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P REFACE

This report was prepared by Dr. C. Ritchie Bell

• (Botanist) and Jane Morley (Bibliographer) , Nor th Caro lina

Botanical Garden, University of Nor th Carolina , Chapel Hill ,

North Carolina. The report was reviewed by Melvin B.

Satterwhite of the U. S. Army Topographic Laboratory , For t

Belvoir , Virginia.

The literature search and review was conducted under

contract •DA.AK70-79-M 2525 for the U. S. Army Topographic

Laboratory , Fort Belvoir , Virg inia.
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Introduction

By vir tue of their topographic position , f lood plains

h.t:e a potential to support a relatively varied woody flora

• •io~~1n i t e ~ by those tree species that are adapted to speci-

fic flood plain selective pressures. In the portion of the

Unit~~ S1~~ L’~; east of ti~e 100th meridian thCLL ~ arc 3~~~~ C two

dozen “indicator ” tree species commonly associated with

flood plains. Most of these species have extensive , and

essenti~~1’.y overlapping , geographic ranges and they may of-

~~~~~ i~~ c~~ sympatrically in appropriate bottomland habitats

hro.: h~ ut much of the eastern United States. For these

~~~~~~~~~~~~~ flood plain selective pressures , such as

~~~~~~~~~~~ s~~ ’ation , low soil oxygen , and actu3l inundation

~~~ r ‘. ry 1 :~~ r~eriod s, are superimposed in the more general

~3tH~~.is ot iiatur al seleclion that result from the consider—

thic la ti tu d i~~~1 , altitudinal, seasonal , so il and other

~~~~~ envircn~ L’1tal variations across the wide geographic

r~ n.:r~ •
-
~~: each species. Despite the almost limitless poten—

tial for intraspecific variation that might occur under

such con~~ .i sting selective forces , flood plains tend to

~ i~ i~~ain a relatively characteristic dominant flora of

critica l ecologica l, cul tural and fiscal importance to the

(
~~~un Iti.~s , sta tes and regions located wi thin a given

*ae :shed . It is therefore not surprising to find a rela—

t ively broad array of scientific and other literature deal—

t m i  with the varied aspects of flood plains.

ii
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The objectives of this project were thus: 1) to con-

duct a thorough review of the literature pertaining specif i-

cally to the effects of flooding on the plant-soil-water

relationships of these characteristic “bottomland” tree

species commonly found east of the 100°W longitude in North

America; 2) to evaluate cirtically each reference; and 3)

to prepare a current bibliography and cross—listed reference

matrix which will help investigators identify those soil and

water conditions , or other environmental factors, that

affect the distribution of “bottomland” tree species.

The bibl iographical literature search “The Effects of

Flooding on the Plant-Soil-Water Relationships of Bottom-

land Tree Species East of the lOO°W Longitudinal Meridian ”

was initiated to provide a body of ava i lable literature

r eqarding the ‘ind icator” va l ue , or characteri~~ti’-s , of

c e r t a i n  p lan t species undcr  ~a rt icu l . ir  soil and walt? r

c o n d i t i o ~ ..;. The sc.irch w~~s • ~ t j . • d  to ~rovidc ~~:ess to

information useful to: I) environmental specialists and

engineers working in flood plain or bottomland areas who

are concerned w ith the interrelationships of trees , water

and soils; 2) water resource agencies preparing impact

statements ; 3) field researchers investigating any aspect

of soil—water relations concerning the dominant woody

species of areas subj ect to inte rmit tent  inundat ion ; and

4 ) forestei s and timbe r management personne l concerned with

optimum yield of timber and wood products from flood plain

areas. A valuable by-product of the search is an indica-

tion of the geographical regions and topical areas lacking

i l l
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t ,h~- ‘e l e v . i ’m t  data  needed for  r ea l i s t i c  biological  or cul-

t u r .m 1 .in~~ing  i n v o l v i n g  flood plain areas.

Methodology

The s t a r c h  was conducted in the fo l lowing  phases :

Phase 1 — A l i s t , of the 25 most appropriate  bot tom—

Utnd or f lood ~l..iin tree species was compiled w i t h  nomen-

c l . i tu r e  f l lowing  the cu r r en t  “ Syrm onymizcd Check l i s t  of t~~
Vascu la r  F lora  of Nor th  1u~er ica ” (Xar tesz  and K a r te s z , in

p repa ra t i on  at the Un i vers i ty  of North Carolina at Chape l

H i l l ) .  This l is t  enabled the search to ma in t a in  a consis-

tency in regard to the sc ien t i f i c  names.  Many a r t ic les,

however , llst*’d the species by co~~non name only and pre-

sented a problem in the maintenance of taxonomic consisten-

c~ (see ‘able 1) .  In add i t ion  to the species l i s t , a l i f t

of 110 keywords associated with flood plain environm~nts

was also co~ piled (see Table 2) to gui~ c the search. Wi th

these l i s t s  as gu ides , computerized b ib l iograph ica l  da ta

base searches were conducted through the Reference Depart-

n”n t  of D. H .  H i l l  L i b r a r y ,  Nor th  Caro l ina  State U n i v e r s i t y

:ibrary , Raleigh : the Math-Physics Library at the Univer-

sity of North Carolina at Chapel fill; and the Southern

Water  Resources I n s t i t u t e  in Raleigh. The fo l lowing  bib—

liog raph ic  f i l e s  were used : (see Table 3)

a.  AGRICOLA

b. BIOSIS PREVIEW S

C. CAB ABSTRACTS

c i .  (‘~EOREF

iv

• . • - . - ..- - -  - .-— . 
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The retriev~ 1s conducted using the J~i ta  files did not

y i e l d  as complete a list of available literature as expected:

fo r  example , CAB A}3STRACTS yielde d 58 citations , only 20

• • 
of w h i c h  were re levant .  Mother  minor  prob lem encou :. tcm u

w i t h  the searches was the r e t r i eval of many i .ir e le v a n t

f o r e i g n  re fer enco-  covering on~ v Eurn~~,’ ’in and Asian

resear~.h s t u d i e s .  T h i s  was especia l ly  true  with  CAB

ABSTRACTS , which is prepared in England and indexes sources

which are not ordinarily picked up by U. S. bibliographicu~

services;  a~most half of the 58 references from this  data

base were  f o r e i g n . 1 is i mpor tant  to note  t ha t  the  search

t er m  “ f l oo d ”  could be entered in a t runca t ed  form : “f 1ood?~~.

Th~ s f o r m  re t :  i ev e d  a l l  references wh m.ch contained the word

or .~ord roo t “ f l o o d ” anywhere in the citation , abstract or

suh je’~ I :.lds of ~e Ie ? I . ~rence . For f o r t  hi~r r e s ult s  of

the computerized searches , see Table 3.

Concurrently with the computer searches , a manual

se.u~~h was begun . A tew significant articles on the sub—

Ject by Broadfoot , Hook and }iosrmer (see references i64,

126x, 135x) ; the two excellent summary volumes by Miller

(see reference ‘190); and especially the six volumes by

Teskey and H i n c k ley (see re fere n ces 0 2 4 9 — 2 5 4 )  were used to

begin a “snowball’ type literature search . This type of

search examines the references cited in the latest or most

comprehensive articles and then in turn examines the refer-

ences cited in those articles . The available abstractin~ and

V
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:idex inq ~u~ lication (see Table 4) dating back to 1950 were

•~l~~•~ thoruu.~h ly  s ear c h ed manually to obtain more relevant

~‘i a’ jc’ns which were then examined and evaluated . Forestry

~‘t ~~acts and Selected Water Resource Abstracts , for exam—

~le , employ controlled vocabularies of terms and phrases

suc h as “ floodpla ins ” or “flooding , effects of ,” whereas

BloleL; l cal Abstiacts and Science Citation Index use a “Per—

~~‘~~t rr . ’ ~ndexing ~iothod . This -r !~y r i . 1 h~~~d n eth o l  essen—

~• ‘- iiy “ t r u n c a t e s ” terms and compiles l i s t s  of t i t l e s  wi th

~ .ie word or w -~r ’1 root somewhere in the t i t le . Al thoug h

t h is  x r .~: . -x u - o  method is very thorough , i t  seems to yield

‘h nore irrelevant information as it is not as specific

•;~~~ i - ’~~~~~ ‘led vocabu la ry .

A~~~~ r :s ’v i e w in g  these  i ndexes , an e x h a u s t i v e  manua l

e ~r c .  . ‘
~ : j u~h v i l ~ al ;e t ’ : a i  t i t l e s  ~~a -  cond,~cted to co\ ’~~r

• any ~. i ~~~::al o~’ . r  looked by the indexes (see Table 5 ) .

Th’~° se’ ~ij i los i~’~~1u 1 a l l  j o u ’n a l s , s c i e n ti f i c  and

• ~i~~~l reports , unpublished manuscripts such as disser—

~~ x r ~ns , a nd  c :°rn-~~ n t  publications possibly related to

1.e sub ’ ’ -t inc ludin -i silvicultural , botanical , biolog ical ,

a;r icil~~;ra1 , • c1r~~ic a l  and geological publications .

Pha~-o  I I  — ?~b st r a c ts  of a l l  pe r t i nen t  l i t e r a t u r e  r e f —

~~~~:•~~~ w or e  compiled . The c i t a t i o n s  were a r ranged  alpha-

b e t i c a l l y  and n’:r’hcred con secut ive ly .  To a id  in the dif-

f . r ’•n~~:~~t :~~n of •i~~t i c 1eg  d e a l i n q  p r imar i l y  w i t h  expe r imen ta l

work (or non—site-specific data extrapolations) the letter

“x ” was placed iifter the abstract or citation number.

Phase III — The Development of the Data Matrix. In

vi
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order to provide ready access to those references concerned

with specific f lood plain tree species or f lood plain soil

or water characteristics , a 325 ca tegory data matrix was

constructed (see Table 6, Section II) in which the 25 plant

spec ies , arranged alphabetically (by scientific name), com-

prise the vertica l axis , and a series of 13 per tinent soil

and flooding conditions comprise the horizontal axis. Such

in in [or~ a~ Ion • :rid also I rovi h~s, as mentioned previously,

an interesting comparison of the amount of relatively cur-

rent research being done on specific flood plain trees and

soils and their various interactions. For example , it

should be no ted that one search topic , “water temperature ,”

produced only a s ingle reference, and this was not concerned

specifically with the tree species of particular interest.

Acco r d i n g l y ,  the column was not included in t h e  f i n al  da ta

m a t r i x  but , because of genera l  ~n ter c s t  and relevance to

th~ a~44 ;n.~d ~r i o , the ref e : .n c e  inn • d s ~~r ac t  are includ~ .i

in the l i t e r a t u r e  citations.

Two -:erv i mportant , but  very genera l  ~n t r ’r m a t i o n  cate-

gories , relating to flood p~~~in species are “tolerance ” and

“succession .” Both categories are so broad t ha t  the; do

not f i t  a p p r o p r i a te l y i n to  the r e l a t i v e l y  spec ia l i zed

blocks in the  data  m a t r i x .  For t h i s  reason any reference

in e i ther  Section I :  (L i t e r a t u r e  C i ’ a ~~~ons and Abs t rac t s)

or Sect ion IV l~~~n er a 1  B i b l i o g r a p h y )  t ’ ~~~~~ t r e l a t e s  to f lood

pla in  species tolerance or to flood p l ain  succession is

l i s t ed  by r e f e r er ~cc ? A: . be r under the ~~ ~o pr 1 a . . e heading of

Table 7 in Section •~~~ lLi ~~~~~ t;~a~~’u~ t ee)  .~:“n though t h e
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refer~~nce may a lso be l i s t ed , i f  appropria te , in a Sp e c i f ic

h lock of the data m a t r i x .

A l l  p e r t i n e n t  references concerned w i t h  f i e l d  ~i t u ( u i e s

• associated with a particular state are s um ma r i z e a , by s tate ,

in  Figure 1 by means of individual reference numbers being

g i ven , as appropriat e , in each state . Numbers including

t he af. :~~~~:i ’ ioned “x ” are not included on the map, as the

s:iert t i.f’ ~c value of t h ~ work was as~ u:ned to be indt . j ~Lu d e n t

of the geogra~ hic locality in which the work was done.

The present report contains the following elements:

,\ l is ing of the bottomland tree species and keywords

used ~n ~~rrula t in~; t h e  search strategy . (Section I ,

Tables 1 and 2, pp. x and x i .)

2. .\ lis in~ of t~~~~t’ computerized bibllo !raphical data

bases and rianual a (ctracting and indexing publications

;~~~ ha.~- ksi ~~nd information such as type ;f

journils indexed , inclusive dates and subject cover-

a ;t’ ) ~sed in conductin the literature search. (5cc-

ion I , Tat les 3 and 4 , pp. x i i i  and xvi . )

3. An a l p h a b e tic a l  l i s t i n g  0’ a l l  serial  pub l ica t ions  re-

“wed inc lud ing  volume numbers  and dates that  were

covered . (Section 1, Table 5 , p. x v i ii . )

4 .  7.. compendium of a l l  b ib l iographica l  c i t a t ions and cor-

responding ab str .i.ts , arranged alphabetica lly by

author and numbered consecutively. (Section III.)

5. A two—dimensional matrix correlating tree-indicator

species and ‘lood-factor relationships with numbered

—U
_ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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e n t r i e s  co r respond ing  to  t h e  c i t a t i o n  f rom w h i c h  the

relationship was established . (Section II , Table 6,

p. xxii. )

6. A map with numbered entries indicating the geographi-

cal locat ion referred to in each citation . (Section

I I , Figu re 1, p. xxiv~ References by State.)

7. A table listing references concerning the topics

“rl.oodin~ Tolerance ” and “Flood ing and Succession ” i~-

cl~..finq citations from Section 111 and the General

Bibliography. (Sect ion II , Table 7, p. xxv .)

8. A ~enera l Bibliography of citations ~ f related refer-

ences ~n flood plain tree species. (Section IV , pp. 281-28f.)

lx

_ _ _ _ _ _ _  -



TABLE 1

~~~~~~~~~~~~~~~~~~ SPEC I ES

Acer negundo Box elder

Acer z ubrum Red maple

.‘~cer sacchar~ num Si l ve r  maple

Be tu la nigra River ( ix c h

~a rp i :~~~~- ca o I in i ana I x c n w o c .d

a r y a  aquatica Water hickory

~cltis iaevigata Sugarbeiry

Celtis occi dentalis Hackberr~

F r a .~tnus :~~sy ivan ica Green ash

.iq ;i da-i’a: styraciflua Sweetgum

L~~r~~~dc’ndro:~ u l i p i f e r a  Y e l i w poplar

~ -~no i ii • 
~i I a ~:-~hre ~ I a ‘ i  : n O~~ a

~. 1s S a ~~~~ . ..it er t - :p e lo

:yss i ;yl ’. ~~ t l ea
.- i r .  Li flora Black gum

• 
~c Loblollv pine

P1 ~n c ra  iq i a t  i i  Water  e 1r~
Pl~~~anus ~cci1 e:~

t al1s Sycamore

:al ,~~ :elt l ’s Cottonwood

‘ .erc~ s falcata
auedaefol ii Cher :  y b -i r k  o ik

~~erc ;s p al istris Pin oak

. l . e i - is h e l l o s  Willow oak

.i~ A shumard oak

~a
’
~ix n igra Na-k willow

Tixodl7r ’ distichum Paldcypress

x



TABLE 2
KEY WORD LISTING

Aeration Moisture regines
• Aerobic Mor tality

Alluv ial Much so ils
Anaerobic Northeastern U.S.
Banks Nutrients
Biological coninunitles Lsrr otic potential
Bog Oxidize
Bottomland pH
Central U.S. PhenoIo~ yC li t’~i t ’ - ‘ - i~~ a~~jon 

..~lati~~nsh i 1~;
C o n i f e r o u s  trees Physiography
Deciduous trees Plant
Depth P lan t  age
Distribution patterns Plant coi~~unities
Drainage Plant distribution
Duration Plant ecology
Ecology Plant growth
Eco regi ons Nant morphology
Ec!aphic factors Plant nutrition
Environmental factors Plant populations
Excess water i lant-soil-water
Flood relations
i-~ i~~

)
~i control •‘e~~. ; ° 1  atj .n

1100(i damage
Flood frequency Ripa r ian
Flood stages P~~ot sys tems
Flooding Roots
Fln~~l~ I u n :u ration
Flood s Seeds
Forest  r -a n a g em e n t  S it e i ndex
Fores t s  S o a k i n g
Forestry Soil aciation
Geology 

~~~~ aggregati ’i
Germination Soil moisture
Gradients Soil salinity
Groundwater Soil stru cture
Habitats Soil cmperature
Hardwoods Soil textur e
Impoundment Soil wat er
I n d i c a t o rs  Soils
Intolerant S c u t + . c a ut e z n  U.S.
Inundation ~~~re u n s i I e
1 ikes S - ~~ rTi fe his~ ory Subnoil
L~a. ~~~~~L Marsh  S u r v i v a l
Micrcuenvironmtt’ i.
Micron •trient ’ T: 1 rinc.
M inera i indi e s~~~ s Trec-wat~- r
Moisture n~~i~~n ~~~t r *  u t b
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TABLE 2 (Cont ‘ci)

Trees Water oxygen
Uptake Water quality

ion Water relations
~;a t e~ c1; aci tv Water table
Water level :luctuations Waterlogged
Water nutrients Wetlands
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TABLE 3

COMPUTE R I Z E D FILES USED

References References
Retr ieved  

— 
Used File

47 1 AGRICOLA — Produced by the
N a t i o n a l  A g r i c u l t u r a l  Lil r a r y
and accessed through DIALOG
(Lockheed) . This data ha~~ cov-
ers the field of agriculture ii
the L r u~~~~ n t ~ sense w.d s~ ~ c i f ic
areas of botany and forestry are
included . More than 6,000 Sel l-

als , pamphlets , government docu-
ments , research repor ts . USDA
publications and conference pro—
ceedinqs titles are reviewed for
indexing annually. The file
size is currently over 1 ,000,000
citations and increases by
10,000 new recor i~; mon thly.
AGRICOLA is ret rospective to
1970. —

‘3 32 BIOSIS P R E V I E W S  — Produced by
t B1o~~Tences Information Ser-
vice and iccessed through DIAL .. .

~} i s fi le contains citations
from both Bio log ical t~bstra ctn
and Bioresearch Index , ti e  ma ’ ~
publica t ions ~ ‘he Ser ’.- i ce .
All of the l if e sciences -

co.’~’i & 1  ~ad the  m a t  r i a l  .,ca: ;.~ e.for  t I n s  ‘ile inc~ i b s ~~‘ r 1 0 d i —
cal l i t . . i a t u r , mor 31a: :~~~~ , bc:~
revi ews , t ext books , ec ’ r l ea
repo r t  :~ , t he ses , syn.~:on 1 a , i r e  t 1
t u t i on a l  and &~ O’.r mt nt  i i  re—
p or t  , m d  confer’  n .
i nq s  . I~e file s ze i n~~~ over
1 , 3) 0 , 000 i ~~~

. a- . i s .  1a cc
monthly ry , ~oxim~. r r I~ 2~. ,000
recor i~~. -o r H ,O’i() ~~i t A e :  ir e
reviewed ~t - .m rly a t i  ‘he l i ! C  is
l et zespe~~t t ’~-e t o  A~~~ / 2 .

20 CAB R~~. kJe ’I:~ —- P~~~i-ucec L~
Co~~~~cu~. •u l t }  A~ z lc~~l t u r . A 1 ii ~a

an  I a ,.. • •  - ,  ci ~l ou ti !~1 ,~~ ~~

X i i i

~

- -- - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — _ _ _ _ _ _ _ _ _



Re~~~re :iees Ref erences
Used  Fi le

This file is made up of agr icul -
tural information and contains
all of the records of the 22
abstracting journals published
by CAB i n c l u d i n g  1’ res~~~ Ab-
s t r a c t s  and Soils  ~ Fe rt i lL ~er - s.
Over 8,500 s~~T.m ’i t i t l e s  in . 7
languages are scanned , as well
as books , technical reports ,
con’erence proceedin~rs , annual
reports and other ccr~r1unie~u—
‘i o n s . TI~o f i l e  size is over
600,000 citations and is ~n-creased m o n t h l y  by 10,000 rec—
ords~ it  is r~~t rospec tive  to
1973.

0 GEOREF — Produced by the Ai~er-ican Geological Insti ute and
accessed through ORBIT (Eystems
Development C c r ~~. ) .  I t  is made
up of c I t a t i on s  t a k e n  f rom t h e
Bib1iograp h~’ and Index of Geol-

pi c * ~~, — i  •i~~) ~~~ was g r e a t  i y
en i  ar~j e d  in l~~78 to i n c l~~ le
other  i n d e x  p u b l i c a t i o n s  d a t in e
t O  1961. The s u b jec t  areas  in-
c lude  economic geology , areal
geology a n d  h y dro logy  and i t em s
are selected from geo-scienco
journals , iorcs , dissertations ,
conference proceedings and pap-
ers and technical reports total-
ling over 3 ,000 individual
titles. The file size is over
300,000 citations and increases
by 5 ,000 monthly.

107 10 NTIS — Produced by the Dept. of
Conmierce for DIALOG . The data
base consists of government-
sponsored ~esea rch , development
and engineering reports plus an-
a lyses , j o u r n a l  a r t i c l e s  and
I i  ~*iIsldtiuI~s prepaitd by o~ez300 fede ra l  agencies , the i r  con-
t ractors  or g ran tees .  NTIS in-
cludes both  “h a r d ”  and “ s o f t ”

sciences i n c l u d i n g  a g r i c u l t ure ,
e n v i r o n m e n t a l  po l l u t i on  and

xiv
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References References
Retrieved Used Fi le

regional development . It cor-
responds to Weekly Government
Abstracts and the semi-monthly
Government Re~or ts Announce-
ments . The file contains over
5~8Q ,000 citations , is updated
b iweekly by 2 ,500 refe rences ,
and is retrospective to 1964.

85 10 WRA — roduced by the ~uat er

~a sourccs scientific Inforratioru
Center , Dept. of the Interior ,
and corresponds to the semi-
monthly publication Selected
Water Resources Abstracts. The
file is updated monthly, con-
tain s approximately 135 ,500 rec-
ords and is retrospective to
1968.
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TABLE 4

ABSTRACTS AND INDEXES SEARCHED

1. B ibl iogr aphy  and Index of Geo1o~y. (Geological Soci-
ety of Americi Tn cooperation with the American Geo-
lo :’.cal Institute). Vols. 33—42 , 1969—1979.

T h i S  b ib l iography  includes  major  and minor  geo-
logical literature pertaining to North America in the
term o: b ooks , monographs , j ou rna l  articles and tech-
nical repor’s.

2 .  Biological Abstracts. (BioSciences Inform ation Ser-
vice) . Vols. 38—67 , 1950—1979.

This publication abstracts 8,000 individual ser-
ial titles , books , reports and other literature under
85 broad life sciences categories. It indexes by sub-
jects-in-context based on titles , as well as by au-
thor ’s name and taxono mnic codes.

3. Biorese~ir ch ndex. (BioSciences I n f o r m a t i o n  S e r v i c e ) .
1967—1979.

Supp lemen t s  }3io1o~ ical Abst rac ts  by indexing l i f e
sciences re’~.’m r c h  and in c l u d es theses , symposia and
~‘ee’ in o s , i1 ’ n~; w~. th o the r  research communications .
Ther e ire inthor and stmb jec~ -in-context base~d on t i t l e
indexes.

4. Fore~~~~ Abs tracts. (Commonwealth Forestry Bureau in
cooperat ion with the Commmronwealth AgriOultural Bureau).
lois. 12 — 4 0 , l ’ 5 0 — 1 9 7 9 .

C:~vers a l l  aspects of f o r e s t r y  and is in t e rna t ion -
al in scope. Books, serial publication pamphlets , re-
ports , con ’erence proceed ings and government reports
are indexed and abstracted. Forestry Abstracts r akes
use of a con t rolled-vocabulary subject index .

5. Index to U . S .  Government Per iod ica l s .  (U . S .  Superin—
tc~~~~nt  or~~ocument s)  . 1970— 1979 .

T h i s  m o n t h l y  p u b l i c a t i o n  indexes all government
p e r i od i c a l s  us ing  a con t ro l l ed—vocabu la ry  subject  in-
dex. It covers periodicals produced by the various

-~rpa rt-~~en~~s and a~ encies of the government such as the
~~~~~~~~~~ ~eLVL ~ e

’S L~~ e ~-i~~iu~e’~~~~ NoLes .

6. Science Citation Index. (Institute for Scientific In—
forrra. tio~iT. l9~ l—l979 .

A comprehensive computer-produced index that

xvi
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prov ides access to ove r 2 ,500 i n d i v i d u a l  j ou rna l s , re-
ports , proceedings and patents , Sd access related
references by listing both cited and citing (source)
authors and references. It utilizes a permuted sub-
ject index by titles , author index , and citation index.

7. Selected Water Resources Abstracts. (Wator Resources
Scientific Information Ceñ~ir). Vols. 1— 12. 1968-
1979.

Covers primarily serial publications , books , tech-
nical reports and conference proceedings on such top-
ics as wa te r  cycles , p l a n t — s o i l — w a t e r  r e l a t ions, pla nt
physiology and other hydrological topics . Subject in-
J L X  asing a contr o l led -vocabulary and author  index
prov iJ~ access to the  abs t r ac t s .

8. Soils & Fertilizers. (Consno rrwealth Forestry Bureau in
cooperation wi th  ~Ehe Commonwealth A g r i c u l t u r a l  Bureau) .
t’O l S .  13—40 , 1950—1979.

This CAB p u b l i c a t i o n  covers soil science and agri-
c u l t u r a l  pub l i ca t ions .

9. U . S .  S u p e r i n t e n d e n t  of Documents Month ly  Catalog.r~ - 
- _ _ _ _

~
‘ tt r ( e ;  in~b xes all government agency publica—

t ions and :~3u e(~ dc~curient s. It p r ey  i des a c ce s s  to
n a t ’ H a l  produced by the  Dept . of Agr i cu l tu re, the
Forest t~ç~ :j c i  .mr. 1 other related groups .

xvi i

_____________

_ _ _ _  
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TABLE 5

SERIAL PUBLICATIONS SEARCHED

1. Ambio , Vols. 1—8 , 1972—1979

2. American Journal of Botany , Vols. 37—67 , 1950-l~~19(Am . Jour . of B o t . )

3. American M i d l a n d  N a t u r a l i s t , Vols. 43—101 , 1950—1979
(Am. M i d .  N a t . )

4. American Naturalirt , ‘Jols. 84-113 , 1950-1979
(Am. Nat.)

5. Annals of Botany , New Series , Vols. 14—4 3, 1950—1979
(Ann. of Bot.)

6. Botanical Gazette , Vols. 112—1 39 , 1950—1979
taot. Gaz.)

Bot anical Review , Vols. 16—45, 1950—1979
( : - - t .  Rev.)

