og ri 1 or tomr to(

the soil. Sand and silt, conversely, l'orin a noicrack~inrg Il-Lyer over the

*Personal. coimluiuote Lion, Maclmxl 197f7, 1i. W. Iliari.:;, 1Ii.of Jiuv lroi.-
iiirftcel. Jor(Jioiil~tai75, liii.v . ofCal ( lt ornia , I);1ixi

~* IXto~i of tottrs Pr- romiverLilj oUI.S.1io;Lner J tooi tofc' iittt*

men)II W metrc U). dcal be I oullo onl page- 9.



noi.1L that nay ef:Ccctively i~mpede 0,~ oxchungu (Broadr'oot andi Willistoo

Hlydrologic P'tact(
tifiing, dUrat~ion Und depth

116. ~Iliningr. The scasonalt timing of' a fl.ood i-s of' great .1initor-

tunce t~o the ,;urv ivul u, ~'woody vo~tL(,ýOiori. Donjimit ý,cason fioodiiig

ui:Lyhati no e tfeet onr unoruy lo:( 21.iket' IL,)118, tHalf und 2mi~tl 195, jI

MeAlfdvne IQ1.%IWl o 1,96P, Bro adtoot 11.!96', Purtoii 1.972, Broatd Ioot

and Wil liston 1973) and. may even have a belle fl cia.l cfrfec I. by ilic~t-'us(ililg

water ava~ilabile jin the, io:L tMi ough the ;wnmer (Iiwn ad 10(1, 196y, lhU'LO)1

I-9(Y)? Even an Lintolvlrani- Jpecl~vs like the tuLip trvee (],inriodcrictron

Q~jpji Peu) ca wihotand 1W .(odiing whfl uIt. i: dormaid, ( MeAlpi.ne 1.901)

('orw v(1t:o 1Jy , LocdljlljgI Cloodcd L'hotr lua]' ('Luolk are vOT-y mcp;bi

dwiegce (MeAl-pine. li)O, Bnradl'ool, and WiL.i ton .1.9'(-1).

117. Ihe t ime at whIci h it Nhod ct ucur; dulci1. Ulu thef-ruo il ~;i:;o
at bog with Ole duacation 01- peI)OHd o' I imoI ( ort.- iMC-o) Willt anl 11-O (l ;

VInfoIled (, rnIILLV ha .a~ gilit il. ipic-i L ohl 1,h 11, j1'Vi.VIItJ ol i'veo io

V i'I'ti)1 . IUfiioi(196)I'I mat that f'-L Lidiog lii Wit!,~ Oiil on ku

dievelopmlrent 01f' CccLftaj1o 1i(lltA.[LhLani lIrintwood I reiAI, popuhJ ai olii Vo t

emiample, yoLUng !rollWoo )0I(Cu'iu;re I i "o ~rew we.1.. wie 'l I'.l~um lln

Wit:; f'rcl'(2( lAC t 11,1d tillete i d yl m. 71or t. ut, a y m1 it, .me i * (Lii-

vteI-;e L-Iy , woII; - u-ItI k 7(ýi 11~ ni firi) I'ed 1.1 ip',:; i u rII !;1.1)1 I Ig,:; h: d 1. ý1, 1A

1, l ,e"ttl Iý 'o. Ii olif I i , ll . (((4ii 1 01 UIU1 b:Lr !; .I i I'II LY )~

deict oel(iit be:; t if. :;evE'r;L I I H )(w1 (W ' (1.y!;y: ot' Ih ' c 'utvvr-d (lui'logir t

:('11)1(t 30-daly iwti' dI (W' 1fil :wiu~hf., ;('ii ori. ( .vr-y )'iech ofk ( I. l'i c.eala

vaIr. j9hj)tifJIiI, jl b1acki.',iti (Niy_:_;na jý[v-uW j cit ) (Vd , j ium-L )iY I i -

lintV;: i~ult IIV dy:;;o U[oa ,UfAr- 1-11 1*iI ::, 00) 4Ly:; o11,1'

dwept+ call1 ;U'ee, il-vJ.vitl of'to~ Witlidli ally lrgtl V :ipuel:;

~~iu~er ?1 ut'an I LoU e ;;or~v vill. WILii i ii .U i'l ii jlL ll(010 1)I' (i~i'i PA O,

1.9'),), 1.9001 Iti-:riev :oim fl IPW'i). :.oi( ievclli;;I1(ii vi'w;

VII



Conditions :ct'e summarized by region in Appwndices A-G. Some geoclraliza.-

Lions are( jiossiblo, however. Regardling .re.oervoir shorelrine:;, colu)ni za-

lion of.so' eie by woody plants appe-ars to be0 unli~kely if' flood

duiration eýxceedsý btI percent of the growing seas~on. Many natural ;;wnxnp

slystems' arc flooded for 40~ perc ent, of tuhe total. year, how-ever (Be-d~inger

3971.) , anld E-1-mple!s of plants:; i1rviv~ineg I.nuod;,.t~ !'eior iseveral years are

jrrovidrd(i by Yi agr'r (1.9)19) sod Ilitrrisj et al. (1.9'(5). Although these are

isolaited cas~es, the evidentce, strongly,, suLggests that some woody species.

could thrive If planteud in drawdown zonies; thes;e inclut e buttoobti!ch

(('C' p~liL itviihn;_ ccc IJentii I. ) e ; ;dslciOes of' wJilow (ui.i.1x ) , oak

(Quercucý) , Eucalyptus, ash (W[raxinui tupelo (I~s a),rnd cypress.

LI.9. Ueo~i. Tile depth of' flooding during Lthe grow;n ugseaenoo crot

inffluence-ý the degFri' of.' inj)ury to, or murv Lval. cof, woody plants. N ffcc -

L:Lve depth (ie a t~runk Isi a funeti ce of tre :3J. ze aS Well aS w~ti.r' dqtlcpt

The Lower sIahlui.L.ty of' gas-es in water, high turbi di t~y, and decreased

light, :iutnteiL:ILy are like!ly to have at detrimentaL O.efcc L on terres tLrial!

vi getaioniri genlera I. if' .UL htimmdIht Li ei lp.Lef tely . ilroadfoot arid

Wi L.I.I~fo ( 19,(1-Ol) repo~rt, 1,1t; :11001t, iti'tth -is c('ionll ini sieill. h 1w',; rid' mliio

I u .I ' fiT( cd:LngW eecCMI': al' ~ur Leal' t'lush . tIn I er gi'eenhous e conidi-

tIo; loi, Iltlo me ( Ltni) il~eirom; Lr!n ted that s ceilingsV of' Bycwnorc1- (P]IU a triune

iiieiliyl~~is ,red maplie (Acer'n rubars) ,Ihrumari 'eak (! Qu~erurr, _;hiuiarmi i )¶
Live ig o (I~ni IruduIt !KIyUim i I'll milt) ,lia, Li t ii iy (C(S C.Tti1 ccci] eitil Li.,"c) , eroTll

Ujial lisal Ik (~ec l':IAa~ Vitt . i~agpdiu 1.,( 1['ciL i) idi I dii'(l ttlt,et "1) days;

oef' rompilrI t;ý Le srnie' :jb cii. i'i'i d I ri g:; Gf li(use Samer(. pic !h:;;:iiWe(t 'i l1Pce

f mi'iillili'o i ()t !;11it I i 'CII.1,1 mli e irvivrii wltie so( f'.] ic Lcd I,

fest Ow ic r'iuii, en l.ar (IfCoone4r' :0111I tici IS)P). ltI ~l l uI l 11 ill f Lii~j (p25

I'iiil itl lurt; mrV Lvid. (Ii lQC~ti~hI (!I)I t L1p.1anthwu;_ -cC-Ldncli.: )mad b Lach

wi. t it (-:,L i x. itjyj lndit .iiit :ihd I! n i~ixi;: was; dePelider it 1:1 41e1,iil.C

I.'till , Lit i pl i til~t L yr i 2(1515 or' oomplci ;' y I-C vi 'rt I

P1). les' n: cu; 1011is; cý icommontly (Jk;li2L'Vij. niictkljul. v.; oJu1ity

Wil.tq ii :u;:;ruirtni W I lliu lin ')f i 1t o Lii. C 1 1 dit rill,- C1i. hiti' :;ewu;ori

(K(i!Itiii iy eawl. KC trif 'S. 191 (I ~t, tei: e; L1I. t9(5) . ,,,j(it, s.tarIe , I ; ,e a

iii .1111: unt: ue'dtin iu 111j ,.I' liuimq', hlii:: In ti w ti ~Lh .11 L

i~4j



increased trunk diameter above the waterline have als-o been observe~d in

flooding experiments in Califor~nia (Harris ct al. 1975). This is

followed by a bending of the trunk at the water level. aftecr the water is;

dcained. Fluctuating water levels probably avoid this prob em, as

plants tested in field trials subject to seasonal, water fluctuation at

Falcon Lake, California, showed neither increased stem diameter nor bend-

ing at the waterline.

Aqutati c Vegietation

121. The 'establi stint-nt and/or control- of' floating aria emergenlt

aquatic vegetati~on v-rarrarits mention evenx though it i:s not the primary

objective of 'this work. (The initerested, reader I:; di~rectedi to Boyd 1971,

TLantz 1.9714, atrid, Went'z el; tii. 197(4, for deauiled treatment~s of aquatic

macrophytes. ) Infestation of' new reservoirs by aquatic vegetation is

usually ensu~ised by' 'the fact 'that endemic s~pecie:; are capable of' rapi1d

dispersal into anti. cel~oni.7,i~tioii cC new impouzidis ats- (foyd [971.). Onace

established, thes;; plants may become weed-.; that. interfere with boat

traff:ic and shoreline, accesso and can spread downsrt~rea 'through reservoir

r el.eas es.;

T.2 1hie major factors affiecting the estLabli..hmencit of' aquatic

vegetation are wat~er.' rtlep'th, current fLue tuatLioun, wave, action, tempera-

tare, transparency', :;ub:;'tra to, and wate!r chemistry (loydi '1,9(.1, 1 antz

.19(l) . I'lt; Z concludes 'that iimpeuridmerits wivLli sui~taklef v hltrac-tor ir,' IJ.c

W ill. :;iplort; &ttulttec pLanit,:; de.1;:; 't;e e earn.; cal and wateri. managemetIC1

t; eecls: i lac; d1: gm i 'oncntre.] 'v' Žge Laioni. Maniagement of' water 'Level

flue tuation to encourage desirable ploitae I. ethe fles tOtcCtivc2 appjroach

'to coilt'red.L.;ng aqu~atic planits. (louve~r!;e'y', en'Olt;;blIi,,hmeot ci' :quatic

V ego tatLJi 'iou 4 encouraged b~y water maunagyement, :;oe~hedlfes, that correspond

to 'the niatural Lifec Žy :1cc3 of' the Iiaui'tu ltneyadfefmnl7, i

cenjuoetalcvoil with rsanagling water fluetuat'tioii , 'the introduc ticu; of' plants.

Ilit I llvd)'Uli Li (Ji c ll! (ie . t iv; vi. Lb weed u;p; e oh-; anld .! laceioiv: t,, hmllnn[

ac'ti'v!ý1i Li e ' n '1; a 'seelulI. li'lplfonoll 'I;) aI;oto'b:;.( 0 jMg; d olt 11 (JI'lI2(J1.i



Impact A~ssessmnent

123. In predicting the impact of flooding or. vegetation, it is,

diffi-ult to rank factors according to the degree of influence they, will

exert on survival. Over periods of one growing season or less, species

arnd plant size are probably the most important factors. A mature green

ash (Fraxinus Pennsylvanica), for example, will probably be able to

recover from any f'lood-indueed stresses whereas at -,c!ed linily of the same

speciesi or a mature specimen of an intolerant species may succumb.

Yeager (19149) havs Lilustrated particularly well, however, th~at extremes-

of depth and durati~on neutralize the advantages of phenotype and ae

For examiple, only 14.2 percent of 661 trees (214 species) sumplecd above

gross pon.1. level, died within 11yetirs- of filling the reservoir. ]n con-

tvast , 145.'( pitreent of 1140 trees (some 214l species ) In the mud zone and

93.5 percent of the 569 trees (,same 2A species) in the water zone died

:Lr the same period. E'ven speci ei able, to tho-lernite fClooidingT to at eroriid-

crahbl.c (lelith Vor a i;ho~rt; perio0d (lied wben N1iTbj(eCted LO fltidiralod s~oil

for 14 years. Water depth, too, seemýi to matter little if' flooding is;

prolonged. When tree mortality was exiini ned irod f;to fi vo'cil(el

ti.V -e 10(-in . dept ft icr ement s , Y eaf I r' Coea!~ -thatill 41 tIs.- to 1.0-i1. i

o a Lcgory , .90.; jierce!rit;f22L o (if'1' (6 pei15)were kilLed by 11 yea;rs-

oJl conLtinuo us flooding. linth LiL3,- to 4lI- in. - catgory , 'P. 1. porecent o-f'

14A treesý ( sme 10 s fl(-e~i~e5) wore, deadv. Go! y o!'spec~i ,iy two lft'ranti :ýfi(i

I k. ýI Slq, pr'i v(-I, (1:Ai . m~~ 1 h nd b1: cRk wit .1ow ( nli i itr)

weort ald to w ii WI.tistLaad V- combine(d erftec't, 5of* p-rol~uiigid , deep rlobi iii

Yeage~r aLiso di moiisýLrate(-d that 'oi- it wide range of hp'~ie year;; )f

f'!Iood(i.ng( at( JDlir~ deptLhs was- un.J. vurs,,n.ly lethial in all . dia voiiter

J-,).There a~rc few modcls ava~il. letl Cor direct u~se ini assessi eg

thC of'at: i floodsý on woody vegetUat;.1on. It i.i; csh~lcowev or, to

Hi:; a Irnj i ri cit. I t ii tLidt; fW141eisit, cI iang el 0 i ( permancyiLe ly H 01 id (Il

f ir,,L stommuni loi ; to jirov.-d1A( 01 .imt ~:(' me a LUA:!. 11, li. jrrowth iivi ~r

1,11i1t.. tu h l y ( 0en (L ') , YP!ajr.(!r' ( ~I(A'4) , Ilal.! mitu. :mi~i ( 19.5o

us!~ Bi'-o:sLd(ool (I'l) We!re [Ise!( ý'e 11e) p !a's J it- tre mt' !rIALiAty re: ;IILt::.eg



from flood surchiarge in the Scheli-Os3age Wildlife Area (ii) . Army

En~gin~eer Distriet, Kansas City- 1973). It is difficult to place confi-

doene limitJ around such preditetirnns becttuse the assumptions made in

nudpting data gat~hered on one location to another may not be valid, It

:;,hooil0 be struesseod, however, that the approach is reasonable and may

provide quite in; eftli nformation.

11". Once out of the geog-rophic runge of species whose flooding

performance has been ebservert iindeur fieldl conditions, it becomes more

difficult Lo 1)reticlt the jimpacts, (,f' 1'] oding. ThUt;, perhaps only three-

of. ,the Corp.;' i~v~in-t Lower Miss;issippi Valley, the Ohio Iliver,

and the Souith Atlantic--have sufficient empirlc:il data to permit a

l'oruia..zllioulati ve~l prediction of the inipaclts on vegetationj. Eveni

1in the:;o Div i sunt;, precise prole~t ion:;; tin( eon'indct to mature trees,

W11 I( (X' ,;CLcLin: ' ud l' and unders tory -,urvival zrlut~l remain on a

coarste settle. The imipor'tance of further empirical studie!: to thre art, of'

[IiJittI' pred i t ion carsiot 'be o veremphasi zed, e!;pee fatly lii thosie Piivi-

:iil' nrc tCktig It (1i lelld fielid studies.

available. Prudbabiy the ai:; deitquiid;fs 1to datev 1;; that prepared by Ble .1

and d chrillon (19Y5) in CoJonjunt ion 14.!Ii tilh~rrgeEi- aitn l vI;Oroisiloeti-

till le search irograwi. 11 !.i:; Judiged asitioJ. dei filttI, iiot bec 10)50 M tiPc01

eq~~~~~~~~I( vfj I:IieI) I;tp~.lo ouJ'I taUr iriodel. s, but, because it I, ;ipoa

e2xt~eii;.ie, enquip rceat illde, OT) Speiestel ettinec ttlii oiciurrxce~~ .1ii tinc

1,ri1i1edliatt loettte . 'Pi's iel,it l't'I[i-i title it th f'orrrn1l.at.i oil o'ret C ,tt:I iiiii I

as~unej; lius [Ni' sjec.I O pitt.l'oririarrec Whichel, whir;Z coliphoil wI i ;tuii'

IJI ~il~idlafiiit, f'or lit', 11'propt'i[ prjioulc Welt'c iuell tou lircdic t nioi',ti I I t
'.

i :; 11ro I, hIXIwf 111 it' tfhk' JI t I,] PCIt W L; itUili'V o rd, it' 13'), l1111 Iii isi-l 3

pr-ed ict t'ii 05 ior~t'es;f)ioidti 1,)111 1.I1  [,FPtieR Iri ,II J ie Z04. da ) Ii qr ts

tih o I llee:; ;tjiprotloll VLoo Je lie to U:leA st týoNllec ted1CLCI ej.I-'wh~ol-t I,o

miss:oiie~i Rijt lvi')vis olen of' lUie Ciiipe: eij:; di:eiibcd :Lbovpý. A &'iodil ii-

I~pjrrit~iooeeL betiiC ::i~le suI.ve-Y:: ;ont es rleo~a] oil, tilo ' :t;ieulduiry tiata

p:; c21V. ite.d by lUlto Inligeolisei~.( j' I,( docitt on p1, Hltet'Pfil

tie If. Eve'; Il1.,b~'bh fL1es. fftep liii;ý .5 till L:oI,, -I~c '-lilu- V-t 1~,:;Al ,

Yf



this3 approach cannot be directly applied to unconstructed projects.

127. 13umal and Day (197r5) degerile at method for mnonitorinag enivirol--

mental impact downstream from Deer Creek Reservoir southwest, of' Toronto

in Ontario, Canada. The method employs R fairly sophisticated techni~que

to ident ify and map vegetation cover types using permanent quadroi.s

The goal of the authors is, to tiocumenet long-term ehauges in the Mlood-

jtI"nvegetitl ion presumably resulting from flood control-. Such ap-

proaches are useful for calibrating predictT we models, but a~re not in

thcmseflve!,; predictive.

1'Ttrub] i :hbmt'rrt and Maintenance of Vegetation

l-)8 Lbo tWre de:AIgri of' a cle~arinrg sewredn.1e to pre~serve ext sti rig

vejue',?ta i ()I I o CtIf It-' t I i YI ý! ' II(2W LiCO UiUCVV0l.Y Ito d tlue cevegetati1 ott It!

shorelti nei ofI' )1(] i' :nt r-vijr:; requi~re aL due alh rd knovriwedge ofW thre sub-

steriLeU ; Lopo and( iexpoL.o'tlf,' of ltu sliore, waLLte mranragement ; ierhug Ic, andt

jAi tau spc CL avuiialub wu ww ui. It, 1w' li c recogru zed that comrplete

sun-v vaIL will not be ac:Ii I ved i~uce( Vew :ijieciefl; atre' acapt-tccf Lio tli'

dras tic t~re.:;n in pind by c ide se asonal or daily water f'lluetout ions '. Ini

light, aI Lhi: flue or La!ut~y arnd .rc conU t f' ?eLgcl trig ! V'fcVoiL', I 1,

may be, de~i ruble to focus el'fortu ill areas wiuicr there is; the gin:!

ohi ttet of',O ee or inu aerits- accor'ced DPJgh jt'itwii'I y f'ar- 1'1ii arid wi Iii-

I Fe ha' ul o iLtat, or' uitibtI. iec 'ee~isr. lh':;ctj It' L tit!; wcrcl o, .' tcuL, Hci 1k, 1,i1c

:I Lttb I i :A:huirlei, oI' V~g'~Lt i I'(Llt'Io it' lii.i c125 flat)I :LFL ri III c'I vt't' 'ri t 11lI Li Ititer-

jii't( )duc t ji )n, anti -hioreo I jut'I :; teidi 1 1 !at il is L Pe' as, 1Ž t c EvenýI w i ,1t t,t[it'

Itoievt'i r1 eg mi III. I e'vr c'n, ýrc,', :I Sl~llmp r izeý,d in 11 Iw 4e iF IIIt't'i rig reel ieeeI I, tIJ f 'rt

Lfft it't be pianti s in mnstUrea;: of the countrLly ut;UA! L()i cvjr aA.

tiny purp-Fose, ic,-q~tlied by aI'L~ vi 'poet

1w ic ritw rt',:i'c~rvt , c.cnftc r

T ) 'ile jera Eit-t of cc cu rtixtiIizi:]Yl.'l it U ii tnaunt, (W ~~Ii. 'ii I'll c

te:~~ I'll ti tusr lp, nw hncrvt I : ie: Iwg ti'q i, a~rc I, j V(,



Unfortunately, early experiences with tree mortaJ] ty have led to the

routine removal of all woody vegetation below gross pool and often to a

surcharge elevation. (Such practices have been standard on Federally

licen:'ed power projects, for example.) As documented byI Hall et, al.

(1946) and Silker (1948), especially, it is readily apparent that. many

trec :'pecie; are tolerant enough to remain in the upper reachcs of

littoral and surcharge zones. Certainly in the Mississippi Valley and

southlwtstern U, f. there are a number of.species that can be left in the

upper reservoir eloevationy. Whether there would be sufficient cover to

moeet management goals would depend on the floristic composition of the

upecific site. At ulclrations far below gross pool, the chance that any

species will survive more than one growing season is greatly diminished.

Probably the optimal. plan would set a contour below which all trues

wol ild be' e',ol(vud. All invi'tu.ory of tree species and a vegetation map of

Lhc area below gross pool, in conjunetion with tho propos;ed mlanagemenlt

regime l'or tLhe reservoir, would be aids in establishing this contour.

1, in. OnCe 7L reservoir ks in operation, periodic pruning and

san i LIL Li on coflr, MaIy bc neccss;ry in publi.c use areas. Els.sewhere, .elav-

l 1. C thle .iev.Litable snags cran be an asset to walerfowl. . i:; only

iral. 1:;t i to uanicipate inadequLate regeneration or trees and Leit'

eventual de(h' line Of' woody vegetuition subjeeetd to s,;andirig water . Thus,

, Li 'i'ic iaI I.(v g titai, ion may becoine necv.n;ary even i1 rPeservoirtS where

;eILect L V cutiLing, preceded tioutructi (5iI.

I. 1]. 1)efe].I (.19'(1 ) e'u idcltetCd aL ';tudy of' ;duini ';pIrouit Ing oC' :;walmp

1plstec.o ( Ny sit .jvit id ht vwkr. Ui Chira). lHe foilod 1,1:0,, hi/C h ig l ttp:;

Ie ll. O1 JeI C)t' r) 5ioultt(d VIgýoroil';ly while low (t, nil,: elid it,,t,. T'hi:;

(;LIgg&'O L' tllhe IC(O Iliij.J y O(' leaving high etuips of 'i i :loiie:; in deep I
waett,("r re-rIs ill hope:; of, U .10 ,W d :i VhI fi:;hI ht i l ,.I l,.

(k)otl; aild mUt, ods1 or
art il'ici.A r,",egetation

I.!3,. I'iTeirec ;Is1) e:nei'jvf1 e dil' tj rtor cnce' Lee:twty!n [li'e i(i,}Vo(;; 0)1'

plIt lLi.nir, in t'.ea wt Wt /,e(t95 ( )*ii 1LII ' l ' , iWJ : ,'el ( eip oytd. by beer ti.Ci I l1.1'

.Uo cc:: t ((' , Wil.l-if'U ii •Ln• •,ei r:;, atii l. l'10e 1|JIiie ;r, ]l c reC , tIii e'flh t: o '

etc CHfl((I •;t, Ic(ii (1.111 ':;,;tJ)c 1 :;,lllilj (lie (9 iLiiile to) aL] oi ii e(::i. l:0]ow o(v!r,

S. -- . . . .. . . . . . . . . .



ixisLeiid of' being faced with a simple goal (pulp) production, for example)

.td a small. variety of pedigreed seed or planting stock available

commercially, the reservoir manager is faced with an array of non-

domeo.',tica~ted plants to fit a variety of needs. Many of these pTlants are

now a~va~la,,ble from a narucLry arid will require field collection and

propagation if they are! to be used. However, a large number of' specie.-.

(especially tree species) are avaid.lable commer-fcially an, seed, bare root,

and container stock.

.1.33. TPhe o~irpo:ne( of' tbi. ; :;;':eti~on !: not to detaý-il specific planit:;

for spedc ifc management goals- this is best decided by individual

reservuoir uaiiagere3. Neither is it to describe general propaga~tion and

jiiL'JiiL mu teChnUiqJues. Ra~ther, the purpouse !;; Lo provi~de exiunfple;; of

re-(vege!tatiAon techniques. that have been applied I;: re;;'':rvcI-r!;;

I3 1 i TPhe orgari. zii~tiorst[ format of' tlie o~xL I; Pw p~~yalra raple; treat,;;

qyuci et and. ttchnhojqut: a:; nub; ;idi. arie-n of mitiritiement goi; s. The1,oalI.

inc :11 f.r eqai~ltty ene cant' red 1 ;; heic mi meovemneuL Of' haItb.i L m It)W r U i . I ii

3% Wid . I~ b;iblta, urovmen_.'[he jtre;,ervit ion anfitmIprv~ie-

mct, ii w iJJli ';; 1 aub i.Lal I t'. cotilni goaul.s of' r tu;;erv cii t' eve g'i-i L (ill

c....................r L: i. Wit ter I' wl art: sIM10;- Wily the X AJOiLLi target f or liii rcvci ut Wi ior~k

Llougi: cvocl-. I w.i I dli. Ce diivi'1ri iy MLdc diii;;!L. Ly -ace enhrIoIti b)y ;slW(2iire Lo

T1 30'. *(iilnjt;;gitdt ( md )Y ) ?lA t.J1y;'ed WLii I.- t~ IT ; I, oIi' ILIpt; i I*! I ILl IlY i-

tIii,(iItI W1 .Ifir- PInIIe i'lI, iiiiii; m c Ni 113 1t 1)p? I 1 1'~t,; ifn lý1 i~ L t-~.1 Iol icI n i

staen tt t~gxI;tt.L~z~l ;ii~iM;;;ci.Wicro OWi :;;iitg,( L: wt ILdi~t--l , Iiii id

IWiet irsiri.I.twit Li t t )l 01 WiILL et &Au tl; d rini it;; ut iiitlt L iuntu.( iif' ]I t it j'; i

vel't~tti~cnwhich. i.L iri.turn itiilOWLIŽiiif iicitil; ute:e:;

icIw iuir-y Iitull Litit ci vinii I Li :t rlt:;iqpl iii; h :;rivvc.Ive(i iii.k utmil, og ttc'ii t! i j;

Ltibi i tciei.tier!ijj m*e ii ilrraii cm. INi.LLoL (1Ech;.oIn.oehnet~iLI Vitt'..
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.tru(Ioet(Lcen) is of-Len proner~ibled. fl)Y L hij pujrpocBe (Wil,,OTI and lsLU(1t'ro

19'(3) ;i nce it- it,, plaLated from :,eed , which makie" !L well. :vulIi I; d or

vefy(Ant~ing,1:r- nacnsn 'ae T the ali L he A'L'd ijaeprovide: lood fiws

water Fowl. A mnaujore drawbaCl it;I that- -tie erOJ might need tW be. recettab-

-1 if(lw ('1101l yopir, ý i~OJoLwh it; mlay eL. X-LU ece.

.L3(. Other hurbaf-cow; ,,pecius uiced by W11-:eon and Larx1dere" Lo

improve waitcrfow I hablfilled ws,-( esb~j., biuce tern) ( ALIdrop f,, on --r, r,-i)

y (.1.1JW MiaL [re (ýra u-LUe eic;re (L;o a vi rjdinim),

roeel canu~ry graste (.i ht..lar:L e arund.-i~nttce ), pinkweed (Poiygocnuin

Lt'xis VaniCU1U), and wil-d rice (Z'izanJi1 U(11]Liu). All of the:( we~re

iqppartzii ty :iown by hand.IIite o i e £ L110 li'; :110VJTl nMild W. t~he wa~tr reee~ded.

BY Idi(lII119, in1 PWIV :1t.Lgee l, Idw~h ip e fin TlolfI (W JU1w iine__ Ic ad (f' a

!.Jlntige p1~intimig 1, .*LwaveishIe :with~bcd. !oe~d.fi1 IC, I onewere lienred Ii f-1-u'vj; 'Lit;

Llic' enti~re I.'uniilli ariea.

-138h. A inuire li sIeve] (if' iwovilmn 1 wr'n l i: 'I seer in by Ika':; tow

(1 965). ;;huLI ow (-8i n) ehmpunTio 1, W 15 ruta~l~ arounid lW))

'Tcliliesece rtM;evvnir;-; 111Al Ws.V 5 IiailIC Wi~ ti1 ssVar LVy (d' eenuserc ia.L cr'Ojc

'['sibie P) w;eLOnQiV'15I(ns ij 1.1111 lfliO1L.I iJietliode . 'ls m b u ninmasm-uduiwiit.:

j (' PI (.L ('(iu i n Tmlemm 'ie e :;ub info i)11dine!i11l!

( r:;n (5' I W .1.90'))

Go liill IIii n

Bros wim Li o li 1.1 e 1;,

No Lo: ,eiei~ i i i w5,v ti( U, wojJP)5I(11(. .1n

ujlpr5551 cou I.A bet wcldiu'd I ,5) vo!s(O'vl' 1.5:; W.i15 Ut a let11, 1 Iow 815)o 1,t i. )w gsibui -

s'nil, Wjlf!'(E ljiii wdIC') ll(,8I(51iI 8Ilti I.( j :;,Ysis:IiosiiV.,As WiIJs (IM I



waterfowl. migrations. Because the plants used arc all, annuals,

reseeding weal 'd al-so be nec-essary.

13h9. Fish habi~tat :improvement. The improvement of' fish hab~itat

.is not necestiardly Inossetwith waterfowl, habitat improvement, but

is; differenit in several. respects. Fi~rst, instead of concentrating on

forag~e, It Jii; largely directed at; provi~ding suitdtable. cover for young

fLish. Submerged shoreline vegetation has been shown to significantly

.Increase growth and survival in bass fry during the firstiS months- oft'

11.1Cr, presr~utbl~y by hairbor-ing food organisms and providing cover from

predators, (Aggui-s and( Ell~iott 1975). Becaus~e this requiires; that plants

be I' boded during the spriLng an'd. swrrraer , annual per sria.iJants-

geerllire riot s~uitabl~e onles.;L JIL; ±5: wiIlling to p~lant annuall-y.

kEither true, aquatic macrophytes; or Cli, d-tolerant terrestrial perennials

dl-(ýie ci rji'., I .e Jevcud, Plants,. seluc ted for f'ish cover oftenl will, not

produee seed of' valuej to 'waterfokwl.. 'Juan, i.f'both f'ish anld willdl-i e

hatl utat i req o'(Vrmesterit Is t Ir i'U, dJ I' 'C 'rent, si' ew~ill haewi to -.Urive lii

aninual pianlt; that; do not riced to be flood toleranti, jelauit; s rovi dingp

en vet' f'or Nolsi mast bie aPI 1c 'to withstandl hL) tI.' foleeelFi riMaid d1troagIit- ari1d

ea] ~I Iy wounl dicee'. e!l ' perpe t. oat;'rigF

1.1. Wi tim 'titi, s ieel-uael, it, it; dA se-oeirutgi ýri le 'ee i liet

:;lico(1: ) IeI,: hlee 'c fir-Ike 'v'e'i J.1 e.1t. je; to Imro~'ve fish ha ltt .1 UL

rvoit 1i'!1 wi (il'litsa, i waterV Ieve]:;. A rita] or nc~cj.; htC~ul tittird-I

Ci;;r lesle~re rFrej(fu r'191 W~i-[;;or Land lantler;; . j(3 Harr is tool11

E;;iern~yer L9'(e) . 'li it; it;; cause d by tLe I i, e, I II I t .i 'al Wut toI e l V Iav It' Liciri

1.1 e '-cil stiVt I I f viti lbe yrtwit ' :t alind 11r. 1; M l lb.' ' Ita la rI atui I Es uiury 'i'

19'(6), * Ll L1ti the ity1ii ciiiýiC1Al. rin1d. reUji±'oii iUtIVe! PUijet Clrere t;; Ofi.' rijklau tit

1)e1larI ti . HoUwever, s;everal. prorrhil.;;'; cet pecies, and 'techniqujies ha1ve, been

.1if nI. i -iUed 'by L o li' aklI. ornl.a Dei.)ta -Lt,men't el.' lPi.: 11M] unit I e air it W I ; h ; i?-

r. rimne ~ 'i fe iI t. r'iot' , Corps of' Enigineca-L. 'LIt C all. 'rril-I af i e ;01 tiit 1!;ee I;h i

arid. Genere t al l l:;0ie'eIw i. .V1J1 LW Writ I; ..iog .i.x1 'Ihe uppq er r'e as he;; of' tUe ; ii 'ctweit wil

z~fi. T e ;[)(ýle. lt;od i;; r()I~b y :00-i yý Lh ugh iwcry :Twe (ý:

j-I(jI~j jq(rlý -q~vJ.1 lrc ]. T W WI~tAJ ILI( !(ntJ L 1. ul-.!
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of willow wands 6 to 8 ft long, which are staked and shallowly buried in

rows parallel to the slope contour. (A full description of the tech-

nique may be found in Leiser et al. 1974. ) The stems root and send up

new shoots, which create brushy thickets in one season. Once estab-

lised, Salix goodingi.i is especial.ly flood-tol.erint and i nci.vi dunAl

plants have been oboorved to leaf out after 4 years of continuous flood-

ing in over WO ft of water. The planting method requires that the

reservoir be drawn down and that the plants receive adequate water

durirng the period of establishment. After the f0i.rst growi.ng senso.' the

plants will probably be able to obtain water from deep roots during

*3oiwimer drawdoim.

1141. Buttonbus;h (Cephalanthus occidentalis), another shrub with

remarkable flood tolerance, has been propagated from cuttings in the

itrawdowii ,orne of Trtke Orovil... i no Fllt Resurvoir and Millerton Lake,

California, by State Fish and GUmne personnel and the Corps. It rooti;

eilVy, :;ivJ.ve:iv(L both drought arnd flooding, arid provides good cover for
fish.

i4,.1. IPerhapsm; the most impressive effort bliu; beep. conducted by the

Co. if'orunin 1)(rp.rtment o Fu sh and (Giue using lady's thumb (Polygonurn

[,per•icar•). This plant, when grown under these conditions, is a

outffruotescernt perennial that develops hollow, float.ing st; es when

flooded. It; :rurvive:; under 80 ft of wate-r and. br,: ,.l.:io whithsLood

P years of' iowitering with no maintenance ini a central valley Califor-

111. re!i'r-vt ,)iro . tn t;,t ia ;tabliiliunlini; i:s aichieved by in-;erring sectional

it;' t i ( ; •.ih i xi0 5, ail, 1, t,;L ou! non di :;cv r nrai i.nlchci init) I ,•le :;o1l..

i ;gher :;urvtval could be, achieved by propagat:ing in the greenhouse, but

ade(quite resui.lts haveý been obLained u;sing unrooted cuttings. After

flooding for one growing seasion, each plant can be used as a center for

es, tablistrig a clone. The receding water deposits the floating sttem!; 1in

a pile where they wil.. die back pri.or tio renewed :sprouting from the

root;:;Lo(iik. if aL larger stayid i:; des ie•id, the stems. are untangled and

:; id).L '.1Ud itJ • U- s. the. Lh jir Li•C'i• p; i iJ11,. Tlbe f;t;i-ni riool; 'Lt LthC nodus, pro-

VidiI dn onmachi ai.cged jiatch o(f'" li[.'i•t"11h3i1i1. lad(y':; linueb ]may blecome

m1

,1
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a noxious weed, however, and its introduction to new areas should be

undertaken with caution.*

143. The effect of these three species (Salix, Cephalanthus, and

Polygonum) on fish populations has not been analyzed quantitatively, but

vi.sua.lI estimates indi cate that fingerling densities are much higher in

the vicinity of experimental plantings than in other areas of the

reservoirs.

144. It is especially encouraging that these species, and Uther

members. of these genera, are widely di stributcd in North America. iThey

show excellent potential as tools for improving reservoir fisheries and

deserve more extensive trial elsewhere in the country.

145. Additional management goals. Management goals that are

often given T.i.p ,erv I.ce but rarely s ~udi ed. i taL]ude the ma:intotnancI' of

ýI: h;11Wt.ot ; i. ad. Pl tot. II d l.T..1i I si( i 'Vie i.L is; not a popular Ut? t of
study because it is su bjective and variable. Under the cUaLgory or

habitat improvemerit, it is generally assumed that any growing p.Iant:; are

b•eltt' shan none, .- the treatiienL will nuaturLly pr'ov.1dc ae;Lkeh:iLi

benefits,;. It i.; obviou•l.y an area. where research i:3 needed to compare

large- and small-scale projects and to balance the choices against

public opinion and need. For exanple, is it preferable to revegetate an1

sntirc drawdowni zone in an annual grass or to establish a few growvs of'

perennial Itrees and shrubs in selected lcuations? Both approachie: are
po:1sib..e and Lh(e opti.immi mix wL1.l. probably be determined onU it r~t-)

case basis".

146. 'l'i-r control. of' shoreli.ne e.1o o throul'lx. tkhe Iw,(e u

vegetation probably will be 3ice essnltl oniy: in area:s where( eutosJijol .i:

not a seriousI problem, or where vegetation is, used in c,)(JunctiolI wi.th

xilgneerillng structutres:, s;uch its, I•rfvetIIIiiL,:;. Ar'euas wi.h Li;i(,eo g-.l'l.d].Cflt5

unstable soil, long wind fetch, and heavy wave action are notorious for

-iest roy i rig vegetation, and thc convcntional wi sdom d(uo attos agaiJns,[

s peJt.iIJ.og money to ve(g et, tite :;501 ii I. t(!h, i 1).l ng neyw .r 0S -tWOS ins , :i,

* Iler i;onal. !o Iiu IniCalt I. , Mtty 1.9'(8 e,J. Gr.. IoI iii. ].e srLI ii;
of, "0 i: ii ii l A r'LIII(-

0'1
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knowledge of the physical site characteristics can be used to shape the

, cIioreline to a stable grade prior to flooding. In this instance, pre-

" J flood plantings would undoubtedly help retain the stable gradient and

reduce shoreline erosion.

147. A goal ancillary to both erosion control and fishery improve-

ment is the reduction of turbidity. Keith (1967) desci-bes the use of
,xL sorghum planted in the drawdown zone to achieve this end. Reflooding

the shoreline vegetation results in the death and decay of the plants.

The concomitant electrochemical reactions brinlg about the floeculation

, , ? of suspended fine particles.

1•,8. Experimental planting techniques. Tlie planting techniques

"described thus far may be summarized very succinctly baprd seeding,

tractor seeding, and hand dispersal of vegetative pi,., Tes. Several

unique techniques have been studied by Fowl]er and Iks~imser (1976) and are

especially att;ractive for the seeding of large, inaccessible areas.

They tested barge hydroseeding, hovercraft seeding, and helicopter seed-

ing to establish Italian ryegrass (Lolium multiflorum) around Tennessee

Valley Authority reservoirs. The methods were successful for seeding

mud flats whe:re even hand seeding would have been difficult. Because

Fowler and Hwmner's study is both timely and germane, pertinent data

are provided in Table 3.