8. Canadian Journal of Botany , Vols. 28—57 , 1950-1979
(~~in. Jour. of Bo

t- . )

-
~~~. Canadian Journal of Forest Kesearch , Vols. 1-9 , L~~i1—

‘79
(Can. ‘our, of For. Res.)

10. t’is~ anea , V’ils . 15—42 , 1950—1979

11 . c.~~tr .~l hardwood Forest Conference , Proceedings , 1st ,
1 ~ ‘6

12. ~ ‘n ’ ral States Forest Tree Improvement Conference ,
ro ceedings , 1st — 10th , 1959—1976

3. Comr,unications in Soil Science and Plant Analysis ,
Vols. 1—10 , 1969—1979
(Comm. Soil Sci. and Plant An.)

14. Earth Science Reviews , Vols. 1—13 , 1966-1978
(EartI~ :~ci. Rev.)

15. Ecolog2 , Vols. 31—59 , 1950—1979

l~~. Ecologica l Monographs , Vols .  2 0 — 4 9 , 1950— 1979
( Ec o l .  M o n o g r .)

17. Fn vironment , Vols. 1-20, 1959-1979 1 -

xvii i
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18. Environmental and Experimental Botany, Vols. 16—17 ,
1976—1977
(Environ , and Exp. Sot.)

19. Environmental Geology Notes , Nos. 16-72 , 1967—1974
(Environ . Geo. Notes)

20. Environmental Management , Vols. 1—3 , 1976-1978
(Environ. Mgmt.)

21. Flora of Texas , Vols. 9—37 , 1950— 1978

22.  F lor ida  U n i v e r s i ty  S t a t e  Museum Bulletin , Vols. 4—15 ,
1950 — 197 1
(Bull. F l a .  St ate M u s . )

23. Forest Science , Vols. 1-25 , 1950- 1979
(F or.  S c i .)

24. Forestry , Vols. 23—53 , 1949—1979

25.  Fores t ry  Chronicle , Vols . 26—55 , 1950—1979
(For .  C h r o n . )

26 .  Geological  Journa l , Vols. 1—18 , 1961—19 78

27.  Geology , Vols. 1—6 , 1 9 7 3 — 1 9 7 8

28.  Hort sc ience , Vo ls . 1 — 14 , l 9 h 1 - -~~’4 19

29. Illinois State Academy o~ Science , Tr~ nsaction5 ,
Vols. 43—85 , 1950—1979
(Trans. 111 . State Acad. .~c i . )

30. Indiana Academy of Science , Prncee~~in~ s, Vols. E,~ -88 ,
1950—1978
(Proc. m d .  Aca~1. Sci.)

31. Journal of Applied Ecology , Vols. 1-14 , 1964-1978
(Jour. of Appl . Ecol.)

32. Journal of Ecology, Vols. 18—#-~6 , 19 0-1978
(Jour. of Ecol.)

33. Journal of the Firsha “itchell scientific Society ,
Vols.  F~~—~~7 , 1 ’ c O — 1 9 7 i
(Jour . of EUsha Mit h’~ll Sci. ~o .)

34. Journa l of Ex~ f r ~. r~o n t a 1  l3o tan : , .‘ is. 1—29 , 1950-1 ~78
(Ju~ r . of ~~~

35. Journal at ~~rj ~~( 5 ’  .y, Voi~.. 48— 17 , j~ 5(~—j9fl
(Jour . of ~oi .)

6.  t ;a ’  r al (1i’~~. ~n t ( 4 r’ ,t  .L ’n a i )  h:i le ~~~~~ Ccr~t~~z~~
y
~~e

‘ix
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~i n m s , 26th — 49th , 1950—1973

37. North American Forest Soils Conference , 1st - 3rd ,
1958—1968

38. Northeastern Forest Tree Improvement , Proceedings ,
3rd — 23rd, 1953—1976

3~~. Oecologia , Vols. 1— 36 , 1967—1978

4 0 .  Ohio Jou rna l  of Science , Vols.  50-78 , 1950-1978
(O h io  Jour . of Sd .)

41.  Phv gj ol ) :il P l a n t a r um , Vo l s .  3 4 3 , 1950 — 1978

4 2 .  P l a n t  Disease ~~;~~r t e r , Vols .  3 4 — 6 2 , 1950—1978
(P l a n t  D i s .  Re~~.

43. Plant and Soil , Vols. 2—48 , 1950—1978

4 4 .  P l a n t  Phys io logy , Vols.  2 5 — 6 3 , 1950—1979

4 5 .  So i l  Biology and Biochem istry, Vols. 1—10 , 1968—1978
(Soil  B i o l .  and Biochem.)

4 6 .  Soil Science , Vols. 71 — 127 , 1950—1979

4 1 .  Soil Science Society of America , Proceedings , Vols. 1 -
42 , 1 95 0 — 1 9 7 8
(Proc . Soil Sci. Soc. Am.)

48.  T~’x ~~s Journal of Science , Vols. 2—30 , 1950—1978
(Tex. ~‘c~ r. of Sci.)

49. Torrey Bo ’- ’~r . ic a 1  Club , Bulletin, Vols. 77—lOS , 1950—
1978
(Bull. Torrey Bot. Club )

50. U.S. Department of Agriculture Handbook , 194 9, Trees

51. USDA Forest Service , Tree Planters ’ Notes , Vols. 2-29,
1951—1973

52. UCFS Central States Experiment Station. Research Uap~rs
Nos. 1-12 , 1963—1965
(USFS Res. Paper CS-

53. USFS N o r t h Central Forest Experiment Station . Research
Notes , Nos. 1—2 38, 1966—1978
( LJ I - ~ ~~~~~~~~ i~oLe ~‘,C-

54. USFS North Central Forest Experiment Station. Research
papers , Nc’s. 1— 167 , 1966—1979
( 1 S F . ’~ Res. Paper NC—

xx
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55. USFS Northeastern Forest Experiment Station . Research
N~:tes, Nos. 1—270 , 1 ’S 0— l 9 7 8
(USFS Res. Note NE-

56. USFS Northeastern For. st Experiment Station . Research
Papers , Nos. 1—431 , 1963-1979
(USFS Res. Paper NE-

57. USFS Southeastern Forest Experiment Station . General
Techn ical Reports, N os .  1—7 , 1972—1974
(USFS den . Tech . Rep. SE—

58. USFS Southeastern Forest E x p e r i m e n t  S ta t ion . Resea~ ch
N o e s , Nos . 1—270 , l~~52—l978
(151 - s Res. :~et~ SE—

59. ~S1’s ~ itheas tern  Forest  Exper ‘nent S t a t i on .  Research
Papers , No s .  1— 198 , 1963—1979
(USFS Res. Paper SE—

60. USFS Sou ’.heas tern  Forest Exper iment  Stat ion . Station
~‘-tpe r s , No s. 1— 156 . 1948— 1962

61. 1~ ’F5 Sout hern Forest Experiment Station . General
Techni. -al Reports , No s. 1— 16 , 1973—1 977
( USFS den . Tech. Rep. SO-

~2. USF S S. utherr; F ’rest F.xpez imcnt ~~ation. Occasional
P . - i ~~i , ‘o ’s . l’i2— 19 4 , 1948—1962
(USFS ‘cc . Pap-. r SO—

63. U:~FS .~out’.ern Forest Experin~.nt Station . Research
N- ~ es, Nos . 1—2 44 . 1 ’ 6 3—1 ~~7~
(U Fs Res. Ncte SC—

~4 .  U SF S S u t h c rn  (~~res’ E x p e r i r r e n t  Station . Research
i’~~.&~~a , N o s . l~~l~~l , lu 3—1 979
(USFS ~es. Fa~-

.’r S)-

t S . .-.atar . A~ r a:, — i Soi~ Pollution , Vols. 1—8 , 1971—1918

~~at  .~~r , A ir nr~ Soil Pol •

t t.  ~~~~~ Res.- ;rces B~ l1etin , \ols. 1—1 4, l964—l 78
r i~..s . B u l l

‘. a t e ~ ~~~. ~~~~~~ Fe . arch , Vols . 1—14 , ~9t-~~— ;9’~
. i t ’ R c ’~ . R p S . )

xx i
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SECTI ON II

DATA SUNMARIES FIGURE 1

1~ TE}~ENCES BY STATE

Alaba ma: Neb raska :
60, lOb , 235, 266 223 

-—

Arkansas : New Hampshire :
T7~~T~, 143 39,

Connecticut: New Jersey :
68 , fl2, 213 , 275

Delaware: New York :
713 20O

Florida : North Carolina:
108, 194x, 195, 196, 247, 262 4, 7, 97x , ~8, 119 , 164,214, 222, 258, 276

Geor g i a :
10, 43 , 100, 101, 176 , 233 North Dakota:

69, 150 , 269
I l l i n o i s :

20,  2 1, 2 2 ,  23,  24 , 77 , 83, Ohio:
103 , 104 , 136, l38x , 141 ,
148 .  149. 193, 198 , 23 1, 232 ,
257. 280 Oklahoma :

1. 115 , 228
Ind i a na :

7~’, ~0, 172 , 2 34 South Carolina:
85, 86, T167 156. 157 , 160 ,

Kansas :  161, 162 , 239x

South Dakota:
Kentuck : 147 , 274~~

77, 278x
Tennessee :

Louis iana : 117 , 24 2 , 262
40 , 4~ 79, 93 , 152 , 203,  255

Texas :
Maryland: 113, 188, 197
21), 140x, 241

Virginia:
Michigan : IL 1~ 7, 205, 214, 251, 261

67, 237
Wisconsin:

Mississippi: 268
13, 13~T16, 46, 45, 50, 51,53, 54, 56, 58. 61, 92x , 94, Ontario:
155, 169, 224, 271 , 272x , 273 27

________ 
Quebec:

6~~ T~3, 191 , 192, 198 170

xxiv
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TABLE 7

SP ECIFI~L~ FLOOD TOLE RANC E AN D SU CCESSION REFERENCE S

Flood Tolerance

Abstract or General
Citation I 

—
~~ Bibliography *

3, 8x, 9x , 10, 13, 16, 17 , 20, 21 , 23 , 27, 21 , 58

43, 46, 58, 64, 66 , 70x, 7 3 x , 78x, 80,

81x, 82x, 84, 85 , 86, 88x, 97x , 103, 110 ,

112 , 115 , 120, 121, l26x, l2 7x, 12 8x , 129 ,

132x, 134x, l35x, 137x, l39x , l 4 O x , 142x ,

144x, l4Sx, 149 , 151, 152 , 156 , 157 , 158,

159 , 161 , 1~ 2. 172 , 175x, 176 , 177, lSOx ,

152, 185x, ~86x , 187x , 199 , 204x , 208x ,

217 , 232 , 241, 242, 24i~., 2 4 9 , 250, 251 ,

252, 253, 254 , 260x , 263x , 264x , 265,

272x, 28u

F l o o d i . ; a n d  Succession

Abstract or Gener.~
Citation I Bibliography I

4, 7, l4x, 24 , 25, 65x , 68, 69, 83, 93 , 6, 17 , 34 , 37, 41 ,

-~7x , 1~-2x , 108, 113 , 120 , 133 , 43, 46 , 51 . 54,

1 ~t , i - . .. ,  1,1 , ~47, ~5O, 170, 1~ 2, 180x , 58, 54, t’~~, ~1,

1 “1 ~, 1R ~, 203 , 20S , 207, 223, 2 17 , 63

240x, 241, 248. 265 , 274, 275

xxv
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SECT I ON l U

LITERATURE CITATIONS AND ABSTRACTS

1

Abdul-Wahab , A .S.

1970

Vegetation in relation i c . some edaphic  f a c t o r s  in Olivers
W i l d l i f e  Preserve Floodplain Forest , Oklahoma

Ir a q  N a t .  l i s t .  M u s .  ~~i L 1  . 2 7 : 1~~— 2 8

Two plots of 1 acre each were s tud ied .  Edaphic fac-
tors studied and analyzed were pH, organic C, total N ,
total P. base exchange capacity, exchangeable ly , soil com-
paction , and soil  t e x t u r e  at the 0 to 6 and 18 to 24 levels.
On the basis of frequency, density, basal area , and impor-
tance percentage the type comm unity in the south plot was
Quercus macrocarpa, and the dominant tree in the north plot
was Frax inus  pennsylvanica .  The pH was genera l ly  above 8 .0
at 0 to 6 and 18 to 24 inch levels in both plots. There
was no correlation between the type of vegetation and the
soil analyzed . The best correlation was between water-
logging and vegetation type.

~
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Ah igren , C.E.

1952

Some e f f e c t s  of flooding on fores t  trees in northern
Minnesota

P h . D .  thesis , Schoo l of For., Univ. of Minnesota

~o 3bs tract available.

r 
_________________________ 

__________________
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Ahigren , C.E.; Hansen , H.L.

1957

Some effects of temporary flooding on coniferous trees

Jour. of For. 55:647—650

Weather conditions of the fall and winter of 1949 re-
sul ted in flood conditions during the spring of 1950 adja-
cent to lakes and streams and on many lowlands in northern
Minnesota. Flood prevailed for as long as four months in
some areas. The subsidence of the water made possible ob-
servations on trees flooded for  periods vary ing  from a few
days up to most of the growing season .

At the Basswood Lake area , proximity to the Quetico—
Superior Wilderness Research Center made possible more in-
tensive study of the affected trees . Special attention was
directed to the effect of flooding on growth rate of termi-
na l s , on the ability of the foliage to endure and recover
fror’. submergence , and on tree mortality for white pine , red
pine , jack pine, white spruce , black spruce , and balsam
fir. The observations were continued through 1951 , the
~~
. 

~u f 11u~~in q f 1 o o u i !~ - 4 .  Da ta  on m o r t a l i t y  and gene ral  ob-
servat :ons in other tloo 1 ~:reas w~ re comp1et~~d in 1952.
The da ta  Lollected have been su uuna r i~~ed by ~pecics , Si z e-
c1a~~s , and l eng th  of the submergence period . 
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\llen , P. 1.

b 2

Black willow dominates baldcypress-tupelo swamp eight years
after clearcutting

SEFES , Res. Note 177. 2 pp.

On a deep dark-brown muck soil in North Carolina , in
an area logged by h igh- lead in autumn or winter , Sal ix ni-
g~~ formed the dominant canopy , and though Tupelo TNyssa
i~Ivatica and N. aguatica) coppiced vigorously from high on
the stumps over the whole area , its reproduction and that
of Taxodium distichum was patchy and insufficient .
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A l l i s o n , L . E . ;  Bernstein , L . ;  Bower , C . A . ;  et a l .

1954

Diagnosis and improvement of sal ine and alkali soils

USDA Agricultural Handbook 60:109-110

No abstract available. 
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AnJerson , P.11.; Lefor , M.W.; Kennard , W.C.

1978

Transition zones of forested inland wetlands in northeast-
ern Connecticut

Conn. Univ., Storrs. Inst. of Water Resources , Ofc. of
Water Rsch and Techn., Wash., D.C. (Report No. 29).
107 pp.

In land  we t l ands  are va luab le  na tura l  resources inti-
mately associated with the hydrologic cycle. This study
was designed to (1) investigate vegetation distribution and
selected p h y s i c a l  and chemical properties of wetland and
border ing up land  soils and the in te r face  between the two ,
and ( 2 )  p rovide  the ground t ru th  necessary for the identifi-
cation and delineation of deciduous wetland forests using
fa~.se-colo r infrared (FCIR) imagery . All study sites were
wi thin the 45-sq. mile town of Mansfield in northeastern
Connecticut. In order to describe the distribution of
plant societies among the various zones (wetland , transi-
tion , upland), a statistical index of abundance was devel-
oped . Discriminant analysis applied to the abundance data
showed which rlant species ~‘est s~ p~ rate wet1~ nds from np-
lands and which are representative of natura l plant associ-

~t~~-n s . Of the criteria st~idicd , vegetation distrthntion,
soil water content and relief are the most useful for delin—
eatin : deciduous wetland forests. These results are valu-
able frr identifyir~ and delineating inland wetlands using
remote sensing i~ agery . 

— ~~~_ --~~~~- — - - - - - _ -- - -
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Andrews, L . S .

1978

Forest encroachment of a marsh in the Great Dismal Swamp ,
North C a r o l i n a

Paper presented at the fifty-sixth annual meeting of thI2

Virginia Academy of Science , May 9—12 , 1978 , Blacks—
burg

A portion of the Great Disma l Swamp , in North Caro-
lina , was examined for vegetation change occurring over the
past fif~~ ye~irs. This change was marked by the encroach—
rnent of t r ee s  species , p r i m a r i l y  Acer rubrum , into a once
~:;en n a : s h  e n v i r c — n m e n t .  Ana lys i s  methods included ae r ia l
p ho to . ;r a i h ic  i n t e r p r e t a t io n , and examina t ion  of increment
b o r in ; s  from trees in the area .  I n t e rp re t a t i on  of histori-
ca~ aerial photographs has indicated that invading tree
soecies ~~~ve c l a i m e d  93% of the marsh area s in ce  1937.
Exa min ~~ ion o inc remen t  b o r i n g s  has revealed t h a t  the
major extent of this i nvasion has occurred within the past
thirty y.-~ rs. The recent change in vegetation type ap—
n-irs to have teen associjted with the reconstruction of
old ~~~~~~ ~c c ~:~~~s in h~ V)-10’ s.

— -

~
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i~ -~uist , M.B.

1- 5 9 -

:-~~~evity of submerged tupelogumn and baldcypress -

L~ t~ 7’orestry Note 27. 2 pp. . 
-

:he results obtained in this study suggest that seed -~

~r both baldcypress and water tupelo will tolerate limited
~u -- - -r -4 ence of a few months under field conditions . Bald-

p~~~~s seeds apparent ly  lost v i a b i l i t y  w i t h i n  abou t one _ 
-

-:ea r , whereas  wa te r  tupelo seeds w i l l  retain viability 14
~“n t h s  but  not as long as 21 months . : 

-
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Applequist , M.B.

1959

Soil site studies of southern hardwoods

LSU , Proc . 8th Ann.  For. Symp . :49-63

Much remains to be learned about the growth relations
of swamp b lack gum and tupelogurn . The available evidence ,
however , in d ic at e s  t h a t  physical  soil charac te r i s t i cs  which
increase the amount of available soil moisture during the
growing season also increase height growth. Perhaps of
c r i t i c a l  importance is the t ime and d u r a t i o n  of floods tha t
occur dur ing  the growing season . These and other factors
that  a f f e c t  the amount and availability of soil moisture
are wor thy  of more research . The somewhat common belief
t h a t  swamp species tolera te ’ flooding but actually make
t h e i r  best growth under we l l -d ra ined  condit ions deserves
—‘ritical analysis. Several line s of evidence from th i s
s t u d y ,  as wel l  as other work c u r r e n t l y  being done on other
wet-s i te  species , point up the importance of ample soil
moisture during the growing season for maximum growth.  I t
is suggested that the hydrophytic swamp blackgum and tupelo—
‘jum may not onl y to 3ur~~ e but may l i te r a l l y  t h r i ve  under
flooded or n e a r — f l o o d e d  cond i t i ons .



1 
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App e~puiS t , M.B.

A s tu dy  o: soil and site f a c t o r s  a f f e c t i n g  the growth and
Jev~~i .. -- t n t  of ~;wamp bl ack gum and tupelogum s t a n d s  in
s ou t h e i s t& - r r i  de o r -~ia

D.F. ~~.esis , Schoo l of Fo res t ry ,  Duke U n i v .

~te sults ~- k t -
~ i~~~

-
~ in t h i s  s t u d y  w a r r a n t  the fo l l owing

Tu~-elo~ ur stands in southeastern Georgia have an aver-
i~~e site index of 75 fee t , w h i l e  swamp black gum sites
stands avera~’e r- 5 f e e t .  D i f f e rences  in  s i te  index among
the ria:or swamp black gum sites are not large , swamps being
the hi-’hest, ponds ~‘t ermediate , and runs the lowest.

Floo h’d tupeloaum seedlings grow taller and produce
more dry-wei-~ht tissue than similar seedlings of swamp
black- um .

~~termi~ ten t f l o od ing of the su r face  soil d u r i n g  the
; r - ~~ i nq st -as . -~ marked i~ i r ~creascs di  e t er  growth  of yocni

~~:~~ :- as -~~;:~~a:ed t o  unflooded c~~ d itions. The growth
a~~-~ ~~

- elo~- ;~cz~t of ~.~ enp blu~ k~~ -~;, tupelogum, and bald-
cypress—the t h r c e  common hydrophyt ic trees of southern
s~ ampi—are Je~ .-r --~ ned v e r y  largely by water. This water
r ay  he exces s ive  r de~ i cie :~ ; both c o n d i t i on s  are  c rit i -
ca~~ly irportant depending on tire , place , and q u a n t i t y .  A

r considerable amount of evidence suggests that these
~~~~~~~ species not on ly  car t o l e rat e  floodin’i ; they may
ix~ era~~iy hri~.-.-’ ~n i . Ir.te~~~i?t .:. t ‘b o d i n g  d u r i n ~: the
;row1n~: s~- a ; n , ‘ust short of continu~~ s surface fboodinc ,
—ay act ually provide near—optimum soil moisture conditions
for heioht and harieter ~;rowth.

L~.. 
~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Armstrong , W .

1967

The oxidiz ing activity of roots in waterlogged soils

P hy s i o l og ia  P l a n t a r um  2 0 : 9 2 0 — 9 2 6

Th
~

• abil ity of a number of plants to yrow under coi i~-

F tions of experimental flooding has been examined . There
was an increase in ethanol production under anaerobic con-
ditions in those species whose growth was reduced by flood-
ing . The period of flooding i nduced a marked increase in
alcoho l ciehy drogenase activity of the roots of these
plan ts. Plants not adversely affected by flood ing showed
no i ncrease in ethanol production and no induction of alco-
hol dehydrogenase activity. It is suggested that species
in which such activation occurs are excluded from wet areas
because of the accumulation of toxic quantities of ethanol.

_ _ _ _- ,-~~~~~—. .—
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Arm strong, W.

:968

Oxygen ditfusion from the roots of woody species

r hysiologia Plantarurn 21:539—543

Application of the ‘polarographic ’ technique for
studying oxygen diffusion from roots has provided prelimi-
nary results which establish that oxygen passes through the
woody species salix atrocincrea , Salix fragilis, Sa]ix re-
pens, and Myrica gal~~Th~Ehe gaseous phase as it di es in
oth~ r wetland species. Entry into the shoots occurs
t hrough the bark directly above the water table and in the
willow cuttings the effective length of shoot for gas in-
take was t h e  basal three centimetres above the water table.
The length of shoot involved was longer in Myrica ~~.L2 and
the roots were of the normal (un-nodulated ) type .

A tortunate response in willow is the rapid and j oli—
f~c ~evel~~pmcnr of adventitiou s roots immediate lv below
flooded levels.

~

_--- ----

~

- -  --— - - - - - ~~~~ - -
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Baker , J.B.

197 7

Tolerance of planted hardwoods to spring flooding

Sou. Jour . of Applied For. 1:23-25

Cuttings of eastern cottonwood (Populus deltoides) and
seedling s of swee tgum (Liguidambar styracif]ua), water
tupelo (Nyssa aguatica), American sycamore (Platanus occi-
dentalisL and green ash (Fraxinus pennsy1vanica~ were
~1an t~~~ on a slackwater clay (Vertic Haplaquept) in western
Mississippi in two consecutive years and inundated soon
after foliation . During each of the two years , surv ival
following flooding was consistently high for water tupelo,
green ash , and sycamore , low for cottonwood , and intermedi-
ate for sweetgutn . W i t h  the exception of green ash , however ,
al l  spec ies lost t h e i r  leaves and died back to the root col-
lar dur ing flood i riq . Thus trees , other than ash , that were
living at the end of the growing season had originated from
root collar sprouts. 

——--- 
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1~x

Baker , J.B.; Broadfoot , W.M.

1 ~7

A practical field method for site evaluation for eight im-
po rtant southern hardwoods

USFS Gen. Tech. Rep. SO-].4. 31 pp.

This paper presents a new method of site evaluation
f o r  cottonwood , swee tgum, sycamore , green ash , and Nuttall ,
wate r , w i l l o w , and cherrybark oaks. The method incorpor-
ates an evaluation of the physical , moisture , nutrient , and
aera t ion  proper t ies  of a soil into a site quality rating.
Field tests have demonstrated the accuracy of the technique.
The site evaluation technique also provides a basis for
possible soil improvement treatments for the eight hardwood
species and estimates of potential productivity for cotton—
wood p l a n t a t i o n s . 

----
~~ 

- -  - .-
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Beaufai t , W.R.

1956

Infl uence of soil and topography on willow oak sites

SFES, 0cc . Paper 148. 12 pp.

In the Mississipp i Delta , grow th of w i llow oak can b~
predicted from the topographic position of the stand and
the percent of clay in the soil. In non-Delta river bot-
toms of the South the topographic position and amount of
potassium can be used as indices .

I

~

—

~

- - - - - - 
--- . .-
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— — - —--- - - ~~~~~~~~~ . -
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~ieautait , W . R .

1955

Soil pro-f ile observations relating to drought damage in
black willow stands

Jour, of For. 53:517

Dur ing drought , black willow is quite sensitive to
suh-s o~ l di fferences. In 1954 , a 16—acre area of a w illow

along the Mississippi river was a complete loss.
Soil pits revealed that a deposit of 32 inches of heavy
clay overlaid deep fine sand . Tree roots extended only
about  t hr e e  inches i n to  the no rma l ly  s a t u r a t e d , but at  the

ime , ~es~ ccateJ sand . Pits in an adjacent healthy stand
a o- oh deeper layer  of heavy clay , w i t h  t ree roots

~-ene t : i t~~n :  it to six feet .

4

_________________ 
- -  --~~~~~~~~~~~ --
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Bedinger , M . S.

1971

Forest species as indicators of flooding in the lower White
River Valley, Arkansas

Geol. Sur. Prof. Paper 750—C , pp. 248—25.~

The dominant environmental factor of forest habitats
w i t h i n  the lower valley of the White  River , Arkansas , is
flooding . The flood plain consists of a series of ter-
races. Distribution of forest species on the terrace
levels is related to flooding . The relationship is suffi-
ciently distinct to permit determination of flood charac-
teristics at a given site by evaluation of forest—species
composition . The vegetation of the lower White River
valley can be divided into four groups. Each group occurs
on sites having distinctly different flooding characteris-
tics. On sites flooded 29-40 percent of the time , the
dom inant species are water hickory and overcup oak . On
sites flooded 10-21 percent of the time , a more varied
flora exists—including nuttall oak , wi l low oak , sweetguzn ,
southern  hackbe r rv , and Am erican e lm.  The t h i r d  group of
sit -~ i~~ suhjc-t ~o f1~~-~~~r~ ~t ‘- ~ erva1s of from 2 ~o 8
yeai s. Thi s group is a r k o d  by presence of southern red
oak , shag bark oak , and black -ium . The prc~ ence of black-jack  oak marks  the  f o u r t h  j r o  p (not  flooded in historic
times ). 

- - - - - -- - ---~~~~~~~~~~~~~~
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Beeso~i , K.C.; Lazar , V.A. ; Boyce , S.C.

1955

Some o l a nt  accumulators  of the micronutrient elements

Ecology 3~ :155—156 - 
-

Swamp b l ackgum , sweet bay, gallberry , pepper bush , and
brooosed-:e were sampled at three periods in each of two
y ear s .  Swamp blackgum was found to have extremely high
concentrations of cobalt, while gallberry accumulated large
quan tities of zinc . The widespread occurrence of both
swanp bla :k-~um and gallberry on uncultivated soils should
contr ibute to their value as indicators of the cobalt and
zinc  status , respec tively, of Coastal Plain soils.

-I 

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Bell , D.T.
- 

. 
1972

How a dam may affect the environment

Ill. Res. 14(3) :10—Il

No abstract available. 
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20

dell , D.T.

1974

Tree stratum composition and distribution in the streamside
fores t

Am. Mid. Nat. 92:35—56

The woody vegetation of the streamside forest in
Robert Allerton Park , Piatt Co., I l l ino is , is described in
re la ion to the dis tr ibut ion of r iver level frequenc ies of
the Sangatron River. The habitats most frequently flooded
are dominated by Acer saccharinum . With decreasing flood-
ing f r equ ency , dominance is transferred to Celtis occiden-
talis ao~ Quercus i’-:ricaria. The areas experiencing no
flood~ n~ are dominated by Q. alba. Changes in the vegeta-
t i o n a l  -- ructure of elevattonal increments of .304 m (1. -

f e - .)  - ire d is - -~ssed . The principle that communities change

~raduaL y aior q environmental gradients is illustrated in a
ver ~~~

- tl elevation of less than 4 m .

_ _ _  — - --- - - - - - - - ~ —_ _ _  _ _ _ _ _ _
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Bell , D.T.; Johnson , F.!...

1974

Flood-caused tree mortality around Illinois reservoirs

Trans., Ill. State Acad . Sci. 6 7 : 2 8 — 3 7

The effec ts of h :h  reservoir levels in Rend Lake and
Lake Shelbyv i lle , both located in southern Illinois , on
species of the streamside forest are described . Tolerances
to growing season inundation for 24 tree species were de-
termined from data on tree elevation and duration of flood-
ing . A limit of 30 days of flooding during spring and
summer months is suggested to insure survival of tree vege-
tation around reservoir margins.
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Bell, D.T.; Johnson , F . L .

1974

Ground-water level in the flood plain and adjacent uplands
o: the Sangamon River

Trans., Ill. State Acad . Sci. 67:376—383

The influence of river level, precipitation , and evapo-
transpiration on the water table fluctuations of the stream-
side forest ecosystem was determined from observation well
data at four locations in the upper Sangamon River bottoms
and adjacent uplands. Water levels in the soil profile of
the flood-plain areas of the streamside forest were strongly
controlled by the level of the water in the stream channel.
Changes in the upland water table , however , were not closely
correlated to river level changes.  P rec ip i ta t ion  was the
environmental variable most strongly influencing changes in
t he upland ground-water system . Evapo-transpiration losses
in oid-transect areas may exceed infiltration of ground
water  f rom the r i ve r  and d ra inage  from higher levels during
certain summer periods. An hypothesis concerning the pos-
s ible changes which may occ ur upon cons truc tion of the
~;i l li -i ~i L. Springe r Project is discussed . The study is a
coz :tributi-ei of he Springer-Sangamon Environmental Re—
scaiLh Proy ium .

____________ 
-- -~~~~~ - -- - - ---~~~~~ - -- - - - - --~~~~~ - - - -~~~~~~~ -~~
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Bell , D . T . ;  Johnson , F . L .

1975 
-

Phenological pat terns  in the trees of the streamside forest

Bull. Torrey Bot. Club 102:187—193

Phenological spectra of the principa l tree species of
the streamside forest ecosystem suggest that severe late
spring freezes and the first fall frost can markedly affect
the progression of phenological events. Fourteen tree
species of the streaznside forest were observed at weekly -

intervals in four sites of the Sangamon River valley in —

east-central Illinois. Phenophase development was compared -

to photoper iod , an index of heat sum , and accumulated solar
energy du r ing  the 197 3 and 1974 growing seasons . Phenolog-
ical progression was found to correlate to both progression -

of heat sum and d a y l e n g t h ;  however , the occurrence of freez-
ing temperatures  s t rongly  a f f e c t e d  the regular ra te of -

phenophase development. Variations on phenophase develop-
men t rate between species and between portions of the flood-
induced eocnocline are discussed. -
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deli , D.T.; del Moral, R .

1977

Ve~;etation gradients in the streamside forest of Hickory
Creek , W ill County, Illinois

du l l .  r r ey  R o t .  Club 1 0 4 : 1 2 7 — 13 5

Ve-Jetatio n of the proposed Hickory Creek Dry R e s e r vo i r
of Will County . Illinois , is descr ibed b~ an indirect grad-
ient of t ime and a direct gradient of flooding frequency .
‘~~~ure uplands are dominated by Acer saccharum with Tilia
americana the most common associate . Mature flood-plain
regions harbor a Fraxinus p~~nsylvanica—Ti1 ia americana
dominated complex. The first forest stage Ti~ the success-
ful sequence of both regions is dominated by Crataeg~us
~~~~ s . Successional development was determined from

m.~ relationships. Stand structure was also influ-
oed Py response of spec i es to an elevational radient

-t - . ;C C ~~ i t ~~ wi th flood frequency . Spec ies r ichness and
s:-ecjes diversit y tended to increase with increasing matur-
i t y  a-.d ~e:reasing flood stress. Mature , unflooded uplands
supported the greatest number of species and the greatest

~~~~~~~~~~~~~~~ ver i~ v.

-u

~ -
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Bellah , ~ . R . ;  Hulber t , L . C .

1974

Fores t success ion on the Republican River floodp lain in
Clay County, Kansas

Southwestern Nat. 19:155—166

On the Republican River floodplain in Clay County,
Kansas , 39 forest stands were plot sampled in 1968. Salix
interior (sandbar willow) , S. amyjdaloides (almond1eaU ~ii]-
low) , and Populus deltoides (cottonwooa ) appeared the first
or second year  i~Tt er  a l l u v i u m  was exposed above wate r
level. Sa1ix i n t e r i o r  rarely persisted more than 10 years ,
S. amygdaloides not  more than 30 years , and P.  de l to ides
about a century. Young of these species did not survive in
established stands.

Aft er about 100 years dominant trees included U lmus
amer icana (American elm) , Celtis occidentalis (common hack-
berry ) , Fraxinus pennsylvanica tureen ash) , Morus rubra
(red mulberry ), and Acer necrundc (boxelder). No stand had
attained climax , L ’t ~ eltt~ ccci~~e~italis and Ulmu r- amen-
cara wo~ l -1 likely h ive been TT ::oiuts . (‘~ lt is may be the
sO le ~h~-r~ir.ant ~n the future now tha~ P u t c h  elm disease has
cntL red the urca.

For young ( 0 — 1 0 )  and o l d  ( > 6 0  yt - ir s  s t ands )  , nean tree
den sity was ~4,000iha (1 ,710/acre) an~ 5,000/ha (2,020/acrc,,
mean basal area was 20 rn-/ha (87 ft~ /acte) and 39 rn-/ha
(170 f t 2 / ac re)  and mean basal .~rta per tree 6 cm dxar- eter
was 58 and ‘3 8  cm - , r’v pectively. The amount of li -~ht that
p~ netrit~’-1 ~

- he ~~~~ . ca~
- --ny rari-: od fror’ l8~ in youn.j to 2~

in  ol d s~-and s. C . ; t -t it ic n , especially effects of shading,
is t h ’oo :h t  to i . nere :mpo:tant than changes in soil in
eiim 1n at in~; pioneer woody species.
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Bennett , F.A .

Si lvical  c ha r a c t e r i s t i c s  of Southern magnolia

SEFES , S ta .  Pap . 139. 9 pp.

The “sxlvical characteristics ” bulletins cover the fol-
lowinq t opics : Extent and climate of botanical range ,
-~~~~ni c and p hysiographic site conditions , reproduction and
~;rowth habits , ecology , plant and anima l pests, and re-
~~- or.Se to management. 

-~~ --~~~~--   a
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Beschel , R.E.; WebLe r , P.3.

19 6 2

Gradient analysis in swamp forests

Nature 194:207—209

D u r i n u  1960 and l~~6l a study was made of per~ odica1l :
flooded land dorinated by Lar ix laricina , Thuja occiden-
t a i L s ,  dnd U lmus  amer icana  iT~i~g t ransec ts  Urom lake ma~-
gins to the~~~t~nd in ~~e Ridean bakes region of Ontario.
This e~wtat ion shcws distinct belts of the dominants t~~or’

tt- air , whi ch have often been descr ibed as staucs in a
h y d r o~~ere . No sufficiently sharp break was found along
t r a n s e c t s  to w a r r a n t  a separation into d i f f e r e n t  communi-
ties. 
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~- .~~ckmon , h .d. nroajfoot , W .M.

1)69 
. H

:ime , fertilizer cottonwood tests

‘
~ iss . Farm Res. 3~~(7):6 ,8

The So~.the rn Hardwoods Laboratory at Stoneville tested
f u r  common bottomland soils in which cottonwood grows :

F S h a r k e y  c lay , Commerce loam, Adler silt loam , and Bibb
sandy b ar. The l as t -named soil  is poorly aerated ,
st~~oncly acid, and deficient in nutrients.

The soils were placed in 3-gallon glazed crocks.
Se’is frorr a sinu le cottonwood tree were planted , and seed-
linu s ~~. :o~ t hinn ed one per pot. After three months , the
seed 1in :~s ~ o-e --easured f o r  h e i g h t , dried , and weighed .

The ~rst three soils were fertilized with various

~na ions -: nitrogen , phosphorus , and potassiun . Seed—

~n ~harkey and Adle r soils showed no respcnse to for-
t i i .~er . : s e  in Co erce soil, wh~ ch is  r e l a t i v e l y  low

:.i r - -n~~ n~ - r - ;anic matter , showed a definite response

~a tho id I: ‘ ion of ni t :t’ -~d n.

l .ie uc~ :~~bb so i l  iccci -.od ~~-p iications of ~~~~ lu te
f : ’  :liuer , 1~ r’e , and combinations of the two. Although
‘he ue- dlin; s g~ ew considerably less than those in the

s o i l s , t h e y  r esponded m a r k e d l y  t o  a l l  f e r t i l i z e r
‘re.r -:rs, with the combination treatment y ie1~iina the
::e ~~’ - St  ne fits .

Drai ’a ’ . , and the resulting aeration , would probably
inc rease  ~he px cJ u ct iv it y of the Bibb soi l .  F e r t i l i z a t i o n
• 

- -: ~: ly w : 11 not increase the yields of the Sharkey and
h e r  so i l s  on unc leared  land ; however , h e a v i l y  cropped old

f i e l ’s na : re ;uire fertilizer.

.

~
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Blackrnon , B.G.; Whrt e , E . H .

1972

Ni trogen fertilization increases cottonwood growth on old-
f ield soi l

USDA Forest Service Rei~. Note SO-l43. 5 pp.

Eastern cottonwood is known to -.now rapidly when
planted on fertil e alluvia l soils of the Mississippi River
floodplain. With increased ilood control , however , ex-
haustive agriculture has reiuced tne fertility of many
sites to the p o in t  where : er t i l i z a t io : . ,  : ar t i c u l a r l v  w i t h
n i t rogen , is necessary fo r  the product~~0:~ of a g r i c u l t u r a l
crops . This paper reports first-year results of nitrogen
and phosphorus f e r t i l i z a t i o n  of a 6-year-old cottonwood
p l a n t a t i o n  or . a site tha t  had been cropped for  many years.

_ _  
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Blackron , B.G.

24 4

Sire-species relationships for southern hardwoods

~;-~:rh A”’erica ’s Forests: Gateway to Opportunity (Proc. of . 
-

- 
th e i~~7~ Joint Conven~ [on of E~e Soc. of Am . Forestersand t h e  Can .  In s t .  of F o r . ) ,  pp. 3 5 4 — 3 5 9

The subjective-objective approach of Baker and Broad-
foot (1977) provides reliable estimates of productivity
based or soil-site properties which are reasonably easy to
i dentify in the field. Knowledge of soil series descrip-
t i o n s  is no’. necessary . A few hours of instruction from a
soil scientist should enable a land manager to apply the
te chnique. The method can be applied over a range of geo-
graphic provinces and soil-site conditions. The approach
nay also provide general indication of factors limiting
t ree q r o w t h .

For t
~~e reason s mentioned earl ier in th i s  pape r , the

purely objective approach of Broadfoot (1969) does a rela—
tio.eiy poor job of providing reliable site indices.

The s u bi e c ive techn iques  (Broadfoot 1964b and 1976)
- ire ~el~~able but a i c  lii~itcd to certain soil series , and
~bili ty to identif y soils by series name is required , a ma—
b r  drsadvan ’a~ e overcome in the more recent technique of
P iker and [~r-: o~fo-- (1977) 

U — -- -
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Bonrier , F.T.; Broadfoot , W.M .

1964

Soil n u t r i e n t s  and pH in southern  hardwood n u r s e r i e s

Ot- c~ion S Forest Nurserymen ’s Cont . Proc. 1964:l.5—1~~7USFS , Southern Region

The j~ i mu st !e  7.0 or less for southern oaks , tupelos ,
and yellow-poplar . Cottonwood , sycamo re , pecan , and silver
m~~ 1e C~Ifl be grown on alkal ine soils.

-—— ~~~~~~~~~ - - ~~ - -_ _
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i3or- e: , F . T .

Some influences of soil moisture upon the s u r v i v a l  and
growth of planted hardwood seedlings in t~ie Mississip-
j~- i  River valley

Ph .D. thesis , Duke “n v .

This study involves thrce inportant spccict ~— ’Ucarorc ,
sweet qu~i , ~nd Nutt all oak—and two cornrion soils of the
‘hi ssiss ~ ppi de lta :e~ ion . The ~ -~:1s , ~h~ rkey ol ty - -i’id C--

~--- —
: - r:e silt loam , are representative soils of the slack-
w a t e r  c lay and b a t t u r e  areas , r e spec t i ve ly .  These areas
:: ‘)Lablv w i l l  be e x t e n s i v e l y  p l a n t ed  in t h e  n e a r  f u t u r e .
The a u t h o r  souuht to deter-nine the effects of excessive

‘i l  moisture ~n the late winter and early sprLn~~, and Je-
:icient mci~~ ure later in the season , on the survival and
f~~rst-y~~ir ~:- ewth of planted hardwood seedlirus .

_ _ _ _ _ _ _ _ _ _ _ _ _  
-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~ -~ - - - - -
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Bonne r , F.T.; Fanner , R.E., Jr.

l-~6E

dertrination of sweetuur in resl onse’ to temperature , mois—
t u r e  s t r e s s ,  an d  len~ th 0! stra~ ificat ion

For. Sci. 12:40-43

Seed f r o n  a single Sweet i a n  tree near Ston - ’:ifle,
Mississippi , was coliec ’ ed and an ~~; i y  assigned to f i’.~ t~

stratificati ’n periods: 0, 2 , 4, 6, and 8 weeks. Furthe t
division was :nadc between six moisture stress treatments
(0, 1.0 , 2.5 , 5.0, 10.0, or 15 .0 arnospheres) and four t m —
:-e rature rc~~ mes (60—75° , ~0—85° , 75—90 ° , and 85— 100° !- . )

The seeds were germinate~i in covered petr~ dishes.