Table 3

A Cost Compariso. of Inundation Zone Seeding Techniques

(afrter Fowler and Hammer 19976)

Per Acre Prodction Cost, r $
S Seedi ng Acres/ Crew Equip-, 'T''chnique _Pay_ S-1z e. men.t La•bor* Beed** Fortilizert To'ta] [

Aquaseede." 90 3 0.10-1.1- 1.13 5.00 12.00 18.23
Air cushion

S C:•' ,,• • vehicle 90 2 0.13-Vt G.- 5.00 -,- 5.89

HeJicopbea 1000 3 0.52f 0. 07 5.00 -- 5.59

* Computed at 4.25/hr.
"** Ryegrass seeded at 20 lb/icre ($0.25/ib).

1 6-12-12 applied at 200 Ib/acre (to. 06/lb).
tJ-1 Fu'ezcl and maintenance only.

-V Estimated at 6 lh. artuciu. senedang per day ($65/hr plus $130/day).
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Lower' Mi:ssI:cslppl. Valley ilivipioni

153. TJ.he -Lower Mi ssuifciippi Vallecy Divi ;i on i1- forlcmcaute tkiat

rLood tolerance, Ilaeu; longp beenl of' inlterest to foresýters, and ecologists,

working with floodplain f'orests along the Missjissippi Diver. Accord-

ingly, there :icc xtensive literate~re concerning f'lood tolerance or trees.

The f'act that flJoodingy has been. a. 'actor exerting slti' pressýure, cim

PlaictS over evolutionary time has resulted in a number- of' flood-tolerant

niat~ive species. In all-, 60J specif's of t~ree;; and s.h~ru~bs haive been

descri~bed int the literature with regard to their ability to endure f'lood-

ing. 0ii' the-se, P-1 species; way be regarded as tolerant or very toleranit

of[ flooding. The relative tolerance of the 60ovsecies is, given in

'lab Ilje )I . 'I'hoegch th1,1,w cccflcei in ; ontly relatiU~ve, the gfroups, may be

iutt;wirpretied its il'ol .:own:

a. Vtery I olerlart - able to survi-ve deep, jlcnloxg~ed Mlood 1mg

for ececsothe .1 yearf

1). 'Nl'ehI retre; - atble to c ccrv i v (Jee(p J'II~oeei.ng, fier niii grow~ingý

Inc g ic; Sepeert~ei thee l'ellowing year.

edit ewild e t : e V rwrt, - ab~lot to _urvivu flojodi tig or,
cc'L rt ed cr .71cFtor -3( consecutive, laysi during Lice gro(w-

ii. I t i ~l icti I . eicblk to ear viv io eere Lhial c1. few days; 0ef
iNlood in(o eiar'ng, ltli? grow; opr ceeecci se.-Alct wiheu;rcnll'iecauL

'l.icc T[.e'atuiricgs are biersd, etc icerper!' 111erI oi._f'ciVJLerCcc o

cieuli'e L aandc;coe will obvicUrly va~ry wt W11t,11 icclli LV er I.01. enViJ.ore-

In ceriti:-; . ''ole cc 'letcril ei rcic;}icc I.;; olW (' c(e-c'eUoc e ltCLe,1e Appcei-

di x A.

(35 I'le M e-receir. HvesI ilvic; Ic't encieilpj,;ýeer , i 1 iarge. fort-ion of'

Uluice id ;eLI ' n nd, riot, 51iisegLy he citiphýitat cn Sflood tolerance

rec,_cealch has been on toncwoocly spoo cc. iowtvr 'L odc- byr Petecrort

'T( l,[oeee ýc run(1 Ktelme (1 y)'(1, 1I. :1. Airly e9iee lcstctLJacc e

Li y (l'(3), Iieck i-l; cr1. (. (¼),cred. 2Ifanxey coal 1liceTeilaric 119() hve.

1kl.1: C 11c. v-colcct ).c-c . cvt.uc Lli on cc -1 'iiLid icoitlie icY Lrc' , ae n d sicrub cc
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9f 'l'Ah~.eI

Relative FIlood Tolerance, Lower Mississ~ippi Valley1

Common Name Scientific Name

Very Tolerant*

Water hickory Cyar uqua4lea

Pecan C. illinoensis

Butt onbush Cephalan~thus occidentali s

SweP-11 privet Foresticra acuminata

(Ireen as'h Fra~xinus pennsylvanica

Water locust Gleditsia aguatica

Deciduous holly U.Iex decidua

Water tupelo Nyssa aquatica

Water elm Planera aguatica

Overcup oak (Fiereu:s' .yrata 1

Nuttaill' oak Q. nuttalli.ii

B3lack willow Salix n4gra

BaOd cyr:sTxdundistihulmi

Iloleraut**

Led maple Acer rubrumi

Sugar berry Salt is Laevigata

llackberry C. oceident-a-Lis3

Pers unmanor Iiiospyrosvig- ln

White ash iraxinus meWI eanaLIV

Shingtle oak ucecus imbricaria

Pi]'n oak ýL. palustrix

(Cont~inue~d)

*Very- tolerant: able to survive deep, prolonged
flooding for niore thani 1 year. i

** 'olerant: able t-o s~urvive deep flooding for

one grow~ing s~eason, with s;ignificant mortality
occr t. [r~gif flodin isepeatled the f~oiJowingr

y C} L?. (Slce I. . of' 3
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ITable 4 (continuea)

Common Name Scientific Name

Tolerant" (Continued)

Sweetgum Liquidambar styraciflua

Cottonwood Populus deltoides

Somewhat Tolerantt

Box LIdcr Acer neZundo

Silver maple A. saccharinum

Hazel a]der A..nit; rugrosa

RIver birch Betula nigra

Hawthorn Crataegus mollis

Honey locust Gt d.itr;,, tr-iaca.Ithos:

Ameri can holly Itex opaca

Black gum Nyssa vlvatica

Sycamore 1 .t.at",anui occidenLa].i-

Swanp white oak Q{uercu.s bicolor

Spanish oak _ falcatn

Bur oak . crocarpa

Water oak Q~ nigra

Willow oak Q_ phellos

Winged elm UIrmus a]ata

American elm U. americana

M'd. el11 U. _L__b__a

(Continued)

** Tolerant: able to survive deep flooding for
one growing season, with significant mortality
occurring if f loroding is repentcd the followiug
year.

IT Soiewhtlf, to] erant: able to survive flooding or
saturated soils for 30 consecutive days during
the growing season.

(Sh•vet 2 •o 3)
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Tablec 4 (Concluded)

Uominon 8ae ie entift.ic Name

Intol-orfnjtt'j-

IronwoodiCrinr carouini.-I

Bitternut hickory Ciryr orIfom

Shelibark hickory C. iaclino~u
'kihagbark hickory C. nv~ttbl

Mockernut hickory C. tom ,ntosu

Redbhud Cerci~s uunad~ensis,

Filowering dogwood Cornus f'j~~lar i

Kentucky coffee tree (ýymrocS1aiusL ddoi~ca
Black waIlnut Juglanis Lnigra'
Red mulberry Moruc- rujbra

31hortleal' pine, Pin=A echiauta

hLdbioiiy pine 1'. 'triea,

Wild p~tlun IrunuL; tiner icuria

Bltck cherry 3e ~rotinat
Wh-Ite oak Qieru lnba

BE.Tckj aeR. )ak. i ~r~iIXdcu
Ried Oak ~Lrubru
"fluiniard. oak :. htimrrd.Li.

l3Lztwk Oak g euir

ioLI'du; ifusaf.ras, a~lbj.Idui

,nY" ofL fJ.ood!( j tiighv i. ug Ow- i(~iI l~f
w~ tou; :i~pILi~~c~f Lmortality.



TLab~le 5 1A.A: tothi ecc by relyjL.ivt we Lood. t~oj.ttrauic o. :Iumnruitra i o o

t'ot OiLPIt' Ciil can N rond i.n Appendix 13.

[.5). t' vt-ra~l Lud~ie:i; wurar'r iit JOlcia.) mmieonl;.t m;i iIiey ur Lai~n Loi

L,;tabIAhl luc-t and 80cccCU:;! ioniiVJ. dynamiJC ;. MCGI-CgOr' rll(it Volile (19.50) Colfl-

diet ,od a A;udy of' .tmivad~inig piririto in i) l drained biidtt ofl 1hake 'wi'gitnoxic

arid bake logan 1.n K~annaoL:1 II Ul th f'i ri: , y car' oi' expuourec, 99 p ;ii

C u1flsexl Lintu 1, ion.f t i.niwtd d Lir lake bhod:; ('PublicC;L 0~t then

:I[wi cet; ).Pew Woody !jipf i.fl; Wire Vl'dltful nonfg' hI Iw cil toi,, r:; 1ioil~r

Lltoitifted i ndiv'iduai,, o4l' blackjack oaýk ( (irremir; mar i lani-rf on) leI ~ nn:

(ICuphirlan L1: o cccideuital~o)an onwo Ppli h1idc;wtr

t'jiit'tid. i~t i., irnp~rcu:;:ive tinit tL dilViXoit±ot; miip of' lie ii metrical andi

poetoni ld herb:; ('10,100i.hI:;cod .11 til I oIyear. '1)Ireý jioo:;:ibji.Ij ty o)[ one-k-

v 111n 11' lt~()Fltinrl ::horll'in 01)P lIt'LA if'1, iii'arqtiwtI [wr oil:; i.:; a vi abilf

(i pl;:.QTJ f'( VP: rioei~Vo Junagit: want, Luto mrIii ,L U gate f Viicvi::iit[I Itipt: 0$

i)Irl'erl ,;hiirci~incol. :3tanle-ty 1i alie Ifl.01iuti (]9().(h 19, pl9() ii'il tt

'f Ii~t ( , ::LItt nruit i '/,: I t tin' .Lot i.ULcc('!;tfl ['ii s it l V O 10)1 : ,r 1 il i,nlr l' rcc i' i c I Ihon-

uhf, tori:ý; -i :;Ill. Li n1g 'C ()Trout i;} '. !; 1;f11i.(.i.( ::; - : I1,:.1) ,1' 1 1en fliif'l'iuiarr t Lne : ;o i;rrt o 1(H Ild

Hwi oIii Liqn' pyi.1,y rig comp.lu! c oL' ort]].iztxri pl)1ot)[:; i-F un.Liurai :nhroc-

line \rcfrl tl 1)11i fl. let' UL1,i VJ I7c' InC'ae! t-fU 1 )i mkzw f: y (I t Up ( Ii I () pieri('i tn arid

.0 ste I toil itt 11ir or,,Jo i:' c a ites in :sIpcci.c!:; -maiI : ;tt I;in 0Vni iil ty :;1a I!. ýIlll R(ii I' I nmi

Tl: lvi V o fItlaf.!1 on ceo~lo i izi~r g df rawdo wn y one: : mar L iprt~: 1; 1ie ti ru:,

u :t:: Iý I' ro te a, ) i o 1.'1t(I-iii1tit'tti i ( VtJ.: ['J1vi,vorLbl.c 1. Stru iy me I u td o (I'1m. 1,1 1 (7

IlIit:; coriira n arlfiw or fiindug:1 lthat toed(J I'tt m v-itt' iLy olF di 0)1(0L -i -

eactf ferbdi: arlyiinrall; canl gc[*LC1.'~ altr f od i)ij (M!Kiti 11,'1 (A, Al..-

-f11 i) M f 1d)Ii pci:l Iout Illn'(:)s,:cUb i !se l~ic Il' tiI. Us. U

1' oor'VoJL's ~c g.ooal, ot:poecLa_-1l1y i.E lininrtoellinr'o i'1Foy',l: nxe'I m SO ol o

a1 , Wl'Iy baloi'lle i!vidornte :;upggirots Hl t iifIru 't'om boat::; Idily l1e

pm;: hib.h in alreat-; WIheec 'tlu Gat ad Wav Vt' iLl' 1 art) 1'FoaVbfLIŽ.

1_P. Q~ rd~ ol' ;li- i trx1wsrlil:: FrPatf o[o::; ittiR'ý hitiv [0 iVido'd



Table

ouies Tolerance to FlooM11ri, Missouri River 1)iviiiion

CJommon Name Scientific Niuno

Very Tnlerunt*

Willow Salix upp.

Balid y rcTaxodiuii diobichum

Tolerant"*

Bux oldur Acur rtegundo

C'i lVeT, Inapi e A. auechariinuin

PLerlil Carya ilinino'ntci

tI-cuel UAcI Fnr lI iru:ý £imrx :;y .vardsiei.

Cottonwood. I [ulpi~ d..oitO~dtc:

Illin 01k (Liercmv;paucr

,,omejwtht 1101 erant t

littw tliorim C Ged.Ui;negoc. Lilmw]) ol

f~ri whitct oak C ueruc bicoulo r

I ~~u e oak ~ ~ lit.] iooc1i ~jI

t.1,1;1rrnut hiiko l ry Citru~y Ecrd..i tri

*Very toIt ranLlt;: tabt o 1(1 rviLe db.'Žp , p ruol rigC (

f ,Loodilog f'or mo re Llr~n .1. year.I
'1oA~urar t: tIbLA.o to survive deep flooding for one

growInrg f~utuoln, with igiicn mortality o)ccur-
Hrnfog if [lending iLý repeAted the lollowiig, yeav.
S omewhidt Lot.erount abIle Lo ,;urvive- flood~ing or

grtiwing Cili

.1t LInt o.crt l tr luttable LO lrv:~vrý tro r' ti it ilew
Ja~y: of' Ioidatiii', dueLUVIg t lie gruvw)11 ig ,wotl r w~i tioil;

igrifciartt tnor t-UL.ity.



Tablie 5 (Conc luded)

Common Name rwi cot.! fie Nitne

'Intoleranttt (Cont inued)-

Shel~lbark hickory C. laciniooll

fHackberry Celtis occid~entalis

Black cherry J.runus serotina

'"3nowbcrry S3yMphoricarpos occidentaliss

t -f nbolerant: unable Lo survive more than a few
dayo of LU co(.d-ing durn g the growing :,;easooi without
s igni flowi wurt fle Lt y.



'alabe 6

PlaziL, Ceu~uizlvng TDrainied Lake Bedo in Kviisas

(After McGregor anrid Voile 1950)

Common mwne Scientific Nume

ACANTHACk!AE!

Water willow Justici,' anerioana

AIZOAC EAE

Curpetweed Maliugo, vertiejijata

ALISMACEAIM

Water plantain Alioma uiubcordtituxn

D~uck potato S3agittariu latifolia

AMAIMTILW1ACEAE

Water hemp Aenii da Lamar i ;cina (=- Amnaranthus t.)

'i gwced Am~areinthbi: LLIT-idtlu

Pigrweed Aniuaranthuo reirofi~exus

RaUgWOed Anibro,.iu elaitiur (= A. ti-temisiif'oliu)

C LtmL vaewued A.- t ri 'i da

ADJACAJAUIACIEAE

Miiining 'jlmitc lilhus eopallina

PIL~e uryeseu Cardarinie I rvJX~ra LVFmIr. arelli COILa

Peppjergrao ]; lepidlUirf -dori.,-i f,'1 irtujn

YeL.Luw c're:;! Y. r ýije, Itlilaridic a var. hilUi:L ia

Yell] ow Rr~i. :w:ýACi.L-trlorL

CAld, I'lliUJ.IACKAE

Waeter ;La~rwort. Cullitr~iellet; etcr( IpIyJJJ.a

'a~lu opike lobeLia hubelia ft an vatr..1e u;ltiy

Venuo's luuking-pj;Laue Npe2ruiaria lý4Loap

Vcnmeie Leouking--glaue i.pel'li

( Benti :Lnued1

of''



TablIe 6 (Continued)

Common Name___ Cintfii~Ntn

CAflYOI'IIYLLACUEA

Sleepy catchlfly S3ilene antirrhina

CHERCFOD1ACJEAE

Cheriopodiumi al~bum

Jrumm;aicin mk C. __~y

Winged pigweed. Cycloloma atr iplieiiiuolia

COMP0O3ITAE,

May-weed Anthecmlo co~tula

11cathi a,,;Leil Aster cricuides

Nodding bclfigurt ck,- JIicterm c oullu"

Devil:; beggart ickL B. frondosu

Gul~doii a.,ter Chyipo~L; pilowia

Ycrba-du-lnjo N!clip~Lu al~ba

Da-isy f.'leaburic Jrigerim pLrigoLuao

lLI'pllId-ý(' CU(WO(2ti (jmhu inp rpii rouni

C L Lb I' I d ~ I ( -W I -LLL U I Ii L L U _ _ _

C(YNVOLVIILACMEA

Ivyief jtoi' 160111u glui'y Ip0I)omou hlduorucen--,

Morning1r grjury J.. j.ucllnouLa

D'i Iloll Lonlcerop Pi'(1t1111Jrltl o;doidceý

13ulbo Ltyils capilluri

'I Ikriioh 10--ul.uhrim-is bU

( Con L i Ilkled.)

(!yibe;hcul 2 of'ntu



Table 6(Continued)

Common Narme Scientlifi-c Mune-

CY PERACEAE (Cont inued)

Yellow nut grass C. esculentus

Sedge §Cyperu inflexus

FABACFLAJ

Fals e indigo AmorPhtl Cr itIcO

Japanese clover Lespedeza striata

Yellow w~eetelover Me.1i. otius officimalls

Wild bean Strophostyýles heivola

FAGACE AE

Blackjack oak gue~rcus marilandica

G ERANI10AMU

Geranium Geranium carolinianuin

HIYPERL{CACEAE

St. John' a wort Hype 6 (11 lUN mt'i]I ai

JUNCACI•E

PUll,,A Juncus cliifusissimrnu

busii 3 initerior

RSuc I L. ImarL yi I

LAM I A~P

iPutri eweed. X92%.t~l~

LIYTJLIACIAE

MA LYAC Al'

Ve-lvet lear' Abut~ijon t-heophra:u i

NAJADACIIAII

aj;guada Lupensisý



Tuble (CoiiLinueci)

Common Name. MScnti f ic Thorie

ONAGflAMEE
Even"ing primrose Oenothera biennis
Evening primrose Cenothera laeixaiata
8'undrops 0. linifuolia

OXALTDACYARi,
Sorrel Oxalis europa~ea var. bunhii

Ticklegrass PACrvtin hE m l

IBrome grass Bromus Apnc~
Crab grtips Pjý sanguilialis
Burniyurd grass Echinocliluacu gal
Lo-ve prnrss Ernigrin tA. j meise
Jurieginass Koeleria eriltata
R~icu cutgruss Leersia uryvoidef;
S11witchgrass Panieum virfyatwum
Foxtfnil tanla gluca

PAN IAQT ATiýE
liracted plantaini1 PJanlt.f C ar~is-L; tu
Hoary plantain P.VirtgIriiea

POT Y( ORAC, IAE
1(11c tW csI Bo~ygouiu avicuilure

'PIle BjrnattWee(i P. lapathcifolitui1-1rncyi ,-n~~asmarf~wewdP mc-yvnic
Rced sorrel Jonv bcoi

Pale clock RI. ati i
Curly dock R. Cr!BPUU

POIITUIACACEAIF II
Common. pursl.ane )orftilulct a()I,(,cec

(Con(it lul( 'd)

44



Table 6 (Corciuded)

Common Name Scientific Name

IANIJNCULACEAE

Cursed crowfoot ýanunculus sceleratus

RUI3IACEAE

Buttonbush Cephalanthus occidontalis

Jjuttonweed. Diodia teres

$JCRCPHULAPIACEAE

Ccnobea muitifida

in oadfla.; Linaria texana

False pimpernel Lindernia ariagaliidea

Bacopa roturi-difolia

Veronic'. peregrina var. xailap~ens3is

SAL________________

Cottonwood Pa ulus deltoidesI

4) ~SUThNACEE

Cron~id cherry Physalis virginiana

B~uffa-lo bur' Solanun rostratum

CattailTYFEACEAE

Catta*,.lTypha latifolia

(ýSheet uL

J
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Table

Resonse of Shoreline Weeds to Fertili.jLtion

(After Stanýey and. Hoffman 197'?)

Coymnon Name Scientific Name

Sto Positive Respqnsc*

Larnhsquarters Chenopodiuin albumw

Kochifa Kochia scoparia

Positive R~esponse"'

Quaekgrasps Agropyron repens

Mar-i elder fiu.L xanthifolia

Fowl meadow gruB2 Poa 7)lsti

Knotweed Pulygonuxm achorcuin

Bushy knotweed F. ramrosisslivuri

Russiari thistle SaiLsolu iberica

Fie1Ld pennycross Thiaspi arvense

Foxtail bai-ley Hfordieum JIIubtum

White s;weet clover Melilotus alba
Yellow sweet clover M. offieila!Lils

Curly dock Ruotex crispLus

SPQ~eie ilICreaced( inl t)Qrcent C ],,r o11 att
least; three or seven test plots.

P (~ i~ iner e ed I p e t.' cllL covert 1)I1 out- iC

two ()f. seven1 tes2t I)-Lots.
Species: deCrvuease ill percelt Cover eil one to

five of :cvel teif pI I :
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sonhl i-nsight to the factons; limiting species surviva-l en li~ood-pirie

s~ites. 'the germination and, seedling s;tates are especially vulner-able

to e ovi ronmeiited perturbatiLons. Arlound reservoirs and. onl fluodplahi!s

the.e;e pertur.bations -are mosit c('Ofiflh ely vliewecd. ýus beinig reluted to excess

wat Ler. Wil1son (1970) prs sf~indings that, sugge-st that drought plays

a lurge role in determ~ining whiich woody species nity become establis.hed

from seed. In a study of floodiplain forests- in South Dakota, the first

stgeof' woody plants is, dominated by willow ('Sally spp. ). During this

sta~ge, the surface s(]il. .is characterized as being xerie- (dry). Willow

sitandsW deteriorate after 15 years and are suicceeded by cottonwood

(Pepuivus deltoides,). Additions of organic material to 'the soil. and

shading of' the soil create at us;ie I habil-toIt thlat favors the invas~ion of.

green ashb (Fraxinus punnsrylvauica box elder (Acer niegundo) , and

Anierioan elmn (Ulmrus amrericana). Whe-ther oneý subscribes- to such a

stLrict ;ncecessionai scheme or not, the point is wel 1. taken that, moib; ure

at uLIe !,oil surfaUce ean he er1uc jutf inl Kite establi: I lsnt of' 1)0 i naut ral

and planteud vegetation.

Now Hog ~~i :d. 1)1 vli -on1

16ca. 1Tiei'iŽ is; :L puciŽty of'* fi ood Log res-eo-cet ine Ulue New MllgIWtut

Dliffy 5.00, presýuinably because [Vt nod i ug is, net ;L Coil";)3.eunus! f'act-4

ecrt' tjig press;ure en ntttui'l ve!getati~on. 'Ibis 1.tl 1nf'orturi~at,( beeuseu

mucit o)' the New Nrig I and I ;iiutsetL[)Ci:; P sub;]C eLto per i, Mis' oinimrat~i~ol

la 0[[.1u~t'.151 :l'in rulots ', heuŽvy .t'al no, and pent ;il IIodci.t i ot:; .

OtilIy vr'nen1Tly h1as; there. be!en pojiultr- .r(eetr~ni.tioui oW Lh Is~ lttLio' ed

(xdn,ol WC-LhAd;I2.tell tjt~iiiiities;, ,]s: wiAtneest!(, hI y theC (W1540O [VoL~tl-(ŽKVI

liii(,;,.!1 wIiLl. (vidtilledlld.L illecetta:;e ;tw; Ll15 demiandI i f'0' telrl (11,! i11.'tIýtup'

lii l10.6 -In Kite inci--Ittrm, onily* 1)11( study (Mct(im uL ai I9T )7 uu i;e

tmim ci~h ,jolLCJ eL)) Lica eu Lo s tt imJlS -t ()' ' Vi'11 ~ 11 i i'

'[0,111r I i los' L ei 12 I, (17 .1' f~ evi1W Lul e LI 1Ž1 Fýeet 1(10of l t't-; nnnIu on

1)y



Ii~ 'Vetr cettria.tcI. 1i,'o:;Y- Lein. "' Most ()fI thr da rta t.[te I tttcr arc: expru :ted

no t by re e ue by 1Eawnkiae .1-1i'ce [,t(wn . i ial .t ( Rainki tcc

193h ) . ;tw~no.ette' olln)-t be exil-t'a'c'te Cretti 10 i I.-bt n ~e
162 McKi.IIIn ( 191"') st. tdy !3 puec i'V ailly WILL.W) n~ Lc nit'..

ural vegeuat~i on atrountd New England ren-ervoijrs retsulting- frosm ; I itod il,

JIunet and July 1L9(3. ix-terisIve da~ta are provided for Frankl~in I alAý and

Bail Mounitainl r torevoirs whe.-re, floodwcd~ers Crested 1-u- high Ef' .5 ft ovur

the root crowrn., ol' mtature I>Lcc~s 1or 90 hr. The total- rcriod of' inuanca-

tiori over aill deptho ranged from 8 to .15 days. Thec oncllusions reached

are thait -Alver maple (Acer easceharlinum) , red oakh (jtuercur' t'ubra) , b

toothi aeperi (Populue ýratididentaba) , banswoo~d (Tilia t-imerioictna) , and

liorxttn ( Qrpi uscrolinicina) were able t uv.v i o.W'1t

ptine ( Finuns ett-obuo ), quaking aispen (PTopuluL,; o o t -ed tpru,

(Ficvv rubcns), hoidsock (Tnrtuga eatnitlelnnis) , and birh eb(Betula opp. ) Were

mstun ,,ensitlxe' to floodingr. lahil -1.0 :itmuinr-i-zc:s the speci I L accord hog

to to)lternriet . Mortality data are elabonLLed In Appendix C. It iný roe'-

nni,-,(-tI. UflaLtbite Loleranee lJiL-I inaclud(es only tI. Tim ccd. number oIf, nai-cve.

LIpejc: iCe or witi. ci daba x 1. [itrttti eon (O rneCi'ntg utLhi, nutivesi (or1

rionnativeý;snit Lab.le for mini1 )say be tounci itt :eurunariLen, for Lhe oAber

Noii'th AtL.antic ];vs

,1.61. lire Ncuti'hA!atieIi-s~n src't.~ ':te;ne inl I~tt

Ti~tei'Ut~ -i 11 I' food I-olc:etrtICe , biltt seCveral Wo)rithWhit;' I 1ejttLIWTet; It?(tVi-li a

oI;Ici~i leund htcti (16P orat)en lg dif(el Ibat Lllerul' tctntulg epic let1x

(Mtoceo, y oxstol Iiu og; r 1t;etttiete ,(t 6t dayso tn' l~oclif tig tohtet rot),,

(0 l-1acr betwretit "Y ' illy and P'( 101.i'~ pte llW Is~U~g;nr

vi v(t, 'rtc~ I, tiairl-..Y 11i1,h LtItrcte i oi.l -pucie~ic -xtuiduiud.

B:Ic:;ett itt g',rt twl aundtt 111.i.tttt ;tcttttt Li)r1tctl, 1l1tC w~~tt e reWŽV .r'alkeui actictjt-4

6n.11 Lo) flwit- t:c.t( iv o ritt ( T abIitIc l l) 1.1 III. i: j.ntoUI-,A.t 11 st I M

ntttt Wad lti, t'' na ict II( 1dit,'iWap I i t~tkd to Llie sLb!Ai .I y Lo p't dtte e

1)(1, :('(Tll: ý-IAJ W wo c w t~tL~j

1. IY I() 11:6 11i:0.1 rw jj wd r(ot. :;Y:I,(jII
8"1



TIable 10

Speci~es Toler!)JW to Flooding, New- En~and Di.vi. ion

Common Name Scientific Naome

Very Tolerant*

Black, willow Salix niora

Tolerant**

Red maple Acer rubrum

Si Iver maple A. sv, chourirnim

1Bla ck alder A~u <~tns

ST . 11igt.1 y Tojlerantt

I~ed oak Quercus rubra

AIiigooth aEcpen Po E4rs jdi~dein; aLe.

Basswood Tilia wiiericana

. .ronwoo(I Carpinus curoliniiuna

Aiiiorican elmi Ulmus m wericana

H-op) l1oPIbewf Os tryu a v j~irg nian

Whi t iLe alr, Wrnxi.niu.; nrneri.ctoo.m

(Cent iUedol()

Very toilerarid i: blo to ý;urv~jv (ly eep, prjolongedfc~

f'looding)I V'(r niiore Lbhit A. y ear.I
**Tolerant: able, LLu- nuviy dcep .liood:Lhig fur one

VI-owing can son, wIth n 1. gni fir ant mor L all y occ urrirng-
if flooding in; rcTiealtod Lhe f'ol 'I il 1rg ear.

.1 Bomnewhat tolerantL: able to inurv.ve flocodi~ng, or
;aturated r;oil., for 930 conoecut~i.ve day:, dur~ing the



Table 10 (Concluded)

Common Natfec Scientific Namo

In t~oleraanLtt-

Suvar maple Acer saccharwit

Yellow birch Betula aileghaniensic

Papert. birch 13.ppr1o
White birch B. populifolia
American beech Fagus grandi folil
Red. spruce Picea rubens

White pine Pinus strobus

Quaking aspen P-opulus tremuloidos

Black chcrry F'runue sorotina

white oak Quercus albo.

Chinquapin oak Q. muchicRfbergj
Eac;turn hceiiock Tug canadensi s

11tloat;)1P-%Ib 141ablc, icto :no i v, mo re thn}a ix rew &Lyz;*f 4.'o ioJJ r i.iit i te¶ p~i ~rovwiiij' 0 (-OLOO I i 1;oit, 0 i,,.-

It
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±64. whi to (1973) provides a uniqtue qiuailitative assessmnenti of thle

pler formiarce of 57 cultivated woody plants :1i Now York imlijct~ed bo a

dunle 119'(P flood by hurricane Agnesý. Flooding was of two types.- brief,

flas~h floods along streamas and dee(p floods lasting up to 21 weeks around

lakes. Ighite's observations are especially valuable because they pertain

to species commonly available in the nursery trade which axe frc'ouently

used in park landscapes. T'abl~e12 summarizes Wh~ite-':.; observations, In-

tolerant species are those that were defoliated and showed poor bud set

for- the 1973 grovW 'g season.
165. Bruckner et al. (19'(3) repiorted onl mortality around the

Curweosville Peservoir on the SasquehInan iliver following several years,

of' surcharg-e for periods, up to 36 days. 'T'le study ji; noteworthy because

of' its discussion of' flood lllrtlLTI~ty axi'-ilf, -g econdorily from Fusamrium

oanikers . lrom a s;urvey of' canker dwmnage, Liii antlic :: concludted t~hat- all.

tree'(s at lJI'VItt~ioos1 Withini 4 vertical i cot 'the ye the. recreati on pool, and

up to 501 percent of thec treesi at elevation'ý bcicween )I and -1-8 vert ical. feet

above. pool- level w~ill. dii' within 5year''- 'Phi'; bype. of' iieirt' allity I's riot

usuially nedin) Field studies of' inrtern t-ui tetly Floodetd sit ei-.

1.66. Dane (1.959) st'l(Ied. sa cii'at. leiids iia; n ixifioia Ci. r e::tr-

iabcr.' mars-hes in New Yorck. His findings- uwiy be usje ul. -inpcdioig

inlVite0 Ionma ercns ine shallow water arounid r'es 'rvcir c shorelJineec . 'Table_ 13'

sumrie eL ma-jor' rei _e t :leJiiJd, be, jiiJnb'ýId cout liehaf dra-wd ')we maVy

Nor.WLi(~ba~~iio

1.6'(. e:eeeli;: ill LJIi Noy:ttll C'<enIX;'a X)i V~iA.: in awl~ adjac cut .

ha.ea '.W.ve;I prde; ied, a no iiibee (Wil ' r;;pert .ine ut Lo Flue ci Loll. i. I 'cee ini'

w i -. icr'vu- ls I; the- Is.is .,; 'For dii ;;u: ; iou.4

f.68. Hii,; wioft '1 fu (w .L'Y(I 1)) 'and 3 1 t ''id. Johnison (uiu ', 1.9,(5) 1
-t ie me:1, c emmre i-cuis: iv c. 'I 'roogu i L dc1 L' lf,Iii og- L orm A udit ie; 0 1

rloIIiif.L1oi r t''jCs; L v.iiitiL.t; ill It, llee I :, ji i;: i t i nIin; were

eocceI 1,(1 Wi liiA Ll0iimid lr;Iiiic e 'g i c , :atn. on'on Hiiv(t';'. 'J;tbli L'01

im I saimn; l;11i-; 'ioi Ii, ~ iiu i orf t~r(.'uce i i . mi':i ;; deL iý'jl.ilon id

fly I1( A " ]J !T c, !A
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Tolerance of Cultivated Spee-ioc -

1972 (Iroying !ea ,n rrdm wn

Coumnon Name-7C~-

Y1,ed uaplecAc-

Cornetiwi cehrry ____

1i-ie hofney 1,:Uýt r~~1:: tL;.~ = "t..