Po th totfl gerninatlon and rate- of c~ernir~at ion in—
creased as ten: :ratures were raised . ncreases in orriotic
stress lessencu total gernination and -ate of gerriinat~ cr.,
and 15 atmospheres of stress complet~~~y inhib it ’d ger~~1na—
tion . Raising the tcrper~1tures d~ creased the  i~~ ! l u e n c  o~osno t~ c stress. len~~thc:unc ~he s~~ at1~~icati cn t ime di~~ir-

~she.i b oh - ernerature and osnotir c f f - ’ ~~~. - —

L_. —- - . - -- - —-
~~~~~~
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~~~~~~

—- -
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~~‘or. e ’ , F .T.

1 ~-6

S .r’-::al ~nJ :irct-nia r jrowth of hardwoods planted in
st t uratod soils

!SF’~ f - e S .  N-~te S7—3 2 . 4 ~
- ; .

Up t o  Ic weeks of soil saturat ion 1rom the ~ine of 
~g i~~d not si :r1 fic ’in tly a f f e c t  s u r viv a l , a~~ ot

~~; : - H~~ i c , or- i-’i i i t i on or he :-’ht qrowth of sycamore ,
J- . ,.eL~ ur-- , o r .  N..Ltall oik cL2211r -.as. 2ut ~~hcn soil r . n~ or  -

at ures were  ra: idlv increasing in mid—April , saturation for
r-rore th an 10 to 2 weeks did severely reduce height , root ,
and sten- -diameter growth. Saturation was more detrimental
~n Coninerce silt loam than in Sharkey clay.

- ---a
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Banner , F.T.

1967

Responses of 1-year-old cottonwood to increasing soil rnois-
tu re  tension

USFS , Res. Note SO-56. 3 pp.

One hundred cottonwood cuttings from the same clone -

were planted in clay pots, half of them filled with clay
and half with sandy loam. Each pot was enclosed in a po~~
ethylene bag tied to prevent any moisture loss except by
transp iration . After four weeks in a controlled environ-
ment chamber with daily watering , the watering was stopped ,
and five randomly selected plants from each soil were meas-
ured af ter 1, 2, 3, and 7 days without watering for
(1) transpiration , (2) terminal growth , (3) leaf water de-
f i c i t , ( 4 )  leaf area , ( 5)  shoot dry weight , ( 6 )  root dry
weigh t , and (7) soil mois ture  content .

Tran spiration rates began decreasing at leaf watcr d -  -

f ic it s  of 2 . 5 %  in sandy loam and 4.5% in clay . The la ro -r
p lants ~ri the clay transpired at almost double the rate ot

~ - e :-l~~nts in  the ~nndy ]o1m~ but when t-ranspiratior . was
expressed on a leaf area or shoot weight bas is , the rat -s -

b id no~ d i f f er sign i f icant ly by so il type.

Torminal growth stopped abruptly when leaf water def i-
cits reachc- -b about Y. in clay and 4% in sarviy l oam . T h i s
indicates a s nsiti-:. control of water loss in cottcnwoL -a
in r- ’~ ponse to -‘oisture stress. In comparison , ‘talu s rib--
taired it-. anothe r study were 6.9% for sycamore , 6.4% for
~-~~~~ou- , and 8.~~ for Nuttall oak in c lay ,  and s1iq h t l~
~o~~8 in - 

~~~~~ i OftT Put in more qeneral terms COttorlwOO~
uses la r-~e amounts of soil moisture , but apparentl~ -d cc’-
i - need~’ a t  rf ~1atively  low levels of roisture tensi --i .

.

- 
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k3onner , F.T. ; Proadfoc t , b% .M.

1967

Grow th response of eas tern cottonwood to nutrie nts in sand
cul tu re

USFS Res. Note SO—65. 4 pp.

Seedlings of eastern cottonwood were grown in 63 5-gal-
ion glazed stone crocks of sized ~uartz sand at the Southern
:~ardwoods Laboratory . Nutrient solution levels tested were:

N - 0, 10 , 25 , 50 , 100 , 200, and 300 p.p.rn .
p — 0, 5, 10 , 25 , 50 , 75 , and 100 p.p .m .
K - 0, 25 , ~0, 100 , 200 , 300 , and 400 p.p.m .

Automatto irriaations with the nutrient solutions were
re1t ’.~oreJ at 15-minute intervals from reservoir crocks.

The r~’e ;lings were grown from May to late July, after
whi.ch t~~ rie :r-e asurcnents were made of (a) seedlinq height;

~
) foi~~a:’- , sten , and root fresh weight ; (cl foliage , ster- ,

an roo dry weight. Follaie sarrples were stored for later
afl~~ly1CS of N , P. and K.

~ceil i ;;s arown w ith 0 p.p.n . of in d iv i -b ii~~l nutri ents
snowerl the — 1~~! :ienc1 - symptoms cornonly s . n  i n  agric :1 tural
crop-s .  N - d e f i c i e n c y  was c h a r a c t e r i z e d  l;-y c h i o r o s i s;  P—dcfi-
~1 ’ n  shno~~i w e t ’?  sn a i l  with a red pigmentation ; K-defi-
ciency ca used burnir - .~i of leaf margins.

Based on total seedling d r y  weigh t , the best growth oc-
c-irr rd ri nutrien solution levels of 100 p.p.r. N , ~75

p .  n .  P . m d  100 p . p . m .  K .  There was si g n i f i c a n t  s t u n t i n g
of growth w~ 

t h the highest levels—300 p.p.m.—of N.

;he da i :n - 1:cates that under these study conditions ,
bes o’0wth was obtained when foliage concentration of ni-
-ro aen was about 4%, when phosphorus  concen t r a t ion  was about
0.6% , and when :~nt asgiuni concentration was about 3.5%.

-l 
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Bonner , F.T.

1968

Water uptake  and germina t ion  of red oak acorns

Bot . Gaz .  1 2 9 : 8 3— 8 5

Stratified acorns of Nuttall oak , pin oak, cherrybark
oak , and northern red oak were subjected to the following
t r e a tmen t s : sealing of cup scars with wax , spl itting of
per icarps , removal of pericarps , k i l l i n g  the embryo by
autoclaving but leav ing per icarp intac t , and control. The
acor ns were weighed , imi~mersed in d i s t i l l ed  water , and re-
weighed af ter 10, 24 , 48, 72 , 96 , 144 , 192 , and 240 hour s
at 19°C. Afte r 240 hours, dry weights were obtained , and
water contents after the various periods of immersion were
then calculated as percentages of acorn dry weight.

In a l l  cases , the acorns wi th  per icarp removed ab-
sorbed the most water. In most cases, the remaining treat-
ments ranked as follows : split pericarp , second; dead
seed , third ; untreated seed , fourth r cup scar sealed , f if t h .
This indicates that a great deal of moisture is normally
ihsor~-cd throug h t-hc -. m ~ c’alar o t-cnir~ s of the cup scar.

w at er  u t -t ak e  appea red  to he d i vid e d  i n t o  two phases:
rap id uptake , cause l maini - by imbibitiorm , and slower but
steady uptake related to metabolic activity in germinati-.n.

Nuttal l oak a:.i pin oak acorns absorbed much lt ss
water than  did tho se of northern red oak and cherrybark
oak.  This is a t t r i b u t e d  to the thick coating of wax on
acorns of N u t t a l l  a. -d  p in  oaks , wh~ ch may also exp la in  th€i r
hi gh tolerance to submergence reportea by other irves ti~ a-
tors.
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Bo:,r.er , F.T. -r

l~ ’8

soil moisture deficiency of seedlings of three
har ~‘.s~~’od s:-ecies

I

US~FS Res. N o r e  50—70. 3 pp.

Thi s st~~~y d. ils with seedlings of sweet~:ur- , sycamore ,
and t a l l  o a k .  Seventy 1 — y e a r — o l d  seedlings of each
~~ec~ .’s were taken from the nursery in February . Half were
p lante d in 1—gallon cans containing Sharkey clay , the other
half cans :— ntai nin a Commerce silt loam . In May, when
shoots were crowi rr~r rapidly, the cans were caref u l l y  sealed

r revent all water loss except by transpiration . Soil
noist-are tension was —aintained at 1/3 atmosphere f o r  a 

k , after which watering was discontinued .

th’~ ~ollowini nornina , five seedlings of each spe-
cies in ea~ h soil were measured for transpiration , term inal

-r- wt h , 1ea~ water deficat , total leaf area , shoot fresh
weaaht , sh~r o t  d r y  w e i g ht , and soil moisture tension . Six
— r h e r  -aro -ops were s in i l a r ly  a n a l y z e d  as soil mois ture  was
deple .‘J rans~~.r * ‘ i- n — — t h e  last :r - - .p ‘A~’en h- ’ l~~av~ s
h a d  ~-i ItO ma ~1 the  p l a n t s  a~~p ea i t  d to L-e nea :  ly -U-

Yn ~- r-eral , seedlings that ~rcw fastest trins : i r d
most , and transpirati on rates decreased as soil rrcisture
was do ; ~~~ L - -r’-’ina l :r(-a .-th sIt-wed when leaf water de ’
cat s  reached 6’ to 9%. This point was reached after five
to ceven days witt~out water in Sharkey clay and after three
t o  f i v e  d ay s  in Th~ riercc si l t  l o a m .  Termina l  — ;r”wth

.1 completely a”~-r 13 to 15 days without water in
c l a y ,  a n d - a f t e r a~. o’j t 11 d ays in  loam. Average leaf  w a t ’ r
deficits at - -.esc time s varied w i d e l y  among species , but in
both soal s , tho~. were hi:b;est an svcanor-e and i owm-’ t  in
Sw ’- - - • ;~m~ leaves

Seedlin-;s in Sharkey clay were still transpiring sl yly
at f l O i S tU t - C  . -ns ions son€ -~hat higher than the 15 atr--osphercs
corr.-io:-.iy c-~nsidered to represent ‘he w i1 t~ n - point. 

~~~
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Bormann , F.H.; Siccama , T.G. ; Likens , G.E.; Whittaker , R.~I.

1970

The Hubbard Brook ecosystem study; composition and dynar’:cs
of the tree stratum

Ecol. Monogr. 40:373-388

The synecology of tree species was studied In a maturt~
second-growth forest in the Hubbard Brook ecosystem . The
fores t, on a 13-ha undisturbed watershed ecosystem coverin~;
a 245-rn range of elevation , has a basal area of about 23
m~ ha~~~. Dominance is shared by Acer saccharum, Fagus gran-
d i f o i ~~4, and Betula a lleghan i ensi s .  Direct  qr a d ie n t  anal y-
sis and regreiiiion analysis indicated a strong response in
both stand and species characteristics to an elevational
complex gradient. Basal area per hectare , basaL area per
tree , dec iduousness , and canopy heig ht decreased with in-
creas ing elevat ion , whereas density , evergreenness , and
species divers ity increased. A lower ra te of net primary
productivity is correlated with higher elevations. Gradi-
ent analyses indicated that no two tree species have iden-
tical patterns of ar’portance values over the elevatic :na
cord L o x  , r i l i o n~ . S~~:ur na~-le shcws m .I .c c~~sing t. : nd ;
balsam ‘ir , paper birch , and mounta1n ash sdew increasing
t i  .2nd~~. ~oech , LCd spi uce , r-~ountain maple , ~*~s d  S L I  ~~~~~
maple show inteined iate patterns. Seedlings and saplings
respon-i to the elevational gradient as do lar-~er trees;
however, ‘he bet~avior of trees , seed l ings , and sap lm n ia of
the same species is clearly different. ih e  Hubba r d  Brook
ecosystem is located in relation to the vegetational .‘- -na-
t ion systems of earlier authors. The only cenerilly agreed

~i -on t-egetational boundary, ca. ‘60 m (2,500 ft .), ‘.s ‘o
co .n ed for by a steepened rate of envisenme n ’ ~l cnin~~’ in
the vicinity of t~~~~t elevation . Various lines of ~vi ienc-e
i ndicate that he present second-growth forest at ~~~ ~~

• .‘ -
~~

Hrook approximates old-age mature north~ :n h a r w o d  fo r e s t .  
-Therefore , the biogeochemical productivity , an-i ecole:i’-al

data obtained from this study are representative of a ma-
tune ecosystem in dynamic balance with rcaiona l - nd local
con ’roll in-i factors , i.e ., climate, geolooy , ar -!~ io pogra~)2

~
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Bo-jrce-’is , G. W.

V a r i a t ion of ash content in sweetcunr  on d i f f e r e n t  soil
types

p

Thesis , Loui~.iana State  U n i v .

I n  th i s study, bas ed on woo d and so i l samples  f r o m
se’-’.- n  d i f f e r e n t  lo c a l i ti es  in t~~uis i ana , ho auth-r found
positi ve correlations between available calcium , phosphorus ,
:‘otassLu~n , ma-~ne siurn , and sodiunm contents in the soil , and
calci u.n ccntent in the ash , arid be t ween av~ijla bLe ~.a~ ner~ um ,
nhosphorus , tnd potassium contents in the soil and magnesiu—

-n te nt in t he  ash.
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Braun , E.  Lucy

1950

Deciduous forests of Eastern North America

The Blak iston Company . 596 pp.

This book is based on some 25 years of field study
throughout the deciduous forest , 65,000 miles of travel, on
many years of familiarity with the deciduous forest as a
whole , and on int imate association with and study of parts
of this torest. It attempts , first, to portray what is (or
was)  p resent  in any  geographic  area and to reconstruct  the
pattern of or iginal forest insofar as the fragments re-
maining permit; second , to give data on composition and as-
pect of forest communities in all parts of the deciduous
forest; and third , to trace through geologic time the de-
velopmen t of the present pattern of forest distribution .
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br1 sc3c , C .  H .

455

flaan -t t ,r ~:rowth of selected bottomland hardwoods as af-
fecte~t by species and sate

La. ~\-u - . £x~ . Sta., LSU For. Notes 5. 2 pp.

:~~u dy o: the last ton years ’ radial grow th of 160
trees of seven bottomland species indicated t h a t :

( 1 )  Growth on flats and ridges was essentially equal.

(2) Growth in sloughs was slower than on flats or

(3) Growth varies between species , but species were
n—t a ff.—c -e d tr- he same degree by change in site ; there-
f re , n-~;’ species was the fastest :rowing on all sites , nor
w as any Si CCieS the slowest growing on all sites. Any
:;‘ite rent as to relative qrowth rates between species n-u~ t
~:t ’ -ua afied as to site .

Tnc ~c -
~~ rapid t n— L an gr~~~ th recotd1--d was ft-r hetr~ —

La~ k oak on a flat ~4. ~ a; ih -s)

I
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Briscoe , C.B.

1951

Diameter growth and effects of flooding on certain bottom-
land forest trees

Ph.D. dass., Duke Univ. Sch. of For., 103 pp.

Ten-year diameter growth of dominant  and codomirmant
trees of 17 bottomland species growing on seven physio-
graphic sites in southeastern Georgia was studied . Formu-
las are given for calcuXation of the 10-year diameter
growth of each species. The apparent degree of tolerance
of flooding and submersion was strongly correlated with the
frequency of flooding of the typical natural site of the
species.
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- -~~~~‘0 , C.B.

.96k

~ermina tion of cherrybark and Nuttail oak acorns 
fc’-ll cwang

flood ing

Fcciogy 42:430—431

Acorns of cherrybark and Nuttall oaks were enclosed in
— n-mesh ~~t~~s and submerged in swamp water and in tap

- .  .it er fo~ periods up to 34 days; cherrybark acorns were
also submerged in sealed bottles of tap water .  Type of
water  or container did not affect germination of either
~ ~cies. Cherrybark oak typically grows on sites seldom or
- e - en flc~ided; ~ermination percent of its acorns was sicna-

were.1 by prolonged submersion . Nuttall oak is
on sates flooded annually ; submersion for periods

ao 34 .~a- - s ~~~ not reduce germination percentage of ats
- -~-~-.s. ~er e was some indication that resistance to

~~~~~~~~ e ffects was associated with size of acorn .

~
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Broadfoo t , l .M.

1958

E f f e c t s  of impounded water on trees

Miss. Farm Res. 2 1 (’- ):l—2

In fall and early winter , many landowners build temp-
orary lakes in hardwood forests , usually to attract mi-
grating waterfowl. Study of 16 such shallow impoundments
in Arkansas and Mississippi showed that they increase the
amount of water  going into soil storage , and thus may bene-
u t  trees during a dry summer. The water must be released
each spr ing, before tree growth begins. Continuous im-
poundment kills some species in one or two years , and all
trees in four years.

—
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a n  o f  harJwo od timber to shallow—water impoundment

~-f~~S S .  ite ~:nit . Agri. Exp. Sta. Inf. Sheet 595

A s~ udy was — a le an a stand that had been flooded for
f .r ~~~~~~~ years. All species had made a surprising
s~ ;it an. ia ne ten growth during the first year of flooding.
Faom t :-~ere on until the trees died , the reaction was quite
‘ r ~ ai~~e ~-etween species , and occasionally w i t h i n  species .

er:-~~ urk oak was the only important co~~erc ia1 species in
-..r.tch occasi~~- al trees died at the end of the first year of

In the second year , all cherrybark oaks slowed
d own  an ;:~~wth and m any died . Al l  elm , sugarberry , honey-

c ..st , am— I persamnon trees died sometime during the second
season of continuous f looding. Willow oak and water oak

i t t L e  cnger . Some trees began to decline in
:;r th~~~ ran~ the second year , but few died until the third
and s~ mret a—es the fourth year. Some willow oak and water
oak even  s~ u rteJ in growth for three consecutive years be-
‘

~~~~‘
-
~ 

4 • ’-øa san - o  and ; it~ir . ii.

- ak , - :r ~- en i — h  - .~~~~
- . t~ um , and ~ut tall oak -~~~~~~~

~he moss at - r—tole r-v t ~ ~, u - . .~-~mc trncs in here ~~c 
—

~aCs .nc;cased an ii~ octor ;r~ wth all 4 years  of t b c- lan - ; ,
-~~ a le  ~. ‘ h er s  lechni~ . i-~rinq t . — t h i r d  year , and tl~~~~ l in
he f - c - u  tl~ ~ ear -

D~~~f - r e nce in r t - i e t i o n  w i t h i n  species was probabl y -due
to “a non di~~f r - -nc~— s and ~~ssiblv to differ~ nces in de~- th
of mn —-: -mnded wa e r .  .\cc-rn p rod : :  in n  st ~~ • -d a f ~~~r one

ir of continuous flooding, even though the trees some-
imes continued to grow in diameter.

In short , the stu dy showed tha t with careless or ~
hand lam’.c of water anround~ ents , all of the trees will —mi t a-

be kille -~ and forest benefits such as increased tree
h and bett er —as t production (usually the reasons for

the ampcurmdnent ) will not be achieved . But about 6 to 12
a r ch ”s  —~f water impounded in September or October and
d r a i n e d  in Apr i l  w i l l  increase the amount of moisture

~t~ red in ~~e soil for  use by the trees d~~n a n - ~ dry sur r s .
~ ‘ i cimn ici wa ter  w ;  ~l not r g e  the trees if  it  S

inc~l ~~~~~~~ r~~ - 

-- —- -- — - 
~~~-~~~~~

--  
- _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Broadfoot, W.M. ; Burke , H.D.

1958

Soil-moisture constants and their variation

SFES , Occas . Paper 166. 27 pp.

Values for the most con~non1y used constants , under
specific soil and cover conditions.

— - - ---- ---- ---  - —---- -- - - ------~~~~~~ 



Broad foot, W.M.

H59

Soil-water shortages and a means of a l l ev ia t ing  re sul t ing
influences on Southern hardwoods

S

LSU , Proc. Ann. For . Symp. 8:115—119

Hardwoods throughout the South have suffered dieback
and mortality during recent years. In general , losses have
been most severe in cottonwood , sweetgum , and black willow .
D i o - u~iht  is now undeistood to be the basic cause. It i-s
recommended t ha t  water  from win te r  r a in s  be impounded . I n -
vestigatioris show that about 6 to 12 inches of water im—
pounded in September or October and drained in April , if
not already used by the timber , will increase the amount of
moisture stored in the soil and therefore benefit hardwood
-;rowth , especially during dry summers . The impounded water
w i l b  no t  damage the trees if i t  is d r a i n e d  o f f  prompt ly
e ach sprin~;.

________________________

- - - ---~~~~~~-~~~~~~~~~ —
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Broadfoot , W .M . ;  Kr ina rd , R . M .
— 

l~~59

Guide for evaluating sweetgum sites

SFES , Occas. Paper 176. 8 pp.

Three methods of estimating sweetgum sites in the -Mid-
south: from amounts of clay and exchangeable potassium in
the 36- to 48—inch soil layer~ f rom tex ture and drainage
c h a r a c t e r i s t i c s  of the so il; and from tabulated averages
for standard soil series and phases. 

-~~ ~~~~~ - -—----~~~-—~~~~~~~~~~~~ —— -- -
~~~~~



Broadfoot , W .M.

1960

C~~t t c -nwn -J growth var ies  w i th  type of soil

~iss. F ’ arri . Res. 23(10) :7 4

Trees on Robinsonvil le  s i l t - l o a m  were 43 feet t a l l
a f t e r  f i v e  years In the field.

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ . !  ~~-- --a-.-- ~~~~~~ 
— — — - —~~ — f—.---
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Broadfoot , W .M.

- 
1960

Ear ly  growth of planted cottonwood on Delta soils

Miss .  Farm . Res. 2 3 ( l 0 ) : 7

Growth of cottonwood trees varies considerably between
soil types. Data are given for Sharkey clay , Al l iga to r

- 
clay, Forestdale silty clay loam , and Robinsonv ille silt

- loam.

I
.
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I
Broadfoot , W.M.

1960 
. —

F ie l d  guide for  eva lua t ing  cottonwood s i tes

SF!:~~, Tmccas . Paper  178. t pp.

Two methods applicable to the Midsouth. The fir st
nr o vi- ’es a f a s t  f i e l d  c l a s s i f i c a t i o n  of sites from deter—
t r i n a tl o n s  of soi :  t ex ture , i n t ein a l  d r a in a n e , and a nherent
moi~~t n r .~ c o n d it i o n s .  The second r e q u i r e s  the soil to be
identified by s t andard  ser ies  and m - h a s e .

I

- - -

~

-

~

- -
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Broadfoot , W .M . ; c K n l - nt , J.S.

1961

Soil suitability for hardwoods in t he  Mississippi Delta

Miss. St. Univ. Agr. Exp. Sta. Information Sheet 716

Tabula: summa~ v.



- 

5L~

i~roadfoo t , ~~~~~~ ~ c K r i — : h t . , J.S.

1 )t.~

Su atabi la t ’ of soils for hardwoods in coastal plain areas

-~ass. St. Pnav . Agr. Exp. Sta. Information Sheet 745 a

‘S

ThL-ula r s-~mmary -
--
~~ suitability of soils in t h i s  land -

r~.-s-:-- Lmmcc a r t -a :or —;m - ’~ 1ng abou t 30 commercial hardwood
Species .

I 
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55

Broadfoot , W .M.

1963

Guide for evaluating water oak sites

USFS , Res. Paper SO—i . 8 pp.

Si te  index can be gaged by three methods : ( 1) e s ti -
mated from amount of sodiu~s in the soil , depth of topsoil ,
and presence or absence of a hardpan ; (2 )  determined in the
field from soil texture , depth to mott ling , presence of a
pan , depth of topsoil , and inherent  moisture condi t ions;
( 3 )  read f rom a table  of averages after soil series and
phase have been identified . The first method was found
moat accurate.



i~zoadfoot, w . :~i.

1964

Hardwoods respond to irrigation

Jour. of For. 62:579

Dikes were built around two quarter-acre plots of 40-
~ear-o ld hardwoods on Sharkey clay . )mmn inc sm x consecu :ve
suru .’rs , well water was applied directly on the qrourid S .;-
f ace of the diked areas when ever soil moisture fell below
50 percent of available water capacity. All species
(sweetcu , Nuttall oak , green ash , hackberry, ;:ersimmon ,
and overcup oak) showed substantial gains in diameter
~

- — - .~-t  h ‘an-Icr irri gation .

-1~
-

-~~~~~~ - - -
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Broadfoo t , W.M.

I )64

Soil, suitability for hardwoods in the Midsouth

U SFS, Res. Note SO-b . 10 pp.

A study o~ tr ,~- growth of willow oak , cottonwood ,
cherry ba rk oak , wate r oak , sweetgum and other species i n
t he D e l t a , I~~ess , Coastal  p l a i n , Red , and Blackland soil
areas .  The species are c l a s s i f i e d  according to t he i r  fre-
quency of uccujience and their desizability for management
in a given soil area.

- - -

~ 
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, •~ .M.

1~~~7

Sh a l l  w - v i t  ~r ,un~Ir~ent inc r ea sc— s soil  m o i s tu r e  and

Proc.  3 1 : 5 6 2 — 5 6 4

Fo;~ - st -w ;-~’; in the Mississipp i delta have questioned
the ~‘~~~~~~- t s  o: shallow-water impoundment on tree growth in
the — ;r t -~~n - - t. ao~ er reservoirs bu ilt by hunting clubs to at—
t r a c  w a t e r  f o w l .  The present s tudy was designed to answer
t : a s - : ;~~

- - • i. a n d also  to d e t e r n i n -  the e f f e c t  of wate :  in-
poundment ~- a n l y  t h  g rowing season on soil n-~i s t u r e
S5A ~~-~ 1.

The avera-i c increase in radial qrowth due to flooding ,
:or a l l  soecies  ororL ined , ~as about 52%. There were strik—
i- na differences the response of species. Oaks had the
best um ~~t h of all species without impounded water , but
ranked at or near last in growth increase aftc r water in-
:: n Ir-cnt . Cot tonwood with no extra water ranked seventh ,

water boosted i t  to top ranking . Green ash
~

- -~~~~ q , w~” j — h  •-i’ked ~jn -h w: t h ” ~;i~- t rr ’a-—~ n’ , ~~‘ cr - t o
-
~~
‘ h i :‘1 i ’ - ’  

~~~~~~~~ •‘~~. tra ~~~~~~~ 
-
~~~

cxa’ jen i n  hr ’ impounded wat c: was fc’urd o be de;°let
a I I-; an I er~ -. ~s -f no rainf all , i — u t  was i u i ck i y  repl~- n —

ev~’n V’ ’~-- -~fl st- ’w ’r~~. T no ra~ n occurri~d in an
impoun ~~-nt -r  an extended pen  ol , he ox’,- :en snpj-l y

c - o - -
~~~e crt~~acal . This 55a’;’ be ~ h~’ m i - -er var ies ~roat1y an

:s  ab il i - ,’ t o  with stand -x tun Ied f m o o d i n - ~ .

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  - ~~~~ - --~~~ -
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Broadfoot , W.M .

1969

Problems in relating soil to site index for southern
hardwoods

For. Sci. 15:354—364

Var ious  so i l - s i te  characters  were correlated w i t h
hea~;ht growth of ~~~~ idambar styrac i f lua , Quer cus fa lc a ta
var .  a~~odaefo~~x.i , Q. ni gra, Q. p~~~Ios , Q~~~n u t ta l li i ,
Fraxinus pennsylvancca, and Popul d~Ttordes Th The Mid-
south . E~ u a t io n s aiveloped b~ m u l t i p l e  regression , how-
ever,  do not predict site index of new populations with
sufficient precision over a large area. Incomplete sam-
pl irig of the conditicns under which southern hardwoods grow
may have contributed , but the failure resul ted mainly from
the inability to measure the true causes of productivity—
soil moisture and nutrient availability during the growing
season , soil aeration , and physical condition including
root growinc space . 

.-- _~~~~ _ _ _ __ _ _ __ _ __ _ _
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60

Liroadfoot, W.M .

1973

Ra ised water tables affect southern hardwood growth

~‘SFS , i~es. ~;ote SO—168. 4 pp.

In  n a t u r a l  s tands  near Demopolis Lock and Dam Reser-
voir - in  Alabama , the avcrage g rowth  in tree radi-a s in-
creased about 50% in the five years after the water table
was raised from an indefinite depth to within reach c— f t he
tree roots. In natural stands near the Jim Woodruff Reser-
vc i r  in Florida , radial growth of trees also increased
r--ar kedly after the water table was raised , but only when no
~~~~~~~~ was deposited around the trees.

— - - ---_-—-.- -- ---S -—-- - - -~~~---~S_ ~~~-~~ - - -n-- ,-
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Broadfoot, W.!’t.

1973

Water  table  depth  and growth of young cottonwood

USF S, Res. Note SO-l67. 4 pp.

Planted cottonwood qrew best when the water table was
about 2 f ~~e~ deep , whether the t ree was planted on soil
with a hig h water table or the water table was raised 1
year  a f t e r  p l a n t i n g .  Growth over a 1-foot-deep water table
was about the same as over no water  table , but a su r face
water table restricted growth of cuttings planted in the
water , and killed trees planted the year before.



Ti 
~~~~~~~~~~~~~~~~~~~~~~
, .‘ .M . Toobe , E.R.

195 t

Soil acm crs may cause gum blight

SFES , S~o— : . For . ~~ot e s  106 
-

Soil moisture stress may be the main cause of sweetgum
i :nt.

-—-

~
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£3x

Broadfoot , W .N.; Farmer , R.E., Jr.

1969

Genotype and moisture supply influence nutrient content of
eastern cottonwood foiliage

For. Sci. 15:46—48

Fol iar contents of nutrients are being used as m di-
cato::s of nutrient requirements of tree species. Several
reviews note that , although foliar analysis is potentially
valuable, numerous environmental, physiological, and proce-
d ur a l  v a r i a b l e s  nust  be f o r m a l l y  considered to insure use-
fai l  r e s u l t s .  In th i s  st u d y ,  the e f f e c t s  of clone and soil
moisture stress were investigated .

The e f f ec ts of clone were significant for all three
elements. Soil moisture effects were significant only for
ni trogen and phosphorus .

The authors conclude that clone and environmental con-
d itmons during arouth nust be considered an nutritional
studies - f ~uvena1e cottonwood , and that in many cases to—

-~1 qua~c 1 l e g ~er plant , o~ r leaf , or per un it area shn’dd
-~~~~ well as conocot rat- ions by weig h’

— _ —



I

::oad:oot , ~.M. ; ~illis ton , H.L.

1973

!~booding effects on southern forests

Jour . of For .  7 1 : 5 8 4 — 5 8 7

Sprin g floods in the bower ~tississi~~ -i Valley can im—
prove growth of dor-~~nant , vi gorous hardwoods , primarily by
supply ing additional water later in the growin~ season .
~-‘loo d-resastant hardwoods are damaged where silt and sand
are deposi ted to lepths of three or more inches , where soil
c on d i t i on s  are  adverse , an~ in depress ions  where wa te r  does
not leave promptly. in these areas , mortality r--ay occur
over the next four years. Young seedlincs of resistant
species dae back if inundated after they leaf out , but n a ny
will sprout from surviving rootstocks. The pines and many
n a r ~~ ds in uplands behind flood control dams are not tol-
e r a : t c-f f l o o d i n g .  There , high water for just a few weeks

1 olna the or-owing season may cause severe nortality .

•

i

_
_ _
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Br unk , E . L . ;  Hansbrough , T.

1960

E f f e c t  of temperature and li ght i n t e n s i t y  on the germnina—
tion of sycamore , sweetgum and American elm seed

LSU For. hotes 39. pp.

t In an effort to explain the fact that pure sycamore
stands are frt !uently succeeded by American elm , an experi-
r-c-nt was made with three temperature ranges and two light
intensities , using sycamore, sweetgum , and American elm
seed . Elm exceeded sycanore in gerninatio.i in five Out of
six t rea tment  combinat ions . I t  was concluded t h a t  American
elm succession may be due to the  fact  t ha t  temperature  and
light conditions are more favorable for the germination of
e lm than  they  are f o r  sycamore.

_ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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66

Br unk , E.L.; Alimon , A . i ~.;  Dellin ger , G.P.