Bluck wakliathLJ ±2.Z

Doigo crabapple___

White mulberry N'Iuru2- u~b4

American :cycamore aac.___

Cottonwood PUoUIUL; Jtltijc:3

Wbitc willow SaIi ix ýt II

ftswillow S. disculor

European littlelear linden Ti I i FL e-'wdt'ta

9To-lL~runt* 1Everyjreens

Red ceodar Juni-perus 2vLrLi niana
Pf'itVer J)unitper J.cioi~cvtr. f zrin

~lclPafl* CIhruboý

,hi~paie-c barberry Berher~iý t,lusj ber

lŽer1e. privetý Liguejtrumn obtusifn~i~un var. gLirin

Itrrowwood Vibuirnnim dentu-L~ini

SeutŽ t v 1 burnuinV. 1otg

AmieriJ.cei c r.utberry buebh V - Lxi).obuiri

(('Iz L 1tiuued )

~~~~) LOler'ti t Di) ill. of Water f( Or (I.,' d y;; il 1111Cu (A' 1.9'fl Llr

( e .1 oI ii 3)



Tablu 12 (Conu'inuc(d)

CoImLoZ Name Scientific Name

2Lntol~erant** S3hade and Ornamental Trees

Sugac 1uaqle Acer saccharuni

Rn('wy Tmfl,,1 A. platanoidoc

Paper birch Betulp. EULapyrifra

Gray birch B. populifolia

Redhuci Crrc-U. ctna oneiu

Yellowwood Cladrastis iutea

White flowering dogwood. Cornus florida

C. florida 'Cloud 9'

C. florida 'Cherokee Chief'

Ited iioverilne dogwood C. florida var. rubra

WueLkhingtuki hawLhorn Crteu phtnoyu
Ldtvalie hawthorn C. .lavailui

Snarwer inrignolija Magnolia .soulaneean

Apple MnBliu np . 'Loxd~i.,' Melniocib, ' Tadi iaxL,'
h1ope, . lebo

F'lowering peach Primus per~i ca

Black cherry P.e oeillaI

Weeping chcrry P.obi~ avu.-. pendula

Red oak 1quct.(11: rlbrva

B13lac k Locust PC) binija [2tU(~CLJ

EHuropea mo11 bK no n 10 h a2.lCor 1)11 aieum oar-ia

Int1O I eralit* Evergreenls

Norway ipruee Circea abies

Colorado opruce p.jungexns

Coloradn 411] o ' pungens var. LL.atca

(Co IIl it.1UUOed)

I~ h t~fhl)OII, )I Imo UI) I C.o WIr;AAr [' or. It0 dup~; i.11 i~u ( .(? r>

2 it; Cd ll li-o e.J .1 (0 o~ 012 Ci.(C31(! L C at



Table 12 (Concluded)

_ Common Name Scient~i.fie Nmne

Intolerant"* Evergreens (Continued)

Spreading yew T. guspidata var. expansa

Hick's yew T. media 'JL3ck.ii'

American arborvitae Thu.a occidentalis

henm-lock ¶Isuga canadensiu

I

r•-- I l!t iL'u~t':; t L: t1 o ) .0 l ' wJ1!.t (" ,r ,(w. 10 U 1.y: i ll uJki ( )f

( I;; w( -., 1, . • ' •

/.4



Table 13

Species Capabilities to Invade Freshwater Marqhes in

New York (After Dane 1959)

Species Water
Common Name Scientific Name Depth, cm

Cattail Typha spp. 66

Bur reed Sparganium op. 6h

Water plantain Alisma op. 61

Cutgrass Leersia sp. 46

Soft rush Juncus effusus 38

Buttonbush Cephalanthus occidentaij! 51

Willow Salix spp. 30-46

Green ash Praxinus pnsylvanica 30-46
var. lanceolata

Silver maple Acer saceharinum <46

American elm Ulmus americana 25-30

Highbush blue- Vaccinium corymbo!wm 5-13
berry

Ironwood Carpiinus caroliniana MoisL soil

Shagbark hickory Carya ovata Moist soil

Spiraea Oiraea spP. 38-76

Black alder flex verticillata 51

Alder Ainus sp. <25

93
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Table 1L4
Flood Tolerance of Illinois Tree Species (After Bell

and Johmnson 197~

Common Name Scientific Namne

Tolerant Sp ecies*

Silver maple Acer saccharinum

Eastern cottonwood JPopu~lus deltoides

Sycamore Platanus occidentalis

Black willow Salix nira,

Bur oak juiereus mucrocarpa

Honey locust Gleditsia triacanthos

Box elder Acer negu-ndo

Ried haw Crtegrus mollis

Swamp white oak Quercus bicolor

Persimmon W)ospyros virginliana

Pin onk quer cus palustris

SomewliaU Tolerant ~pce*

Red bud Cercis canadensis.

Black walnut JugVLans nigra

Shingle oik Quercus imbricaria

Shagbark hickory Carya ovata

Hackberry CeltiG oceideziLalis-

Amnerican elmi Ulmu= airierjeiciu.t

G~reen aoh 1'TaiLLXus p ergylru n.e

(Uontinued)

Note: Spe-ci-er; are grouped within c-Acguzries aý -ordtint: Lo increasintg
tolerance to grow~irg -car-onl inund~ation.
*Tolerant: most individIuals L;u-vived more than,]ý I(Mdy:-, o
inundation.

SSomiewhaL. tolervint: most j.1divi dial"IL! ; srvived mo~re thou 50l diyr.;

hilt lensL than .1.00 days of f~lood~ing.



lable .lL (Continued)

Conmlon Name Scientific Name

Silghtlyr Tolerant Speciest

Red oak Quercu•; rubra

White oak Quercus alba

Mockernut hickory Carya tomentosa

Intolerant Speciesit

Black oak Quercus velutina

Black cherry Prunus serotina

Sassafras albidum

-f;1ightly toLerant: Liopu individuals killed by less than 90 d.vy!; of'
>luod tod ioe individuals survived greater than 150 day. inundationi.

I Intult : cvc.Lu ui'nCt:3 with .es W ha, 5'A day.- of floodi og.

95

I
I



for rating species tolerances that would be useful to reservoir opera-

tions, Table 15 presents species occurrence as a function of flood

frequency. The species in Tables iI' and 15 are not identical, reflect-

ing floristic differences between study areas. While factors other

than flood tolerance per so are likely to play a role in determining

species distribution, the correlations between species and flood fre--

queuc.r are valuable in assessing probable impacts around new reservoirs.

It is also reasonable to use the ranking as a preliminary screening for

selecting species to plant around reservoirs. Caution must be employed,

however, and the results should not be employed too literally. For

example, buttonbush (Cephalanthus occidentalis) is represented by only

one individual at a location subject to flooding only 1 perceant of the

time. Based solely on these data, one might conclude that buttonbush

was not particularly flood tolerant. Reports from other regions (see

Appendix A) indicate that buttonbush can survive 4 years of constant

flooding.

169. Table 16 is extracted from Bell and Johnson (1974, 1975) and

expresses tree mortality as a function of flood duration, based on field

observations. All species were not represented at all duration classes,

but, when compared with -the foregoing table, the data provide a, good

index of probable performance. It is tempting to view Table 1.5 as: a

(Iti screte lood-l;oi.erane e elan ifienti.on rangLinr.g from moot tol.ertnt

5pec ie5 at the top to -,ast tr].orTmt at the bottom. -1Lt actnuolilty, to.1.-

erances are best; viewed as overlapping. Any single study provides a

samrple that does not represent the comp.lete tolerance range for a species.

Therefore, a different study may generate a di fferent absolute order. The

order presented here is onily approximate. TbIs.; s iunderscored by data

provided in Green's (1947) pioneering work in Iflood tolerance. Observ-

ing progressive mortality of trces and shrubs standing in 46 to 133 cm

of water in a new reservoir in the upper Mi:ssissippi. drain:,ge, lie com-.

piled, Lhc list t,;iven in Table 17. Green's data sugges(; that marny of'-the

species covered by Be] and Johnson can survive {)eriods of flIooti-nig Lip

to 73 and. 4 years.

IN0. AhIgreC1n and. lHansen (L9( ) provide raLre datl;:i ni reltat:ive flood

9fl



Table 15

I-i-ximum Flood Frequency Where Species Were Found

(Compiled from Bell 1974 and

Bell and Johnson 1975)

Maximum
Tolerance,

Percent Flood Species
vi'uquency* Common Name Scientific Name

Trees

25 Silver maple Acer saccharinum

Sycamore Platanus occidentalis
20 Green ash Fraxinus p*nn.;ylvanica

Black willow Salix nigra

15 White mulberry Morus alba

White ash Fraxinus americana

Honey Locust Gledit sia triacanthos

Hawthorn Crataegus molLJ -;

Hackberry Celtis occidentalis

ARmr i.cR•,I e]m Ulmu= LuericLaIna

10 Cottonwood Popijlus deltoides

Bur oak Quercus macrocarpa

Shingle oak Q imbriraria

Black walnut Juaus nigra

Bitternut hickory Carya cordiformi.

Red bud Cerc:i n enadensis

Box el.der Accr n,ýgundo

Slippery elm Jlmus rubra

Shagbark hickory CarYa ovata

1 Sassafras Sassafras albidum

Black cherry Prunus serotina

(Continued)

Per(7ont floud frequency " nunber of days river stages (equal or ex-

cted a .fgi- n elevation di.vided by the totaI. num1ber of river oi;n.,e
r eadin{-I-f. 4

(onoet• 1 of )

97A
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Tqable .1.5 (Continvije(I)

Tolerance,
Percent Flood r)nc e s

Freqjuency Common Name SOCIentific Name

TPrees (Continued)

0.5 Sheilbark hickory Carya lacinjosa

Basswood Tilia americana

White oak. Quru alba
0.1 Red oak Q. rubru

Mockernut hickory Caryn, tomentotsa

Red mulberry Moruo rubra

0 "Month buckey(' Aeoc-ii-lu: a:Labr!Ltu

Blackoak Qercus velutina

Sugar maple Acer sacoharumn

Shrubu and Vines

20 Bristly greenbricr Smilax hispicia

P~olsorx ijvy Rhiis rad~icans.
16 Virginia creeper Parthenociu"s uui x qumuet'oiia

River bank grape Vitio riparia

10 lied stemu dogwood Corniin ctolonif era
LI Common eli?.r Samobueus cuantoensi.

Co-)t 1,1lS Lrry lymplioricarpuon )rb~i culaLiv;

Pf I ýLdd(o(r nuf .1)1 I.) l'i' ol--Li

M-ii ouinn tgnc~t'berry- Jibc:~; mi n noun eec n

2 r ny dogwood Corenu racemnc,,;

Puttonbush ~ ~ Cehul~antlhmc detai
0. ~Wil1dI~~ic Viburnium pruni foliu.1m

0 l;wue I. v~iburriurm V. lentLa-UL

((O~ntinueci) (iLL2A

98cJ ( 1



Table 15 (Continued)

Maximum
Tolerance,

Percent Flood ____Species

-Frequency Common Name- Scienti fi c Name

Herbs

120 Nettle Urtica gracilis

Loosestrife Lysinachia ciliata

Moneywort L. nurninularan.

Wood nettle Laportea canadensis

Giant ragweed Ambrosia trifida

Richweed Pilea puinila

Aster Aster simplx

16 Violet Viola papiliona'cea

Gray's sedge _&r~ayj-i.

Swamp buttercup Rianunculus LsELtentrio~nalis

Kidneyleaf buttercup R. abortivus3

Ilonewort C~ryptotuenia c anadensio

II Greenbri.enrm a ecirnhcatn,

Ureenbrier S. lasioneunon

BSpring lben1ii.Iy ClaytoniLL výirnica

Cleavterc Cal~i un aparine

Pulo touch-inc-not Impati cns prtIlda

San] ci .e anicula canadun:ol;

Gilt:iinbiii U111:c Poly1 j,iinwiiI :ounrderu.;
hic' kwlieit

Ph Lux Ph ox divitricataL

Av cra; G~~UIM V (I->OfIflh

Eicat:'ýnighiitciade Circuca ltflc

Dogto othi vi o I t Iry I. 111-1 rt I'll l01iii 1

]icdotruv -Ga~lhn.u corncninumi

Unartwto cc ~~unvrJnio

( (Xnitioivd.n -v ) ( I-~tV!Y r II-LL111I



Table 15 (Continued)

Maximum

Tolerance,
Percent Flood Species____________

Frcqjuen~c* Common Namae Scientific Name

Herbs (Continued)

5 Trillium Trillium recurvatumn

Violet Viola eriocar~p

3 Dutchman's breeches Dicentra cucullaria

False spikenL~rd Smilaciria racemaosa

5 Lopseed TPhrymaR leptostachyat

Elm-leaved golden~rod Solidago u-buifolia

Yellow parilla Meni-permum canadense

Violet Viola sororia

0 May apple Pod~opby~l' ur pelt atultk

Tick trefoil 1)esmodiumn glut inosuin

~igrimny Agriin a lyp ;epala

011



Table 16

Percent Survival and Maximum Flood Duration Where Species

Survived (After Bell and Johnson 1974, 1975)

Maximum Percen'6
Total Flood Survival

Sampled Duration, at
Species at all consecutive Maximum

Common Name Scientific Name Durations* days Duration

Box elder Acer do 6 170-189 100

"Silver maple A. saccharinum 39

Honey locust Gleditsia triacanthos 26

Cottonwood Populus deltoides 7

Bur oak Quercus macrocurpa 13

T3!.no.k willo.r Oulix iigra 1

American elm Ulmus americana 102

Green ash Fraxinus pennsylvanica 115

Shagbark hickory Carya ovata 114

Hawthorn Crataegus moliis 6 150-i69

Sycamore Platanus occidentalis 4 150-169

Hackberry Celtis occidentalis 37 150-169

Swamp white oak Quercus bicolor 4 139-149

Persimmon Diospyros virginiann 4 139-149

Red bud Cercis canadensis 3.3 139-1119 50

Pin oak Quercus palustris 4 110-129 100

White oak Q. alba 58 110-129 17

,9hingle oak Q. imbricaria 1.4 90-109 100

Black' V;i:1uL j,-I ans nigra 4 90-109 100

MockeruuL hickory Carya tomentosa 47 90-109 35

Red onk jpercus rubra 1.6 0-809 100

sassa•fras Sassafras albidcu 5 70-89 1.00

MUlack oak Quercus velutina 13 .-0-49 67

BMti.ck cherry PrunluS se:'ot:.rin 3 30-)19 0

*'Vht ohrgina.Io reVl)or, (diduot•,r OX d.t•tOz (1"(,Lh1].O•d I ,i.on.

_L01I
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Table; 17

Tolerance of Various Trees -nd Shrubs to F!ooding*

k..fter Green 19)47)

Years

Jpecies Survived Remarks

Salix fluviatilis 2 Mostly dead in first year
Sand-bar willow

Betula nigru
River birch Survived well first year

Fopulus deltoides 2 Survived wrell first year
Cottonwood

Acer saceharinumWcer maplei 3 Mostly dead in second yearSilver maple

Ulmus emericuna 3 Mostly dead in second year

American elm

Celtiis occidentaifisaokerr occid a 3 Fair growth in second yearHackberry

jxorc:us rubraHod a 3 Scarce in bottomsRed oauk

_. macrocarpa 3 Mostly dead in second year
Bur oak

, bicolor
Swamp white oak 3 Fair growth in second year

-I alIrtr. r3 Mostly on higher ground
Pit, oak

Ainus p. 3 Hardy to second year

Alder

Fraxinus ]' ensy4lvanica Hardy to second year; fair in third year
Green ash

Salixn- .i gra 4 Hardy to third year; all died in
Blsck willow fourth year

f.ex decidua 4+** Hardy to fourth year

Deciduous holly

Forestiera acuminata 4+** Hardy to fourth year13wamp privet

Cephalanthus occidentalis 4+** Hardy after r yearsBu i, onbttsh

ornus stolonifera 4+* ardy after 7 years
Red-osier dogwood

E Tn ascending order of Ci.ooding tolerance. N
* * T, ti�, T.uiferr S fronm ori,-'|nti. l (0.! ( inorc ; ;pae , .• ýrvr e .l2 b:f mk.; o. Iv Crcr-n . H

10"



tolerance in conifers. Based on observations of six species floodea-

by 91 to 122 cm of water for 48 days in May and June, the following de-

creasing order of to] errtnce is provided: balsam fir (Abies balsmnea),

black spruce (Picea mariana), white spruce (Picea glauca), white pine

(Pinus strobus), and red pine (Pinus rcLinosa). All conifer species

seemed to be less tolerant than associated hardwoods.

171. Savile (1951) gives a brief treatment of invasion by her-

baceous species in a grassland in Ontario that had been denuded by a

flood during May through July. Those species that invaded immediately

following the flood and the following summer oare listed in Table 18.

Table 18

Hcrbaceou.us Species Invading After May-July Flood

(Aft',r Savile 1951)

Common Name Scientific Name

Kentucky bluegrass Pea pratensis

CanadIa b.lue gr,.,• TP. Lo-nm.pre''o.

Creeping bentgrass Aerost is PlaLustris

Moneywort Lysimachia inummularia

Silvery cinquefoi.L Potentilla argentea

Mint Mentha arvensis var. villosa

Common plantain Plantago major

Common mullein Verbascu-n thapsus

Sedge Carex Spp.

Yellow cress ori~ppa islandica var. hispida

Daisy fleabane Erijeron annuus

Curly dock Rumex crisus

Common ragweed Ambrosia artemi siiifolia var.
elat! or

172. The list in Ta.bllp 8 -1 o 'ether with thc one i.n Tab4 e 15,

provides a source of likely herbaceous species for use in est;ablishing

temporary cover in dratwd.own zones. .

1773. Harris and Marshall ('1.963) and Kadlec (1962) have examined

103
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I

various aspects of water management in freshwater marshes. The general

conclusion is that dewatering is necessary for establishment of emergenlt

aquatic plants. In general, 30 cm (I ft) of water appears to be the

upper limit for the maintenance of healthy stands• of emergent aquatics.

These can withstand lengthy dry periods and would be well suited for

wildlife habitat improvement around reservoirs. A composite list of the

major species can be found in Table 19.

Table 19

Emergent Aquatic Plants Commonly Found in Northern

Marshes (After Kadlec 1962 and Harris

and Marshall 1963)

Common Name Scientific Nnme

Beggarticks Bidens spp.

Sedge Carex atherodes

Sedge C. lacustris

Sedge C. pseudo-cypoerus

Three way sedge Dulichium arundinaceum

Needle spike rush Eleocharis acicularis

Spikerush 1E. palustris

Rice cutgrass Leersia oryzoides

Pickerelweed Pontederia cordata

Arrowhead Sagittaria lJI-. t Colia

Hardstem bulrush Scirpus acutus

Woolgrass S. cvDerinus

Great bulrush S. validus

Piro1 re'Cod. E4_rganiu ýYIn ehloroc arpumi

Conmnon cattail Typha latifolia

Wild rice Zizania aquatica

North Pacific Division

174. Little research concerning flood tolerance has been con-

dcucted on either species or coemnunities of this region. Further,

published research portainng -t the region west of the Cascades

should not be applied east of the Cascades. Drink (1954) provides a

-104
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qualitative appraisal of species performnan.e uln rsspr iso to !, June Lhzough

July flood in British Co].umbia, but it is impossible to express his ob-

servations in a way that relates them to other work. Ar. :,-,ecially good

feature of Brink's report is the inclusion of ornamental species. (See

Appendix D for a summary of all species.)

175, Wiakcficld (1966) analyzed the distribution of riparian vege-

•4, tation in the Snake River Valley in relation to flood duration. His

study is brief but very informative. The data suggest that few species

can tolerate more than 50 days of flooding (mostly between January and

July) and even fewer species occupy flood-prone areas. A summary of his

data is also found in Appendix D.

176. Minore (1968) conducted a greenhouse study to compare flood

tolerance among five conifers and one hardwood native to the Pacific

Northwest. He found that winter flooding for 4 and 8 weeks had little

effect on survival aid growth of all species except Douglas-fir (Pseudo-

tsuga menziesii). Sm' ,er flooding produced variable mortality both with-

in and between spec:ies. Survival was, closely associated with the forma-

tion of adventitious- roots. Minore ranks the species as follows:

Rank Common Name, Scientific Name

Tolerant Giant cedar Th_ li_ Qlicata

I,odgepole pine Pinus uontorta

Intermediate Red alder Alnus ruibra

Sitka spruce Pie ea sitehensis

Intermediate Western hemlock ua heterohI la

Intolerant Douglas-fir Pseudot suea menziesii

177. Cochran (1972) examined the effects of saturated soil on

seedlings of Pinus ponderosa and Pinus contorta and found that neither

species suffered significant mortality even after 1 yeaLr of flooding.

Tihe a•ithor was cautious in restricting his interpretation to "he seed

source used" (rom populations near Lapinc, Oregon, at an ele,vation of

41500 ft), but the resuljlts suggest that both specie.s, may bave upplication

In vegeta-tifjng reservoir shorelines just above gross pool.

178. Rusfburg and Sawyer (1965) provide the only experimental data

I.OI
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concerning herbaceous vegetation. Varying both depth and duration of

controlled floods, they determined that hay yields in simulated wet

pasture were greater (though differences were not statistically signifi-

cant) in all flooded plots in comparison with control plots. Treatments

involving flooding in excess of 12.7 cm and, 50 days, however, did sbow

decreases in yield over other treatments. The species used in the study

are listed in Table 20. The conclusion here is consistent with findings

concerning herbaceous, amphibious, end aquatic plants in other regions:

nEwiely, that shallow water levels promote growth of emergent vegetation.

Table 20

Flood-Tolerant Wet Meadow Species (After

Rumbur g and Sawyer 1965)

Common Name Scientific Name

Sedge Carex praego-acilis

Beaked sedge C. rostrata

Salt grass Distichlis stricta

Beardless wildrye Elyus triticoides

Dwarf hesperocliiron liesperochir, m pumilus

Foxtail barley Hordeum Jub,Sum

Baltic rush Juncus balt. ,.cus

Newvada, bluegra:3s Pea nevaden;:is

Slender cinquefoil Potentilla gracilis

179. Based on the preceding studies, Tlable 21' ranks the woody

species according to their relative r1ood toler. ices.

Ohio River Division

180. No comprehensive studies of comparative flood tolerance in

the Ohio Val-ey have been piblished. •accord ti o (g to theL literature- search

made for this .review. Sever.al peripheral papers, however, permit the

compilation of a partial species list. Hoster aLnd Minckler (1963) ex-

s.Slined succession and regeneration in bottonland hardwood forests in

southern Illnois. They determined that succession wa:s slower in poorly

dcraiJned areas and identif.171ed buttonbush (Cep•ialanthus occidentalis',

1.06



Tahl.(ý 21

Relative Flood Tolerances of Wooy Pants.

North Pacific Division

Common Name Scientific Name

Very Tolerant**

Red-osicr dogwood Cnrnus stolonifera

Narrow leaf willow SaiLix exigua

'Tooker wi.J2O~v~* S. hookeriana
Pacific willow S. lasiandra

Tolerantt

Box elder Acer negundoý

Bog laurel* Ka2.mia po. lI.olia

Labrador tea* Leduin groenlandicumn

Lod~epole pine Pinus cortorta

Cotltonwood Po~lu trichocar*pa

El der* Sambucus callicarpa

-Hn.-rdh: L .f* S~ie douglasii.

Western red cedar* Thuj1a plicata

Blueberry* Vacci n in uIJi gi.no:aiLm

SlightLy ToLlerantt 1

Riverbank mugwort Arteinesia lindleyana

Niettall's dogwoodis Cornus nuttallii

Walnut* JuliS pp.

Appl3 ~#malus' S-pp.

__________ (Continuedl) __

SSpecies, compiled f)ron research conducted in imoe inesic
ai.eas and may not apply to eastern Or,,goni, Washington, or
Idaho.

**Very tolerant: able to survive- deep, prolonged flooding
t'or more than 1 year.
tTolerant: ,,bie to :3urv~ive deep f] imding for one growingI
ý;cituon, with significanit mortality occurcing 1-f I'looding

I- repettl~ed the following year.
-I-t Slj.Ul~h]y tolerant: able to survive flooding or saturated

,soii1.oto -)cnctive (liL; 4alr.--in the growi~ng aon10 Co~ecuI



Table 21 (Continued)

Coimmon Name Scientific Name

Slightly Tolerantit (Continued)

Sitka spruce Dices s;itchensis

Ponderosa pine Pinu,; ponderosa

Sm~ooth oujuac Rhus glaru

Western hemlocký TIs2  he lte-rophyll at

Intolerant t

Bigicaf maple Acer marphlu

Alder Alnus rubra

Alder A. sinuata

Boxwood Buxus Sempervirens

F'ilbert Corylus avellana

Hose].J C, :roiitntto,

Cotoneaster Cotoneactecr spp.

IlawthornCrataegus oxyacantha

Holly Ilex aguifolium

Mock 'range I'hiýLadeiphus goridonianus_

bitter cherry P~runuL; emarginata,

Cherry-laurel. P. laurocerasus;

Douglas-fir pseud~otsg muenni esii

Vild Pyrus rivulari.9

(JLmr lihannue par iwnx

Riowan tree Sorbus aucupari

LjIlac Syrng I'n4r.i

.1-1 Fli1ighity tolerant11;: able to survi~ve flooding, or saturatecd
soils for 30 consec~utive days dluring the growing s~eason.
PInitolerant: unable to survive more than aL few days, oil'
flooding during the grrowing s~efson wi~thout signiificant

- Io



tulpelo (Nyssa aguatica), and bald cy-press (Taxodium distichum) as early

successional species.

181. Lindsey et al. (1961) conducted a flood depth gradient

analysis of two river valleys in Indiana. In Table 22, species reaching

maximum importance values in the sam" flood susceptibility category are

grouped together with each group arranged in order of decreasing sus-

ceptibility. This closely parallels species flood tolerance observed

by workers in other regions and gives a good approximate ranking.

iNR,. Meeks (0969) studied the effects of drawdown on species com-

peorition in a freshwater marsh in Ohio. Early drawdowns (March as

opposed to June) resulted in a gradual shift to annual. weeds while the

May drawdown regime yielded the best species mix for ducks. 'I'he domi-

nant species identified are listed in Table 23.

",outh Pacific Division

1.83. Thu South Pacific DiviiLon is a very diverse geographicali

arreii, in terc:; of climate, ].andform, and zrrunio of floris.tiC affinity.

Major climatic discontinuities resuiL from the oceanic influence in

Califorr'nia contrasted with the contiwnt'i.] influencus further inland.

(,.oupled, with the latitudinaL extentl and the ilnlfluence of' the Sierra

Nevada, the region defi.us simple solutions to probleis of large-scale

vegetation matnagement. The prevaillng c.li.:iatbe Ii.; hlaractfcrized by low

rcanlfail.], and while! fluArh floods do occur', flood to]lcranle i.;:r not; a, 1)I(1

pir' eity in the adueLive, mechanism:; of' native plants (excuptin1g flo od-

1)1.11 veg�:e tl;l;on alon.g Li: ma•Jor rivers, notib]y tihu hle:L'cui'iiito ard

"uill *ioaqu.iln ).

I18h. P.5 i mn :igrht cxj•u• ct, tlh-.( hle ; b1(2(21 ll il, IV:. i. ts,;; 'o r

,etst:;: •and land mari•go rs; to) be conco•-'iied with ret:w; tch inlto plnt

,...I.od trl.i'rti~cc'. Ironically, humnn activities, t2p1Ci.iti 1.y algricultureý,

]havi(ý m dt edLl(11A(!,. thu conw.;truction oSt 1Lrg.,(e ri,!;ervoi.ri; t1ir'oiig.hoiiit- t;Yo 'g:lJ? on(.• .

]Becaus•e [)rc'.Ljitat:ltnfl'7t4F & .gle';: than 50 cm 1)er year arld fal.], mainly

lit the wi.inter, resoervoir manrapcment :;chdu e,;ul; :;imlt :in ,-`tui:v e area';

of.' bare en lihrl, i re d U o a" ; "''d tLIh ; '" t;hu' tog] i l; t tic

s;ummer and early fall].. 1.r~i,,,.:blti only recont-ly have3 :i1 Lud(ýd. vsi.f(-

-Gati.ng bhcs:e drawdown lolites. Virtually tie nily.'.;nii; o.f., fl/od i

1,09



Tlable 22

Species Segregated into Flood SuL;ceptibility Groaps,

Ranging from Most Tolerant to Lea~st Tolerant*

(After Lindsey et al. 1961)

Common Name Scientific Name

But-tonibush Ccphalanthus oco identalisi
Bald cyprcss Taxodium distichum
Green ash Fraxinus lanceolata

Black willow Salix ni&Kra
Pecan CýEa illinoensis
Cottonwood Populus deltoides

lied. maple Ac or rubruwn
Silver maple Acer saccharinum.

Fin oak Quercus palustris
Red clm Ubnus rubra
Sycamno re Platanus occidentalis

Ameriewi i Lit Ulmus americana
Box elder Acer negundo
Black walriuL .Tug-Lans ni gra
S"ugarberry Celtis la!evigatu
Honley locust Gleditsia triacarithos
Kenrtuicky coffee tree Gymnocladus dioicus
Hackberry Celtis occidentalis
Hedbud Cercis canadensi~s

Buckeye Ae~iculus octandra
Baoswood 111Th iunericana
Black maple Acer rli.grum
Bitternut hickory Carya eurdiformi s
"uWtflfl whitt' ou~k ____ __

Rlock elm U121111: thupmaoi i

Bed oak Itue(r cusý rubra
ýkiultjnt-d oa~k ~.shtunar'di L.

* Speces giou~d toe±.1Lir--ave approximately lIhe swne flood toleranice.

ITO9



Table 23

hterg~ent. Plants and Annual Weeds Found in an

Ohio Mar~lh (After Meeks 1969)

Common Name Scientific Name

Pale uinurt~wed Folygonam lapathi folium

Cattail 'Iýrphi :p.

Walter's millet Echinochioa walteri

Bur-re ed Spar ganium curycarpuxn

Arrowhead Saitai atifoli-a

Soft stem bulruLoh L~ipsvalidus

Chuf a Cyeu sp.

Needle rush Eleocharis, nciciil~ar~i.

Rose mallow hlibiscus pului Lris

Sow thistle lAoichus op.

Ttl~d l duIUL Impatieno ,,,.

Bwupmi.,15 kwc(. Asclepian in(!arnata

Monkey r-louwu Mimulus- uP.

SticktightBicu .

Bonesoet Nuaorum perolilatu

FirueedEreclibites hicracifolia

Rice cutb-grass Leers.i a oryzoides

JBlLcjoint grass Calwnagroustis canadensis

WULLcv uLds~ NeLunibo lutes,



tolerance in the region have come from the University of (;California (UM),

Davis;. Notable exceptions are Aldon (1977), Stone and Vasey (1968), arid

ongoing work by the Sacramento and San Francisco Districts.

185. Since 1969, Harris and Leiser at UC have studied possibili-

ties of establishing vegetation in reservoir drawdown zones. This work

has been contracted by the U. ';. Bureau of Reclamation, the Corps, and

the U. S. Forest Service. The studies have included plantings in opera-

tional reservoirs (Harris et al. 1970, Harris et all 1975), plantings in

a 1-acre exp~erimental flood reservoir on the Davis campus (Harris et al.

I975), and observations of species performance after a flood in the

Sacrumento River delta (Harris et al. 1970). From the e studies a

species tolerance list has been compiled (Table 214). Supportive data

are found in Append-ix E. It should be noted that most of the; species

are riot native to California and several are exotic. Continuing research

includes screening for flood tolerance a numbcr of s;pecuies native to the

s;outheastern U. S.

186. SeveraL in-house studies; conducted by the State of' Ca.ifornia

Department of Fish and Game and the Corps indicate that three species

are es:ýpecially easy to establish, are drought tolerant, anid providei ex-

-cel.l.ent fis:h habitat during periods of' inundatiun. These are buttonbursh

(Cephalanthus occidentalis), willow (Salix goo~tingii), aind lady's thunmb

(Pol.ygonum perslcaria). The dual. qualities of flood tolerance and

drought make the plants ideally ;u] ted to Calif'ornia reservoirs. Ex-

perieiwe:; indiccate that drought ;;r.s immlediatel.y fTol.l.owr rig iduit ing

abe :3igniicaii, mortality f'actor. AlL thrLe species arc easy tO

e:;i.dil ohs vegeýtati.veLy arid all. can W[IL'3t!Oyi: d,'(p, i erigel,. :cloor:rnj.:.-

0lygonum (ersicaria (l.ady ' : thiah ) i.s s;pec i.ally ni tewor thy. .it :is a

suffrutuscent; p0.lant (hayvhing a woody rootstock and soft .tUem) that irmatIi-

is..; ns a :;hruIihy hlo1d. t dn•ring pierio&l of' drawdorn. It :is; es'peucially

palatable to deer and livestock. When 1-'lrsVw]od ipI; o - r...ow,

I'loating stems that have bee;n known to emerige through 60 ft oh' water_'.*

The floating beds apparently provide exe,'client fis•h habiLtat . There is; a

: L, • l~t .pac mcnit ()" I,' iohm 0tJ. ((W C:li.

01' Willb 101 .(P W

UI?



Table 24&

Species Fxhib)ting Tolerance to Flooding In

Caitiforniu' I Central VzIli~y( rroiii

Hlarris et al.19)

Common Name Scientific Name

Cons iderabl~e 'J`1&rEi .e

Triffi green hy-brid bermudagrass Cyoiodon ductylon 'Tiff Grepn'

lied gum Fucalyptus ewicildulnexiuo

hondont plane tre-e R~httaflcl ncor~ifol1ia**

Golden weeping willow Gaul.x alba 'Trint~tn'

Bald cypress Taxodiuin diotichum

Mexican fan pabsT Washingtonia robusta

Moderate 'roleraxnee I

Pecan Carya illinounnis

Green ash Fraxinus pennsylvanicrit Vbc'.
lan-ceol ata

'Thorinless honey locilst Clfljt1l7f I'Icanfthfll VItr

Willow Lulj l up .** ( 'I'rmi mcimnu

Willow ;Uailx 3sp.* (Terminuu North) Ii

W1Ill ow Galx ýIf.** (Folsoum~ft

Tolerant
t

Green wattle Acacia decurreno

Gilver map-ilc A.ce(r sikccharinium

But tuiibu~ii Cephaluanthuo occjc dntali c.**

AvvieFun ycl'Jfore, I'lOtanu:n occ ciental 1I,

Baulm of Gilead flgjn1-us aidiao

Cao ~sio [II popfa 1,LP X. cftroldun~i!i

Valley mtn keru lcojatn**

Curk~crew wiltow Glxsaedn

Duene willow inl

*Conuiderable tulrofe:iur~l al i uv floodjn ove to dal
bud for at i litj iii r' o o, i; mouths d, ring each of' thIree cc coccut ive

SNative or niaturnulitzui.,d f11
-1 Modu aLt' tol ciounce genovau.-Ly Obde ton ounrvive fiuoimihig ovt-f rout. cro wn

f'or 100 dinyti durilog ucilc of IAWOic C' 0111C VL-ve yearl
11 jýuiefi in ncmjenicl~ature In prenfk~fthcý!f;n3 refer to the FLuWhor.eý ';tudy etlo

ILull ILrn'WP cI 1fufhljfjf VI.L OIAC Lu ii fl 1fine

T-IoIlueflalt at. -i fnf;t ((I pcvureit of' &,flf-i !;fO(.chl! limit. 1,(, h;IP .ivc 1.00 Jafys

113-



report of Po.ljygonum persiearia becoming a noxious weed .in California

reservoirs, so introduction of the plant should be approached with

caution. *

187. Parnell (1976) reports success in propagating buttonbush

from vegetative cuttings and estabi.ish:i.ng younrg tand. i.. the Kings!

River. Field plantings survived the low rainfall years of 1976 and

1-977, bit it renains to be seen if the plants wi.'ll surviveý prolonged

inundation.

188. Stone and. Vasey (1968) provide an Interesting analysis of

redwood (Sequoia ae.npervirens ) survival, on al.luvial flats. Jidwoed.:

arc able to withstand repeated flooding and siltation by producoing

adventitious roots with each higher silt layer. T'he specie:; warrants

trial in reservoir situations.

189. Aldon (1977) has exrucined the ability of three na-tive

grasses to withstand flooding in New Mexico. A1.1 three speeie:; inhabit

areas; prone to periodic inundation. His results are shown in Table P5.

Thuugh all plants displayed decreasing vigor with incr-ased periods of

inundation, it is uignifmicnt that the t;br'o ;rif.e; recov-red Pr; m

all treatments.

South Atlantic Division

190. As a geugraphic region, the South Atlantic :states rival the

lower Mississippi Valley in the extenL Of the civer 1 rio ecosystetrn and the

iaumber of plants that have evolved. I.,) cope with s;tandirig water, periodic

I'lood.rig , annd h1igh wFate!r tables. I't is not :;opr i::!ihg, [heref'ore, thMtt

ciuch rccsearch has benci dev; ted Lo variois; ic;rir'c [' Is [f,.Ilo (o.l'.iaritce in

lltivo p.lants of tie o "'Ow 1egion. otir1 
L, on woody :;;i);c is t- most.ri;:,Ineu;;

rangrii g P'rom I'iL:Las " phy sioilo.(igy am. w rit i; p d .el y (i'arker .)9i19, '"rI 1.9)(;,

l[ook and Brown 1973) to co2oimmii.ty eeology (Monk 1966) , :;pet. e2; g"rowt Il

and deveLopment (Hunt; .1.951., Brisne .1.95'c MeAlpinm 19(61, Wallko:r 0t; Id.

1.961., Boanner L965, 1966, Kennedy 1970, MeMinn and MeNab 1.971-]. Briscoe

1.971?, Mann and Derr U)97(, Ihroadfoot 19)'-31, 0Hh;.'m:; 1.9'(1), rind. us'v:ivol.

rl.'oulrr[ r.ser-v-o;.*r: arid othicr' ,i[tunti Ir; whlwvr wxeur l.eve.lR arc changed

K ['o:r:;ona1l. cormriuri'irtl i~nict ,J flame:; 8;t;e l.t , Ma.y 197Y8. StaLtLe of* (!1 il'ornj!L

Ii ',tic rtimrinl f 'i i itmi .. f(Irst

.1 01 I

til P ,



Avergeigor* of Three Gras,- S.pecies 1 anid 30 Dpyj

Af~u VarW~ious Inundation Treatments

(After Ai~don 1977)

Inundation Alkali sacatori Desert saitgrass Western wheatgrass
Treatment Sporobolus airoides Distichlis stricta Agropyron smiLthil

daj~ypjja 30 days _ a 30 days I dLay 30 days

None 2.83 2.50 l.83ab** 1. 6'( 3.00a 3.00

3 6>7 2.17 P. OOLa 3.50 2.67ub 2.50

6 50 12.50 l.83ab P.. 83 3.50a P. 50

12 2.33 2.50 1.50ab 2.50 2.25a~b 3.00

Ah .1.50 2.33 .1.00b 2.17 .1.tr5b .50

* Vij.urraI n: I poor, P f'ai~r , -t good, andfl)i .- v*Ly fx( )(jd
** oulfirii lnewui; ILuILL liftv( iuet IcLLr'; arc riot d1I.:T'rernt . C(Xf.uinn1 riomwr

wi thl 1,)w :;1UTrl let, ter:;, ii e noct, :; ignii.ficariti y di.f'fcrerit ;rf; Uw

p 0.05 level..



artificially (,Hail. et al. 1-946, Silker 1948, Hall and Smith 19L05, Klawit-

ter arid Young 1965). Similar studies of herbaceous species have beeni con-

dauued. by Giibertb and Chamblee (1965) and Hlestand and Carter (1973).

Th~is discussion will focus on studies with immediate application.

191. The monumental wo..ksi of Hall ut al. (1946) and. of Hall and

Smith (1955) are impressive sources of' information regarding species

tolerances3 under actual flood. conditiuon in malaria control reservoirs,-

in the Tennessee Val-ley. By surveying reservoirs over several years,

they were able to at.i~sse specie s performance under a range of fiouding

depths, durations, and repetitions. Table 26 li1sts woody species by

tolerance f! .s Following the definition of Hall. and Smith, "intol-

erant" refers to -those species unable to endure one growl og. setuson of'

flooding to -1, ft; "mo~odntlely toleranit" refers to those species,

s-uc!eumb~.ng during the second gyrowing seasýon o1' continuous flooding to

1 ft or moreý; "tolerant" species are able to) Withstand two ocr More suc-

cessive gyrow ing ýseasons, of constant f-lood-ing. fn (1 (105th t01' JittL. S1up-

jcorti.ve data showing speccies, pe(r fo~r.m1nci e at various Flood depth's Itiod

durati ons are, round i~n Appenidix 1".

.19,1. In1 add~itm u W Wo thubt,;ervittions on woodyspce*1:4

et al . (_L946) also prouvide an extunsi ye list cif' h'rbaeccoutl sýpecie:'; a(.-

C Lf't.i.Ii til rng the s~horelinesj and.t littoral 7.orcr,, of';ofea:tr ros or-

vei,1s 1. Thc.! ee )c:'peico, along9 with thirIL 1ajsprOXiuJcaUt oesctig o' iaI

cfter '30 days (if' flooding, can be f- 'iond in Table ;27.
.1.3.8 l~ac ( 911) v flg li. ],.Ii wL u t;tssis of [s, W ccle

is'onrintsti'e( of, el specvc c ,stjinf-,ecl i.ej Hics ir~awcicwn and:iist un'lea'gs?,st- l

ciIof W ein( sc) Vct~i y Authour ity (i'7A) dur;~c ssi; in'] ipx t the I