1~ ‘5

~~~~a ity of trees caused by flooding during the growing
se~~;cr~ at two —idwest reservoirs

‘ xssouri Dept . Cons., Jef fe rson  Ci ty ,  Mo.

:;~ a~ str~ ct ava ilable.
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Bryan t, R . L .

1963

The 1~ w1and hardwood forests of Ingham County, ~ichi gan :
their structure and ecoloay

P h . D .  thes is , Mich. State Univ.

A considerable acreage occupied by lowland -~ ardwood
~ )rests in southern Michi gan is considered to ha~e a stor-
i e and stabilizing influence on groundwater sup~ l ies.
S ir .ce u i t ’~le is known about the composition , grc~mdwater
:.~~ rology, successional relationships , ~i~~ i general ecology
of these forests the present study is an attempt to provide
preli~r.inary information on these subjects.

Measurement of the n umber, size , and distribution of
t ree species in the lowland—hardwood stands was accom-
p l ished using four sampling methods. A plot mett~od was
~.sed as a standard for the study against which data were

~~r’~’~ red fr~ ri the other r~ethods. Non-areal methDds includ-

~~ random pai rs , the point-centered quarter , and the var ia-

~ le p l ot - r a d i~.s m e h ~ ds.

Ti’e e t . ~ects 0 ’ f~~vo and p at h o~ enic  i n f l uences , w ind-
th ru~ ar ~ roo t ing sy s t *~~s u~ community s t r u clu rt  of low hn~d—
hardwood s t a n ~~s ~~~~~ discussed . Win dthr ow and rooting
h~t b it s  o~ c e r t a i n  lowland  t ree sp ’c i es  served tc in f l u e n c e
th .~ ev~~ •~~ 1 ~~ an~~— r~ ; c— s t  ‘ uc- t. u re  of lacu ~~t r in ~ for .”~t s .

•
~ exa~’iinr i’ r ~ of th~ soil profiles showc d t h a t  the

.-~t J o r i t y  of s~~il  ypes wi re a i p h a - gley s  wh ich  were po :~~ly
1: ~i



1
Buel l , M .F . ; ~istendah l , W.A .

1955

Floodpla in fo rests of the Rar itan River

Bull. Torrey Bot. Club 82:463—472

1. Evidence from the one example studied indicates
tha t the low terraces that lie ‘ust above the flood leve l
of the Raritan River can support a forest dominated by
sugar maple , beech , and basswood . Their two principal but
minor associates will be red oak and bitternut hickory.

2. The f lood plains will support forests that are
much more varied in composition .

3. The part of the flood plain farthest from the
river, the i nner flood plain , is less well dra ined than the
:~a : t  adlacent to the river. The inner flood plain forest
w h i o h  was investigated in this study occupies a site where
sw face erosion at flood times scours the ground resulting
ir. ar uneven surface . Sugar map le , red maple , ash and
bee~~~~a ;  a g roup  are becoming dominan t  in p lace of the ear-
h e r  e ~h1~~s~--1 e1~’, br”< - r l d c r , r~ d ~~k , ~~~~~ pi r . oak ,
ri~:e~ birch and tulip tree. This successicr~ ca;~not Uc ~;rc-
~ur~cd ‘or tho inner flood pl~~in of the river as a whole be—ca ise r~c~re often .~eposition rather th in surface erosion
oc~~’rs during flooding and the conditions then are exceed-
in ~:lv  differcn ’- . No ‘xtensiv .~ rel.i’ively undisturbed
S t a r~.iS occur  on the ].attcr t~~ .c  of S i t e .

4. The outer flood plain sites or broad more or less
heve areas of deposition newt the river have a deep,
we l-Jr~ ini’d soil and support a deciduous forest of mixed
cOr~ os~ ti~~n in which no convincing trend toward the domi—
nance of  a few species is evident.

_ _ _ _ _  .- -



PH ~~~~~~~~~~~
._____

Bur gess , R.L.; Carter , ~ .C.; Keammerer , ~ .R.

1973

Vegetation of the Missouri River Floodplain in North Dakota

N. Dak . Water Resources Res. Inst. Res. Proj. Techn . Com-
pletion Rpt. lt~.. pp.; 170 refs.

An 80—mile-long study area , bor dered by Garr i szrn Da m
and Oahe Reservo ir , includes the only extensive , remaining
floodplain forest vegetation in the Missouri Valley in the
Dakotas. Data were collected to assess the water relations
and nutrient status of each s a n ~~, t e  determine the abun-
dance of plan t species , and to examine species ’ behav ior
along environmental gradients. Attainment of the study ob-
jectives filled a gap in the knowledge of the forest vege-
t at ion of North Dakota. We now know, ~.n detail , what plant
species comp r ise the fores ts of the M issour i Valley , how
they are arranged into plant communities , the environmental
cond itions found within each community, and how the meander-
ing nature of the rive r influences community dynamics ar~i
development .

‘~~‘r ~~’n’i , t b ’ s  ~.r’ .- i~ ~~~~~~~ ~‘r~”, i ~~~ ri ~n ’~~~~~ i~~’n n  1r ~~~~~
the forest hib i t it ~~;L~~i by aqricu1tu r~~l Tnd~ an ~~~~~~~~~~~~~~~ less
thin 1 crr~ urv a~~~. ~~“ y of t h e  r c ” — u i n i n g  f o r e s t s  are c~ur—
ren t ly bt ’~ ng cleared , selec t ive~ y cu t , and ~razed , ~nd i t

was necess~ ry to collect dat~i frcr~ these forests before they,too , disappe~i~ ei .

Finally, ~he construction of dam s  has e l im ina t ed  peri-
odic f loo d i r; ~hro u~rn’~ut the study area. Data collect~.-:
dur’.ng the cou:se of this st~:d y .~nd ica’e nat ~lood prote.- —
Lion has led to decr~~~.~ed t? ~~~e qrowth ~~~i r~~y also be re-sponsible f o r  an c h s e r v e d  decline in i ’ . x eproduct~ e~~. 
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70x

Burton , J.D.

1971

Prolonged flooding inhibits growth of loblolly pine
seed l in gs

ISFS, Res. ~ote SO—l24. 4 pp.

Subsequent growth of potted 2-year-old Pinus taeda
seedlin~ s was retarded by flooding to the soTFsurface for
14 or 21 weeks beg inning January 3. After flooding, normal
drainage was restored until November 17, when pl ants were
har:es’ei . Floodinc for 14 and 21 weeks affected stem
height , d ry wei ght of roots and new stem , average needle
length , and n umber of growth flushes. Dry matter in foli-
age decreased with increasing flooding duration ; mineral
concentrations did not.

.-

~ 

———~~~~~~ . —~~~~ .
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71

Campbell , R.G.

1976

Drainage of lower coas tal plain soils

Proceedings , 6th Sou. For. Soils Workshop, Charles ton , h .C.,
Oct. 1976 , pp. 17—27

Drainage differentials can create ranges of site index
(25 ,~ from 37 to 65 feet for loblolly pine within a planta-t i o n . Ditch spac ings  prescribed by soil type can control
water table depth and alleviate these growth differences.
Dra inage systems and water table management over the ruta-
tion are two approaches to maximum growth potential.

_ _ _ _ _  -~—
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Carpenter , J.R.; Mitchell , C.A.

li7

Root respiration characteristics of flood tolerant red
maple (Acer rubrum) and flood in to le ran t  sugar maple
(Acer sacc~ arum) trees

Hortscience 12 : 4 2 2

Differences in respiratory metabolism of roots may
contribute to the relative flood tolerance of trees. Roots
of red and sugar maple have an alternate (Cu-insensitive )
electron transport pathway of respiration as well as the
classical cytochrome (CN-sensitive ) pathway. Although less
efficien t in energy transduction , alternate electron flow
may be induced by CN or various stress treatments. Charac-
t~~rization of various parameters of respiration ( S . .,  res-

~cnse to different 02 tensions , sensitivity to inhibitors ,
et c.) has f e e n  determined for both species as a function of
var ia~ 1e moisture regimes.

—— —— ———~~-—- -“‘- . —
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Carpenter , J.R. ; Mitchell , C.A.

1978

Comparative root respiration character~ stics of flood toler-
ant Baldcypress vs. flood intolerant Japanese yew

~ortscience 13:3 t’~

Continuous flood stress prevented root growth in Taxus ,
but permitted adventitious root formation in Taxodium . —

Capability of roots excised from flooded plants to respire
in an dtnbospheLe containing 21% 02 declined with increasing
time of stress in beth species , but recovered in Taxodium
after 10 days of treatment. C~n the other hand , roots of
Taxus flooded for 10 days were unable to sustain 02 uptake
from an atmosphere containing ~. 1% 02 , while Taxodium
roots regenerated durin g submersion respired efTectively at
0.1% 0~ . Flood stress progressively enhanced the sensiti-
vity or root respiration in both species to CN , an inhibi-
tor of cytochrome oxidase . Flooding also increased the sen-
sitivity of Taxus roots to SHAM , an inhibitor of alternate
ox~dase , whereas SHAM sensitiv ~tv  of Taxod ium remained con-
stan t with increasing duration of stress.

_ _ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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714x

Chancy , ~; .R .; Kozlowski , T .T.

1977

Patterns of water movement in intact and excised stems of
Fraxinus americana and Acer saccharurn seedlings

Ann. Bot. 41:1093—1100

Patterns of water movement in intact and excised stems
of Fraxinus americana and Acer saccharuin seedlings were de-
lineated with periodic acid~~educed basic fuchain stainingt echn ique  and microscopy . In intact Fraxinus stems water
-~ovencnt occurred primarily in the large early-wood vesselsof the current  xylem increment except in the current shoot
where the ring porous character was not developed and water
movement occurred in large vessels scattered throughout the
x~,1em . In intact Acer stems water movement occurred in
large vessels in the current annual ring and in the outer
two-thirds of the prior-year annual ring . The pattern of
water movement in excised stems under suction was similar
t . :  the pattern in stems of intact transpiring Fraxinus
plants , whereas in Acer a larger portion of the cross-sec-
ti~ r.a1 area of stems was used when suction was applied to
exc ised ~~~~~~~~~~~ Relative conductivity was similar for the
twe species •.~s a result of conduction in Fraxinus in i
small number of large-diameter vessels and Tn Ace r in  a
large n umber of small-diameter vessels. -
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75x

Chung , H.H.; Kramer , P.J.

1975

kbsorption of water and ~
‘P through suberized and un sdet -

ized roots of loblolly pine

Can. Jour. of Res. 5:229-235

Measurements were made of the rate of intake of watc r
and 3 2 P through suberized and unsuberized roots and root
segments from seedlings of Pinus  taeda under a pressure
gradient of 31 cut Hg (41 XPa), produced by use of a Vdcuuln
pump . Water  and 3: ’~~ intake through suberized root segments
from seedlings in storage was only 11% of the intake
through unsuberized segments from roots grown in n u t r i ent
solution . Water intake through entirely seberized root
systems grown in nutrient solution was about 71% and ~~P
uptake about 58% of those through root systems grown in ru-
tr ient solution but with 40—50% of their surface unsuber—
ized . Uptake of water and 37 P through root segments ain~
root systems ;rown in vermiculite was intermediate betwt~en
that for seedlings grown in nutrient sol . ion and ii at tor
dormant root systems . Removal of all unsuberized i .ot su:
f ice rrd uceci the total root surface by 42~~, ~ it e r  - r  t a k e by
54i , and 32 P uptake by 70% ~er 

seedlinq . These resnit s in-
d i c a” e  that absorpt ion of water and minera l nutrie nts
t h roug h su h e r i z .~ t roots r a y  play an i m p o r t a n t  role  in  the
water economy and mineral nutrition of woody p l a n t s .
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76

Clark , F.B.

1963

White ash , hackberry , and yellow-poplar seed remain viable
when stored in the forest litter

Proc. m d .  Acad . Sci. 72:112—114

Knowing that  the seed of some species will remain vi-
able for several years, the forester or forest manager
should be able to improve composition in the new stand .
For yellow-poplar , white ash, and hackberry , the current
seed crop does not necessarily dictate the time of cutting.
The forest manager has at his disposal a reservoir of seed
stored in the forest floor rather than just a fresh layer
of seed on top of the litter . There appears to be no good
reason to perpetuate the classical seed-tree method of har-
vest cutting yellow—poplar .

-u
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Cl~~z~~, F. F 3 . ;  Boyce , S . G .

1964

Yellow-poplar seed remains in the forest litter

.our. ot F’or. 62:564—~ t7

Ve1low-~ opiar seed rer~a~~ ed viaule for four winter s in
forest litter in  experimental areas in I l lin o i s  and Ind iana .
~‘n- .~~- i  natural conditions viable seed accumulates for seve~al y~~ rs and qerminatou when seedbed conditions are suit—
able.  W i t h  proper c u t t i n g  and a favorable  seedbed there is
littl e need t L ’ reserve seed trees on areas Cut to reproduce
yel low-poplar .  The s tudy provides some basic in fo rmat ion
about the germination of ye l low—poplar  seed . Some seeds
;errflinate in the forest litter without a mineral seedbed,

i t  such reedlings rarely live more than one growing season.
,
~~~~l it tests showed that stratification for one winter

dn. s not break dormancy in all seeds , but after stratifica-
tion for two winters most of the seed will germinate it con-
it~~ons ..ire favorable.

-

~
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Clark , S.~ i.

1 ’~58

Di rect seeding of cherrybark oak

LSU , Proc . 7th Ann. For. Symp., pp. 5-9

Acorns of Quercus ~~godaefolia were seeded under
stands o~ low-qual ity gum and oak in November 1951 and Nov-
ember 1953. The overwood was killed by girdling or poison-
ing. The removal of the dense canopy created a succulent.
rr-)~ t.h of 3rasses , which was ideal for the illegal open
ranje pdll cy of Arkansas. This heavy concentration of graz-
ing , plus the severe drought which prevailed after each
seeding , were the main contributing factors in the heavy
loss o~ seedlings. Only 2% of the acorns sown resulted in
established seedlings.

Ger- i nation of the acorns was surprisingly high.. It
was evident that the highest overall percent of germination
occurre d .~n the areas where large openings were made in the
overstory prior to seeding . The fact that germination oc-
curred over a period of three months during the growing per-

od i r.di Ca ’. ad t h a t  L h e r r y bark dcorns may i e.~1~t i  n dornant a.J
st.ill ha.e t h e  ability to ~nimin ate.

1 a~ peared that the sccond seeding , which .~is at an
a.~~ra~j’~ depth of one inch, gave a greater and piickez ger-
mination than those seeded at an avcra~ r~ depth e t  two
inches .

The ability of young plants to withstand complete sub-
mergence from ~~~ to four  days was somewhat of a surprise .

_ _ _ _ _ _ _ _ _ _ _ _  

~~~~ L___



F r -  ~~~~~~~~~~~ 
- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 

Conner , .~.H .; Day, 
,~ . W .

19’6

Productivity and composition of a baldcypress—water rupelo
si e  and bottoinland hardwood site in a Louisiana swa~~

Ar . Jour , of Hot. 63:1354—1364

The product ivity and composition of two stud y sites ~na southern Louisiana freshwater swamp were studied trom Oc-
tober H73 to November 1974. Net productivity was dete:-
mined rrcm measurements of litter-fall, stem orcwth of
woody species , and harvest samples u t  annual ~~~~~~~~~~~ u~ 
derstory. Tree composition was determined by the po int-
centered quarter method . Relative frequency , relativr den-
sity, absolute density , r ela ti ve dominance , and importance
value (:~~) were calculated for the tree species alonu each
transect. In the bottomland hardwood area many ~ociy spe-
cies exist with Acer rubrum var. drununondii (IV ~ 23.9) an.:
Nyssa aguatica (IV — 18.4) the most dominant. In the bald-
cypress-water tupelo area , fewer woody species exist and
Taxodiusn distichum (IV - 39.2) and N. aquatica IIV 3’ .6)
dominated . Comprison of productiv ity data from several 

~~
, ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ t : r i  (lo~ i~ig w~ t r

t end t~ :~ ~- u 1 u: the h .. •:s t swamp fore: t . p i  e d u ct  i v

I..: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ... . - - 



Ciaske , A.G.

1968

Ecological site preference and taxonomic differences within
2 Acer saccharum-Acer nigrum complexes found in Parke
County , Indiana

Proc. m d .  Acad . Sci. 78~201—2O9

A study was conducted on the ecological site preferen-
ces and taxonomic differences within two Acer saccharum-
Acer nigrum complexes found in Parke County , 1ai~~. A
suitable means of identification was determined for the two
species based on leaf characteristics. A significant dif-
ference was found between flood plain and slope and flood
plain and upland populations based on leaf morphology. The
flood plain was found to have significantly higher pH and
phosphor .c values and significantly less canopy cover than
those values for slope or upland . No significant differ-
ences were found between slope and upland for the ecologi-
ca l ;~~rameters. Sugar maple , black maple and the intermed-
iates were found to represent three populations. The
in’ erme !iate population represented the central portion of

~~nt ’n~:’”’~ r~f l e af  characters running from ~l.wk miple to..u~~ir m~ple . .~‘tcer nij~um showed a definite site preference
for ~he ‘ l ~’od :T~Tn. ~ -er saccharum showed a definite Site
reference f :  t he  slope and upland. It would thus appear
hat  The c h a r a c t e r  of s i t e  p r e f e r e n c e  would be va l u a b l e  for

ident iu ica ’ ion and should be incorporated into descri ptions
ot ‘:.e t~ o species.

-U
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81x

.i.~: n i , R .M.~1.

Alcoho l dehydrogenase activity in relation to flooding tol-
Lranco in roots

Jour , O f  ‘\ . . l~~:4~~8-4~~4

~o - t  oxi.iising activi ty has been studied quantitative-
ly in t’~o species : Menyanthes trifoliata and Molinia coer-
vle a. u i n i  a non-specific ~ J~~I technique , and an oxy~en-speci :ic ~pcl3rouraph1c

N technique in con junction with
f’~cia ’~ ro~ t.s constructed from silicone rubber tubing.

Oxid~ sin~ activity in these two species has been found
to be up ~~; n’~nie times greater than can be accounted for byoxygen dif :usin~ t:orn the roots. Enzymatic oxidation is
~iho:cut to be the cause of such high oxidising uctivity .

The c ~racteristic patterns of iron oxidation found on
and a r o u n d  roots are discussed , and oxid ation o t  iron at
he rhizophere ‘

~boundary~ is ~llust ruted .

~ -r lie r -,; rk on ioot o:t.~ising act :~ ‘ 1 t  , I S  h i
V i  ...e~~ ,

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  --- -- — - -
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82 x

Oraw :ord , ~ .M . 1 .; McManmon , M.

1 1.)

Inductive responses of alcohol and malic dehydrogenases in
relation to flooding tolerance in roots 

‘t E x p . Rot. 19:435—441

The levels of alcohol dehydrogenase and malic dehydro-
genase activity were investigated in the roots of various
species grown for several days , in aerated and non-aerated
culture solutions. The activity of these enzymes in non—
aerated cultures increased but only in those species pre-
viously found to be intolerant of experimental flooding.
The induction of alcohol dehydrogenase was reversible.
Physiological concentrations of acetaldehyde induced alco-
hol dehydrogenase activity , this induction being greatest
in the species intolerant of flooding . It is suggested
that the ineffectiveness of the inductive stimulus in the j
plan ts tolerant of flooding contributes to their homeosta-
tic survival properties under high water—table conditions.

1 
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83

Cri tes , R.W.; Ebinger , J.E.

1969

Vegetation survey of floodplain forests in east—central
I llino is

Trans. Ill. State Acad. Sd . 62:316-330

Woody and herbaceous vegetation surveys were made of
six areas (13.75 acres) located in the Embarrass River
Floodplain in east-central Illinois. A total of twelve
species were found with Acer saccharinum, Po~pulus del-
toides, Acer negundo, and Sa1i~~nigra being the most impor-
tant. Reproduction in the areas indicate that Acer negundo
and Acer saccharinusn will continue to be of major impor-
tance. However , there was very little Populus deltoides
reproduction and Salix nigra was only able tó reproduce in
wet areas near the rivers edge . Observations indicate
that these floodplain forests are becoming drier since Cel-
tis occidentalis, Ulmus rubra, Ulmus americana, and Fra~T-
nus american& iie beginning to inv~de these areas.



ca y, F.P.

1978

Tree diameter growth in four plant communities in the Great
D ismal Swamp

Paper presented at the 56th annua l meeting of the Virginia
Acad . of Sci., May 9-12 , 1978, Blacksburg

The radial growth of prominent tree species was meas-
ured by aluminum vernier tree bands in four plant communi-
ties in the Dismal Swamp (mixed hardwood , red maple-gum ,
baldcypress , and Atlantic white cedar). Growth rates were
variable but peaks occurred in May , June , and July of 1977.
The mean annual growth rate for all trees measured in each
community was greatest in the most extensively flooded corn-
runity (cypress) and least in the most infrequently flooded
community (mixed hardwood). Rajial growth was apparently
greatest on the wettest sites , at least for those species
nc~rmal !y associated with swamps. Two oak species exhibited
slowe r growth rates than oaks located in a Southern Appala-
chian mesic forest. The summer of 1977 was extremely dry
so measurements during additional growing seasons are re—

~o ~uIly evaluate t~~ c j r r~wt h  i n The Di3ral Swamp .

- -... ..



Pt2Bell , D.c.: A u l d , I . Dennis

1971

Establishment of swamp tupelo seedlings after regeneration
cuts

USDA For. Service ~.s. Note SE—164. 7 pp.

Reproduction was studied on plots seven chains square
in a stand of even-aged , 90-year—old swamp tupelo in Blue-
bird swamp in South Carolina. Plots were cut completely
clear , to 15 trees per acre , to 30 trees, to 90 trees , and
to 250 trees (control). Mist-blowing , injector treatment ,
and stump spraying were used to control undesirable vegeta-
tion . These treatments were applied to different blocks in
1967 and 1968.

The following conclusions were drawn :

Seedling establishment is related to seed production ,
but swarp  tupelo is a prolific seeder and seed production
is not ordinarily a limiting factor .

~tr:~i :it~~~: .~~ l ear l y growth arc rxtrc’re l j pc~~ Thr t
on water lev. ls , as . tei mi~ied from ro~ u1t~ ~.r d iif cre n t

~~~~~ bww.p  Lu~~cio w i l l  not r~u n a t e  when the water
t a b l e  i~ at  or a~ c~ e the soil surface . After seedlings are
established , however , water levels slightly above the sur-
face bu t  L~~ .~ ~.ho ; od i l nqs ’ leaves are beneficial to
growth . Prolonged complete submergence of actively growing
seedl ings  is l ik ” l y to k i l l  them .

~ecause o c~ r~~’tit 1on f r o m  o t h e r  vegetat ion , the suc-
cess ‘r ‘ ail ure c~ regeneration established in the various
cutting treatments cannot be fully determined for some
ime . In ~he interim , the authors recommend the use
t h ”r  - hois—advai ,cc-’d reproduction , stump sprouting , u : Li

planting nu:se:y ~~~~~~ seedlings—where early establishment
is not so dependent upon favorable water level. 

- —.---. —— —.~~~ --.-~~ ---- -—. .——-.
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De i4 e l l , D . S . ;  Naylor , A.W.

1~~72

Some f a c t o r s  a f f e c t i n g  g e r m i n a t i o n  of swamp tupelo seeds

Ecology 5 3 : 5 0 4 - 5 0 6

while swamp tupelo (Nyssa sylvatica var. biflora ) is a
ra~ or sp~. cies in hardwood swamps of the southeastern United
St ates , methods of r egenera t ing  the species have not been
developed because of lack of information concerning the ef-
fects of environmental factors on germination of seeds.
This study was designed to determine the effects of temper-
ature , water level , and aeration on germination of swamp
tupelo seeds.

An expe r ir en t in which seeds were submerged in unaer-
ated water without soil resulted in 40% germination . When
aeration was introduced , or seed coats were partly removed ,
the germination ranged from 50% to 80%.

Thder  forest conditions , swamp tupelo seeds apparently
w i l l  not germinate while submerged in flooded soil. This
i r l ay i r ~ cerminatiOn i~ adva t 3 . a tj~ ~o the i~c d ’ 5 SUr ~.fl vi~~.
In some years , water rerains above the soil surface in

~v.~~n~ps fc.r several  months d u r i n g  the g rowinq  season . If
gernination occuis under water , the seedl ings will probably
be k i l led , and the e n t i r e  seed crop could be lost. Seed-
t in ;~ ca n hr submerged ‘or long perirds du’ ing the dorn~ant
season w i t h o u t  suffering damage, but when in the cotyledon
staoe , a few days of submergence is likely to kill them.

The fact that germination did not occur in soil-water
re;imes in which the water level was at or above the soil
surface , but did occur under water in the absence of soil ,
may be accounted for by decreased oxygen supply and micro-
rial complications.

1
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Dickson , R.E.; liosner , J.F.; Hosley , N .W.

1965

The effects of four water regimes upon the growth of four
bottomland tree species

For . Sci. 11:299—305

Seedl ings of four wet-site species--tupe l ogum (Nyssa
aguatica), pin oak (Quercus palustria), yreen ash (Fraxinus
pennsyT~anica), and sycamore ~P1atanus occidentalisF were
grown under four moisture regimes : (1) continuously water-
saturated soil , (2) soil watered to moisture equivalent
daily, (3) soil, watered to moisture equivalent when 50% or
more of the available water was removed and (4) soil
watered to the moisture equivalent when the wilting point
was reached . On the basis of height growth and total dry
weight , tupelo and green ash seedlings grew best under the
continuously saturated conditions. Sycamore and pin oak
grew best under the moisture equivalent regime. With few
exceptions , seedlings of all species grown under the wilt-
ing point regime were the smallest. The si gn i f i cance  of
the results to the segregation of species along soil mois-
tur e jrad~ ent.s in botton~land areas is discussed .



88x

Dickson , R.E.

1968

Effects of aeration , water supply, and mineral nutrition on
~rowth and developmen t of tupelo gum (Nyssa aquatica)
and baldcypress (Taxodiwn d i s t i c h u m)

Ph.D. thesis , Univ. of California

Seedlings of tupelo gum and baldcypress were grown in
saturated-aerated , saturated-nonaeratod , and unsaturated
soil , tertilized with two forms of nitrogen , nit rate and
urea. On the basis of height and dry weight , both species
grew best in water—saturated soil plus aeration. Growth
was better in saturated—nonaerated soil than in unsaturated
soil only i f  water  in the unsatura ted soil decreased sub-
stant±ally below field capacity before rewatering .

Internal moisture stress or water potential of the
seedlings was determined with a pressure bomb technique .
~:h~’n available water was allowed to decrease from field Ca-
pacity to the wilting point , the daily maximum moisture
t e n s i n increased from 7.0 to 12.8 and from 8.5 to 18.6 at-
“~~~ph.”:’s i n  t ep”lo  ~r .d cypress ‘-r l~~n’j~~, rr’~~r’ctivc1v .

In cypres’ , ;r~ ’.~n in sa~ ra~ ed—ar’’- .i~~~. :, s . ~:-a~~~~--ncn.i~ rated , an~ unsaturated soil at. f i e l d  capacity, :ivor -
~~ . n

t e n .~ ions  w o e  10.0 ,  10.9, and 8.5 atmospheres , respectively.
W i t h  t upelo there were no signific ant differences in ten-
sion anong these water treatments.

Differences in  nutrient uptake and distribution within
set’dlin .:s arnon.: ‘he water treatments were considered to

1 th e re . lt  r~ growth differences produced by the water
treat’-cnts. Total uptake and often the concentrations of
P , N , Ca , and Mg were highest in both species when grown on
sa’ urated-aer at”1 soils and lowest when grown on unsatur-
o ” .~ soils.

Total uptake and concentration of N were highest in
seed~. i . n:s f r o m  unsaturated soil. The low levels of nitro-
gen in seedlings grown on saturated soils were probably the
result of denitrification in saturated soils , and could not
be attributed to the effect of these treatments on nitrogen
al~~orption by the seedlings.

—-
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Dickson , R . E . :  I3royer , T .C .

1~~72

Effects ot aeration , water supply and nitrogen source on

~rowth and development of tupelo ~.ium and baldcypress

Ecolo.p’ 53 :62h— 34

Seedlings of tupelo gum (Nissa aquatica) and baldcy—
r’ress (Taxodiurn distichum ) were cultured in saturated—

~t~’iated , saturated , anU~nsaturated soil. Experiments were
desi gned to (1) measure and evaluate the relative reaction
of tupelo and cypress to various soil—moisture conditions;
(2) determine t h e  effects of aeration and water availabil-
ity on plant moisture stress and growth ; and (3) compare
effects of two forms of nitrogen fertilizer (urea and ni-
trate) on growth. On the basis of height and dry weight ,
both tupelo and cypress grew best in saturated-aerated soil.
Growth was better in saturated soil than in unsaturated
soil , but only when water in the unsaturated soil decreased
substantially b e l ow  field capacity before rewatering .
Plant moisture stress was determined by a pressure-bomb
techn~ -jue . For t.~~pc1o , average daily maximum tensions were
‘. 2  .i:. 1 7.0 atm ( i t : n  1. 013 h~~ i-) w i t h  : u t u ~~jted ~hd uns.~L—. : r a t ~~ .I :;oil , iespec tively ; for cypress , comparati ve ten—
sicr,s were 10.9 and 8.S 0 : . .  whe n  soil ~,o1sture d~ creased
~ i~~ — ~ i . ’1d capacity to t b ’  wilt i :j  point , the daily maximum
t nsion in plants .ncreased from 7.0 to 12.8 and from 8.5
to 17 .6 atm in ‘ U p e 1 C ~ an  Cy p ’- Or s , respectively. ~rcwth of
p l a n t s  was elated to the curulat i’.’e effect of t ~o i r  i n t e r —
n i l  rno~~g t u r e  utr ess. When t upe lo plants were subjected to
595 a t m — d a y s  ( d a i l y r~a x i m u m  t e n s io n  numbe r of days with
t h a t  t e n s i o n ) , he i ;h’~ g r o w th  was 3~~ and dry wei ght 40%
less t h a n  I ints sub)ect. . .i ‘ . 490 atm—days. Fer’ ~1izat~ ‘

~ I
w i t h  urea produced more growth than fertilization with n ’s —

1 ’~~’.
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Downs , R.J.; Borthwick , H.A.

1956

Effects of photoperiod on growth of trees

Bot. Oaz . 1 1 7 : 31 0 — 3 2 6

The e~ fects of photoperiod on the growth of elm (Ulmus
rL~rLcin a), dogwood (Cornus florida), horseche~ tnut (Aesc~~Ins ‘hir~i ocast anum) , r~~~maplè (Acer rubrum ), sweet gum
UL~~ ui~ a~bar st~yraciflua), tuli p poplir7tiriodendron t- ul i~-feraj, pau],ownla ‘Paulownia tomentosa ), birch (Betula mand
schurica ), two spp . of catalpa (Catalpa bignonioides ~~~~~
~peciosa) and three spp. of pine (Pinus taeda, P. virgiriiana
and P. sylvestris) were investigated . In general , short
days induced d~iii~ancy, and long days prolonged growth. The
various spp. di~ffered in their response to short days(eight-hour), ranging from tulip poplar, which stopped fur-
ther .urowth after about ten eight-hour days, to elm , which
required 20 weeks of eight-hour days before the plants
stopped elongating new structures. However , most of the
sp n .  tested seemd to require about four weeks of eight-hour
days before they stopped growing.



. —
~
-— .—— - —-—-,—

91x

DuBarry , )\ . P . ,  J r .

1963

Germination of bottomland tree seed while immersed in water

Jou r,  of For. 61:225-226

Observations suggest that, even if bottomland tree
seed w er e  to germinate while iuvnersed in water in actual
field conditions , eventual establishment of the seedling
would be most unl ikel y unless the immersing waters receded
before the seedling perished from other causes.
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E . : l e r , W . A .

lir 3

Description of a bottomland hardwood forest in Sharkey
County, Mississippi , with a possible explanation of
why red gum fails to reproduce

~bst. in Bull. Ecol. Soc. Amer. 34:70—71

Tests on germination of seeds of Liguidambar ~~Lraci-fiu .~ in six different materials from th~ forest floor , sue-
gest an explanation of why the specic - tails to regenerate
under a closed canopy . The percenta’j~ of h e a lt h :  p l a n t s
obtained was as follows : Sharkey clay , 37-6~~~; par ti a l l y
decomposed fermentation layer , 22—78%; humus , 16—59%;
leaves , 0—41% .
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Eggler , ‘.. A.; Mo : e, ~~~~

1961

The vegetation of Lake Ch icot , Louisiana , after eighteen
years ’ i~~e undmen t

S nuthwcstc: Nit . 6 : 1  ~183

The ve~ etation of the basin of Lake Chicot , or ig i n a l l y
cypre ss tupelo gum swamp bordered by upland hardwood forest,
was stud ied by Penfound follow ing impoundment. This paper
gives results of a re-examin~ition of the sane area . After
eighteen years of floodin ;, cypress has decreased in den-
sity i n the channel but has increased in the shallow peri-
pheral zone. Radial growth of cypress trees has not de-
creased , even in the deepest water. Upland forest trees
have all died ; a few bottomland hardwoods survive in shal-
low water. The lake is presently dominated by submerged
weedy aquatics , especially ~abomba and clodea. Winter draw-
d -ewr, of the lake level has not solved the aquatic weed prob-
l em .
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Evans , D. - .