1.93(1's. Ilii:; cet '~rcnsaret: lieuat'iatciz inc 'InsLu PH.

1 I. pertIinentý pape~r onl It fc' j s' o (.ic~ishog

s1( 's c x:t 1 c'sss IJs vi. ty L.; : srs id 1ed by KIIawlitteir and~ Y sung ( Ip6) ý . I i

aL :; Lusdy iii' giuwili .t'e~ial :ll ý o1f :;..: lh e (1i' ri one ."'I -i t;Ai 1.) hc dro o;ies

oci; tt it rr; 101111(1 Ghat51 an .nc.n reni co sf.[' ['0 l i. n :i.u lnet :iý .11f Wstc .L ae

WWs Ucts: AIsb.re htci !. i'lisy UiitŽ( thici tsc() rcc inl fi'LVOss' t 01' wtI:cs cqls

(icci , rcs. t:i~rsiicct It'' 10J )1 sscci Jtssi h 11f;} csl~cc/s rwcit; jcc1il.:! :±cisi c :ccslotlli.55; J(rcVA ils I

tic' c'cs: I c~tl.I. y !;'5I IIs dric's l agiistiss c 1 'sscs:;, jfu1Jc:c; . '1s! icisfs'(w ~ cc ic

I110



Table 26

Approximate Drder of Tolerance of~ Woody Species to Inundation

:In the Tennessee Valley (Hall et &I. L9146)*

Common Name Scientific Namse

Toleorant**

Silver maple Acer saccharinum

Sweet gum Liquidanubar styraciflua

Rattan -vine Berchemia 5candens

Swamp rose Ro-a palustris

Florida vine Brunnichia ciriho:so.

LDogbanie Trachelo spermum diftforme

(4reenbr.Ler ",milax ,p.

tied maple Acer rubruin

Ptersiimmon WiULp-yro; virg~inian

Gruen ash Fraxinus lanceoluta

Honey locust Gleditsia tri~acanthos

()vtercup oak Quecru.- 2lrata

CoAtt. nwood 1Populus deltoiden

Wuter hickor-y Carya Aq2Luat-ica

Swrimp p)r Lvet loreoutJi.Url acuinninata

I 'eppfer V!iuc Amnpeiopsis arborea

IC 1U~]IC A~J usUwn~i 9 rudicans.

ianudbur willow fBitlix interior

fl1ack wII.i.1-ow ;".igra

Butit ii ihui C hIi iLL i11 meieel. tnal i:

B-lad Cy J 11' 0 'I'iixi (i111II. i ti clunIL

S1(1 1r 'Iioran -: ttbl"e (J) :;urvte Iw o IIxIItIoIoi:; J.lood(Iiog I 1.1 a i 6 1 thi ol, Tj 55(5 wti Žlf1piiJpar tt 'i f;onJis; tilrn o m s

or nrl )re tot') h)io twoi growluj og seasons

(Molie -1; . of, 3)I



Table 26 (Continued)

Common Name Scientific Name

Moderately Tolerantt

Black alder Al1nus rugosa

Indigo bush Amorpha fruticosa

Hispid greenbrier Smilax hispida

Red mulberry Morus rubra

Wild grape Vitis sp.

Cow oak Quercus michauxii

Hackberry Celtis inevigata

Winged. e~lm Ulmus alata

Hawthorn Crataegus sp.

Osage orange Maclura pomifera

Box elder Acer negundo

Loblolly pine Pinus taeda

River birch Petu] a nig-ra

Water oak Quereus nigra

American elma Ulmus americana

Sycamore Flatanus oceidentalis

De~ciduous holly Ilex docidna

intolernntltt

Post oak _Quercus stle lata

2iig~irmapI~eAcer sacehtarun,

White oak. Quercus, alba

Ye-].. lo)w buc~keye Aesciilur, octandra

Yellow poplar Miriodendrorn tuli pifera

Prickly ash Aralia sj~iosa

(Continued.)

t Moderately tolerant: su1clclmb during sec-.ond. grow~ing seatson of ,on..-
tinuous flood:ing to a depth of I ft or more.

'It tltolu.evant: Unable to survive continuous, fi.ood:iri 'I ft, deep for
clue growl.ing s'ealson.( hl- ,

128et o



Table 26 (Concluded)

Common Name Scientific Name

Intolerant-t (Continued)

American beech Fa grandifolia

Swamp hickory Carya leiodermis

Black walnut Juglans nia

Ironwood Carpinus caroliniana

Redbud Cercis eanadensis

Red cedar Juniperus virginiana

Scrub pine Finus virginiana

Shortleaf pine P. echincata

Wild black cherry Prunus serotina

Blackjack oak Quercus marilandica

Basswood Tilia sp.

Southern red oak Quereus falcata

Sourwood Qxydendrum arboreum

Flowering dogwood Cornus florida

Sassafras Sassafras albidum

Black locast Robinia Peudoacacia

Shagbark hickory Ctra. ovata

Mockernut hickory C. tomentosa

Chestnut oak Quercus montana (= 0. prinus)

White a•sh Fraxinus americana

Ti Intolerant: unable to survive continuous floodingt .1 ft deep for
one growing season.
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Tabl1e P7

Effects of 30 Consecutive Days Flooding, Mainly Thiring Month of _June,. on

Littoral Plants with Water Depths of 6 and 112 in.

(After Hall et al. 194t6)

Approximate Percentage
of Survival

Species____________ Water Depth Water Depth
Common Namse __ Scientific Nowne __ 6 in. 1.2 in.

AlligatLor weed Alte~rnanthera philoxtroides 100 100

Common ragweed Ambrosia artemiaiifol~ia 0 0
vrar. olatior

Giant rngveed. A. trifida 0 0

Purple ammannia Ammannia coccinea IOU 50

Broomsedge Andropogon virginisuB 25 0

Lake cress Ansuracia auruLtlca 100 1.00)

Aster Aster dumosus '1 0

Aster A. ontarionus 100

Aster A. pilosusi 0 0

Hlop sedge Darex :.ltpupl.inK 1.00 100

iod-root flatsedge Cyperus erythrorhizos. 100

Swamp to isestrife Decodon verticillatus 1.00 100

daLes :issý;laau VPýlis diandvra 100 100

Large orabgrass Digitmria nangtsinalis 0 0

Virginia bitttonweod Diodia virginiana 1.00 1)00

Barnyard gra;; ; FoChincsohiors orungal 1)100 90

Horhead E. vordlfo.11.un 1001 1.00

Slender spikerush Elevcharts acicuxlarIzi l00 100

Blunt spikcrw~i: E. obtunia 100 1.00

liqiaroetem sapikerushi H. guadraugulata 100 100

Terrell grass Elysmu virginious 0 0

Lo've grass Eragrostis hypnoidcu_ 7 7

Ilorocwu!d Brlgeson canadeosis 0 0

Lake eu-IpatorluMI imtnAtmrLu s-ent LIrnn I1 ()

liputudsioUCZcV(rod hlllusti Wit udii'lout 01) 08

Slender- [cavet) qneezeweed 11. I~ewlollIfoium111

hyidolcan e-orp Ilydrlonrpi .TdIva1i.vt 10 01

Hialberd -leaved roli emsit]. 0w 1b.]. son;;m Mij.-tarins 11.00 .100

Swamap rooo mallow' Hibiscus mouchoutoos .1.001 10U

11o1 I ruoh 'Junousn offiuslus .100 .;.00)

Water pri-strnoý, Jjis LI i*ar~n I 0(Y) 10()

Wit or willow J)us ,LieIa- aster-I c;iot 100) I.00)

111.00 0 ngrasis Loie l-a ry t l 100 1.0))

Win ged loollea trot Jo v itrutsl a
t 

jol; J1.00 'e

Water stillted.]). MyIP-o~ilY-4l1iri rl-l rt ll'. II.00) 100)



Table 27 (Continued)

of Survival
Species Water Depth Water Depth

Commnon fkme _____ S~ientific Name 6 in. 12 in.

Lesser naiad yal-as ianor 100 100

Yellow rieluinbo Nelonibo lutea 100 100

Sacred lotus N. nucif'era 100 100

SIpatterdocIk Nuphar udv'cria 100 100

Panic grass Fanilcum tigrostoidea 100 100

Common pnkeweed Phytolacca americana 0 0

Mild smartweea Polygonum )hydropiperoldes 100 100

Palo smartweed P. lapathiffolium 100 100

Pcnruisylania smnartwcedl P. vulonylyniicum 100 100

Ponidwo, d Potamogeton nodouu5 100 100

GOrilyieoiV poodwced potamogeton ~'ipo100 100)

Mforimafd wecd prnpnaealtrm 100 100

Yellow water buttercup HRnnuncalus flabellarits 100 100

Liverwort Li~ccjiocarpus natamo MLO 100

Lizardi',ai1 Saururug cernouu 100 100

Wuof- týrnivs biri.riioh Scru cueinus 100 300

Goldeui~od Solidago altissima 10 (1

Amvrit~ar, germfnder Teucrium canadenge 100 M00

Conenun cattail I2~ha latif'olia 100 100

BI1 n,1-thrriort Uloicolaria gibba I30 .100

(iock1liorr Xanithiuigi aumericanun, 0 01

01 ori; rrlpo mialuf~ i-Llinceri ?
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Liands bordering reservoirs could be that pine site -indices could decline

in respons,,e to elevated water -tables. Since :;uch response,, are depend-.

eat on species, depth to water tables, and soil cirnracteri~stics, however,

it 1is Jirpossjibleý Lo maku bl~anket1 predictions.S

1.9.9. 1110.iU PQnrrnr e dataL lILLustLia ting specjie!; res ponses'

under vari~ous, write' table regimes.

1.96. It, is impnl~ant to recognize that the similarities betwc-'s

the Lower Mississippi Valley and the South Atlantic Dlivj-J] ! (,00 wencuragej~

cress-consul tation of species lists arid ru~ioarc'h findings.

Southwestern Division

197. 'There is3 remarkably good. eovvrttgeý of flood--tolerant vuge-

tut ion for the Southwestern Division, encompas;sing woody, grssad, d,~

itquatie lat and using both empirical andl exper1T1Tt metal;prcih

Much of' the data was gathered in Oklahoma arid experimentalt con~irinut ion

s;hould. ibe obtaiMned for o ther areas.

198. iStudio;; of flood tolerance in grasnces have appearedI :eegui-

l1arly in the literature (l'orterfield 19~45, (hustle snd Rhoades .?1 1Y,

lihoade:; 1.9641, Iopt) . 'liib]. '3O ŽonnerriLH'ze: the maxim~ui rtjn r ted floodt

riuat;I e;; ;o v-ived by the various; spuceeles. Maximum Clohding was .13 ns

199 . 'l ork velt' Pc tniio51d (1.95)-, Llxoliigh s3omlewhatL dfI iei.ct t to

int; er prel;, -I.:; ox en; iry i.1 L110 ýi t i CI!'P UI e5l rge niun hir of' CWOI lly andul

iit~x'Lace'U1s 53)W1,0:tu f'ound in 13>? man-miadeý arid natuiral Ila~kO:; I I ireugliout

Ok l-alomi111. Plan(,:; are eaLegor i ?Id aeecorcti.njý, Lto111Ž p1)111 loii rf-Jettti vt

tI) 1dj.-rh arkI. 1111W wal.''e. eelr.It; 00oi., hl WIP case (W :01ool bes te iT

ý;,1: If, I'loiwori 1i.. Only iirgii;wetI 1111 jld ro o se 1 bg

('Plab~le 31.). A (!I)5Lj) I~ ~ V 1:;C 1 tlg is ound i1 Appendix G.

00. he, number. I)( 1' is ur a 1.1y 1)1 ni .i n g:iar i annial lierb.s I 01011t 1.11I h

dr-awdowa n td :o-chart'ic ;Aonutl of* t[hI) .iptkoý unde111r 5 ltudy i irc

Tbt' fitet that siijrmh al bl,'Iilm 5 1 )(ŽIt-rllfll (flfI)'' :jwill Illll o'So1i,(. he1( Ieroqd'ovy

V~i11Il5; Ule'rilylll(,'I;ti pnossibiAity (W 111U)I:;irslig itcmjmucmir,1y

hIerbmbcleo :; (!~(cy durl.ilJllf tilt 5lllilI)L~li'. /VIIy 11(i3IJ 15hII 511 1 [).Y

U~r~on ey ar LI) y II) IT
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Table 30

Maximum Reported Flood Tolerances for Grauses in Oklahoma

(from Rhoaden .'1964 and 19T Gwnible and Rhoade.- .1 9614)

Sprfi!ný 71ood. PeriodL;
that Species

Common Name Scientific Name Survived, consecutive days

Be'riMI10,11 gru~uiu Cnodon dactylon 45-90

Buffalo grass Buohloe dactyloiden 145-90

([2I monthLs, uccording to

Porterfield 19)15)

lus Lgraous Pa;ilu (Ii st~i churn )15-90

Barnyard grass Echinochloa cru-.gali 30-60

Virginia wild rye Elymus virginilcus

Bc'akve pfudoni 'j Thnnicuiri auccps P0-145

"Switch grass . rgtm15-30

Ptirl (fl ~) T.1I i'L~tu1.0-110

*Tohrviuuo grass SorthrNi h10-rc11b20

T1all fescue MI1 .;e~ ,uiilIrmP )u

r-ndiali grass Sorghd truin nutaris 7

Mig Wi testem Andropogon Fgerardi.74

":ilvcr bluestetn A. uaccharo-itde2 5]

Li~tti bluvestern A. scojpar 11:3i-

K . 1f. I)ULL.tA Lm A., i:,chaemnwn 6

Weep i .1 ()vvgra.us, E'ragosth; u curvului 3-0



Table 31

Emergent Wtand Species Found in Oklahoma

Lakes (C~rom Penfound 19.53)

Common Name Scientific Name

Herba( oous Plants9

Water sedge Carex aguatilis

Rusty sedge Cyperus ferruginescen6

Spike rush Eleocharis macrostachya

B~arnyard grass Echinochisa qcru ýali

Water purslane Lulwi a palutrs

1 ni 1 luiii w~i uLjbrootoideo

Kinot. grass Lesa lum distichum.

Woody Planrts

Haze.l alder Al nuo sorrulatia

Buttonburh Cephalanthus occidentali~s

Platanus occidenta]lis

C(Jotoriwood T'opifl~u'ý riel.toi dhs

11-ILinn cottonwood P. sn, L:enti i

1'oachteaf willow Sal ix am~ygdalo I des

DUCtcl'hauk wjillow GA. interior

M~ack wLiLlow S.. ni gra

Pr erch taxn1ari oRj Tamarix vaLHjci

1116___ ____________ _____



201. DcGruchy (1956), Iarr:is (1975), and the U. ,S. Army Engineer

District, Little Rock (1973)* have reported on the performance of trees

and shrubs around Oklahoma lakes3. Their dat-a, together with those of

Penfound (1953), serve as the bases for the tolerance listing found iv,

Table 32.

*Unpublished report, "High Water E~ffects on Vegetation at LiIttJI Pock
District Projecta;," 8 pp plus exhilbitr.

I
I
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Table 32

Relative Flood Tolerance of Wuody Plants,~

Southwes-tern Dlivision

C.ormmon Namre Scientif'ic Name

Very To'lerant*

Buttoribush Cephalunthui 0CC identali s

Black willow Salix nigra

Green ash Fraxi nun pennieyl vani ca,

Tolerant"

Box elder Acer riegundoý

Silver Maple A. .;acchuirinum

False indigo Ainorpha f'ruticosa

Iliver birch Betula i~

Pecan Carya ill-Inocniol

Ruckburry CeItiH occ~idental-lu

I'er:;immuzII iDioripyros virginia in

"Sweet'U gumiquidumbar s~yraii flua

JPluck grunI Nyu;sa Eyivtatica

Sycaownre Plrituriui oJee dentalL;

Uverclap oak quercus lyrata

Frnchcl tamarisk Tamarlx vallica

American elmu UIlinuu lwner~iuaria

I Hgf~y Pole'r uteti

lied Maple Acer :ru 1 rum

(CGatinuCed)

Very tolerant: able to) ourvive deep, prolonged. [loodinrg for more
than I year.
Tolerant: able to :;ur-v~i~v! deep (Lii oding o>nr re grownf jug croacer

witlh ig1. 11en o rltai0ity ocearriz rig if' flooding j-u re!peated the
follo1wingP' Year.
-I- i ht~tly tLollruilnlu ab.h! to :;urv~ive t'loood:Lrg or :ca rtaitd ;o.L-I:; fo(r'
3( (I)IO WI oliy! (birn g 1' hy! jrewj.iuj, :



Table 321 (Concluded)

__Common Name Ehrt. i Name

:~lig Tl ioZlcrautt (Continued)

Honeyr loniev t Gleditsia. trincanthos

Eariterrn red c(edanr Juderus virgin~aian

Red. muflbervy Moruii rubra

I p Pirlius echinata

Whiite oak Qitercus niim

bl~ack haw Viburnum pruni f'rAilur

Irituierariti f

Hi tterrnu:t h i v r -)ry Curtya "'p. (co~rd i form:I.,?

Flowering dogwood Cnrnui3 sp. (r].ri~dtc)

Blackjack oak Quereout marilulndi~ca.

Chi nquapin oak 1ýý 1! ý -hie irer-i

lDwar F ch~inoquapin n aik pLrjjjinu e,

Re~d oak rubrab

Po st oak. 0. ;10i si,P

B1itnck oa/.k (J -vclu t ina

Black locust Jiob.rina;i eln ic

I 81, [gutly Lv (rauf1: aLIsle Lo) uirVI VE' firirmul MiEgs' :aurte1 1) ~
-3(0 eon!; ecu Li. y dayL dmatv W-g LI t-wi.uug is141

II V toler-unt - n b e~UhI- to :;~It'rV.l Vi 1110ft'! lio1n ii 10'14 tltty:s )f* f I sodi ri

IHW~L Uy



PART IV: FUTURE rESEACH

202. Giiven the nature of flooding, phenomena aind, the Myriad ways

in which planits respond to flooding, the physi1ology and ecology of flood

tolerance will continue to spawn a diverse research effort. The current

vogue of' stress physiology and ecoo-physiology makes the study of flood

tolerance in plants very attractive. Research into the mechanisms,

sequence, and the energetics of metabolic responses3 is still needed to

determlije their adaptive advantages. [n; addit-ion, the role of hormones

in the lic:Liat,,tton and mediation of both metabolic and morphiological

chsanges is documented but sot understood. Rcscarch that sý besilzes the

findings of the hormonal. arid. metabolic schools, is Vitally 11. dod.

203. At present, it is nIot p~ossible -to develop a modc.l that will

model that encompasses unrelated taxa. Physiological research must ox-

pand beyond the traditional ''guinea pig" planits: before- genexralities, cani

be drawn. lt 1.s extremely difficult to use specif'ic! physbological and]

anaL011tomica ('1trac ters tics to screen plants for practical wp~plio:.tioloos

IKee Itcy 1' hits; oiiitlinod at screening expe-riment that permits~ ail assessment

of a pitit':; potential f.lood tolerance based io se:wveral key adapt~ive

resposes.ouch anl approach iLo attrac ti ye, yet does no1icorpJorateC

man~ly iewondary f'au ton:; that, Influence [a~nt survi vai Wie"[ld tria-ls

s;hoaJAd complement- any labtorato~ry screeniing cfIfurt;s,

p ~ ~ '0. "17Cm a p)urely (11115 fla~l. viWpo-i nt , Uthor in: :u'ic oi rv-

11. ,; wtoi .iIritriiiio1ui Lltt:acr p o t~oed t[eire.W11at i:; I-(--

(Iain't!( ii 11W , I'aLIlier than c onLinite icrecaing o I.' largre osnh rtuý UP' :~j(- i on

Iits Iii t0-itl. let va H t ia(111 of' t i 1w Ž t-o cmaitiO! 0W 1we v iousl y s tudi ed :;peu Les

under mu vair i. by ol 1roanboi00 111 inm :Jwihnrl. 1, to pircitim' :i, ref I sei

r-atLog, schcinic t I at will]. focus on r g L(illi, need:; i tado;it .'IujIi;ii:

to) 31oot [bone. nolw(::. Lmptn't)tnt, 1.11 14Ž1:; o'ndeitm. i.I.le ledwori., bit1wWw

* K'oliy., . N. , 19'('(. Pintj :etiu)ititti.(oro; Ii;lle lggd so 1 J.1: :; I 1id11-

i*t Wo: Wiii1( wit J ind lit i At::;. I(mu1iubOi ls 11 UNd. fliiioi i~t. (4-C iiiilntda. Col.-



of ecotypic variation so that cultivars may be selected on the basis

of desirable traits. An ideal opportunity is here to join practical

concerns with basic research.

205. Concomitant with the research on plant materials is the

need to explore planting techniques that will. be both :owcn •1rI. ,d

economical, Such inforxmnttion will be valthublc to thU decision-making

process.

].• I

S. .. . ... .. .. .. j.
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mC~uiý TOE' APPIOTTTD1_X MA.TER IA I,

Appendices, A through (I summarize the pertinent research onl

flood tolerance. 1.n woody vegetattion for several- of the ten Army Corps

of' Engineers 1)ivisýoions. It isý apparent that different aýuthors have used.

different experimental metAhods, and plant materials, and have arrived at

results that often are conflict~ing. This is esupecially true when rel-

ative terms like "tolerant" and. "ictolcerent" arc employed. Wherever

possible, the original data and. adjectives are employed to avoid muis-

interpretation. It shiould be recognized that in mos-t instances; the

knowledge of the ability of plants to withstand is only approximate.

The appcndices contain net on)ly recognized flood-tlolerant s;pecies,

but also3 thoSC-1 spec iQr; re~peoted in tHie l-iterature. that .cc cur ini flood-

plains , bobttonlands , and other 1'loect-pronle areas which have been studieod.

wi~th Flood tolerance .in mind. It is hoped.i U It by be-ing iaeluslyc,

clearingi p~ractic ; d~uring_ reler von' construction may more fuilly rl.ttl.ect

the state of' knowledge of -the vegetation.

Thc o :;it cto o; sipec ic!, according to -the region iii which

the s;tudy was- conducted is, adoi I. IL( o y artificial. Maniy species. have

0coomoiaolitatn dlist 'i~xbutIons thied; -riolate r(ýgioniLLL boundaries . Conno ,vrseiy,

manly sp)ciesL3 ranges do not extend oveýr an enieDivi sLOii. TPhis is

es-pecid all h trute in th,h' N-orth [fe~i fe alidba-i Pliict I 10 DvJ:''inn'', 1 joib

ot' viicli uenojpmpass vas~tl.y diIf~eren t biotie piovine es . A Run' ti'.dj't o~f'

the. local. Nlora w~ill- be imperative be-forre ;sfleet inns cial 1w mrad,( I 'or

It. 'C o s;he Lti be tecolynii.d 'zA tlet tie- I I, ;L:; yte' 1oind.ouhted-ly

inc 0111)11 t ,, s_ýpecially- oin the species level. Thus;, 1111 111011ce s per in:;

iot) '' 'ue: Satliy (willow) thanl appeaCr ill (111 appe)ndices- s1heiulit he

sidlercdcl Cond tolerant. ALfso, ýC'otlypi( eVat tati.1 111L onmyhIW ''['ii'I1

For a sein -' good. or bad per~formance in ;j.nrt-icultar stud~y. 'iThere

is, lit tlIe hard. data, to Lend an i~des. oF' U. e s oa iaee@'lii F;'attn r',

hut, ("i-v;dear e sag-s that, 4{ F !eatecotY v: of' 1.1w( :woI~.e :;peci. us;

irta,,y sexh iý,. t di F' 1 r' 'nt;' r oo d tol 'aces. At tenit ion Is Iii I i hi ti;. I to

pre-vaiJJlj, tu ooh. I, on;; un.'der' wiih le ila v neciss-:- is- gromwing, i uisily

'I.Oo



when selecting sources of propagules or devising clearing guidelines.
,/

Finally, the diversity of so-ils, climates, exposures, and drew-

down regimes is such that the only reasonab].e approach to vegetation

management is an experimental one. The state of knowledge does not

allow accurate prediction of species performance. Each impoundment is

its own best -source of information and thc prudent manager will rec-

cognize the value of his experiences in expanding the scope of under-

standing. As explained in Part I, scienLific and common nomenclature

follow the usage of the individual authors in most instances. Where

,0 there was reason to iuspect that nomenclature was inaccut ate, it was

"reconciled with thue binomial, used in either ray '- tal of' Botany

(Fernald 1970), Manual of Cultivated Plants (Bailey . A California

F-lora (Muzi.z 1963), or Composite list of Weeds (Weed. Society of America

1971).* Often there are different commrion noises for a single spec-ies

thaL enjoy regional popularity. The authors hope thait the inclusion

of only one common name for each specics will not confuse those familiar

with a plant by a dif('crent common na.c. Pt, 7 I. ico:ui:stency of (SoJillO

names makes the use of scientific names imperative for accurate

identification.

S..1

1

Sec References at -'1d of main text for all :;ources cited in the
tppendices.
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APPENDIX A:

DATA SUMMARY,
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APPENDIX C:

NEW ENGLANU DIVISION,

FLOOD DAMAGE SURVEY
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APPENDIX D:
NORTH PACIFIC DIVISION



labi e DI

Species Survival After June and July

Flooding in the Lower Fraser River Valley, British Columbia

(after Brink 1954.)

Conmon. Name � olrnSpce' Scientific Name

TREES

Box elder Acer nequndo
WL~lnut Juglans spp.
Apple spruce Pircea sitchensis

I ndgr'polo pinc Pi nu,; contorLtý
Cottonwood PoP uius trichocarjpa
Willow Saix hoein
We~ter'n red cedair h pat

SH ROJW.

NIuttall's dogwo-od Corrnus nuttaliji
Redsteni dogwood C-.s-6-1 -tlnTfera-
Bog laurel Kalmia Polifalia.
Labrador tea Ledurn groenlandicurn
El der S-ambnu-cu s c a IIi c ar-fpa
Hd rdhac k Sj4i'aea doulasii
Blueberry Vacci mum ti-uT-qljgi o-sumi

HF Rfil AND GRPASSES

Quack grass Aqopr nrpn
Rent grass Agrostis stolonifera

Horseti 1Ryisetuni arvense
Manna grass Glyceria spp.
Reed canary grass Phalaris arundinaced
Kentucky bluegrass P-Olipraeni
Sheep ;orrel lRumex acetosella

Whi te clover Tf&loirpens;

In-tolertint SpeciOs 2

I NLLS

Bigleaf maple Acer. tracrophy~llum
Hawthorn C ra ____ t
Holly I ex jjqu ilfoIi umn
IDotql as fi r P-- v!', id~ n I

RowanSorhus auculm.rica

W este rn hem I ocV CTsuinu d Pi~a h etor op hy_1a

ml erant species: no sigqni ficant wiort 'dl ty rf-Oul ti nq from fI(looding.
' Intole rant spec i es: specie ritŽot surviving flood.

1YS



Table Dl (Concluded)

Common Name Scientific Name
SHRUB[S

Alder Airius rubra
Alder .siut
Boxwood BUXUS semrpervirensFilbert =Cr s -avellana-Hazel C. ro-st~a-ta -Catoneaster Coto-neaster s-pp.Mock orange PhiladeT Ijjjs gordonianusCherry Prijnus emarginata
Cherry laurel Plircrasus
ý4illj ipple riuasCascara Rhmus piu7-rsian
Blackberry Riiu p ýroceru
Lilac Sy pI

Orchard grdss DactyILIs glomerdtdRush Juncusefus
Perennial rye Tjjii-ie
Timothy Pluip~ratense
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APPENDIX E:

SOUTH PACIFIC DIVISION

NI



No

NI '4Y

~4 i0-i
I~~ TH.i

H 0 .1l 4 I'
0
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U 41
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Common Name _______Scientific Name ___

1. Baldcypress Taxodium distichum
2. Willow Salix sp. (Terminus South)
3. Willow 77T-Tba sTristis'
4. Willow S -. ~(Terminus North)
5. Pecan Tarya illinoensis
6. Willow Sa ix sp . (Folsom)
7. Green ash F-raxinus pennsylvanica var. la~nceolata
B. Wisconsin weeping willow Sa61ix bUa nida7
9. Matsudana willow S-. mýaftsui! a-na-
10. Carolina poplar 79_op 7us can a d en s is
11. Balni-of-Gilead P. canadicans

7. Fremnont cottonwood T. fremontli
13. Murray red gum Fuc-a7lyjtus camauldulensis
14. Thornless honey locust Gldti raato a.inerpois
1!). Si Iver imaple Ace-6r sa-cch-ariln-uniil-
16. Sycamore Platanus occidentalis
17. Syc~amor' 'Platfan-us rcns
18. White poplar vopulus alb a

19. [i'ucalyptus Eucalyptus_ a~Rqegatd
20. Eucalyptus E. c~osnhylld
21. Pussy willow 11 ix discolor

22. lBoxelder Kc-e-r- -nejiuindno
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APPENDIX F:

SOUTH ATLANTIC DIVISION



Table F1

Effect of Flooding on Plants, West Sandy Oewaterlng Project, Tennessee 1

(after Hall and Smith 1955)

Dead 1liue Dead line

Elev. Lowest healthy tree Elev. Lowest sickly tree
above Percent of time above Percent of time

MSL flooded during all MSL flooded during all
(rt) qrowing seasons 2  (Ft) growing •,snns2

Black cherry (Prunus
serotina) 359.4 0.6 356.4 13.4

Flowering dogwood (Cornus
florida) 359.0 0.8 356,7 11.6

Hop hornbeam (.Ostrya _ rginina) 358. 7 1.8 356.7 11.6

Sassafras (Sassafras
al bi duni) 358.5 2.3 357.7 5.6

Beech (Fagus grandifjora) 31,..2 3.2 355.5 16.1

Yellow-poplar (Lirjindendron
tu1 ip_ era) 357.9 4.5 355.5 16.1

American holly (Ilex opica) 357.0 9.' 354.9 17.0
Paw3iaw (Asirnina triloba) 356.7 11.6 356.7 11.6

1cdc uda v (Jun ip U Ceu
yvir.inian .. 356.3 14.0 353.8 24.4
alaLk Older (A1_nuý rui'o'-a) J35. 9 15.8 353.7 24.b

Shagbark hickories (.Carya
spp.) 355.7 16.0 354.2 ?2.4

Loblolly pine (Pinus
Laeda) 355.4 16.1 355.4 16.1

black gum (Nyssa %ylvat-ira) 355.0 16.3 354.0 25.3

Water oak
(Q.urcui . n _ra) 355.0 16.3 354.0 23.9

Catalpa (Cktalpa sp.) 354.7 18.6 354.0 23.9

Pignut hickories
(ECrya sp1) ) 354.6 19.4 354.5 20.2

Ironwood (Carpinus
carolInana) 354.1 23.2 3!,.1. 26.1

(r.n ti mutd)

Plarit!; 1I ted in ,olr of inelvirnq tolerance to floodinqi as indicated by the
lowest healthy tree es•servwd durine the s011u1er 0Of 19! 2, suuii 11er pool elevation 359.0 ft."I,.rowinq season was considered to he I April-I Oct. Period ul record was I Sep. 1944-
1 tl . 195?, giving it ,o)hilum (j1,winJ e;.on I Iloml of 140? dhys. Llevaition-, bd)ed
on 10 obsrrvations per species.

--,--A



Table Fl (Concluded)

Dead line [Dead line
Elev Loesthe~t hytre E cy. Lowest. -sickly tree

above Percent Of Line above Percent of time
MSL flooded during all tISL flooded during all

Species (Ft) growing seasons (Ft) growing seasons

Birch (Betula qg!a 354.1 23.2 350.0 34.5A

Sycamore (Platanus
Occidental-;.)- 354.0 23.9 351.2 31.2

Winged elint (Ulmius a-lata) 353.7 24.6 353.6 24.9

American elm (Uimus
ame rLcan-a) 353.7 24.6 348.5 38.8

Iieckberry (Cýeltis sp.) 363.6 24.9 353.6 24.9

Swamp black. gum (1rl~sa
qyjvatica var. biflor-a) 353.1 26.1 353.1 26.1

Cow oak (~jercus mirhauxil) 352.2 28.6 350.2 34.0

Honey locust (Gledltsia
iri'ir~nnt 352.0 29.1 349.8 31j.0

Persininon (DJni o-spyros
!iLrlfin df-d)T 351.5 30.4 349.3 36.2

Willow oak (Puvncm;. phcel-lon) 351.4 30.6 347.8 41.6

Hawthorn (C-rata!'irvjs p.) 351.0 31.7 349.0 36.9

Sweetgum (LA i(LJudainhart
5 tyac i fluad) : 350.1 34.3 347.4 43.3

Cottonnlio'd (P vtliw. idw I]1(1) 350.0 34.5 350.0 34.5

Deciduous holly (Ilex decidu i) 349.7 35.2 349.0 36.9

Red maple (Acer rubruin var.
drur~iunn-d!!)--- 349..2 36.4 348.0 40.7

Water tupelo (Nyssýa dqLuatica) 348.6 38.4 346.1 53.0

Ash (Fraxi-nus sp.) 348.6 38.4 347.8 41.6
Pin oak (gurupau~ . 34.4A.2 348.1 40.3

Buttonhush (Cuphal3anthus
Occidental i) 348.4 39.2 346.1 53. 0

Overcup oak (Quer~cus lyrata) 348.1 40.3 346.3 51.2

Black willow (Salix ni191a) 347.5 42.5 345.7 58.8
Swamp i rorwnnfI (Planirrlol!~f')Il '. 53.13



APPENDIX G:

SOUTHWESTERN DIVISION



Table G1

Species Found Around 32 Oklahoma Lakes,

(from Penfound, 1953)

Woody Plants

Flood zone (terrestrial,
subject to surcharge)

Celtis. 1-Lev jdL-ta (Sugar berry)
1D1ospyno viryqJniana (Persimmon)
Fraxinus pennsylvanica var. subinteqerrima (Green ash)
Prunus angus ifolia (hickasaw plum)
khWtus-romatica var. serotina (Fragrant sumiac)
S-in-ilax bona-nox (Chi-na brier; d very thorny vine not suitable for

areas of human use)

Summer pool level (permanent
wetland grading into surcharge zone)

Alnus serrulata (Common alder)
Ckllnthus o-ccidentalis (lButtonbush)

PIatan-us o-c-c-idntTii-s{-Tyc ailiore)
Populus deltoides CTottonwood)
P.ý :-tiT-I1ains cottonwood
-S alix aqygdaloides (Peach leaved willow)
S. nterior (Ditchbink willow)

S. nigra Mlack willow)
Tainar~ix qal11ica (French tamrarisk)

Herbaceous Plants

Dfri ft lines (winrdrows at upper
reaches of flood zone)

Andbrws i a PS i lou.;tachya (We- fern ragjweedc)
Andropp.9on hal 1 i V(13e.rdgras-;)

~ric rusduc~fnroS(No commuIIIfm name)
kle Ta-n-f th u s pe - i -niarisi (1Peaiiriu sunfl ower)

Lythrun, alatui ii (Winfged loosestri fe)
Verbenna braic-teatal (Pros trate vvrvai n)

Flood lone

Residual (survivor,; fromn original grassland)

Andrnpnjjon i ro i n-icus ( Broonitsedqe
Nster exilis HCnider aster)
Buchl oe dactylni des (HJU fifalI o grass)s
Uo r e opsis Li uctori a (Pla in,; corfopsis;)

Cynda (rI~~l~l(Bniidagrss



Table Gl (Continued)

Panicuni oli~josanthes var. helleri (Helier's panic grass)
P. vir~in (•§Witch.g ass)

PaýSpalum~laeve var. circulare (No commuon name)
Spordbbcfius _asper (Dflr_5sed'O

Flood induced (flood surcharge zone)

Spring and Summer

Amaraiothus albus (Tumble piqwc'ed)
APmannia- co~ccinea (Purple ammnannia)Btacop rt------difolia, (Round leaved water hyssop)
C-o-nobeýa miu-l-tif-ida{-No commion nmiie)

yeusinflexus (Sedge)
IiiodT- vijA, niana (Virginia buttonweed)

nle-ocharis obtusd (Blunt spikerush)
Fimbristylis autumnalis vdr. niucronulata (No common namie)
I-lewica h.pha druinmiorti i (No common name)
Lepidiumt densiflorum (fGreenflower pepprrwrood)
0 iid -eydi a'-Tullý-Oa 1 s e )i i iiP e rn e I
Mol1T7gvcetTfTlata (Carpetweed)
Myosirus~ winiTiIu& 6Hisr't~a i 1)

Rippa --t-s--(-Yel low cress)
R. sessiliflora (Yellow cress)
Ro tal a ramo-sTUo (Toothcup)
Sida hcderacea (Al klil di si da)
Sp~wiliaoce g] abra (Buttonweed)
Verotihi(, Pe~r _eri na (Purslarne .peedwelfl)

Au tui~in

Act~ined odorata (No common rinae)
Aciildad tua-lklri-seina (Water hemp)
Aiiibro iaJ~ ps-Mlostacfhy (Western ra(Jweud)
Aster uxi] y, (audc sLem')
Iflwh-1 ocl da( ty-loides% (BFuffa 1 nr.
Coreops s t i cto ria (P'lain.%~ cormpsi)s
L-ch inldo(Iur rostr I us (Iturhead)
I tuphio rbi a ma gi r ia ta (mow-ol.- the-nloun ta ill)
(Conyza carmadenss _(1(ilorseweed)I
Fran scri a tomin~ntosa (Wool lyl eafhrsq
GutiurreziiiA dracunculoide, (Commuon broomv.ý.ed)
auncus torreyi _(Torrey,;_ -rush)
Lippjni -cuneiromia- (Wcdqt-Iicaf tig- truit)
L. lanceol-ata (Fogfruit)

Orn~ h'm -mnurn,(Wwstern yellow veoni tiq p rinro,;e

[jicviim v i rqatuii (Swi tc~hqriiss

lRime x crk pu- _(Curl dI(ock)
Soi)IIoro ser coni (No) commn itmne1
Xanrmiliti tui tal icivil (Rldi~i n cot kl ((iur)

( Cori1. i tilled)



Table G1 (Concluded)

Summier pool level

rxirex aquatili-. (Water sedge)
C9ype-rus ferrugineýscens (Rusty sedge)
Eleocharis _______ hya (Spikerush)
Echi~nochla_ crsali ( Barnyard grass)
Ludlwiqia pa-u-stris7(Water purslane)
Panic1u3 agro-stoides- (Panic grass)
-Pasjpalurni -i-stichum (Knotgrass)

Recession zone (exposed
area helow mean sunimer pool)

Acnida tamariscina (Water hemp)
Ase~r-ex'ili is-T-S-Ie-n-der aster)

Atr~iple~x argeLtea (Silver scale saithush)
-Ch -Molodium incanuni (Hoary goosefoot)
E-leo~ch-ari-s ni-acr-ost-acya (Spikerush)
E_. yqo.dran -qu laqNuare stein spikerum)
Conyz canadensis (H-orseweed)
Fran-seria tonctrltosa (Wooly leaf hursage)
Hf6eli1anthus ciliarAs (Texas blueweed)
Juncus nod atus (Ru sh)
usJdsca aiericana (Water willow)
Leeriaoj~zoides (Rice cu tgra ss)

K1onbupinsnuttdll iina -(Monolvpi s)
y o su r us ini n~i niiiu4 -(Mf 6`6s eta i I )

ib-F6l5'bnu -ctiiE-crineum (Swamp srnartweed)
P1. hydropipero ides -(Mild srnartweed)
P . lapathifoliuIll (Pale sinartweed)
P. persiFc~aria (1ady's thumb)

P.rdniosTý-si-inum (Bushy knotweed)
Aaiurunru uernutus (IJ.iardtaiV)
bSCir p us val id-usV (Sof tstern bul rush)
S ida [fed er-a'ccaI 'AIk alIa i s ida)
Triticulm Sp.(Wet

Typha (1om lngen'si s (Southern cattail)
T. latifolia (Cotijnon cattail)
Xaii'i~i~jWiilfa icum (Italian cocklebur)

T i_ýniossI 7i~iV{Tea (Giant cutqrass)



Table G2

Survival of Trees [urin" Flood Surcharge at Two Oklahoma Lakes

(after Harris 1975)

Z Alive After 26 _ATril-15 June Fl-od
Keystone Lake: Oologah Lake:

max. flood depth max. flood depth
Species = 28.5 ft above ' 21.3 ft above

_-_ _n N__,_I_ Scientific Name gross pool gross pool
Cottonwood P Ipulus deltoides 100 98

Willow Salix sp. 100 100

Green ash Fraxinus pennsylvinica 99 94
var. Tanceo-ata

Box elder Acer neeundo 99 97

Silver maple A. saccharinum 98 --

American elm Ulmus americana 95 66

Sycamore Platanus occidentalis 94 97
Pers'immon Diospyros virginiana 93 40

Hackberry Celtis occidentalis 91 61

Red mulberry Morus rubra 66 80

Pecan CaUa illinoensis 55 88

Hawthorn Crataegus sp. 69 --

Black haw Viburnum prunifolium 68

Honey locust Gleditsia triacanthos 43

Eastern red cedar Juniperus virginiana 45 --
Black oak Quercus velutina 30 43

Blackjack oak Q. marilandica 20 5

Post oak _quercus stellata 6 15

Red oak Q. rUhra 3 7

Dwarf chinqua- n-. prinoide5s 10
pin oak

Chinquapin oak f. muehlenbergii 1 --

Black locust Robinia pseudoacacia -- 6

• Species absent 1)r sample too small for evaluation.

[;'I



Table G3

Relative Tolerance to Flooding. April-July to a Maximum Depth of 23 ft

(From U. S. Army Engineer District, Little Rock, 1973"j

Coimmon Name Scientific Name

Tolerant1

Buttonbush Cephalanthus occidental is
Persinmmon Diospyro s virginiana
"Sweet gum Liguidambar styraciflua
Sycamore Platanus occidentalis
Black willow Salix nigra
River hirch Betula nigraBlack gum N~s~sa sytlvaticall
Overcup oak -ercus rT a

Moderately Intolerant 2

White oak _uercus alba
Post oak Q. stellata
Red oak Q. rubra
Shortleaf pine Pinus echinata
Eastern red cedar JuiTj-erus viriniana
American elm Ulmus americana
Ash Frrax-nus sp.
Red mulberry Morus rubra

Intolerant'3

Hi ckory Carya sp.
Red maple Acer ruhrum
DorIwuod Cornus sp.

1Tolerant: survived complete submerclence for .v•ral month- duriily
gv"owi fly•iLse(asl.

2 Moderately intolerant: stressed or killed by complete submergence.3i•ntolerant: killed by partial submergence.
"•Too few observed to make adequate assessment.
*Unpublished report, U. S. Army Engineer District, Little Rock, 1973.

Ifigh vaWLeL uf`ecLs on vegetation at Little RuLk District projects,
8 pp 1 exhibits.

(Continued)
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Table G4

Observwtions on Flood Tolerance of Mature Trees in Central Oklahoma

(from DeGruchy 1956)

Fraxinus pennsylvanica var. subintegerrima (Green ash)

Plants survived in 30 in. 17 consecutive months

(lImus americara (American elm)

Flooding from 5 June-i October 1951

Depth (in.) Date of leaf abscission 'presumed dead)

30 8/5

24 9/14

14 10/1

6 died following spring

Cephalanthus occidentalis (Buttonbush)

"Plants survivea summer flood to 36 in. for 3 months followed by a

15-mnnth flood to 44 in. the following year.

ILmornpha fruticosa (False indigo)

Plants survived 3 months of summer flooding to depths of 48 in.; poor

recovery if perind is extended.

lamarix gallica (French tamarisk)

Survived 3 months of suimner inundation to a depth of 36 in.; killed

by 16 months continuous flooding to 48 in.

•ynodon dactylon (Bermuda grass)

Survived 15 months of continuous inundation to 6 in.; significant

mortality when flooded to 12 in. for the same period. Some dormant

rhizomes apparently able to survive 15 months of flnodinq to 18 in.

CY

L,



In accordance with letter from DAEN-RDC, I)AEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Ltlujiituzy Technical Publications, a facsimile catalog

card in Library of Congress MARC format is reproduced
below.

Whitlow, Thomas II
Flood tolerance in pl ants: a staic-of-the-art review / by

Thomas ft. Whitlow, Richard W. Harris, Department of lEnviron-

mental Horticulture, Ilniversi ty of cali Efornia, Davis,
California. Vicksbur, Miss : U.S. Waterways Experiment
Station ; Springfield, Vi. - availible from Natiojnal Technical
Information Service, 197c).

161, i9o] p. : ill. ; 27 cm. (Technical report - tI. S.
Army Engineer Water waYs Experiment St;tion ; 1: 79 2)

Prepared for Office, Chief of Engineers, 11. S. Army,
Washington. 1). C., tnder Cont ract N'o. IlACN39-77-M-3423, Work
Unit IF::1.

Incluides bibliotgraphies.
1. Flood tolerance. 2. PMnts (Botany). 3. Reser,,,-irs.
4. State-of-the-art studies. 5. Tolerances (Physi. gy),
6. Vegetation. I. tIarris, Richard W., joint anthor.
11. Ca]ifornia. It'ivers ity, Davis. D)ept, of [ynvironmental
Itorticulture. ill. ULi ted States. Army. Corps of Engineers.
IV. Series: Uanited States. Waterways Experiment Station, Vicks-
butg, Miss. Tecthn ieel report ; [-79-2.
TAY.W34 no. F-79-2

- . . . -.. .--- - -