1974

10:-a and ve~ etation of a Mississippi River unprotected
floodplain

ASB ~t ull . 21 (:) :54

The flora and vegetation of the unprotected Mississip-
pi River floodplain between St. Louie , Missouri , and Cairo ,
Illinois , w a s stud ied as a part of an environmental impact
statcr”ent for the U.S. Army Corps of Engineers. Six vege—
‘a t ~~on ty~.:es were identified and mapped and the species of
vascular nlants were documented in the 48,000 acre, 170
rule long area. Of the 320 species of vascular plants , 80%
are native ar.L1 13% are rare or uncommon elements in the Ill-
inois and Missouri flora . Plant community development pro-
ceeds from an annual grass-forb type of high diversity on
sand and mud flats to forested stands of lower diversity
which occur on infrequently flooded sites. Salix interior,
an i-’: ~r~~ant species in young stands , and Populus del-
toides along wi th Salix nigra, which are important~~Tements
T~. lOt h younc and old stands , are not reproducin.:. More

~h~ ’i” t o ip r a ’ s- A-Pr ~accharinum and r nr ’~~unr 1o are quo-
c- o - t ~~n-i i n youn~ s’and s an~~E~Eome mor” imp ortant as st a n d
1-Jo L n c r e a e~~s. F a c t

~~~~ in luencing F l m t  cn~”m -~n i ty ~~ ‘ ‘ e ) —
o~~m~-n ~ncl:idt’ fortui~ ~-ns seed i ng f o l l o w i nq f l o o d s , I r e—
p:toicy an dur at i n of floods , and t ime .

_ _ _ _ _ _ _ _ _ _ _  - _ _ _ _
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Evans , D.K.

1975

Characteristics of flora and succession in the middle
Mississippi River Floodplain

W. Vir. Acad . Sci. 47:7-13

No abstract available.
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Farme r , R.E. , Jr.

1970

Variation and inheritance of eastern cottonwood growth and
wood properties under two soil moisture regimes

Silvac Genetica 19:5—8

This paper describes a pot s tudy  of genetic variation
among 30 cottonwood clones growing unde r both favorable and
q t r e s q f u l  moisture re imes. The objectives were to deter-
mine how moisture stress may alter variation patterns and
to provide information on variation in relationships be-
tween leaf , stem , and root growth .

The stu~,iv involved 300 potted cottonwood cuttinos , di-
v i ~.iod i n t o  f iv e  replications. In each replication , 30 pots
(“Fav.:ra ble ” moisture regime) were watered only after m ci-
p
~
e:.t .~iltin g was observed ; at this time the : were watered

t ’  sitn :ation . The test ran from May .3 to September 9 in
1)66. The stressed plants were watered an average of fcur

imes dur~ n-; the t e s t .

Pl ar;t.- ur,JL i the favo t-~m b lc rno~ s~ ure re-1.::e ma de ~t 1 .~n t
w~ce the hu ~ i~~ t i:~ l diame t or g rowth  of st ressed plants ,

- c l  ~h e i~ ~i .~~rage dry wei~~.t .~a3 sevcn t i cs gre ater.

~~ecific gravity and fiht ,’r length proved tc’ be oreater
.ndcr ~h ’ ~a v or -tb l e  m o i s t u r e  r eg ime , as r x~ ecte d . Lea f ,

S t e r n , an root weights all increased u n d e r  favorable mois—
tare condition s, and the t h ree  weights had comparable broad-
s~~n s~’

_ _ _  
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Federer , C.A .; Lash , D.

1978

BROOK : a hydrologic simulation model for eastern forests

New Hampshire Univ ., Durham. Water Resources Rsch. Center.
Northeastern For. Experiment Sta., Durham , N.H. Ofc.
of Water Rsch . aid Techn., Wash., D.C. (Report No.
RR—19 ) ¶~2 pp.

. h y d r o l o q i c  model ca l led BROO K simulates water bud-
F gets for forest land in the eastern United States. BROOK

is i water-y ield model for small areas: it  was not de—
s~ uned to simulate flood peaks or watersheds with multiple
aspects. It operates with a daily t ime interva l , and re-
quires daily precipitation and daily mean temperature as
input variables. BROOK can simulate hardwood , conifer ,
mixed , cleared , and regrowing vegetation types, but these
ropes must be uniform over the watershed . Partial cuts
cannot be simulated . Evapotranspiration is divided into
five components and streamf low into three components . The
model was calibrated and v~~ ified using experimental water-
sheds at the Hubbard Brook Experimental Forest in New Hamp-
sh~ r ’ and the Cr’~~e’ -t- -t uy drologi- ~aberatory in North Caro-
l ina. B:~OOK was designed to st ~- l y t h e  :~?sponse of stream—
t iow on di~~ eront elopes and arpects to cover changes
C O l S * ~~i b y  h iro. ’stint; and re~ rc-wth or by conversion f r o m
hardw oods to c - n i  fers.
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98

i’ er r e l l ,  . .K.

1’53

E f f e c t  o: env i ronmen ta l  conditions on survival and growth
of forest tree seedlings under field conditions in the
Piedmont reg ion of North Carolina

Ecoio~ y 34:667-t88

:~ thi s stu dy of reproduction of loblolly pine , short—
leaf pine , white oak , southern red oak , sweetgum , and dog-
.c ’od , i - was concluded that improving the soil moisture
conditions in t~~ t- forest is the most important initial step
in securing satisfactory reproduction of all species.

_ _ _ _ _ _ _ _ _  -~
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F i l t -r , T . H . , J r . ;  Broadfoot , ~ .M.

1 968

Sweet-~um r i v c or r h i z a e  and soil rnicroflora survive in shal-
.~— - -mter i :’-poLindment

Phyt .orn’ looy 5~~:l050

By means of ir:pour~.Ix ng dikes, 15— 30 cm . of winter ands; :in : prcci:. itation ...ere retained on a hardwood forest

~c .til . uly of each of t h e  three years tested . Impoundment
did not eliminat e endotropic mycorrhizal fungi ot sweetgum
and ~ncrea.~e .: timber growth i.y 50%.

:t rct~~r:t sections of roots collected before and after
flood in~ ~~o’ -.. mycorrhizal fungi present in the roots. Iso-
1at~ on from :nyc0 :rhizal roots showed that 26% had viable
fungi after s~ x months of impoundment , as compared with 31%
t r o n ;  t rees n a t  ~~~lO L ’ d e J .

Results fran soil dilution plates indicate that . popu-
lat :on of ~ai1 microflora is reduced Lv 

2 5 %  in impounded
areas. Oxygen content in the water was depleted in about
“5 di’ s, 0 ~~~~ a - : i - k ~~v 1 ~~~ o~~~hr - ’i b” r a in .

‘ - . -~ rrhjz~ l f-on ;~ s~;oh as holetus fraternus ‘md m o —
r:~~~st :‘roducc’d sp.:roj h rei Tri TF~e i r p o u n~~’- . : . t aF~~

~~~c we ek S a f t e r  w.mt er was drained ; none were pro-
duced i’’ he d: area.

S

_ _ _ _ _  
~~~~~~~~~~~~~~~~~~~~~~ 
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F~ ;i., R.F.

-:i neral nutrition of yellow—poplar

~iss. Abst. 27(9):2998—9B

A sand culture t echnique was used to det ermine the re-
lationshi ps between solution nutrient concentrations ,
foliar nutrient concentrations , and the growth of yellow-
poplar seedlings. Nitrogen , phosphorus , potassium , mnd
ca’ci~.un ~o1ution nutrient concentrations were varied ; all
other nut r~ enrs were maintained at a fixed cortcentrat .on .

The main findings of the study are that a solution nu-
trient concentration , and consequently a foliar nutrient
concentration , can be identified for maximum growth. How-
ever , --“mxirnum growth values determined separately in the N ,
P, K , and Ca series differ by as much as 70%. This appears

be . -~ u ;’-’J by the strong ion antagonism between h , P , K ,
and Ca. This antagonism is reflected in  :i ’ferent fo lia:
concentrations for elements which have rh~. same solution
concentration in two or more of the series.

T~ ~s, t neoefore , dout. t ful ~‘at foliar nutrient con—
ccn :-~ tic .n dcr~ vcd f r o m  s i n g l e  • ‘I ~ ‘- n t  St  e i l i e s will H .- very
:s- ’tul as -m standard for estimating the ade .1-uacy of soil
nutrionts . ~pp-m rent1 y , there is a ran-ic of foliar percer-
a ;e combin mt l OiS of e lements  t h a t  are c o r r e l a t e d  w i t h  es—

:i t l  i l l ; he same - l O u u f l t . o t  ;r(-wth .

I

0... 
~~~~m ~~ .. .—

_ _ _ _ _ _  C-  _ _ _ _ _ _ _ _
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Frali s’~, J.S.; h e a v er , C . T . ;  Schles inger , R. C.

1976

Central Hardwood Forest Cormf. Proceedings 1st, October
1 — 19 , 1976 , Carbondale , Ill. 484 pp.
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F: , t f l .’ , I’.

A i - ..T h airlis ti c model of a floodplain forest: prediction
of chin.~es due to variable backwater conditions during
: -Se r’.’Oir operation

Diss. Abs~~. 3.:5741B; Ph.D. thesis , Univ. of Ill ., 148 pp.

Pr’-J~ ction o: ecosystem charo;es resulting from envi—
comae:;’. ii modification provides a growing class of ecologi-
ca l :oble -ms . This study was initiated to investigate an
e uroach r-a the sol0tion of one such problem: predicti on
of the r~~1at.ive impacts of alternative reservoir designs on
veot itica in the . - backwater zone . Heuristically it was ~e-
: rmined th at ~f th~ relat ionships between species popula-
t~ on . s t r Hut:on ~ and the historical patterns of flooding
could be defined an-I it was assumed that the relationships
ceflec ’o~d causatic :. to some deoree , then changes in species
d~ s’ :~~b-ut~ nns co~ l~i be ~‘redicted from changes in the flood—
in- : re-i:: .

T::c 3H .roach :-.-as to develop a probabilistic model of
‘H’ r l a ion~ htp we-~’~ n “o~-c~~’mtio n ‘~~m t t r s r n , ~ s
I n ‘he l i s t r il-’- ~ i-n s ‘f indi v i I’ .al species j~1~t i1a li-n::, and

r~’ :i . hxHo ‘a , ’ ~ethodo1o~~ics ~-r~ vidcd e- 0  1—
mat .- s of he flo -d i n  re T i n e  modifications pr o du ced  by var—
tble backwater conditions for two levels of rt’servoi: op—

e r a ~ ion . The model was ‘ ci- ’~~~ with each nolit i c at  ion
as :npur , to simula te 1- r- dia t ed sh i f ts in species distribu—

ic-n.

Thea model is anrlicable t -  otho:- pr oLle’ns of the - one
c l i ~ s. On ly mod.: fication o~ the imput parameters is neces—
sary ::rovid’a I the Iota conform to the submodels proposed .
It can  also be used to simulate the effect of reduced flood-
:n; d.~wnst ream from a reservoir and has potential utility
as a syst -~ms desiqn tool. Given a probability distribution
for flcodin ~ in a bottc.r-,land area , the model can be used ‘ o

~mnerate a species pattern which is compatible with the
fiaod~ ng regime. Planting of tree species and management
of the m rea can then proceed on a more rational basis.

H

_ _ _  . 
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Fcan . , E.H . ; ha .. z, ~~~~

197 ’

Simulat~ cn of ve~:t’totion response to modi~ if- : ro1og~~
r e i i :~ ir t e S :  a pt o~ u)1 1 istic :;od~ l based un n:che
ferent ~~t an in a ‘ .~~dp1ain forest

Ecoloqy 58:176—183

This study was initiated to develop a model for
dicting the relative im~ acts of alternative reservoir ~e—
S i C mS on ve:’ - : et o t i - a n  in the backwater zone .

The result i s  a p:-c- :.~ j-,~ 1istic nc-del based on ni:.’.-.
differentiation in the floodplain forest. Existing m~ th:~ —
;‘io-.:les p r o v ide d  estimates of the flooding regime rodi fica-
t ions ::-c dj c t - d b’.’ va riable backwater conditions durin-. res-

— r’.~~:r ope:at ion. The model is exercised , with hydrol :;:c
n i~~ficat :cns as input , to simulate shifts in species dis-
tr:nut ion.

The  n -~ :-.-1 has fr-en applied t o  eva1uat~ ‘he impact of a
prop- sod rese-rv~ ir on the vege~ ation of Robert A lerton

a 7 k. ~I area a e i t ~c n t a I II ~~~ s
a:i;o n of ~~i :a , : a ’  i- . ..s ~or t~~ree alter: .1tivo plans for

tao :~ ~~~ i ~~~~~ ~rovides 3 ~~~Si S  f~~ i ~st~~aquishi~ c
t hen , and Su~~ -~OSt s that the iml.. act of c-n’ ‘.~c :Id be suL’st-~:’—

1 1 y less than ‘ P o t h e r  ~~ o

I



Yri ti s, b . C . ;  Kirkland , B.J.

1960

The distribution of River birch (Betula nigra) in Cumber-
land County, Illinois

Trans. Ill. State Acad. Sci. 53:68—70

The species , common beside streams on acid alluvia,
was generally absent where these were alkaline , a fact in
accordance with its general distribution in the Midwest .
Regeneration was found on two sites only , and it is thcu-i h
that recent farming practice (hi.gh rates of lime and ferti-
lizers) may have raised the pH of the alluvia t o prohibi-
tive levels.

. . _ _ _ _ _ _ _ _ _ _ _
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daisor , R.N.

19r2

Root channels and roots in (hardwood) forest soils

Proc . Soil S ci .  Soc. Amer .  16 :6.7—65

The vertical channels formed in the soil through the
decay of the roots of hardwood trees were stud i ed on a site
in southeastern Ohio. Data were obtained by e. ’xposinq the
soil p rof it- ? through trr’nching, and by probing with ~ flex-

• ib le wand to find rc’-;jons ot  low resistance . The number of
ver’ical chan:;’. ls found exceeded 4,000 per acre , but this
estimate is probably low , because not all channels could be
discovered by the methods used . The channels are probably
interconnected by lateral ones. Because the channels con-
tat :: material relativel l’ more permeable to water than the
sur rounding soil horizons , they probably serve as pathways
for the rapid movement of a large part of the free water in
the soil profile. It is probable , therefore , that esti-
mates - f the p hysical and hydrolog ical characteristics of
forest soils will be seriously in error , unless some allow-
ance ~ s made for the disccntmnuities in the soil profile re—
.‘nml’ ~r~ n ‘ ‘ - e ~ ‘-i v -~f t . i T -r ~~ t~~ rr l  t-~’- ir 1,’erals.
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demLcr s, ~HR .; l i u d q kj f l s , E. J .

l e n l

Forests f small :tream botto,a~ in the coastal plain of
southwes ~- r n Alab ar ra

L-~c- l c ’ .’ 52:70—83

-~~orv . i n I  unders 0: y dot a were collect t’d fran. 4
iores~ sta n- is in 27 small stream bottoms in the Ou lf Coast-
al P a n reiion ~of rte uthweste’rn Alabama . The stands were
ar :an~-ied in a single-dimensioned ordination on the basis of
‘he lr;pc ’ ‘ once value- s of th e - pers ist ‘ant species ~n the ov~ r-
st -nies. Loading dominant species , from the “dry ’ end to
t h e  ~wet

N end of the ordination ~:rauient were Cornus flor-
ida , Pir.us ;alustri s , Quercus ni gra, Liguidambar styraci—
?Tha , Nyssa s”lvatica v . sylvatica, Magnolia vir9fniana,
anTp . s~ lv aI:cà v. biflora . Two important siral species ,

~iost pr ami o.t. at thiThiiddle of the ordination gradient and
of relati’.’ely little importance at either end , were P~ nus
el1 io~ t i i and Liriodendron t ulipifera. The stand posiTT&’~
on t h~- ord i nation qr~

’aient , referred to as the moisture-
reit me ir.P’x , ‘as si~,;r -i ificant 1y related to water—table
depth , soil — su ~ facc giod ien t . , and soil pH ~it 63.~ cm.
Fai1ut~ to obtain ~ iL jn : f 1c- e : I itla t ion sh ip w i t h  ~ thez ~ O 1 i

CS - - e S  • :t  tnx . uted to tPc ~i~~4h : r~ ~ue-ncy ol f~~-~ h
soil .Icpasi’ ion ~n he sm all s reai~i bot toms . As a check on
the ordin-a t ion analysis , s!. t’cies—prc’sence data ~~ — i  e ~s~’d tL.
coristr~ - .- a s j  O C 2 C S — C O : relation h~~- ; r i m . ‘.‘:h-n .specios
r-ioisture—reqime :-,c- J ’ - rs fr ’rn t h ~~ o :Jination analysis w e - it ’
inser’ed in this dia -n - art , -i ee -d agreement was revealed in
the :e :5~~i s  of ~:-o t w o  indepen le:-i t analyses.

-U

II. - . . ,  . .  
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Gernbroys , S.R.

1974

The structure of hardwood forest ecosystems of Prince Ed-
wa:-d Coun ty ,  Vi r ginia

Ecoloqy 55 :614—621

Describes the results of a plant-sociolog ical study of
32 stands representing oak/hickory habitats rang ing from
wet f l - ’odplain to dry upland sites within the Piedmont re-
q ion . The pattern of stand composition was correlated with
the distribution of various characteristics of the vegeta-
tion an.! soil , viz, stand density, b.a.,, depth of litter ,
percen tage of or gan ic ma tter , pH , soluble sal ts , Ca , Ms and
depth of the A horizon . 

~~~~~~~~~ --- - ... - - -  -~~~- .- - -.~~~~~~~~~
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d~ o~1rick , R.~~. “illeson , i.!

1974

Studies of floodplain vegetation and water leve l ~1uctuo-
tion in t h e - K I S SI m .’It ’e Ri ver Valley

C~ at ral and Southern Florida ~‘l -e .i Control Distr~~-~~, ~~-stPalm Pe ach , Resources Planning ~ept . , Te~rhn . Publ .
74—2 , ~‘!ar. 1974 , 60 pp.

i’he Central and Southern Florida Flood Control Project
in the Kissimmee F~ ver Basin consisted ‘at ei1 ~~r~~1ng exist-
ing canals connectlnL: the upper chain of lakes , instal1~~n~
water contro l structures in several of the se carols , and
channelizing and providing control structures in the river
proper wh ich extends from Lake ’ Kissir~iee to Lake Okeecho-
bee). One major c an a l , designated C-38 , was constructed
within the Kissimmee River floodp lain . Six regulate :
-t ruct s were sit uat ’d -a1o ~ .~ t h e  canal to control ._~~~~ - -

I : p in cle’;.tt ion . St abili zat io n of th~ water leve l in thu
im;-our.-!me:o o:~ -o b o h i n !  t h  - s~ ruc tures s in c e
Cin :arv l-~’ • has had a pronounced imp -oct on the ‘.‘ecetation-
al cora-esit ion of t he ar s h es . The lack of seasonal fluc—

- - r~ —i h .~ rr~ : • . - d  C n t I-’ ‘a ~~
-- “ — - ‘‘a o ‘ - ‘ - 

- r t a 1 p on t s..~ t:.. - tJI -n j  o the i:’~ . . - - : . t  , the dom:;C,o ce
V ~- l .~::t s in t h e  south end c-f the i :i- : - u- ..- . ~r .~ - : . t , a n d  the

-n o~ ~r ~‘~‘th fer rest • i - : - : a ~ ic ann :uls . Whe n cor~pe—t1~~ion ~a:; el ~—~inated or re d u c- ’ d - :  .1-n ’ on ’ ially an ! . -

-I . ’: ly i n j  subq i r -
~~ ‘a was - ‘xv~s. - I ~- :ri :-i.: a drawlown , n -an y ad—

~:t ~~Lna n~~ - c : ( - s  of both annua l  an d ~.-e: - e ’nnial plants
i t  , - j  - i: .! ~ I - - u n

_ _ _ __ _ _ __ _ _ _  
- ~~~,- — ---~~-~~~~— _ _
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Grano , C . X .

l-i 61

Germination of stratified latex-coated loblolly pine seed
after submergence

Jour . of For.  ‘~i :452

In a recent study, submergence for 14 days had no de-
leterious effect on the germination of stratified , latex—
coa ted l obl o l ly  pine seed . Th is f ind ing has prac tical
significance in direct seeding , where stratified and repel-
lent-coated seeds often lie submerged for n any days follow-
in -i heavy rains .

Seed was stratified in wet sand for 30 days at 37 F.
and then coated with Dow Latex. Samples were placed in
sta inless steel screen containers and submerged in water 4
inches deep . The bath was fully exposed to sunlight in a
greenhouse ; air temperatures ranged between 57 and 93 F.
Submergence was for 0, 1, 2, 4, 6, 8, 10, 12 , and 14 days.

:‘he tabulation below shows the percentage of full seed
th.~ 3e:-—’.in •teil after 28 days in a sand flat , following
suLm~’L gi-nc~- . Results weje also evaluated by Czabator ’s

~P ’tmint1ion Value (GVJ 1 , which ‘.~~zA ~ s directly with speedor totality of - :ermi n it ion , or both . Hi -her GV ratings in-
hoate more - vi :orous :ermination.

Czabator 1 5
Days Full seeds germination

sul mer -~ed germinating value (GV)

Percent

0 51 8.02
1 44 5.63
2 38 4.61
4 41 5.43
6 4’? 7.04
8 48 7.31

10 46 6.59
12 52 - 

8.22

14 49 7.74

i’t~~tiSt.COl . A fl~ l~~~13 zhcu~d rio ~i;nificant d~ f fc r ence
re~itrents , i-i t h er in total germination or GV ratings.

- ~~~— ---- —-—---.- ~~ - - - -
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~recii , - .E.

F t  ft ’c t o~ water impoundment on tree mortality and growth

Jo- : . of !-or. 45:l18—U0

the roo t crown was not  pe::none-nt ly cove-red with
ir~~oun !ed w a t e r , 1-ot t on - l and  trees survived r e m ar k a b l y  w e l l .

a l it  as tn i r- :nediate e f f e c t  of ~loo h ng was ; e - n er a l ly
r e s t r ic ’.ed . o those t rees , r ega rd le s s  of species , which
w. ’: t- located  where the  water  levels remained over the roo t
- ~~~~ r~~r th e r , so lenc  as the  root crown is co’.’ercd pe r—
:‘-an e n t i - , th e  a c t u a l  . i~’pth of w a t e r  over i t  appears  to  bt
of li~~ ~~no-lue:. ce . i rees s t a n d i n g  in f o u r  feet of
w a t e r  ~ur v i ’ c e d  as wel l  as those where the root crown was
-c .o.’ered on ly  a f e w  inches.  Thus , the major factor in t el-
erance  ~ o i L - ~ ’ a i i n q  appears to be t h e  relationship of the
• crown t ;  normal water levels.

Some ‘ rees above th e t w o_ f o o t  contour have shown con-
~nued decrease in  .:~ - -w~ li f o l l o w i n g  the s t i m u l a t i o n  0:

f~ r~ t ~~:.~~
- .in ir- ent and may eventually d i e - . More s tudy w i l l

be g i~ . ‘-“u s  m, ’ar ~~ cit~te rni ’-~ ~~~~~~ l”r -~ ~~~‘-c~~ ~fl ~~““~~~~
s i .;,~ t :cn will Survi’~ ’. 
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Hac sk aylo , ~

l~ 6l

Deficiency symptoms in forest trees

Trans .  ‘? t P  m t .  Congr. Soil S c i . ,  Madison , 1960. Vol 3:
393—405

Scots p ine , white pine , and sweetgum seedlinps w’. - r e
jrown from seed under greenhouse conditions. Black l o e :u st

was s t a r t e d  from root cuttings of a given tree.

The ‘- la n t s  were sub j ected to t h e  f o l l ow i n g  inc-rc :anic
cul ture Solutions: Exchange water  ( X X — H 2 0) complete , —N ,
—P . —K , —Ca , -Mg , -S , —Fe , —Cu , —Zn , —B.

Visual deficiency symptoms are described of the
leaves , stem , and root . Growth is expressed as the total
amount of wet and dry weigh t produced , and the total height
and diameter of each series of plants.

~;ater :epoi:-ement appears to be higher in some of t h e
deficienc y serIes of white pine and sweetgum . In the Case
0’ tl’urk ~~~rn~~~ ‘h er e  : n  no c i 2n i f i r l n ’- d~~f’ere”re- ~n the
W a ’ ‘ai r’’ n i l :  - of  the pl-t n~ ‘-~hen subji’’t. 1 ‘ the v ’ini—
“- :s r~~t” 

. 
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b all, T.F. Smith , G.E.

l- ~55

Effects of floodin—~ on woody plants , West Sandy dewateriru g
project, Kentucky reservoir

Jour. of For. 53:281—285

The West Sandy dewaterins~ roject ~~~ operated n-ore or
less as an uncleared or p a r t i a l l y  cleared f lood contro l
r e s e r v o i r  ~ it h  f i x e d  maximu”  d i s c h a r g e .  F loodinu  has had
an adverse e t f e c t  on bot tomland for e s t s , and much o: the
t imbe r in the s torage basin has been k~ 1led . The to lerance
of ~) woody species to per iod ic  f lood ing  was  determined .
A l l  woody species were k i l l e d  where the root crowns were
;) . ‘ : ‘i o u lc a l l v  flooded more than 54 percent  of t he  t ime d- ,; r-
ir -ig all the growing seasons the project had been in opera—
t~~0 n. However , t h o s e  species subjected to less flooding at
h - i ~her eleva’ ~- -n s showed varying degrees of tolerance with
:-;~~\~~-.~jj contours stratified over some 12 feet ,‘ertic’all’.’.

I

.4
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Harcombe , P.A. ; Marks , P.1..

1978

Tree d i a m e t e r  d i s t r i b u t i o n s  and replacement  processes in
scat  beast  Texas forest

For . Sc i .  2 4 : 1 5 3 — l 6 t

S tand  t a b l e s  wer e  de te rmined  for  15 stands on dry up-
l a n d , n e s i c slope and wet floodplain sites in order to as-
sess the fu ure re~. lacement of canopy dominants. Sample
units were nested circular plots in which species and
d. b .h. were determined fox t rees , saplings and shrubs ;
seedlin ..; numbers were counted . Stand age was estimated
f r o m  inc remen t  cores. Resu l ts are tabulated for principal
tree species by 4-cm diameter classes (seedlings separate—
l y ) ,  w i t h  some graphic  data  f o r  unders tory  trees and
s h r u b s .  S a p l i no s  of overst-ory species were under represen—
ted in the 4-11 cm d .b .h .  classes , p a r t i c u l a r l y  in wet and
resic s tands , a l t h o u g h  seed l ings  and sap l ings  in the 0—3 cm
class were  f r e q u e n t l y  n a m e r ~~us ;  s a p l i n g s  of unders tory  spe-
cies (f l ex  opaca and Carp inus  ca rolin iana  on mesic and wet
sit e s  respec t ive ly)  were wel l - represen ted  over the  complete
a £C .~ r .ge . ‘go ( sx o l it : ..I in  2 0 t r e es  i n  one n- .- s i c  st a n d )

a : ult ji-Io c o r r e l a t i o n  w i t h  d .b .h., indicatine..~ that
1~ e ~~ps L f l  -di o n  t r  c1o~ s i epicuint ed gaps in age struc-
t u r e .  Pos s~ i - 1e canses of unh- rrepr escntati -n are discussed
and i t  is  conc1~:-P- - i  t h a t . ntp l~ ng m oitaltty is pri r-oril y due
to ‘e n j e ~ it ion from both overstor-: and underst or’:’ S~~CCiC ’S .
It is su xo -sted that re’pl eccment of canopy trees in south—
eas’ Texas stands ~

- r ob i b lv  occurs after disturbances of
moderate’ 0t .-nsi e y c - -a ting n-ul iple—tree gaps o~ 0.05— 0.3ha .  Th- --’ r a i  ~.s of s t o : , dis’ urbances are unknown.

_ _ _ _ _ _ _ _ _ _ _ _ _  ~~~-----—----—--
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~.~~rrn s , W . R .

Some effects of soil type and water regime on growth of
tupelo seedlings

Ecc1o~;\’~~~4:188-193

N~~ sa ~,,~~vatica var . biflora and N. aquatica seedlinas

~~~~ grown in ~Lar ge tanks in a silty ctay-Toam soil from a
r i vcr  swamp or in a sandy loam soil f rom a n o n— a l l u v i a l
h e a d wa t er  swamp , and in t h e i r  second year were cont inuously
f .:. ’j , ’d to d ep t h s  of 20 cm above the soil s u r f ac e  w i t h  mov—

wate r , 2C- cm above the soil surface  wi th stagnan t
wate r , or at  the soil su r f ace  w i t h  moving w a t e r .  Height
: rcw t h  o: ? .  aguat ica was on avera ge 1.8 times as great ,

and - .iry  we ic :h t  2 to 3 time s as great , in the more f e r t i l e
soil f r o m  the river swamp as in soil from the headwater
swamp . Soil t ype had no e f f e c t  on the growth of N.  s.ylvat-
ica ‘-.-ar . b i f l o r a .  Growth and dry weight  of both species
were poorest in the regime with stagnant water , which also
had the hiaht’st C)2 and lowes t 02 content. At the end of
th~ gr--vi n o season , N. sylvatica var. biflora grew 50 cm
men ”  in height in ‘he :rf ace—flo’~dr’d re~~~~~e ~~‘‘~n i n  eil-~’r’r
-icep —f Ic -d- -d r e q i r e ; N. ~~~~ tica t rees in hr~t h  r -;ime:; witH
m ov i n g  o t t e r ~row 37 cm €iilcr t han  there in the s’ 
reg :-:e .

(

I 
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H a r r i s , “.P.

1975

Effects of flooding on forest vegetation at two Oklahoma
lakes

Jour. of Soil Water Cons. 30:294—295

Post-flood surveys were made of hardwood trees in
flood pools of Keystone  and Oologah Impoundments , Okia-
horna. Inundation lasted 7-100 days , with the first 10 feet
last ing “7-73 days. Flood damage was most severe in the
first 10 feet above norma l pool level. Above this , mortal-
ity of smaller trees and shrubs was greatest though most
larger trees survived. Most completely submerged trees
were killed. Trees with some crown above water or which
were only submerged for a few days showed stress in July--
smal l , mal formed , yellowing leave s on main branches only.
Increment borings revealed discolored cambium layers and
sour smells. About 80% of the trees that showed stress and
were less tn~t n 10 inches in diameter at breast height and
25 feet tall died . Larger , taller trees showed no visible
stress exce~, t for reduced later sui~~er growth rates. Mor-
‘ a l i t y  ~‘is ‘ : ;hoct v~o-r~~ cak-hickr-ry ‘yj’a” s ~ r d inc  ~~ed ‘us
si~:e .1ecr c t~~ed .  :-:ortality was less with hackbe i .ty, pecan ,
elm , ;rcen ash , sycarore , cottcowoad , and willows. When

r ept .~r l v j 1 an t e 1  and m a i n t a i n e d , green ash , sycamore , cot-
tonwooci (cottonless), bu ttonbush , w i l low , mu lberry (fruit—
1°ss) , si l ’~ ’r r’~ap 1 ” , ba l dcyprcss , and river birch grow ra-
p idl y and ~re soon tall and large enough in diameter to
wi thstand floo -iino. 
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iiatchcll , d.E.; Henderson , J.E.

1976

Moisture characteristics of some Coastal Plain soils on the
Franc i s  Marion N a t i o n a l  Forest

~2SFS Res. Paper SE—1 50 .  44 pp.

Twenty-one soil pits representing 10 soil ser ies  were
established on the Francis Marion National Forest in Berke-
ley and Charleston Counties , South Carolina. Pits were
pr imarily on very poorly drained and poorly drained soils ,
but somewhat poorly drained , moderately well-drained , and
well—dra ined soils were each represented by a single soil

i t. Soil physical properties that affect the storage and
a . ai l a b il i t y  of water  were evaluated , and data on sa tura ted
:~~r o s i t y,  moistu re  at various tensions , a v a i l a b l e  mois ture

hori .~ons , and bulk densi ty are presented .

~ summary and discussion of soil propertie.~ are pro-
.IJcJ for foresters and other resource managers , and de-
ta~~1ed in fo rma t ion  is given for  hydrolog is ts  and soil sci-
2ntls ts working with forest soils of the Lower Coastalr ~‘iain of ~ t~i Carolina. General soil acisture ohai~~cter-
istic S -i re presented . Where precise estimates of the
~VJ ~~~i .~~~c .wisture stora ge cupac~ Ly and oU.er soil ~

)r.. l .-L-r—
t ies ar’ ;o-cdcd for a particular site or location , soil
~ a, - - i t ’ - ~ ~hoald be collected and analyzed at a laboratory.

_ _ 
-~~~~~~~~ -- ~~~~~~~~~~~~~ ~~~—-~~~~~~~-



117

Hebb , E. A .

1961

The relation of soil and other site factors to forest com-
position and productivity in wes t Tennessee

~)iss. Abstr . 22(l ):i0— l

Growth of Quercus falcata , Q. alba, Q. falcata var.
pagodaefol ia , Liri~~~~dron Tt~Tiptfera and Li~~iTdii~bar
s~~ racTT1Tua was studieUin re~lation ~o soir arid to stand
mea r e n t s  and species composition . Increment cores
t ak e n  at  i n t e r v a l s  up the  stem were used to produce a
heigh’. -’-;rowth curve from which a height—over—age value
could be read for each tree. Results were inconclusive for
Q. falcata and Q. alba, but satisfactory for all the other
species.

M u l t i p l e  regress ion showed poor association of nine
var iables of soil and environment with height growth for C .
falcata and Q. alba; the coefficient of determination (R2 )
was larger  wTth L. tulipifera (0.676), L. s~ yr ac i f 1ua
( 0 . 6 0 8 )  and 0. fa l c a t a  var.  pagodaefolia.  !n all f i ve , the

v a n  t n le s  fTO5j~d — ‘-;t s i- .ni  f i oantly re la ted to growth  were
ton o q r ip h i c  ~. osi t ion  ~ nd appa r~ ne surface drainaqe . In
.:-xlti : le regressions , some variables significant in simple
r eg r e ssi ns f a i l e d  to con tr~ b’.:te a significant amount. Irn-
:) er tant  f a c t o r s  for  the different species were : L. tu 1ip~~
f - r ~ —soil depth to mottling in combination with ~op~ craph-
Ic position and direction of exposure; Q. falcata var.
~a9odaefo1ia—basal area and apparent surface drainage ; Q .
falca ta a L. styraciflua—topographic position and appar-

~-‘n~ ~ ‘:n ’ice ~Tr aT narm ; a’Tf’O. alba—only topographic posi-
tion. With h. st~ racif1ua , p~o~~ ctivity appeared to be re-
lated to species composition , higher ind ices being associ-
.‘ut -d with greater ‘requency of Betula nia~~ and Q. falca ta
v~~r .  ~agodaefolia and lower ones with Q. m a r i ia n aic a ,  Q.
ve~~~tina an~ ç. stellata. Soil series was onI~’ the rough-
est ii~ Tcator , soils of upl and sites having low , and those
of lowland sites hi-jo , grow h rates , but with considerable
o-c rlappiri x of range. Corr.’,a’ i0n between tree grade and
sit .- was almo -~ nil.

I 
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1i i n o k ley , T.M.; Lassoie , P.P.; Running, S.W .

1- 17 7

Temporal and spatial variations in water status of forest
t r e . ’S

For. Sci. 24(3) :1—72

This review focuses on the development of naturally
‘ceurrinq spatial and temporal variations in tree water re—
la tions and illustrates how the various components of a
tree ’s hydraulic system interrelate. In developing this
r~-v:~.’ w , emphasis is given to mature forest—grown trees.
Specifically, three points are developed : U) the spatial
variation of total water potential within a tree , (2) the
state of the soil-plant-atmosphere continuum which causes
these potentials , and ( 3 )  the tree properties which lead to
th e  internal adjustment of total water potential. While
examining tree water status as it is related to the soil— —

plan t—atmosphere continuum , several deficiencies in current
knowledge are revealed. For example , tissue capacitance
‘uas generally been ignored in describing waterflow even
though it is known that internally stored water can supply

~—.- :-h as lS~ of th e total ,~‘r ~-’~i t  of ~~ter t--i
~’u~ rired d~ir—ing the so~~r n e r .  Over a 3—month , summer pr- n od a m-t t i ir c

c- n r f .--r n’ -l y transpire 4,000 li ters of water. !- u: t hu’ r . ,
here are various unanswered questions concerning physio—

lo; ic al activities at the root—soil and leaf—air inter~ ~~ t . S .
This rev i ew ilso prc-~’-’ic1es an ~~prec iatinn of the similari-t i e s  and differences in internal waterflow , waler deficit
formation , and stomatal activity between seedlings , sap-
lings , and large trees and between deciduous and coniferous
species. This review consolidates and synthesizes informa-
ion valuable to those researchers currently involved in

developing directions and methodologies for new physiolog i-
cal studies of tree water relations and should be useful to
those presently evaluating experimental results as well as
those interested in model simulations.

I



_ _  -—~~~~ - -~~ - - -~~~~~~~~~~~~~~~~~~~~~ -- —----—-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

119

Hocker , H . W . , J r .

1953

Rela t ive  growth and development of loblo].ly pine (Pinus
taeda) and yellow—poplar (Liriodendron tulipifera) on
a series of soil sites in €E~ lower Pie~inont of Nor th
Carol ina

MF thesis , School of For.,, N.C. State College

Loblolly pine attains somewhat greater size and better
development on shallow and medium soils than does yellow-
poplar . On deep soils both species exhibited their best
grow th and developmen t , and on these sites yellow-poplar
showed an increase in its relative size and here equalled
loblolly p ine , except in merchantable heights.

Al though loblolly pine had a greater merchantable
he igh t on the deep so ils , the two species had almost equal
clear lengths , d iame ter grow th , and form class , ind icating
that there was little difference in quality growth on these
sites.
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Hodges , JO.;  Switzer , G.L.

~ -~79

Some aspects o~ the ecology of southern bottomland hard-
wood s

M i s s .  A g r i .  ar - i For .  F .xp . Sta. T h u t  . Paper ~: . 4087

Th i s  b r i e f  r e v i e w  emp h a s i z e s  h a t  the  b o t ’~~r l a nd  ha rd -
wood : e sos i ce  of the southeas t  is an expression o~ a corn—
~l ex  set of top~~ r~ phic circumstances and s~ ecit-S int. rac-

t i o n s w h i c h , r e l a t i v e  to other  f o r e s t  format ~~on~ and type s ,
are  d i f f : c u l t  to unde r s t and  and d i rec t . Thi s  c o mp l e x i ty

the r e l a t i v e  economic va lue  of the resource and the
S i te S i t  e~~oup ie s  both for  f o r e s t r y  and a g r i c u l t u r e  has

- : i c a tly  co r rr i h ut c d  to the  inadequate state o~ our  p resen t
lc n o w l e lge .  ~iowcvcr , the  po ten t i a l  of the resource  c o n t i n —

- a t r a c t  t h ~ in teres t  of research scientists and
t e St S  t he  s k i l l  of p r a c t i t i o n e r s .
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Hook , D.r- .; Stuhb s ,

1967

Physiographic seed source variation in tupelo gums grown
in v a r i o u s  water  regime s

~~; h South Conf. Forest Tree Impr . Proc . 19 6 7 : 6 1 — 6 4

~o d-st r ict available. 
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Hook , D.[.

l~~t~1

~~~~~~ h and development of swamp t upe lo  (~ y~ sa ~~ lvatica

~r .  bi~ 1~or  a ( W a l t . )  S ar - : . )  union di1fè~ent roc t .-n ’i—
rc :~~ iC f l t S

P h . D .  e sis , Univ. o~ d -or~~ia

~ wa:  t~~~c1o seedl ings  vere  g rown under di~~f o r e n t  root
en’. r o:-&rne: -. t s  t - - d~~~. r n x n e  how t h i s  species is able to l ive
and t h r i v e  in  a 700r ly  aerated root environment.

U n d e r  c e : . t ro l l e d  ~looded c o n d i t ion s , g rowth  in s t a:-
r a nt  w a t e r  was a~o~u t  o r -n - -h a l f  t h a t  in moving w a t e r .  De—
velopmerr - -~ f l e n t ice l s  and wa te r  roots under ce r t a in
~loode 1 c o n di t i - ’c~s suggested t h a t  these structures miaht
f - : rc t i on  ~n cias !.xchange  between atmosphere and roots.

S wa n t  t upelo appears t~ have a dua l  metabolic syster—
in i t . s r c - t s .  ~~-‘t h  a e ro b i c  and an aerot .~~c r e s p i rat i o n  are

the  pre s o~ce of oxygen , a r - - i  in ~he absence of ox-
‘~-~~er 1 ct i: a c i d  f e r m e n t a ti o n  ap p e ar s  to function as an
Cf”’~~~ ~~ ‘‘ - ‘O. eri~~r’ ‘~~

-
~ ~~~~ 

.
~~

-, 
~
-
~~

- - -
~~ ~ir -xi~~ 

- -~ r ”~~ 1—
t ior -~ .: ~-or c : y e r - a b l e s  t :~-eio to w~ h~;tar -i ..or-i~~t ions i r
s~~~o- r :~-o ~~~ ~~ :a~ -~~~. e ox~ c to ~~ ce~ -

~as exchange may occur h r ou g h  le: ico~~~, but
-c- -

~n~ i~~Jr ’ ,is ~nt or’el1 -j~ i r  c :- - i - e frr’~i 1.~’’tirel -
~ 

•-~~~i - .. ~
co~ tex and  ph~~-- ~- T i s - -- ; ‘ : nt  on1-~- un l e r  cont  in ~:o- . . Li~ -edi n c .
( a s  • v . :char  .~~der  t h ~~ -z t - ~~‘n-d ~~tj ons  is l i m i te d  by the d~ —

f-a s ion ra te  t-i :-oo~ h ~ at “r .

I

_ _  I
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Hook , D.

1969

In f l u e n c e  of soi l  type and drainage on growth of swamp-
c h e s t n u t  oak (Quercus m i ch a u x i i )  seedlings

USF S Res. ~ ot e  SF— 106 .  3 pp.

Swamp chestnut oak has a wide range in the Coastal
Plain and Mississi ppi delta , but is irregular in occurrence
with in the range. rlroad foot lists two of nine soils on
w h i c h  t h i s  species should be favored in management , whereas
sweeta- .n is -ecomrnended for eigh t of the same soil types .

Swamp chestnu t  oak seedl ings were grown for  two years
in f i v e  soi l  types in drained and undrained pots. The
soils  used w er e  Lakeland loamy f i n e  sand , Wagram loamy
coarse sand ( f o r m e r l y  ca l led  Fort  Meade loamy coarse sand )
Dunba r sand y loam ( f o r m e r l y  cal led Coxvi l le  loam) , Meggett
s i l t  1- - i n  f D r m e r l y  c a l l ed  Chas tain  s i l t  loam) , and Megget t
c l ay  l ean  tf -~ r:-~er l y  ca l led  Sayboro c l ay  loam) .

First-year height growth appeared to be affected by
:~ 

1ir~~ ;’ ~~~ s o i l  - .p r ~ , a ho e r r n c ~~~~~.’or ” .-“- -~f l .
- c en d - y e a :  and to t a l  hc i- ;h t growth  were sionificantly a~

f “ :1 fy S O il  t y p .~ , hut not by —~r iln- i~ e . M r- o~~ ‘ t  s~ 1t
l o in  had c o n s ist e n t l y  be’ter gr owt h ~har  the oth ei soi l
ypes.

The 1 ~t h or ’ S tcnta~ ive  conclus ions  are as f o l l o w s :

The s i g n i fi c a n t  : esponse of heig ht  growth to dra ~ !.age
-ir - i soil type • he  f i r s t  year , md on ly  to soil  type  the
second yea: , su~~;csts t h a  - i r a i u a :e may be mer e  impo : t a nt
to e st a bU s hr ..n t  t h a n  to  subs. -~-~uen~ growth .

~f t h e  f i v e  s o i l s  t es t - ed , on ly  Meggett  s i l t  loam ap-
pears to a f f o r d the  proper composite of edaphic f a c t o r s
( s t r u c tu r e , t e x t u r e , n u t r i e n t s  and o ther  phys i ca l  and chen-
ical  pro~ e r t 1 e s)  necessary for best qrowth of swamp chest-
n u t  oak.  This su~~!ests t h e  species is s i t e — s e n s i t i v e.

The I- ~~st h .-i -- jht growt h in any t rea tment  was 2 inches
• i.e f i r s t -  y e a r  and 4 inches the second—poor by any s tand-
ard . l’n t i l  r .  :c is l e a r n e d  about the growth of t n i , oak ,
p1 ~nt n -~ t h €  s pe r ~~es should be only  a l as t  r .~sort i n  re—
generation .

These :indinqs suggest that , under the natur~~ sele-
t i v e  regire of excessive soil moisture , species have re-
sponded d if erently in time . Some have lost or have never
acqui red  a n y  too t adapta t ions  necessary  for  aUr ~. i v a l  in
flooded soils. Others have maintained or acquited a sorit~
of root adaptations , the number and degree of development
of wh i ch , convey varying degrees of flood tolerance .
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i (c - k , D.D.; Brown , C.I..; Kormanik , P.P.

1970

Lent i ce l  and wa ter root development of swamp tupelo under
v a r i o u s  f l o o d i n g  condi t ions

Bot . i l a z .  13 l ( 3 ) : 2 l 7 — 2 2 4

I,enticels are be l ieved  to function in gas exchange be-
ca-use of the con t inu i ty  of i n t e r ce l l u l a r  spaces in he len-
t i : e l  t i s sues  w i t h  those in the i n t e r i o r  of the phloem . In
order  to describe the anatomy of stem lenticels and the de-
.~elopmen t of new roots (termed “water roots ” )  on swamp
tupelo seedlings , the authors conducted this experiment at
the hydro-edaphytron located on the Santee Experimental For-
est, Berkeley County, South Carolina . 

- 

ac-year-old seedlings of swamp tupelo (Nyssa sylvati-
c~ var . biflora ) were planted in April 1964 and March 1965
under he ~~~1Thwing condi t ions :

. -:cnt inuous surface saturation of the soil with stagnant
water .

2. c~-r :nuous surrace saturation with movino watt~r.

3. In ~~- r - i i t t e n t  I ooding with sta~ nant water; one i~.- ek of
:loo t i n - ;  and two weeks of s u r f a c e  s a t u r a t i

;. I~~~e rm i ~~•e nt  ‘b oding w i t h  moving w a t e r .

5. Ce u t i n u o u s  flooding with s t agnan t  w a t e r,

‘i . Cont ln-..us flooding with moving water.

7 . Seedl ings from the same seed source were grown nearb y
:n a moist  but well—drained nursery bed as a control.

Develop -ent of water roots was restricted almost ex-
cl-rc ive ly to the t reatment  of continuous f lood ing  w i t h  mov-
i ng w a ~~cr a l thotn h a few water roots were found under flood-
inc w i’h staunant water. Physiological studies indicate
that stem lenticels are functional in e r a t i n g  the  newly
‘ m e d  roc-ts . Water roots were adventitious in oriain be-
ci~ se their vascular connections terminated within theu~ Ler innua l z ing. Mast ~aL~ i-oota h~ d lcnticol ~~~~~~~around their bases and probably originated within lentice l
tissue .

The formation of water roots appears to be beneficial
bi~cause they occur in the upper flood water where the oxy-
gen ~s hi ;her and toxic compounds such as CO2 are lower
than in the soil. Water roots also increase the absorption
area for water and nutrients.

~

-- -- -
~~--—~~~~~ ----- ~~~

_
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Hook , D.P.; Langdon , 0. Gordon ; Stubbs , J.; Brown , C.L.

1970

Effect of water regimes on the survival , growth , and mor-
phology of tupelo seedlings

For .  ‘~ci. lb :304— 311

A study of the development of tupelo seedlings under
different degrees of flooding , in both moving and stagnant
~eit er , was made in the hydroedaphytron on the Santee Experi-
mental Forest, South Carolina. This equipment consists of
S iX  growing compartments , each a 1.83-meter cube . Each
compartment has individual controls for regulating water
flow and internal soil drainage. Depth, rate , and time of
flooding can be regulated , as can vertical and horizontal
movement of water across and within the soil. Tops of
seedlings are exposed to natural environment.

One-year—old seedlings of swamp tupelo and water tu—
pelo were planted in each compartment. They were subjec-
ted to continuous flooding , intermittent flooding , or con—
tinuous surface saturation , and to moving or stagnant water
i n  ei:h .3~ —ir~-r of ‘ i ~ n~ , thus p r o v i d i r~q ~~i x  different
dater ti catne jar s.

-)xyqen was foun to be more abundant  in moving water ,
and carbon diox ide in stagnant water. Growth in height and
weight ‘~f both s:— .-- r l~~s wore correlated positively with 02
and neqatively with CO2 concentration .

These results explain the frequently observed fact
t -hat - -  ~apei-~ t rees -~ f s-iwle ; size are usually found growing
~r the deeper port1-:~us of the swamp s where the water  is mov—
in: and has an adequate suppl y of oxygen.

- - - ~~~~~~ . - 
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~~uk , : - . b .~ Brown , C . L . ;  Korman ik , P . P .

1 97 1

!nd~ :t~~ve flood tolerance in swamp tupelo (~yssa sylva. tica
v a r  . r i t  b ra)

- -~~r .  ot  E x p .  Bot .  2 2 ( 7 0 ) : 7 8 — 8 9

~~an~- tupelo is seldom found on sites that are not in-
- i t d  n - - s t - f  the growing season , and experimental evi—
-d~-ncc shows tha t it grows as well in flooded as in well-
drained moist soils. Flood tolerance in higher plants is
ct~~era11-- attributed to one of two adaptive mechanisms :

a~ diffusion of oxygen from the atmosphere to the roots
via the stem , or (b) anaerobic respiration in the roots.
It has been assumed that either of the above mechanisms is
snf fic ionm to account for flood tolerance . The authors be—
lieve t b - i t  this assumption is inadequate for the following
it- a suns

F~ :-s’ , °xy c~er. is transported through the stem to the
ro c-t s o f buckwhea t , cabbage , corn , and other species , yet
none of t h e se  species are tolerant to flooding . Second ,
the  o:’a’r-:y yield pci glue - -~~ nol - - - ~~e f - c m  r — ~~~~ic  r e — -
h i :  -~~~~ ~ufl i s  i h - u u t  o n c— t e n t h  t h a t  f r m  aerobic respirat ic- n ,
;Ct ~anv 1 ~ t 3 1 i ~in t  .j - C C I C S  ~~~~ the bent or wth with
t h o : r  roots and lower stem flooded , e .g . , rice and swamp
and water tupelo.

R e s u l t s  of ~h -  study indicate that flood tolerance in
s w v~~ tupelo seedlings is due to three factors: anaerobic
respiration , oxygen transport , and tolerance to CO2.

Under fbo o l i ne , swamp tupelo seedlings develop ncw
roo t s that accelerate anaerobic respiration rate in the ab-
sence of oxygen , oxidize their rhizosphere , and tolerate
high concentrations of CO2.

The corribination of these adaptations of the new roots
appears to be sufficient to account for flood tolerance in
swamp tu pelo. The absence of any one of these root adapta-
t i - n s  would appear to reduce the flood tolerance ‘f a ‘

species.

~~~— - - - . -— ~~~~~--— -- - -
~~~~-—-~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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127x

Hook, D.D.; Brown , C.L.

1972

— 
- Permea bil ity of the cambium to air in trees adapted to we t

habitats

Bot. Gaz. 133:304—310

The permeability of the cambium to gas exchange vari~~significantl y among tree species. The amount of tension
required to pull air across the cambium of water tupelo and
green ash is s u f f i c i e n t l y  low to permit  f ree gas exchange
with the atmosphere, whereas air movement is restricted
across the cambia of sweetgum , yellow poplar , and sycamore .
Water tupelo and green ash stems possess prominent inter-
cellular spaces among the cambial ray initials forming art
open i n t e r c o n n e c t i n g  aerat ion system between the xylem and
phloem rays on e ither s ide. Similar openings in the cam-
bium are absent or less than l~ in size in the other spe—
cies examined . In mesophytic trees the transpiration
stream undoubtedly plays a vital role in supplying oxygen
to, and removing carbon dioxide from , the actively dividing
and differentiating cells on the xylem side of the rela—
P~ velv ~mpervrouc ~~~~~~~~~~ (‘r,n~~nrc~~jy, in hydr~ phytes
where a i r  is o f t - n l i m i t i n g  t o  the roots and water is j’len-

~ ‘ - l  ‘he carh~ on I S  i n c r ea s i n g l y  nere perne-ibic to ~i r .
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~28x

flook , D .D . ;  Wetmore , R . H .

1972

Aera t i on  in trees

Bot. Gaz .  133:443—454

The purpose of this review is to discuss some of the
problems associated with aeration of massive tissues and
organs of arborescent plants , wi th emphasis on those adap-
tive mechanisms which enable certain species to grow and
flour ish on frequently flooded and poorly aerated sites , in
stagnan t ponds , or in brackish coastal waters where less
tolerant species could not long survive .

-
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129

Hook , D.D.; Brown , C.L.

1973

Root adaptations and relative flood tolerance of five hard-
wood species

For. Sci. 19:225—229

Previous studies of bottomland hardwood species sug-
gest that flood tolerance is largely dependent upon a com-
bination of root adaptations. To test this hypothesis,
seedlings of five hardwood species were grown in flooded
and unfloode d pots in a growth chamber and greenhouse ,
measured for growth~ and tested for specific root adapta-tions.

Three morphological root adaptations were observed :
( 1) a b i l i t y  of secondary roots to survive prolonged flood-
ing; (.

~~) a b i l i t y  of seedlings to regenerate new secondary
roots from the primary root, and (3) ability of seedlings
to develop adventitious water roots on the submerged stem.
Three physiological root adaptations tested were the abil-
ity of flood tolerant roots (1) to accelerate anaerobic
-e~~~~~~’- ’ ”~n ‘- -~ ‘-e tn t~~e .b r ~~r’e of ov .’gen , ( 2 )  to c ix id i ~’e
thCtL ih izo~-p h~oes , m d  ( 3 )  Lo toi.-o -ite h iuh coflcentt~i tionsof CC2.

Of the five species tested , hater tupelo is known to
he very l-o~ erant t o  flooding , and yellow-poplar is known to
be very intolerant. Sycamore, green ash , and sweetgum were
chosen because they appeared to fall between water tupelo
and yellow-poplar in flood tolerance .
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130x

Hook , D.D.; Craw~ ord , R.M.M .

1977

Plant Life and Anaerobic Environments

b-or: Ann Arbor Science Publ .

This book is designed to provide the reader with an under-
starHiri~; of th influence of hypoxia and anoxia on the physic-
ir’~ y and adap ta t ions  of h i g h e r  p l an t s  and the chemical an -~
microbiolog ical factor which affect plant growth in wetland
soils.

The first part of the book has authoritative chapters cn
the influence of hypoxia and artoxia on the ultrastructure of
p lant organelles , energetic8 , metabolism , gaseous diffu s~ c-n ar4~
gas exchange , growth and development of higher plants. !t aiso
contains chapters on the chemic.il and ~nicrobiolo .jica1 propertIesof short- and long-term flooded soils.

The second part of the book contains recent cohtriLutl cnS - :

on cytoenzymoloq y , nitrate metabolism , alcohol and lactate
dehydrogenase identification and lipid production of hich-~-r

~1an~ c u~~~ r hvroxi-a .

tc? r 10: .‘ bapta ’ ion and Flc-’d Tolera~~ e O~ 7ree tO et-~i .
by D.D. Hook and J .R. t-Icho ’tten s

-t
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131x

Hop ki ns , H.T.; Specht , A .W.; Hendricks , S.B.

1950

Growth and nutrient accumulation as controlled by oxygen
supply  to plant roots

Plant Physiology 25:193—209

Growth response , nutrient accumulation , and nutrient
t r a n s p o r t  were measured for  tomato , soybean , and tobacco i n
their dependence on oxygen supply in the root zones.

Root growth of all plants was stopped at an oxygen
content of 0.5% in the gas around the roots. Top growth
and ion accumulation continued at this level.

In tomato , response was proportional to log 202 from
0.5% to 21% oxygen for growth and ion accumulation . The
log (transport rate) was a function of time independent of
oxygen supply to the roots. This indicates that rate of
transfer from the root to the shoot is independent of aer-
obic mechanisms in the roots.

of ~ i-~r~r 1-:Ie n t e1~~~ent~ with ~-~-~o ~ v-
c&~pti on of Mg ~or tomato parallels top growth in dependence-. :j on oxygen supply to roots. Minor nutrient el~’r~t’nts with
the  except ion  of ~•tn and Fe for  tomat o r e m a i n  cons tan t  or
increase with lowered oxygen levels. The increase of sod-
ium ~s r ~ost st rik in ci .
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132x

hosner , J .F .

1957

Effects of water upon the seed germination of bottomlartd
trees

For. Sci. 3:67—70

Seeds of six species of bottornland hardwood trres were
soaked in tapwater for four to 32 days. Red maple , silver
maple , sycamore, and elm seeds failed to germinate while
soaking in water , but ininediately upon removal germination
was rapid and consistently high for all periods of soaking.
Cottonwood arid willow completed their germination in the
water in four days of soaking.
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Hosner , J .

1957

A study of the factors associated with regeneration and suc—
cession of bottomland hardwood tree species in south-
ern Illinois

Ph.P. diss., State Univ. Col. of For. at Syracuse

No abstract available .
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134x

Hosne: , J .F .

H59

The e~~feot~; o: corrj-lc te inundation upon seedlings of six
bottomlarid tr~-~- species

F’oology 3-1 :371—373

This s~ u-dy sI~;~:ests that t loods in bottomland Ln d’~ood
t~~eas durinc~ ~he ~jrowing season exercise a selecti:e e f l e c t

~~-o n the s~-ccies of tree seedlings surviving . Only wil1 o~
~.~~dlxn~ s can survi’: - 32 or more days of complete inunda—

~herc o~-~ p1ete submergence occurs for half that per—
many gr ash , some redgum , and possibly a fe w  box—

elder can survive . Cottonwood and silver maple seedlings
sj r vj y e  only w i t h  less than  16 days ’ i n u n d a t i o n . The r a t e
of r .- - :--- .-ry of the surviving trees also varies. In general ,
t h e  ~ :l’ c w and ash recovered more quickly than the others.

I

-
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135x

Hosner , J.F.

1959

Survival , root and shoot growth of six bottomland tree
species follow inq flooding

Jour, of For. 57:927—928

Current year seedlin-:s of six species were f looded for
38 days and transferred to well-drained soil for 60 days.
The species were ranked as follows in ability to withstand
and recover f rom flooding : Cottonwood , green ash , syca-
more, pin oak , cherry bark oak , hackberry . Survival and
growth of cottonwood and sycamore is directly related to
t rie format .~~n of adventitious roots; whereas ash , in add :-
ion to the formation of a ftenti~ ious roots , is also able

to p r o d u c e  new roots in poorly ae ra ted  media.  The l a t t e r
result suggests t h a  ash may have the ability to translo-
cate oxygen or oxidized substrate to the roots via the
shoot.

—- .---- --—---- - -- - - - - -~ - - ~~----- -~~~~~~ --- -- 
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hosne r , J.F.; :-linckler , L.F.

1960

• Hardwood reproduction in the rive r bottoms of southern
I l l i no is

F or Sci. 6 : 6 7 — 7 7

Study of 62 sample stands indicated that an adequate
number of s e e d l i n g s  of des i rab le  species occurs i n i t i a l l y
on a l l  sites studied . Undesirable species are more numer-
ous , but w i l l  not necessar i ly  predominate in the f i n a l
sta nd.
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137x

Hosner , 1 .F .

1960

Relative tolerance to complete inundation of fourteen bot-
tomland tree species

For. Sci. 6:246—251

Current year seedlings in pots were subjected to
flooding fo r pe r iod s of 5, 10, 20, and 30 days. The spe-
cies ~.ere ranked as follows , from most to least tolerant of

~loodinq : Silver maple , buttonbush , boxelder , black willow ,
cottonwood , -ireen ash , American elm , pin oak , sycamore , red
maple , Shumard oak , sweetgum , hackberry , and cherrybark oak.
Several factors are suggested as contributing to tolerance
t o  flooding . Water apparently is most likely to become the
l L r n I t : o~ factor only on sites that are consistently flooded
for ~airly 1on~ periods of time during the growing season .

- 
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138x

Ho~~n L - r , J.F.

1961

— Flooding affects regeneration of bottomland hardwood f o r -
ests i~~ southern Illinois

\~ -~~~ r .  io  Bull. Ecol. Soc. Amer . 43:96— 97

Short roriods of flooding do not reduce germinatlor . of
most s -c i e S , but where flooding extends into the growing
season for 30—to) days , the seeds of bottomland red oaks are
almost cor’ letely killed . Greenhouse tests ot complete in-
undation of potted seedlings during the growing seas~ r. shc~~
t~ :at Acer saccharinurn seedlings , the most tolerant tested ,
can wrt~ stand 30 or more days complete inundation , three-
six time s as long as Quercus falcata var . pagodaefolia, the
least t~~ierant of the species tested .

.

~
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139x

Hosrer , J.F.~ Boyce , S.C .

1962

Tolerance to water saturated soil of various bottomland

f 
hardwoods

For. Sci. 8 :l8O— l~~6

C . :  :cnt  ~eai seodlinqs in pots were kept in completely
s~* t uz i r e - :  soil ror j’’rieis of 15 , 30 , and 60 days .  Species
were cli ssified as follows according to tolerance to satur-

~t •d  soil c-on- :itions : Tolerant—green ash , pumpkin ash ,

~r~ -r t -~~o o , and willow ; intermediate—eastern cottonwood ,
boxelde: , red ~~~~~~ silve r maple , pin oak , and sycamore ;
intolerant~~~Sh umard oak , cherrybark oak , American elm , wil—
low oak , s c ~’ t r , hackberry , and sugarberry .

The mechanism of tolerance to saturated soil condi- - -

t~ ons ~s attributed to one or more of the fo11owxn~ seed—
ii: -~ characteristics :

(a) the il~~tv of established roots to continue to
:r -w an d  f u n :~ ion under poorly aerated soi l conditions.

(~ the for-ation of adventitious roots at and above
he roo t co llar and ,

(c) the drc~~~o~ resist ant characteristics of the
s~ ems an~ leaves of di fferent species. 
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Hosner , J.F.; Leaf , A .L.

1962

The effect of soil saturation upon the dry weight , ash con—
tent,  and nutrient absorption of various bottomland
tree seedlings

Proc. Soil Sci .  Soc. Amer. 2 6 : 4 0 1 — 4 0 4

Current—year seedlings of 14 bottomland tree species
surviving 60 days of completely water-saturated soil condi-
tions were compared with control seedlings grown in well-
watered but non-saturated soil. Comparisons were made of:
dry weight per seedling top, and contents of ash , N , P, K,
Ca and Mg. Based on root and shoot growth and nutrient ab-
sorption , the species are grouped according to their rela-
tive tolerances to water-saturated soil as follows : Toler-
ant—Nyssa aquatica, Fraxinus profunda, Salix nigra, F.

~en~~yTvanica ; intertnediate~~Quercus palustris, Pop~u1usdeI~oiaes, Platanus occidentalis, ~cer ~~~und~o, A. rubrum,
-‘s. saccharinum; intolerant—U].mus americana, Celtis occi-
~entiiis, LiQuidambar stiraciflua, and C. laevigata .
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Hosner, J.F.; tinckler , L .S.

1963 

land hardwood forests of southern Illinois-—regerer-
at ion and succession

Ecoio— ;y 44:2’~—4 1

Sixty—two ar ea s  of bott~ miand timb~ r were’ s~r ~ied in a
s--stema ! ic m~tI ;1t ’r t o i.’termine the frequency of r egenera-
tion of •lii ~~.- - x e n t  S~~OCiCS . Two separate tests were r:aue to
d e t~~ : :~~ne ti~e relationship ot dominant and eoJom~nant treesof ditferen t species to th~ moisture-holdiio: capacities ofassociated soils. The first consisted of tests of homogen-
eity of variance of the soil moisture constants associated
with rces oi each species that reached at least a codomin-
ant crown position . The second consisted of a test for
significance among the means of soil moisture constants as-
sociated with trees of each species. Tree succession on
better drained areas starts with pioneer cot tonwood-w~llowand pro :resses to mixed soft-hardwoods in the next genera-
tion . 

~~~~~~~~~~~~~~~~~~ -- - -~ ~~~~~~~
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Uosnt : , J .F . ;  Lea : , A .L.~ :~x c k son , R.; H a r t ,  J .13., ~‘r .

Effects of varying soil moisture upon the nutrient uptake -

•

of - ~r t~ot  tomland t rec species

Proc. Soil  f~c i .  Soc . Amer. 29:313—316

Topelo gum , p in oak , green ash , and sycamore seedl ings
were suh ’ected to four soil moisture regimes for 84 days in

soi l cultures. The moisture regimes included
~.l) stt ’ :ra’ eJ soil; (2) moisture equivalent: return to
moist~~re equivalent daily; (3) 50% available water: return
to m c.ist ;re e-~uivalent when 50% of the available water had
been removed; and (4) wilting point: return to moisture
e-:uivale:- t when the wilting point had been reached . Corn-
:- arisons among species and treatments were made on dry
we~ oht per seedling top , and contents per seedling top ano
foi :rt r concentrations of ash , N , P, K , Ca , and Mg.

All species showed a consistent decrease in seedlino

~:ry weight and nutrient uptake from soil r~oi~~tu re equi-
i:-:- ’ to 50% available water to wilting p o i n t . Distinct

species d f f erence s i n  reacti on to mo isture levels occurred
tw e e n  the moisture e-’;aivalent and the saturatco soil
t~~e~~t m e n t s .  Th e p in :ak and sycamore seed~. n-.Cs s h c w t ~ : a

~

:n ~n d ry we ight between the moisture c-du .v~i-
l e nt  and the saturated regimes, whe reas green ash ~~i l- i t~ -C
a small increase and tupelo gum a very large increase.

of p in oak and sycamore seedl ings d ied under  flooded
cond -~t :cns , -.t- r eas green ash and t~:pclo s~~e d l : r o s m a i n—
ta~ ned acti’.ely growing root systems under these conditions.

P~ n o~ . i and sycamore seedl~~r~~c con t a ined  over 50% 0:
:leir dry wei~ ht in foliage , wh ile green ash contained 40—
-~5% an-i tupelo gum 30—40%. Generally, tissue nutrient con-
centr ations tended to be low for seedlings sub~ c’cted t~~

~at - :rat.-d so:ls and high for those subjected to l tin - ~
point regime . tn ~te r the h igher soi l mo istu re stresses , ap-
p a r e n t l y , the effect of water upon the s e e d 1 in ~: metabolic
processes became limiting well before the absorption of no—

i e n t s  iid; in other words , moisture ~reatr’t -n t affec ted
arc ’wth  m o re  than did nutrient absorption .

L __ _ _ _

_ _
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H u f f ran , R.T .

1979

- 
The relation of flood duration pattern to the comrunity

- versity of Coastal Plain forest within the ~~~~~~~~~~
- Z~~ver basin of southern Arkansas

- 
- Eco1o~ y (In press ) 
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Hui”~ari , 0.

1960

On the e f f ec t  of anaerobic media upon the roots of birch ,
pine , and spruce seedlings

Commun . Inst. Forestalis Feriniae 50 (9):l-l6

Seedlings of pine , spruce , an d b i rch were grown in
flasks under sterile and non—sterile conditions , and anaer-
obic condi tions were created by covering the substrate with
~)aratfin oil. Anaerobic cond itions did not retard the
growth of birch roots while the growth of pine and spruce
roots was heavily suppressed in anaerobic substrates.
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Hunt , F.~ 1.

1951

Effects of flooded soil on growth of p ine seedl ings

Plant Physiology 2h:363—368

An experiment was conducted to determine the effects
of various Je~ rees and methods of flooding on seedlings ofshor tlea f pine , loblo l ly  pine , and pond pine growing in
crel . One ‘roup of trees was flooded continuously with
stand in~ wa ter , another aroup with flowing water. A third
group was altern ately flooded for two weeks and kept at
field capacity.

The exper iment was started in February, and af ter 12
weeks the only effect was slightly reduced growth of the
seedl ings continuously flooded with stagnant water. After
12 weeks , the soil in half of the containers from each
treatment was allowed to dry down to permanent wilting,
then re-wat:- r~ d to field capacity . This cycle was repeated
for seven months with little effect except that those seed-
lin-;s flooded w~ ta runfling water during the first 12 weeks
made less growth than the other groups. The plants contin-
uously f looded w ith stand ing wa ter had a lower dry we igh t
than those receiving other trea~~nents. No significant dif-
ference in mor ility occurred.

In general these pine seedlings proved unusually re-
sistant to injury by flooding.
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~arvi’ , P.C .; ~arv is , M.S.

:- ~~ 3

The -oater relation s of tree seedlings . I. Growth and water
~:s~ in relation to soil water potential

PhvsioI-o~;ia Plantarum 16:215—235

Pine , spruce , birch and aspen seedlings were grown in
s o i l , umber controlled water regimes , in a growth room .
:tean dail- ; transp iration was measured by pot weighing .
Continuous records of transpiration after the beginninq of

light period were obtained using a corona hygrometer.

The continuous records show that the maximum rate of
transpiration was usually achieved in the first few hours
after illumination began , followed by a fall to a rate
which was usually maintained more or less constant. For
al l  species , the maximum transpiration , and the mean ra te
for the day , were less in soil of low water potential.
Pi ne was most sensitive in response to decreasing soil wa-
ter potential , spruce least and birch and aspen intermedi-
ate.

Plant~ ~~ich had previously been subjected to 1c-~. soiwater potential transpired less in soils of high water pc-S

terit ial than plants which had grown continuously in soil c-f
high soil water potentials.

Possi b le reasons for differences between species in
trans p 1rat~ -~- n response to soil water potential are dis—
c-~ssed .

0

L - -~~~-~~~~ - ~~~- - - - - -~~~~~~~~~~ - - -
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- 

Johnson , D .F .
-

- 

1950

Plant succession on the Missouri River floodplain

MS thes is , Univ .  of Sou th Dako ta , Vermill ion , 44 pp.

No abstract available. 

- -- —- —
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Johnson , F . L . ;  Be l l ,  D . T .

1976a

Tree growth and mortality in the streamside forest

Castanea 41:34—41

Growt h and m o r t a l i t y  ra tes  were de te rmi  d for  Acer
saccharinum , Frax inus ~ennsylvan ca , C e lt i s  occolentaTis,
~T~~~~~-:meri ca~~~~~T Tubra , and Quercus all~~ over a tT~rce-
year p~~TodTin an east-cent~~ T rTflnoTs streams~ de f rest.
Tree size and the distance to the nearest large: ree ac-
counted for significant portions of the variance in growth
:ItC S. Flood frequency apparently has no significant ef-
fect on growth rates. Mortality rates were much hi gher i n
the  suppressed crown class t h a n  in l a rge r  t rees .

$
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Joh nson , F.L; Bell , D.T.

1.976b

Plant biomass and net prima ry production along a flood—
freLluenc y b r - id:-n t in the streamsi-ie forest

Cast -ant - a 41 :156—165

Bionass and net annual primary production were calcu-
- 

- lated for  th r e e  f l ood - f r equency  zones in the streamside
fore-~’ coenneline . \hnv,~~irr~ :nd biomass estimates were
290.0 t/ha ir. the lower f1co ~ :--lain , 142.1 t ha in the oc-
casionally flooded transition zone , and 2 3 -4 .2 t / h a  in the
upland. Aboveground net primary production estimates were
12 .5  t h~t - y r  in the :lood plain , 8.0 t/ha/yr in the transi-
t ion zone , and 10.8 t/ha/yr in the upland . Data on the
species dis tribution of biomass are presented . Biomass and
r :rnarv production differences along the coenocline are

,~~nsid ered to be the result of individual species responses
to flooding, available water , disease , and timber cutting .

- ~~~~~~---- - - - - -
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-4-

:ohns~ - .~ , - . .
~~~~~ . ;  Bur oess , R.L .; ~eanir:e r e r , W .R.

Forest overstory vegetat ion and environment on the Missouri
Riv er f loodplain in North Dakota

Fool. ‘-
~ nog: . 4’ :

The s udy 5re~t , bounded north and south by two 1ar~p
r -servoirs , inclu-ic s the most extensive :tmnant of f l o o d -
t -1 - a~ n :- -:est in the t -tkotas. Structure and composition of
the tc: ’ -st overstory are strongly related to stand age and
hor :zontal and vertica l position on the floodplain . Popu—
1~ s deltoides and Salix amygdaloides predominate in young
stands which uener~iT~~occur on low terraces near the cen-
ter of the flood plai n . F r ax in u s  pennsy lvan ica,  Acer ne—
unndo . UI— us americana, and Ouercus macrocar~ a, which re-
~~~~ice  Populus and Salix through time , predominate in old
stands on hign terraces near the edqe of the floodplain.
Stands ir .terne-diate in composition are uncommon because of
~~~~

- - ‘  d~ scon’ inuo-i s meandering pattt~rn of tht- rive : across
i~ s f1— -o - 1.~in .

~u : f - ice soil • - r v ~ r- nm~ nt and species div e rs ity chanc’-
m arke dl y dun n-: the co ur s e  o~ succes s ion . 1:.’ soils  of

- u .s are ~u ; . e : a 1l y sandy and low in O T i ~~fliC m s t t i
50. 1 r -

. :-ient cont .-nt and iv~~i1ab1c water ca~ ac~ ty are -~~~ r - --
~ :-all y hi~iher in older stands L-ec -tuse o~ hiu her c-r -ni ; ic
mat er cor,tent and repeated ir-i~ -uts of nutrient—rich silt
from ;:as floods . Tree species diversi:y initially in—
:reases as s -

~nds aue , reaches a maxi m--am in stands with
mir . -ures o~ pioneer and terminal species , and declire~-
sli o’i ly in •he o’~dec stands. Both varie~~- a n t evenness
f o l l o w  a s~ nj 1ar  ; a tt e r n .

Analyses of ; - -pula ~- ion structure indicate a recent de-
cline in the estan1~~shment of small s ems of Acer and Ui—
~~:s . Tree core analyses chow a similar dec1ine~Tn tia r~c’t z
;rc ’wth r a ’ t f r  Acer , Ulmus , and Fraxinus . Availabl e data
su ;gest tha th e s e  cha~i ; ~~s can  be at tn i b u te d  t h e  removal
of periodic sprin~ floodin ; caused by the pr i-si-nc4 ’ and oj.--
eratlon of he reservo irs . It is also hy~ o’h’~sxzed that
he lack of .; ‘e- tl:ng— saplin ; stands of F : ; -i ; l ; - ~ in t he re-

is he result of 1 presumed rc-L:vt :~~ in ~he meander—i n - ;  r a e  0’ ~he iiver followiny teservoir constructi n and
ne~~r 5(’(’-1h”~ ~it~~~n3 ]fl tPf~ ! ‘~O~~~ Q~ f~~”o~~~fl 7 .

-

~
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Jones , E.P.

1 59

Wet site survival and growth

SEFES Re ;; . N O te  130. ~

~~rviva 1 and growth ot planted yellow-poplar , eastern
c~ ttonwood , slash pine , and loblolly pine.

~

- - -
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K. ;~~~:ew1c z , A . ;  Burns , P . Y .

1-360

d:-owth of planted hardwoods on a bottomland terrace site in
southern Louisiana

~ SU For. Notes 37 . 2 pp.

1 istory of a 30-year—old plantation of t~— .tt- a 1l oak ,
water oak , l ive oak , cow oak and yellow-poplar on the LSU

~tmpus . It was tentatively concluded that t he  best species
for plan ting were yellow—poplar , water oak , cow oak, and
sweetgum .



--

K aufr ’a ’i .

Ev~~l ut ~~ on ot the pressure chamber technique for estimating
plant --~at e : pote ntial of forest tree species

F~ r. ~ci . l4 :36-~— 3’4

The ;-ressure cdambe r mt-thod for rapid field or lanor-
- ;  e~~° ima ion of : l a nt  wa te r  st • - - s  w a s  evaluated , uulng

the thermocor.~; Ia sy c hr o n e t e r  t e c h n iq ue . The p sychr or I 01
is believed to p r o v i d e  t he  most accurate measurements of
l~- i ~ w at e r  p o t t - nt i a l  av a i l a b l e  w L -n  c e r ta i n  precau t ions  are
taken. The piessure chamber method es t i m a t e s  xyler-  pres-
suie potential. Comparisons were made by bringing seed-
lin gs ~ r lar ~;t? branches into the laboratory and making
me-lsurements on leaf samples in the psychrometer and on
si ngle leaves or stem tips in the pressure chamber. Most
compari sons  on Pinus taeci~~, P .  strob~io, Picea engelmanni,~~and Lirioden -c-ri Ttiii~ f l~ Fa agreed within 5 bars. With
‘~ t rcus r~iF~~ d Q alEI , how( er , ~ obser~ ed essure
oct iali~~~t :~ . as uE~TI-~ 16 bars lower than leaf water
potent ial. These discrepancies prevent ;s~ ng the values
- -- t tained by the pressure char-iL-er t e o h o i du e  as d i r e c t  eSti-
roites of l~~if wat *- z po~~ - n t : u l  for the species s t u- : i e d . rh~
most app ropni at wt :~ ‘o ce- the pressuz-e chamber rre thod in
evaluat~~ng p la n wa’ ’~ stress i s tc- - first determine cali-
bration curve s f o r  each species relating the .-stim -ite of
xylem pressure po * en ial tc- known leaf water potent ial .



___  - - _________________ 
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1 5Li x

I 
-
~~73

Rooti~ t~v1 -n. metabolism in cuttings

ReS . .- u;nnary, Ohio A :;nicultural Res. and Develop . Center ,
l- ~73, ho. ‘l , op. 5—8. Another version appears in
Cei~bined P:oc~-t•tti ng s , m t .  Plant Propagators ’ Soc . 22
(l~ 72) :413— 430.

~ th :-h~~n (which r’- e-a;- -s hylene in p l a nt . tissues)
s i:- -u i i ’ei rc’-~t formation in cuttings of ~-~a 1ix fra9 ilis .
S-abme r c i n - o the  c-utt~ ngs i i i  water , or centrifuuinq them wito
wate r, ~ncreased the natural concentration ot ethylene , and
also le .t to better root fo r r i a t i o n . Excess ethylene gas
causes s’:rn r c—is resembling those produced in plants by
i loohnu t wilti na , chiorosis . adventitious :oots , etc.),
and t -he acc-ur-ulation of excessive ethylene in flooded
pla”ts may be responsible for these reactions.

I
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Kearney , N.S., Jr.; Bonner , F.T.

1968

Sweetgum seed production on soils in central Mississippi

USFS Res. Note SO-75. 2 pp.

This study was conducted in the area between 32 30’
and 33 30’ north latitude in the state of Mississippi.
Twenty dominant and codominant seed-bearing sweetgum trees
between 12 and 24 inches dbh were selected on each of the
three si tes , Delta , deep b ess , and Coastal Plain alluvium ,
du ring June , 1965. Seeds were collected from these trees
in the summer and fall of 1965 and 1966.

The n umber of fruits and the numbe r of seeds per fruit
were counted and germinative capacity and germinative
energy were determined in the laboratory . Regressions were
computed to determine influence of the following 10 vari-
ables on productivity and quality : diameter at breast
height , 5—year radial growth , tree age , current year ’s twig
growth , previous year ’s twig growth , site index (by method
of Broadfoot and Krinard) , crown surface area , fruit diam-
eter , fruit weight , and n umber of epicormic branches .

Fruit production was significantly greater on trees on
the Delta site than on the other two sites , and fruits from
Delta trees contained more than twice as many full seeds as
fruits f rom trees on other areas. Germinative capacity and
energy were approximately equal on the three sites.

Fruit diameter and weight were found to be positive’y
correlated with seed production and quality . The rest o’
the 10 variables studied showed only a very weak correla-
tion with seed production and quality .

It is concluded that, for reasons not evident , the
:elta is the best site in central Mississippi for sweetgirr
seed produ ct ion .
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Keeley, 3.1:.

1977

The role of environmental heterogeneity in population dif-
fer~ ntiation alor . - ;  a flood frequency gradien

~h .tì . thesis , Cniv . of Georgia , Athens

The hardwood N v ss~ s1~1vatica (sensu late ) is distri-
buted along a soil moisture gradient t rom upland sites ,
w h i c h  a r e  never f l o o  led , to floo dplains , which are pen - -u-
cally flooded and drained , to permanently flooded swamps .
Seedlir.o:;, grown from seed collected along this gradient ,
responded to one year ef experimental flooding as follows :
In  t e rms  of s-~ r v i va l , t h t - r e  was a d i s t i n c t  dichotomy be—
~ ween t h e  upland n ian ts , wit h over 75% mor ta l i t y , v s .  the
fh- - - h ~a i n  an d  sw amp plants , with less than 5% mor tal i ty .
10 ~c- i i  u - ~ omass the  floodplain population i~v~r ~.n te r me d i—
ate;~~~ - ’ re was h’.- :hly significant reduction in biomass

- : ‘he uplr.n’. population , but no significant effect on the
nw1 :ip r -c -ulation . Patterns c~f biomass ilbocation indicated

-~~ it tnc~ f I  ~~~-~~~- i i l 0  plants wer e  p l a s t i c  in response , CLI en—
:-~r.t upon - -n h ti cns ;  for dra ined  c~ n~~rc1s the r
r i ’ io was si:~n~~ficantly greater t h a n  1.0 for upland and

o - d j t i n  ~-la r ,ts tbut not f- th.. - swan. plants~ , and for
th~ one-year experimental fluc ~di:, -; tr eatm cnt , thL roOt/
shoot ratio was significantly less than 1.0 f o r  t he  f lood—
pl ain tn~ swamp plan ts (but not for the drained plants).

Compari n-; nutrient concentrations in the roots of
-irained j a n ts with f looded ones showed the floodplain pop—

inn i: ’ ermed iate in two ways. Under flooding, the up-
l i n l p - u - u l a t i o n  had s i - ; n ; f i c a n t  i n c r e as es  in m8ny nutrients ,
t h e  : I o d pl a i n  plants fewe r and swamp plants least. ~cith
resp ec to Fe and Mn , two of the mor e important redox sys-
t~’ns in t looded soils , the upland plants under f looding ac-
cu:-~uLv . very high concentrations of both of these poten-
?i a li ~ toxin ~ 1eme n ts , the floodplain plants had an order
of r-~i ;n~~!u l e less Fe , and half as much Mn as the upland
plant ;, and the swamp plants had an order of a-m i t - a d o  less
Fe, m l  half as much Mn , as the floodplain j opulation .

Evidence is presented indicatinq that the changes in
ticohol f e : r r o n t ~~t ion  can be accounted fcr by changes in in-
t e r n I l  ox y - ; en  t r a n : I -  z t . Rates of i n t e r n a l  ~ .~ i - ;•r di I fu—

-- , ‘ r m  ‘- ‘-e st -~~i to the  rci :~~~, increased frcm dr.~in~~— i
con’ii ’ ions to shori- -term flooding , to long-term flooding
i— c both the floodplain and swamp p l i n ’s. Swamp plants
grown u n d e r  dra ined conditions had ciqni ficantly greater
rates than f loodplain plants. It is concluded that the
s’ratPqy for surviving permanent flooding is qualitatively
Iif~~ : -

~~~ f r o m  ‘he s*rategy evolved for snv~~ ving per~cdir
f I o od~~ri-; . Environmental heterogeneity in a floodplain has
selected for genotypes capable of ure~~~,’T phenotypic plas-

i e t t y .  

~~~-~~~~ - ----  -- ~~~~~ -~~~~~~-— - -~~~-~~- -
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Keeley , .Y.E.

1979

Population differentiation along a flood frequency grad-
ient: physiolog ical adaptations to flooding in Nyssa
sylvatica

Ecol. Monogr. 49:89—108

Thioughout the southeastern United States the hardwood
Nyssa sLlvatica is distributed along a soil moisture gradi-
ent from ~pT~nd si tes , which are never flooded , to flood-
plains , which are periodically flooded and drained , to per-
manently flooded swamps. Population differentiation with
respect to flood tolerance and related phyaiological attri-
butes was investigated using 1-year-old seedlings grown in
a greenhouse from seed collected along this gradient.

Upland plants were ve ry intolerant of flooded soils.
Their root systems deteriorated , root respiration rates
dropped and , after a year under such conditions , survival
was poor and those that did remain were greatly stunted and
had accumulated large concentrations of many nutrient ele-
ments.

In contrast swamp plants were quite tolerant of
~looded soils. Upon flooding , parts of the original root
system were lost but new roots were initiated which had an
increased capacity for alcoholic fermentation . Many of
these new roots were more succulent , larger in diameter ,
and less branched than drained roots. Such succulent roots,
however, were only a temporary response to short-term flood-
ing ; plants flooded for a year did not have such roots,
rather the root system superficially resembled drained
roots. C o n c om i t an t  with this return to drained—bike roots
was an increase in internal oxygen transport to the roots
and a drop in alcoholic fermentation .

Floodplain plants under dra ined conditions allocated
less biomass to roots than to shoots and had high respira-
tion rates , traits similar to upland plants. Under flooded
cond iti ons , they initiated new roots with medium resp ira-
tion ra tes , al loca ted less biomasa to roots than to shoots,
significantly increased oxy gen transport to roots and had
hi gh survi~ al , traits simi la r to s~.~~rp plants. Thus, the
flno !p l a i n popul at ion proiueed a di s’~ i net ly flood—tolerant
phen’ type~ but not nearly as tolerant of flooded conditions
as the swamp phenotype . Floodplain jlants differed from
swamp pla nt s in t . sp ~ r’inq less ~ qen c’ the roots under
~irm ined coMIti~~is , init -iat~ ng ~~~~~ 3~iccuAent-type roots
and net. ac:o]crati , a]~ :nho 1j c  fe -r ’ -it iii~~r u~- L O  flooding
and a~~t z  a y. mr .i~~er l ooded con ~ition s htvi~~a le~~- total

.. . lt~*u cx , - a r .  t~ a: ~p o it  to t~ • - ‘ roots ~r:. a ~i’~atei’
~~~~~~ ~~~~~~~~~~~~~ ion 0f F.~ and ‘-t~i in th~ ~c

-— - - - — -  ——~~ - -— - — -—--—— -~~~ --- -——~~~~ -- ——~~~ 
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, i . E .  ,

1970

Growtn of ne~ ly planted water tupelo seedlings after flood—
m i ’  and s~~1tation

For.  S c x .  l h : 2 5 0 — 2 5 6

~~t re : t upelo is a valuable t imber species growing in

~~~i - - s w h i ch  are usually f looded from January or February
un’ iI late Ma y or ear ly June . In wet yea rs the wa te r r ay

l ’ave u n t i l  m id summ er .  The wet cond i t i ons  have dis-
couraqed attompts at reforestation after logging. The
nresen t s t u d y  was executed to secure information on the ef-
fects of flooding and siltation on newly planted seedlings.

Flooding was shallow (0-8 cm. above groundline), mod-
e r a t e  (15 ~-o ~0 cm. above groundline) , or dee~- (10 to 15
c— . ~bcve the taUost seedlings). -

A ll t reat~~. n s  were replicated three times.

.- ;urv iva l Was hioh under all types of flooding except
-odin- : cont inued f rom February to August 1. Diebac~

resulted ~requen ly after deel: flooding and after re~ 1ood-
in-q , ~Ct:t the sned lmn-o s sprou ’ed readily Just below ‘ he

lowest dead stem tissue .

~e~ cht growth in plots with shallow flooding until
~~~~~~~~~ 1 was approximately the same as that on non~ looded con-
rol plots. When this depth of water was retained to July

or Au-;ust , height growth was sicrnificantl y reduced . M~~l~-r-
ate flooding, deep flood ing, reflood ing, and shallow :-a
deep siltation also reduced he iuht :rowth.

These results ~ndic ate ‘hat water t upelo seedlin-;s
have a remarkable ability to resist flooding for extende
perLods , in I t h a t  t hey make good gr n w ~ h under  sh a l l - n w f h c - ~:
in n  unt Il June 1. 
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Kennedy , H.E.; Krinard , R.M.

1974

1973 Mississippi River flood ’s impact on natural haruwood
forests and plantations

USFS Res. Note SO—177. 6 pp.

— Through Octobe r , the 1973 Mississippi River flood had
not caused extensive damage to natural hardwood forest.~ or
plan tat ions tha t were 1 year or older and had been flooded
only during the first 2 months of the growing season . New
plan tings of cottonwood were virtually destroyed , however ,
and 1-year—old sweetguin , flooded about 3 months , was
killed . All yellow-poplar observed was killed . Siltation
up to 5 feet deep has not caused appreciable damage , but
trapped water has caused some mortality .
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:mtc : ons , ~~. M . ;  Dean , J.M. Stevenson , L.H. ; Coopcx , J .H .

~-974

The Santee Swamp as a n u t r ien t “sink”

In Proc . of the Savannah River Ecology Lab. Symp . on Mm-
era l  Cycling in the Southeastern Ecosystem , ~-~a :  1— 3 ,

— 1974

A water-quali ty survey was conducted in the Upper
Santee Swamp in South Carolina during the wint er and early
spring of 1973. Among the parameters measured were

F ( 1)  dissolved oxygen , (2) temperature, (3) pH , (4) turbid-
i t y ,  ( 5)  reactive phosphate , (6) total phosphate , (7) ni-
trite , (8) nitrate , ~9) ans~~nia , (10) heterotrophic bac—eria , (11) total colirorms , and (12) fecal colifurms . The
iteree and Congaree Rivt rs , whose dissected confluent

-~ dj~1~~ns make up the Sactee Swaz~p, transported veryho ivy nut rient loads in the ~.‘armous forms of nit rogen and
~ hosp ::ox us and had hig h turbid i ty and oxygen levels. The

t: -y source of flowing waters in the swamp during this
per i- : -d -.~us overflow of the Wateree River. There was u sia-
r i f i c a n t  r educ t i on  in n u t r i e n t  concent r a t i ons  ( p ar ~~ic~~l a r i y
~~~syh .~rus) and in bacterial Counts (includin f ec a . ccli—

~orris ) w i t h  l i t t l e  or no oxygen ~ep let ~:n as the waters
~~~~ sod t h r - u i h  the swamp .

- - - -
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K l a w i t t e r , R. A.

1963

Swee tgum , swamp tupelo , and water tupelo sites in a South
Carolina bottom].and forest

Diss. Abstr. 24(l):l2

The results of the study showed that sweetgurn sites
were better drained , higher in soil pH and lower in loss on
iqnition values than those of the tupelos; water tupelo
soils were high in clay content and flooded deeply ; and
swamp tupelo soils averaged lowest in pH , and silt plus
clay . Furthermore , site factors that indicated or were
conducive to abundant soil moisture and long hydro—periods
were directly related to the total height of water tupelo,
while annual radial gi-outh responded favoratly to warm ,
moist springs and flooding throughout the year .

- - --
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I
K Liwi~~t e r , ~~~~

l~~~4

~ate r t~~ elos like it wet

Sou . Lu~ bc~r~~in 209(2609) :108—109

A~~~.g !he lower Santee River in South Carolina , ta l le r
w a t e r  tupelos occurred where soil and other site c o n d i t i o n s
~erc cha r~i ct e r i st i c  of poor dra inage  and long periods of
~~ tness .  W a t e r  levels play an important role in  the growth ,
development , and probably,  d i s t r ibu t ion  of water tupelo in
bottomland swamps.
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Kiawitter , R.A.

1963

Sweetgum , swamp tupelo , and water tupelo sites in a South
Carolina bottomland forest

Digs. ~.bstr. 24 (l):12

The results of the stud y showed that sweetgum sites
were better drained , higher in soil pH and lower in loss on
~;nition values than those of the tupelos; water tupelosoils were high in clay content and flooded deeply ; and
swam p t upelo soils averaged lowest in pH , and silt plus
clay . Fur thermore , site fac tors that indicated or were
conducive to abundant soil moisture and long hydro—periods
were directly related to the total height of water tupelo,
while annual radial growth responded favorably to warm,
moist springs and flooding throughout the year .
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Klein , W .M.; Daley, R.H.; Wedum , J.

l9~’5

Envlronmental inventory and assessment of Navigation Pools
24, 25, and 26 , Upper Mississippi and Lower Ill inois
Rivers: a vegetational study

Missouri Botanical Garden , St. Louis. Army Engr. Waterways
Exp . Sta., Vicksburg, Miss. (Contract No. DACW39-74-
C—0088). 151 pp.

The purpose of the study was to provide a vegetation
map and descriptions of vegetational types and their suc-
cessional patterns to be used in an environmental impact
analysis of the effects of maintenance and operation of the
nine-foot navigation channel in Pools 24, 25, and 26 on the
Upper Mississippi and Lower Illinois Rivers. Seven vegeta-
tion types were described after field examination of 116
stends : 1’wo nonforest types, old fields and wetlands, and
five forest types — willow , silver maple-cottonwood, sil-
ver maple-cottonwood-pin oak , pin oak , and oak-hickory .
All of these types were mapped with the exception of old
fields , which were omitted because they are often subject
to cultivation after a short period of abandonment. The
silver maple-cottonwood community was found to be the most
extensive type. Analysis of successional trends indicated
that ash (Fraxinus spp.) and American elm (Ulmus americana)
may become more important in many of the silver maple for-
ests and that ~ in oak forests may also replace them partic-
Jarl y in are~ s protected from flooding by levees.
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&~ zlow ski , T.T.

1949

Light and water in relation to growth and competition of
Piedmont forest tree species

Ecol. Monogr. 19:207—231

Pine seedlings exhibit a consistent increase in photo-
synthesis with increased light intensity. Hardwoods reach
maximum photosynthesis at low light intensities. Growth of
pine is reduced more by shading than is growth of oak . Oak
exhibits greater capacity than pine for absorption of water
at soil moisture contents less than field capacity. With
decreasing soil moisture, photosynthesis of pine begins to
decrease at higher moisture content than does the rate of
oak . Shade-grown pine moved into the sun has a lower rate
of transpiration than pine grown in full sun . Reserve
foods were higher in oak than in pine seedlings of the same
.i:e at the end of the growing season. Reserve foods were
hiqher in sun-grown pine than in shade-grown pine. In com-
petition , pine and hardwoods differ in physiological pro-
cesses because of hereditary differences. Effects of envi-
ronment are interacting and interdependent. In the Pied-
mont , the critical threshold condition of low photosynthe-
sis below which pine cannot maintain itself is correlated
with the combined effect of decreased soil moisture and de-
crcased light intensity under forest stands. Species
studied : loblolly pine ; shortleaf pine ; white oak; overcup
oak; ‘.ellow-poplar; and red maple.

-I

I.. .
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Kozlowski . T.T.

1958

Water relations and growth of trees

Jour . of For. 56:498—502

1. Reduced growth of trees, early leaf fall , dieback ,
transplanting failures , sunscorch , and death of trees often
occur ~is a result of an unfavorable internal water balanceIn ~~~~~

2. :iurnal and seasonal variations in water contents
of leaves and stems result primarily because water absorp-
tion lags behind transpiration . The absorption lag occurs
primarily because of resistance to water movement across
root cells.

3. Under prol’ nged drought leaves do not recover tur-
gidity and become desiccated and scorched in summer. Win-
ter injury also occurs widely when evergreens lose moisture
and absorption cannot replace water in the leaves rapidly
enough.

4. Growth of trees is checked by moisture deficits.
Diameter growth appears to be more sensitive than height
growth to variations in soil moisture supply during the
growing season.

5. Water deficits in leaves check growth of trees by
influencing carbohydrate supplies through direct and ind i-
rect effects on photosynthesis.

6. It appears therefore that photosynthesis can be
decreased by ton nuch as well as too little soil molst.:ri.

—
~~~
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Kr~ir~t.~r , P. J.

l”S i

causes of injury to plants resulting from flooding of the
soil

Plant Physi~ logy 26:722—735

A series of experiments was performed to learn how
flooding the soil in which plants are growing causcs injury
nr death of the shoots. F’looding is followed by a rapid
reduction in transpiration and the water absorbing capacity
of the roots and usually is followed by more or less wilt-
ing of the shoots. Within three or four days the lowest
leaves begin to turn yellow and die, the middle leaves of
tomato and yellow poplar show epinasty , and adventitious
roots begin to develop on some species.

Injury to the shoots was found to be more severe when
the pots were surrounded by soil and flooded than when they
were simply submerged in water . Plants potted in soil were
injured more than plants potted in sand . Tobacco was mos t
i~ 3ured by flooding, sunflower least , and tomato was inter-
mediate in degree of injury. Those plants which produced
adventitious roots most rapidly suffered least iniury and
showed the greatest degree of recovery .

While lack of water might explain the death of the
leaves, it cannot explain such characteristic effects of
flooding as curvature of the leaf petioles , hypertrophy of
stems at the water line , nor development of adventitious
roots. Flooding probably stops downward translocatiort of
carbohydrates and auxin , and possibly their accumulation at
the water line is responsib]e for hypertrophy and develop-
nent of adventitious roots. Accumulation of auxin in the
lower half of the stem might also be responsible for the
epinastic curvature of the leaves and petioles. The injury
and death of the leaves nay be caused at least in part by
toxic substances rnoving up from the dead roots or even fr’~r
the surrounding soil.

it is believed that injury to the shoots of f1oc’:~eJplants is complex in origin and has several causes rathei
than resultir~.: simply from interference with water ahsorp-
t Ion .
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Kra mer , P.J.; Bullock , H.C.

1966

Seasonal var iations in the proportions of suberized and
unsuber ized roots of trees in relation to the absorp-
t ion of water

Am. Jour. of Sot. 53:200—204

~row :ng ro~ t t ips usually constituted less than l~ and
m1corrh izal roots less than 6% of the total root surface
under a 34-year-old pine stand . Growing root tips usually
const it~ t~ .~ i s s  than 1% o the total root surface undcr a
vel1c’w-~~ p1ar stand , al thoug h one sample taken in May con-
tained 9~ of unsuberized roots. The water permeability ot
various types of roots was measured under a pressure gradi-
ent of 31 on of ~ercury . It differed widely among individ-
ual roots , ran .~1ng from an average of 6.6 mm ’/cm 2/hr for
suber~~.’ed p luo roots 1.33 mm in diameter , to 36.6 nr 5 for
sube ri.c1 ~‘ine roots 3 mn~ in diameter , and 178 mm~ /cm2/hr
for .:nsub t : ized rc~.ts grown in water culture. Water intake

h ro u ;h  a ~iro up of unsuberized roots grown in soil averaged
37 .4 :~~~/cn /hr. The permeability of yellow-poplar roots
‘a: i t d  e .~~n more , rauc ing from essentially z r o  t 30 ,000
r~:
!/~ rn ./hr. It ~s concluded tha t the major part of water

abs..~rpt~ L:; ~n ~~~~ne  occurs through suberized roots , some
hrou gh nyccrrhi~ al roots , and relatively little through

.~rowinJ root. tip s . Likewise , in yellow—poplar most of the

.~ater prcLabl : ~nt~~rs throug h suberized roots. Further
s t u d : is  ;w.de~. c.t ‘bo role of suberized roots in water and
sait a .. ~~~~ ~ti :n.
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Kramer, P.J.

1969

Plant and soil water relationships : a modern synthesis

New York: McGraw-Hill 
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Krinard , R.M .; Johnson , R.L.

1976

Twenty-one-year growth and development of baldcypress
planted on a rlood-prone site

USFS Res. Note SO—217

Baldcypress is a good species to plant on sites where
prolonged flooding is common and few other species can sur-
vive . When planted on a site where flooding had repeatedly
killed cottonwood plantations , cypress survival at age 21
averaged about 41%; average diameter was about 6.1 inches.
Some of the cypress was suppressed by other hardwoods such
as ash and boxelder. Diameters of the best 10% of the cy-
press trees averaged 11.1 inches at age 21. Thus, mean an-
nual diameter growth of these trees was 0.53—considerably
more than the 0.32 inch per year estimated for dominant
trees in natural stands during their prime development per-
i od.

_ _ _ _ _ _ _ _ _ _ _ _  _ _
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Lacoursierc’, E .; Pontbriand , P.; Dumas, J.P.

1 ’76

The first stage in the ecological succession of the lie aux
St . o r n c s , Quebec

Naturalis~~ Canadien 103 (1976) :169—189

The vegetation , soils and avian fauna of Ile aux
S ernes , an island in the St. Lawrence River , created in
1965 by dr.u I.:ing at Port Saint—Francois , ‘~ere studied in
1970 to 1974. The 175 species of plants found on the
isiand i n th~ se fou r successive years are  tabula ted , and
~.egetation groupings (mapped) are established using the
methods of Braun-Blanquet . These include communities dom-
inated by Salix ni~ ra, Salix interior, and Populus del—
toides. Altitude is an important factor in the vegetation
pattern; the island is only 4—10 ft. above mean sea level
and is completely submerged by the spring flood; most of
the areas dominated by Salix and Populus communities is
above the 6 ft. contour . The influences of the vegetation
on soil characteristics on avian populations are discussed.

I
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Larsen , Ha r ry  S.

1963

Effects of soaking in water on acorn germination of four
southern oaks

For. Sci. 9:236 24l

Greenhouse germination tests were run on acorns of
Qu~ rcus talca ta , Q. ~~~ llos , 2~ 

laurifolia , and Q. lyrata.
Q. ~iThata is typtcal of moderately dry upland sTte~~, €~ c
others of southern bottomland types. Q. lyrata occupies
tht  W~~t t C S t  s~.tes. Acorns ~.ere pre—soakeUin ~ ist~ 11ed Wa-
ter :cr :our .iifferent periods at two different ten t.i :~..
levels to approximate normal ranges during winter and
spr ing flooding. There were no conclusive effects on total
germinati .:n; germination of treated Q. falcata and Q. phe l-
los at 30 days was either unaffected or slightly reauced

no consistent pattern of soaking time-temperature ef-
fects ~ut witu pc~~res t germination after the longest soak-
ing per~ cJ at he lc~~~: temperature level. Germination o~

1aur~~f~~iia at 30 days was , wi th an cxceptlon , either un-
af :t~ct . 

i’
~ r s. iohtly increased ; maximum increase fo1low~’d

~he ~cuaest : .~ak 1nQ period at the hi :hest temperature 1 
dern~nat : of ~~~. lyrata was severely delayed by all treat.-
nc;~t s , whi~o seems to be related to saturation of the
sponcy shells with consequent interference in gas exchan~ e.
f floodin.; is the  : r i n c l r a ]  factor j rcvent  ing : c .~enera tie~.
cer~ ~i.n .~ t . t sites ~t is nest lim iting after ~~e~~~—

2.

_ _ _ _ _ _ _ _  
_______________ 
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d..ndsey , A .A.; Petty, R.O.; Sterling , D. K . ; Van Asdall , W .

1961

Vegetation and environment along the Wabash and Tippecanoe
Rivers

Ecol. Monogr. 31:105-156

The flood plains of the study extend along the Wabash
and Tipp~~ anoe Rivers for 430 mi of stream distance , and
ran ge throug h 230 m i  of latitude . The glacial and post-
ql acial history of the region has been of major importance
in determin ing present watershed characteristics . The
coarser texture of Tippecanoe substrates , the much more
regular stream flow, the much larger size of the Wabash
R ve:, and the climatic consequences of the latitudinal di!-
ft rence , ..~rov ided the princ ipal background for vegetational
characteristics.

1~e f i i i t e range limits for 189 species and varieties of
nor~~~~rn and southern plants were determined . Peculiar lo—
cal ag~ re~ ations were noted in the distribution of theseu nits , correlating with climatic expressions.
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Long , F.L.; Daniels ,~~1 .M.; Ritchie , F.T.: E].lerbe, C .M.

1963

ii moist urc characteristics of some lower Coastal Plain
soils

USDA A~ ri . Res. Serv. P ubl . )‘tRS 41-82. 22 pp.

No abstx. .tct avarlaL le.

_ _ _ _ _ _ _ _ _ _ _ _  
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:.or io, P. ..; ki iIeS , J.D.

1 ~ ~ 8

Oleoresin exudation pressure and relative water content of
inner ~drk as indicators of moisture stress in lob-
101 ly ~:ines

For. ~~c i .  14:392—398

:i.~:na1 patter~ s of oleoresin exudation pressure of

~~t re related to changes in so i l and atmosphe ri c
moisture. Single , ea r ly morn ing measur ements were not
clos e ..y :ndicative of soil moisture stress. Relative water
content of inner bark reflected soil moisture status and
diameter .;rowth response , and apparently was affected by
at r.cspheric moisture deficit. Trees continuously flooded
t: entualiy showed the most severe reduction in oleoresin
exudation pressure and relative water content , and were
successfully attacked by bark beetles.

. . . . . -,,. . .-
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Loucks , W . L . ;  Keen , R.A.

1973

Submersion tolerance of selected seedling trees

:~~~r . of For .  71:496—497

Seeulings (1 + 0 or 2 + 0) of ten species
cr nj~on 1y used in recreation areas were submerged in ~~~it e r

~n uid — A pr il 1970 for 1 , 2, 3 , or 4 weeks. By May 1971 ,
here had been no qi~~ni f :oant mortality in seedlings in the
or 2-week treatments: in the 3—week treatment , Frax inus

~ennsylva :iica , ;~~xodiu~ d istichum , Popu1u~ de].toides, and
Acer sa~ ia~Tnur ~~~~~~~~~~~ 100% sur~’ivar á~d the other spe-cies 44—67%~ in the 4—week treatment , the most tolerant
a~’ecies were F. pennsylvanica, T. distichum , and A. saceha-

toe le as t  tolerant (0-331 survival) were Acer negun-
do , ~ 1mm:s pumila , and Ju~ 1ans niqra , and the intermediate

: t :;~~ eS ( 5 5 — 7 5 %  surviva1~ were Carya illinoensis , P. del—
to ides, ~ieflt~~:a triacanthos , ~~~~~ u~icus macrncaFpa~~~ The
effects ~~~~~~~~~~~~~~~~~ on termin~T~~~~~ th are ~Ti1Eusse ~ :
in oene:~~~, I ~nqer submersion reduced terminal urowth.

.. - .

~
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Me.\ 1~tinc , R.~~.

19 59

F~ ocding k~~l1 s yellow-poplar

~or . Farme r 19(3):9 , 13—14

Yellow-poplar from four seed sources planted in over-
flow bottor’~ands along the Oconee river in Georgia suf-
fered severe damage frun flooding many trees being killed .
There were no consistent differences in mortality between
the var ious seed sources. Sprouting from the root collars
ot trees , both l iv ing and dead , indicated that it was prob-
abiy not damage to the root systems which killed the trees ,
:u t damage to the lower portion of the stems . 

-.~-.- —---~~~.
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~.teAlp1ne , R.G.

1961

Yellow-poplar seedlings intolerant to flooding

Jour . of For. 5~):566—568

Yellow-poplar ~-J1ings were not affected by iiorma:~t
season flooding, but mortality occurred after four days of
flo.~ding in May and after three days in June . All seed-
l ings were killed afte m two weeks of flooding during the
growing season .
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~cC1urk~ n , D. C .

1965

Diameter . ;rawth and phenology of trees on sites with high
w a t V ~r tables

— .‘SF S Res. Note  SO—22. 4 pp. :

On a s i te where the water table always was within the
root zone , thinning had little ef fec t  on diameter growth of
...:iit e ash or sweetgum , but increased the growth of bald-
cy press .  Thinning did not extend durat ion of growth into
th e fa~.l, nor was .;rowth re lated to seasonal fluctuations
in the water table. In ash and sweetgum, growth initiation
seemed related to soil temperature; in baldcypress , to day
length. 

—---— -.-- ——-.-.- -. — --  —
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Mct’~ermO tt , R.

1953

Light as a factor in the germination of some bot’o:~1and
hardwood seeds

Jour. of For. 51:203-204

Laboratory tests indicated that germination of n yc!
tirch , sycamore , and American elm seeds was increased in

~erc&’nta ge and speeded up by light t rea tmen ts. Red mapI’~,
...tnged elm , and alder were apparently not sensitive to low
lig ht i;~tens.ity. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .- . ,---. .~~~
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:~1e:ermott , R.E.

1954

Effects of saturated soil on seedling growth of some bot-
tomla nd hardwood species

Ecology 35:36—41

Seedlings of sycamore (Platanus occidentalis), river
b irch , American elm , winged elm , red maple , and alder that
had just developed their first true leaves were subjected
to saturated soil conditions of varying time intervals
followed by intervals of soil moisture at and above field
capacity under conditions of approximately one-half sun-
light and high soil temperatures. Comparisons of height
:;row th in ten-day periods after the most favorable soil
treatment (days), and height growth in ten-day periods af-
ter the r~’st stunting soil-saturated treatments were made.
After s.i jection to a sustained saturated substratum with
s.:i se-~ue r.t well—drained conditions, r iver birch and red
r~a~- 1e seedlings recever very rapidly, sycamore rapidly, and
American elm and winged elm at a moderate rate. The growth
~~~~~~ of alder seedlings is accelerated by short intervals
of soil saturation , and their growth is not significantly
changed by sustained saturation intervals up to 32 days.
The relative degree of recovery from stunting induced by
previously saturated soils of young seedlings of alder ,
river birch , sycamore , American elm , and winged elm, may be
ir,:1ica~ ive of their successional rela tionsh ips and ul tima te

ositjon in bottom]ands.

A

_ _ _  -.~~~~~ -
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McDermott , R.E.

1954

Seedl ing tolerance as a factor in bottomland timber suc-
cession

Mo. Agr. Exp. Sta. Res. Bul . 5~ 7. 11 pp.

In the successional sequence of bottomland timber spe-
cies , an early shrub stage often characterized by dider is
replaced by a stage in which sycamore and river birch may
be prominent. This stage , in turn , is commonly rep laced by
a maple-elm-ash community . In general , it can be assumed
that there is a shift from intolerant to tolerant species
as this alder to sycamore-birch , to maple—elm transition
takes place. To test this assumption , very young seedlings
of alder , sycamore , r iver birch , American elm , winged elm ,
and red maple were grown in four sunlight intensities :
f u l l , one-half , one-third , and one-fifth.

On the basis of height growth and top—root ratios , it
was found that alder and river birch are quite intolerant ,
American elm and winged elm moderately tolerant , and red
maple tolerant. Contrary to expectations , sycamore seed~
lings are at least as tolerant as the elms . Thus , the fact
that sycamore reproduction is lacking in sycamore stanes ,
and that the tendency is commonly toward elm reproduction ,
is not primarily due to di~ f erences in l igh t tol erance .
The suggestion is made that as succession proceeds in bo-
tomland timber areas , i t  appears tha t seedbed cond itions
become prohib i~. ive :ar the sycamore stage and a~:e imp~ovinq
for the elm sta ic.

- -. .- - -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~.,-.-‘- .- , -
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~Ic?~i:n , r i . . ; Gatto , L.W.; Merry , C.J.

1975

:nundat ion damage to vegetation at selected New Eng land
flood control reservoirs

Cold Re. ion s Res. and Engr. Lab., Hanover, N.H. Special
Rpt. 220. 49 pp.

The effect on vegetation of inundation caused by the
regulation and impoundment of water at six New England
flood control reservoirs during the June-July 1973 flood
was assessed from color infrared photography and corrobora-
tive ground surveys. A large amount of reservoir storage
was utilized during th., two-week inundation period , result-
ing in extensive damage to vegetation . Four degrees of ap-
parent vegetative damage were differentiated from color
infrared photography based on color differences ranging
fr om bright red or magenta for healthy foliage to cyan for
unhealthy , damaged or dy ing vegetation . Correlative ground
t ruth data showed that the deciduous trees , particular ly
silver maple and red oak , were least affected and that con-
i ferous trees , especially white pine , were most af f e c ted by
siltation and inundation . Much of the understory vegeta-
tion , i.e., poplar , basswood and hornbeam , lost all leaves
after inundation but new buds and shoots reappeared by lat. -
September 1973. Generally, trees inundated for less tha~30 hours were not extensively damaged .
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McKn igh t, J.S.

1950

Forest management by old man river

h~ u. Lumberman 18l(2273):233—235

Describes the development of batture lands on tt.e
‘tississippi River , and the growth of cottonwood and will .~
stands ~~~~~ these lands. 
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~~~c.i~ ht , J.S.

l~~68 I -

~co1ogy of fou r hardwood spec ies 4
Proc. 17th Annual For. Symp. , pp. 99-116

Eastern cottonwood, American sycamore , sweetguxn , and
cherrybark oak were chosen for discuqsion because of their
ir~~ortance in the ecology of southern lowlands and in plans
fur intensified silviculture in the southern bottomland
hardwood region .

The pr inc ipal prob lems in connec tion with sweetgum an d
cherrybark oak arise from the slow initial development of
seedli n gs. Some successful plantations have been estab-
lished , particularly where weed competition has been con-

~rolle~ in earl y years. Research is being directed toward

~:e:~et~~cal l y su~ er ior planting stock , control of mycorrhizal
po; .iat ions , super ior ways of prepar ing nurse ry stock , and
fert. -.J::ation of young trees to hasten early growth.

Cottonwood ecology strongly indicates the need for in-
. j

~~~~ silviculture . Farming methods are essential for
~~t: es’~~~l ishment of a stand because of the extreme intol—

era~ co o~ the s:—ecies to competition . Cottonwood reacts
i~~idly to adequate moisture and fertile soil , and this ,

tog’ her with a wide range of qenetic variability , make s it
~css~ : li~ t o  produce large yields on short rotations.

:~vcar-ore ecology suggests a variety of possibilities.
Three char~ cters are of particular interest: (1) resis—
‘ancr’ to brows .~ng by deer , (2) ability of seedlings to corn-
pe~ w i~~~ gras s and weeds , and (3) a sturdy young stem that
rcws throu~ h heavy vine competition .

1.~I

~ 
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McMamon , M .; Crawford , R.M.M.

1971

A metabolic theory of flooding tolerance : the significance
of enzyme distribution and behavior

New Phytologist 70.~2~~9—306

The distribution and activity patterns of several en-

~ymes of glycolytic and respiratory metabolism arc consiu-
ered in nineteen species of higher plants previously cla~ s.~—
fied as tolerant or intolerant of experimental floodino .
These results are combined with previous work on glycolysis ,
the inductive properties of alcohol deh 1 drogenase , and on
tissue malic acid levels , to formulate a metabolic system
of flooding tolerance . This system is based mainly on:
(1) the control of glycolysis through the inductive and
kinetic properties of alcohol dehydrogenase ; and (2) a di-
version from ethanol to mala te accumula tion , dependent upor
the presence or absence of malic enzyme. 

~~~~- ~~~~~~~~~~~~~~
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MoReynolds , R.D.

1960

Mortality of newly germinated southern pine seedlings fol-
lowing inundation

USFS Tree Planters ’ Notes 43 , pp. 23—25

A recent study at Oxford , Miss issippi , tested the
abil ity ct newly germinated southern pine seedlings to
withstand submergence lasting up to 20 days.

This exploratory study indicates that:

1. At ages of 15 or 20 days, loblolly and shortleaf

~ine seedlings have developed some resistance to flooding;
most 25—day-old loblolly seedlings can survive 20 days of
flooding , but shortlea f pine die off when flooded longer
than 12 days.

2.  Lon gleaf pine seedlings , 25 days old , are damaged
b. flooding of any duration and completely killed i f
flooded more than 12 days.

3. Slash pine seedlings begin to survive 10 ~.j~ ys of
floodinc when 25 days old; up to 60% of seedlings of tn~ tage can surv ive 20 days of f looding .

4. Summer f looding is more damaging than spring
flooding.

.

~

. ..
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Ma isenhelder , L.C.; McKnight , J.S.

1968

Cottonwood seedlings best for sites subject to flooding

VSFS Tree Planters ’ Notes , p. 3

Cutt ings rather than seedlings are generally used as
plan ting stock of eastern cottonwood and are very success—
ful on most sites. Research at the Southern Hardwoods Lab-
c ra tory ,  however , shows that rooted seedlings may be pref-
erable un areas likely to be flooded after cottonwoods are
planted a~ d befo re they begin height ç owth.

A stud y comparing the two types of stock was begun in
1964 on an area often flooded by Mississippi River back-
waters. The planting stock consisted of unrooted cuttings ,
23 and 40 inches long and set 15 inches in the ground , and
1-0 nursery seedlings with a top length of 25 inches. Im-
mediate:y after planting the area was flooded from mid-
March until la’ e May.

m.
.. ‘~e t.~lin qs had a surv ival , at the end of the firs

~~~in-~ season , cf 87% as compared with 15—24% for the cut—
tir. us . he~ gh measurements at the same time showed seed-
lings ave ra— ~ing 11.7 inche s as compared to 7.3 to 10.8
inches for cuttings.

Cut ir..~s are inexpensive to procure and easy to handl e
ar . -

~ a s  .il1~~- rap id expansion of genetic selections.
Hence , t~ ev will undoubtedly continue to be preferred for
r~~st s..t.-s . Where floods are likely during late winter or
.n t he .~a; 1y q~owi~ season , planters may have better Xe-

1~~ ~~th s~~. :iings whose tops are long enough to st~~
abnvr hiu ~~~~~~ ~r. ~n such si~~cs , as on all others , th e

~1 ~n: ~ io~ s~~~~1d he ‘‘i l tivat~ 2 and weeds controfl’~i ~~er
the soil ~~~~~ dry enough .



“Jr,-o;, P.L.; Harcombe , P.A .

1975

Community diversity of coastal plain forest in southern
east Texas

Ecology 56:1004—1008

Forests on the coastal plain of southern east Texas
have high within- and between-habitat diversity for woody
species. High shrub diversity is responsible for high
within-habitat diversity ; a long topographic-moisture
gradient may be responsible for at least part of the be-
tween-habitat diversity .

.

_ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  - .-~
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Matjuk , l .S.

1953

Influence of soil conditions on the development of root
systems of tree and shrub species

Pedology 5:24-30

Discussed with scale diagrams accompanied by profiles
show i~ q soil texture , the development of some root systems
of trees and shrubs in mixed plantations (from 14 to 40
ycais old) in the chestnut-ear th zone of Rostov province ,
based on studies made in 1952. The mixture s dealt with are
Pinus sylvestris/Quercus robur, P. nigra var. caramanical/
Q. robur, and mixtures of P. sylvestris with one or other
of the following--Po~ulus ~~~~~~~~~~ Betula verrucosa, Salix
sp., Rhus continus, Caragai i~~iborescens. Concludes that,
in addition to the differences in rooting habit between
species , the re are marked differences in root behavior ac-
cording to the texture of the various soil horizons , and
considerable changes of root development occur in passing
frur~ one hor izon to anothe r of different texture. The cor-
rect choice of mixtures for plantations must therefore in-
vol ve a study of both specific differences and behavior as
regards soil texture throughout the profile.

~ 

- . -
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Miller , ~c.D.

1974

An annotated bibliography of southern hardwoods, Vols. I
and II

‘ .C. Agri. Exp. Sta. Techn . Bul. 176 , 228

An excellen t annotated bibliography of references on
southern hardwoods covering a wide range of sources includ-
ing monogr aphs , journals , technica l reports , and other
serial publications.

~
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Minckler , L.S.; McDermott , R.E.

1960

Pin oak acorn production and regeneration as affected by
stand density , structure , and flooding

Mo. Agr. Exp. Sta. Res. Bul. 750, 24 pp.

Acorn production varies greatly from one year to
another . Pin oak in pure even—aged stands produces plen-
ti ful acorns , at least as early as the range 25-35 years.
During a good 5eed year, the production of sound acorns is
abundar~~. Although dormant-season flooding did not de-
crease the production of acorns , it did adversely affect
the production of new oak seedlings.

I

I

_ _ _ _ _ _ _ _ _  .
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‘~~:.ckler , L.S. ;  Jartes , D.

1965

Pin oak acorn production on normal and flooded areas

“to. Agr. Exp . Sta . Res. But. 898 , 15 pp.

The effects of flooding and other stand treatments on
pin oak acorn production, growth , and regeneration . This
paper reports the approximate amounts and variability of
p~ n oak acorn production after nine years of acorn collec-
tions , and discusses some of the elements that affect the
size and quality of the acorn crops. 
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Minckler , L.S.; Woerheide , J.D.; Schlesinger , R.C.

1973

Light, so il moistu re , and tree reproduction in hardwood
forest openings

USFS Res. Paper NC-89

Light , soil moisture , and tree reproduction were meas-
ured at five positions in six openings on each of three as-
pects in southern Illinois. Amount of tight received was
clearly related to position in the openings , opening size,
and aspect. More moisture was available in the centers of
the openings , although 4 years after openings were made the
differences between center and edge positions decreased
considerably. The abundance of reproduction was not re—
lated to opening size, but height growth was best in the
centers of larger openings.

j i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _
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M~ tsch , ~ .J.

1975

Systems analysis of nutrient disposal in cypress wetlands
and lake ecosystems in Florida

Ph.D. thesis , Univ. of Florida , Gainesville

~-~.:- .~e ls , field measurements, and computer simulations
were used to evaluate alternative systems of man ’s nutrient
recycling using a freshwater lake and cypress swamps in
Florida . Ecological characteristics , nutrient budgets, or-
ganic productivity , energy relations, and interfaces with
man ’s economy were compared between the two ecosystems.

_ _ _ _  

4

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Mitsch , W.J .; Ewel , K.C.

197 9

Comparative biomass and growth of cypress in Florida wet-
lands

Am. Mid. Nat. 101:417—426

Tree biomass and increase in biomass were determined
for cypress (Taxodium distichum) in different systems in
FLo rida. Ten trees were harvested to determine biomass r -

grt .ssions. Lowest biomass and tree growth rates were found
in cy~.ress-pine associations indicative of low water , in
moriospecific stands of cypress which are indicative of high
wa ter levels , and in a poorly drained cypress dome. High-
est cypress tree growth rates were found in cypress-tupelo
systems and cypress—hardwood systems. The latter are less
dominated by cypress, however , so individual tree growth
gxeateX . Cypress-hardwood associations are known to be
.~enera11y better drained than cypress-tupelo systems . Tw.~
exp~•riment..il cypress domes currently receiving treated sw -
age ef~ luent and groundwater showed high individual tree
‘:r ’w~.h .

_ _ _ _ _ _ _ _ _ _ _ _  - . - .
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Monk , C.D.

1966

An ecological study of hardwood swamps in north-central
Florida

Ecology 47:649—654

The hardwood swamps of north-central Florida may be
divided into two groups: (1) mixed swamps and (2) bay -
heads. The former is characterized by deciduous species
and the latter by evergreen species. Mixed swamps occupy
sites which are usually higher in calcium , magnesium , cal-
cium/magnesium ratios, calcium/potassium ratios, pH, and
depth of maximum flooding. Sabal ~a1metto, Fraxinus caro-)iniana, Ulmus floridana, and Thxodium distichum are more
restri~ted to the mixed swamp habitat, while Cordonia lasi-anthus , l’ersca palustris, and Magnolia virg~iniana are morecon f ined to bayhead. Quercus nig~ra, Acer rubrum, Liquid-
a~ :- ar styraciflua, and Nyssa sylva€ici~~~cupy both habi-p its. Though several species link the two co~ nunities , the
two habitats can be effectively separated by certain eda—
r’hic variables. 

,.~~~ - - -- ~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~
_ _  _ _



~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -—..-~~~~~~~~~~~~~~~~~~ - - .-~~~~~~~ -. . .— ~~~~~~~~~~

19/

Nixon , E.A.; Willett , R.L.; Cox , P.W.

1977

Woody vegetation of a virgin forest in an eastern Texas
river bottom

Castanea 42:227—236

The woody vegetation of a virg in forest on the flood-
plain of the Neches River in east Texas was analyzed . A
total of 48 woody species was recorded , of which 17 oc-
curred on ridge areas and 35 on low flats. Significant
quantitative differences in vegetation existed on these
sites even though elevational variation was generally less
than 2 m. Ridge areas were dominated by American hornbeam
(Carpinus carolinians) and water oak (Quercus nigra),
whereas Carolina ash (Fraxinus caroliniana) and silver
bells (Styrax americana) were the most prevalent species on
flats. The overall principal woody species were American
hornbeam , Carolina ash, water oak, red maple (Acer rubrum ),
possumhaw (h ex decidua), and silver bells. The succes-
sional status of this forest was discussed and we concluded
that it was a topographic climax.

—-— -
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Nybuer , R.~~.; Ebinger , J.E.

1976

Woody vegetation survey of a terrace forest in east-central
Illinois

Castane a 4 1 : 3 4 8 — 3 5 6

A total of 47 woody species was found in the survey .
Two dist inct vegetational zones were recognized , a low ter-
race and a high terrace. The low terrace contained an av-
erage of 140 stems/acre (b.a. 125 sq. ft /acre); it was
dominated by Aesculus slabra, Acer negundo, Celtis occiden-
talis, P]atanus occidentalis, Acer saccharinum, Juslans ni—
~~~~~~~~~~ and (Jlmus americana. The high terrace contained an
average of 126 stems/acre (b.a. 113 sq. ft./acre) and was
dominated by Carya laciniosa, Acer negundo, Quercus alba,
Fraxinus americana, Xcer rubrum, and Olmus rubra. Seedling
density was lower on the low terrace, probably because of
occasional flooding. Possible changes in the species com-
position of the two zones are discussed.
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Nyes tsyarovich, M.D.; Dzyaruhina , T.F.

1975

Growth of Russian elm and European ash seedlings dependinq
on duration of flooding

Vyestsi Akad flavuk TSSR Syer Biyal Navuk 4:5—9

The effect of flooding for 15 , 30, 60, 90, and 120
iays on tne growth of Russian elm and European ash secd-
!.ings was investigated . In the initial period flooding had
.o effect on plant development. Shoot growth began simu l-
taneousiv ir-’ the control and flooded variants. Flooding
~rr uj: to ~u days had little effect on the duration of
shoot growth (82-88 days for elm and 67 days for ash).
However , in this case there was a decrease in the average
~‘~Jices o~ the shoot length (78.8% for elm and 55.5% for
ish in comparison with the control), plant height (by 21.1%
~~r elm and lO .t~ ror ash), diameter of the trunks and root

~~~~~~~ An inc rease of the flood ing time to 90 and 120
~ays shortened the growth period of the shoots by 30-36
days for elm and 35 days for ash. Under these conditions

~~ shoot ~en~~ h , t runk diameter , root length , and plant

~~~~~~ -: ‘rea~~ .~ even more in comparison with the control.
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L 9 7 7

Banking on basket w1llow

soil Conservation 42 (1977):l6

Salix purpurea (introduced to the United States in
colonial times for basket making ) was successfully used in
P ests to control erosion of stteambanks by floods and ice .

-‘oted or unrooted cuttings could be used. Plants reached
a hei ght of 4-5 ft. in 2 years and are expected to reach
nat-.re height J0—20 ft.) in 5—7 years.

-
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O’Leary, J.W.

1965

Root pressure e~ udat ion in woody plants

~~ot.. Gaz. l26:l08—l l~

A study wJu made of - ii ~~feienccs in amount .tn~i C On c c n—

tra~ ion of root press~ rc exudate f rom detopped root systems
of uvv &-ral woody species. Root. pies~~ re exuJat.~.on ~~~ ...x-
hibited by young ~jrape plants and young seedlings of tuii~
tree , L)A.Lch , dnd red maple but not by loblolly pine , ~~~~~~~~~
spruce , and su ar maple. Th~ salt concentration of the
root pressure exuda te was always greater than that of the
external solution . When solution was pushed through the
root systems by applying a pressure of 1 atm to the solu-
tion surrounding the roots , the volume of exudate increased
considerably and its salt concentration decreased. Never-
heless , the total amount of salt delivered per unit of

time increased . An increase in solution temperature from
.~4 to 34°C. increased the yield of exudate from indiviJu..l
roots of pine and spruce more than seven times. The rate
of exua~ tion from sir gle roots of grape and wh~ to spruce
was de:reased by sodit~m azide . Individual excised roots Lt
loblolly pine that were completely suL~-’r~ .:ed exh~J. ite~ con-
siderable exudation . In fact , after a ~4-hour 1a~~, the
rate of exudation from these roots began to increase ra~-id-ly, soon surpassing the exudation rate from act~~ve1y .4row -
ing roots.

.— --— -
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/

O1..~~, D.F.; Hoover , ~LD.

1954

Methods of soil moisture determination under field
c~ nJ it . ions

~~ 5 SEFS ES Paper 38

Lack of knowledge in the field of soil, moisture can be
a trxbutc d to a lack of adequate means of measurement
iaiher th i:~ to a lack of interest on the part of investiga-
t.’:s. It can be seen from the review of methods used that
t h e  idea l conditions for making soil moisture studies exist
wh ..ri nondestructive testing can be used , when moisture in
the soil itself can be measured , and when the soil is un-
distur bed and free from unnatural influences. It is also a
requirement that continuous records be Obtainable in the
range of soil moisture from air—dryness to saturation .

Of the methods available for use at this time , those
emp1oyi n~ fabric electrica l resistance units most nearly
approach the ideal. The use of radioactive materials , when
f ur ther developed , w ill Almost exactly match the ideal.
‘rensiometers are exce llent devices for measuremen t in the
wet range , and , used in conjunction with fabric units , pro-
v~ de records for the complete range of soil moisture.

One serious difficulty with all continuous measurir .:
i n st r u-c n t g, however , is that calibration in the field
a.~ainst -~rav~metric samples is not precise because of soilhct .~rogeneity, uneven plant growth and root penetration ,
and un~’ven soil surface conditions. In sampling fo r cal i-
bra tion purposes, a certain portion of each experimental
site is destroyed for further sampling .

As research continues , methodology of continuous soil
moisture measurement in the field may be eliminated as a
limit ina factor , and then investigators can devote their
energies exclusively to studies of the most dynamic of all
so il character is t ics—the soil water complex . 

-~~~~~~~~~~ - -—
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O’N~~i1 , C.P.; deSteigur , .J.E.; ~or th, G.W.; ,Tt nnin~~~, M E .

1975

Trend analys is of vegetation in Louisiana ’s A tchafalaya
River Basin

Ceologi .al Surve -,, flay ~ t . Lou i s , Miss. EROS Applica~~ onsAs si.~tance : .ac i li ty . Dept. of the Interior , Wasn.,
D.C. Ofc. . .—

~~ the A~;st .  S..’c .  for Fish and W i l i l i f i ’ and
Park- ~. Final Rept. 72 p~

The bjc’ctives of this study were to conduct a trend
ana~ ys~ s of forest vegetation in Louisiana ’s Atchafalaya
us~~n t: - : ‘~l) determine trends of vegetation succession ,(2) prod~ c~-’ a current vegetation map of the Basin , and
(3) c1ev ’~~. ~~ a mathematical model capable of predicting

-- ~ar ;es in vegetation , based on changes in various hydroIo~-
.c ~a:t:.r~~. Usiriu time-lapse aerial photography from 1930 ,
‘ and i i-~ 3, :nur test  str ips of data covering 16% of tht

i~as i n  w e : e  a r~,-a1~’zed to dete rmine trends in vegetation suc-
ces s . - n . ~u r  : this 42—year time span , the areal extent
of ~urfa ct• ‘.~ater decreased substantially . Sedimentation ,
r . .sponsi~ c f t  *h,. decrease in surface water , gave rise to
•‘~ tensivc~ stands of w i licw 

t rees. Natural levees increased

~~ z -  a~ f~ at~. an : sti ips were fille ..i ~ n by increased sil-
~~tion . :~ -~~.~~ ed in an increase in the extent of mixed
:r~rJ.~o - u f.~rcs

t y~~e ; . Additi ’~nal Iy , the sedimentation
~ t thi n - .

~~~
-p a r~ ~s k-creased the areal extent of the cypress

t..~ ’i o fo~
.
~s associa ~~ - n~~ .

_ _ _ _ _
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J.

1950

The effects of flooding on the transpiration and survival
of some southeastern forest tree species

Plant Physiology 2 5 : 4 5 3 — 4 6 0

A study of the e f fec t s of flo. ding the soil in wh~ ch a
numbe r of forest tree seedling s were growin~ showed a con—
;iderable amount of similarity in reduction of trans ilra -

I tion rate. There were , however , certain differences exhib-
I i ted between species which ordinarily grew in widely dif-

:eren t sites. Cypress seedlings showed an outstandingly
1- .~ qh leve l of transpiration rate after flooding , although
. here was evidence that t he roots did no t grow as well in

more poor ly aerated levels of the container as in the
I better ae ra tcd  levels. Overcup oak showed a decline simi-

jar to the other oaks in the first few days of floodinc ,
but un ike the other oaks, produced a second crop of1 1 ~ves. Red cedar , red oak , loblolly pine , wh ite oak , and
~~am chest nut  oak all showed a s imilar response to the
t loeJ~ nq reatrer.t.

L
. 

_ _ _ _ _ _  _ _  _ _ _ _ __ _ _ _ _  
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Parsc- n~~, S.; Ware , S.

1978

Vegetation and edaphic factors in small stream swamps of
the Virqinia Coastal rlain

Paper presented at the S6tn Annua i M t -~ . of the .~ i. Ac ,~i. ot
Sci., May 9—12 , L - ~78, Blacksbur g

Vegetational composition , soil tex ture , soil rrincral
content , soil pH , so il moisture content, and flooding lev-
els were studied in 14 small stream bottoms in the central
Coastal Plain of Virginia. High sununer soil moisture lev-
els , high Ca , high Mg, high N , and high pH were all found
in stands dominated by Frax inus penns~’1vanica, Acer rubrum,
and Ulmus americana. In stands of this type , which were
frequently floode~~ Taxodium distichum became an important

— associate. Stands wfth some dry periods in the suum~er were
more variab le in compos it ion , but often had çarpinus caro-
lin iana and Liguidambar as important species. Some stands
of this more acid, low Ca , summer dry type had heavy ti c . ...-
ing during the wetter parts of the year , and in these - - : t .. : -

cus p~~ llos was important . Duration of flooding and sc-il

~~Tsture between floods w e t . - far mo~ e imoortant in ccntroi-
l ing vegetation than frequency o: flooding or depth of
f looding. 

-
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Pa~.1, B .h.

Specific g :avity variations in hardwoods of flooded delta -

areas

Sou. Lumb€rman 2l2(2634) :14 , 16—1 7

rrees subject to deep flooding were feund to produce
l i ; hter-t han-norma l wood at their bases. This was espe-
ctall y true where bu t t ress ing  occurred . Buttresses of wa-
ter t upelo were found to have wood density only a little
more than. half that in the upper portions of the same
trees. Flooded green ash also produced unusuall~’ light
wood at the base . This is in contrast with the behavior of
upland t rees , which normally have the heaviest wood at the
stum~- with a decreasing trend upward as far as the lower
limits o~ their crowns. Flooded oaks show only a slight
tendency to produce low-density wood near the ground level ,
or none at all.

The wo od f rom water tupelo buttresses is often used as
f l uats  for f ish-nets; it can be used for paper pulp but on
a cor d basis the yield is low. If forests are to be perpet-
uated on perennia lly flooded areas , some sacrifice in wood
density may :.€ necessary. 

rn.- -- —~~
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Pen found , W .T .

1952

Southern swamps and marshes

~ t Rev. 18 : 4 1 3 — 4 4 6

Swamps are defined as woody communities and marshes as
-~rass-sedge-rush communities occurr ing in areas with sur-
tic e water for one or more months of the growing season .
rresh-water swamps are divided into deep-water swamps (two
t ypes) ,  s~nal1ow swamps (six kinds), and peaty swamp s (four

cpe s , including the bay s, pine pocosins , cedar bogs and
evergreen shrub bogs of other investigators). The salt wa-
ter swamps include only two types, although two zonal
~transitional) communities are described . The fresh-water
:~arshes are divided into deep marshes (three types) andshallow marshes (variously called wet meadows, wet prairies ,
;rass-sedge-bogs , pine barrens or savannahs by other work-
ers). The salt marshes comprise only three marsh types,
although two transitional communities are described. Also
included are descriptions of success ion. 

~~~~---- ~~~~~~~~~ -~~~~~~~~- - -  — - _ _



I
~~re1ra , J.S.; Kozlowski , T.T.

1 7 7

Var iations among woody angiosperms in response to flooding

Physiologia Plantarum 41:184—192

Effects of flooding on young Populus deltoides, Salix
n ij~~ , Eucalyptus camaldulensis, E. globulus, Ulmus amen-
cana , Quercus rubra and Fra~ 1nus p~~nsylvanica plants were
~iU~1ied. Flooding vario~~T in ucèd several sequential
phys iological dis turbances , with stomatal closure among the
earliest responses. Subsequent responses included inhibi-
tion of root grow th, alterations in root and stem morphol-
ogy , formation of adventitious roots and leaf senescence .
In amphistomatous species (P. deltoides, S. nigra, E. cam-
aldulensis ) flooding rapidly induced stomatal ciosuie on
the a’ti~T~l epidermis of P. deltoides, but not that of S.
i~jrt or E. camaldulensis. In hypostomatous species (E.
j~~~uL..s, U. americana) flooding significantly induced
st nma ta~ cTosure on the abaxial surface within 3 days.
St’m’tt al responses to flooding were not correlated with
leaf ~Ttter stress. In both long— and short—term experi—
ments , :lood~ ng did not significantly increase plant waterst ress .  These resul ts deemphasized the importance of plant
~.ater c ress in inducing plant responses to f looding. The

-~rt ance ot various hormones in inducing floothng symtoms
is L1s ( u Sseu. 
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Perry , T.O.

1962

Racial variation in the day and night temperature require-
ments of red maple and loblolly pine

For. Sci. 8:336—344

Plants from different geographic locales in the range
of red maple were subjected to a number of day and night
temperature treatments while the remainder of the environ-
ment was kept as uniform as possible. The night and day
temperature required for optimum growth was different for
each of the provenances of red maple and corresponded well
with the day and night temperatures that normally prevail
where the collections were made. The day temperatures re-
quired for optimum growth were higher than the night tem-
peratu res .

A parallel series of experiments with two provenances
of loblolly pine revealed geographic variation in the day
temperatures required for optimum growth. However , the
loblolly pine provenances gave par allel and anom alous re-
sponses to the dif ferent night temper ature treatments.
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Pham , C.~i.; Halverson , H.G.;  Heisler , G.M.

l9’8

Red ma~cle (Acer rubrum) growth and foliar nutrient respon-
ses o soil fertility level and water regime

USDA For. Ser. Res. Paper NE-412

Red maple seedlings were grown in a greenhouse using
three treatments: two soil horizons, two soil moisture re—
~:ime s , and three nutrient levels. Fertilization increased
growth under moist conditions on the more fertile topsoil.
Under dry conditions , fertilization had no effect on growth
in subsoil, and slightly increased growth in topsoil.
Without fertilization , growth was greater in the moist top-
soil. Growth was most balanced when available soil N was
25 ppm , P was 25 to 75 ppm, and K was 75 to 100 ppm. Mul-
tiple regression equations relating growth to foliar flu—
tr ients were significantly different only for the subsoil.

-U
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Phares , R.E.

— 1965

Growth and nutrition of hardwood seedlings on some Central
States forest and old—field soils

Proc. Soc. Amer. For. 1964:46—47

Hardwood seedlings grown from seeds in pots of Lind-
l e y,  Shelby , and Clarksville surface soils grew much bettez
n forest than on non—forest soils, mainly because of dif-

ferences in soil fert ility and microbiology . Fertilizer
treatmen~~3 sho..ed that all the soils were deficient in
phospnorus and nitrogen for growth of red oak seedlings.
Potassium was not limiting on any of the soils. 
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Ph~1l ips , J.J.; Markley , M.L.

1963

S ite index of New Jersey sweetgum stands related to soil
and water-table characteristics

USFS Res. Paper NE—6. 25 pp.

The authors developed a prediction equation based on
percent of clay in the B2 horizon, percent of f ine sand in
that horizon , difference in silt—plus—clay contents between
the B2 and A horizons , and the thickness of the 82 hor izon .

_ _ _ _ _ _ _ _ _ _ _  -~~~~~~ -~~~~~~~~~~~~
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Phillips , J...

1966

Site index of Delaware-Maryland sweetgum stands in relation
to soil characteristics

USFS Res. Note NE-48. 5 pp.

In 1963 , Phillips and Markley published USFS Res. Note
NE-6 describing the relationship between site index of ~~~
Jersey sweetgum stands ~ind soil and water-table charact.ei-ist ics. The study was subsequently extended to Delaware
and Maryland , where 25 suitable areas were located and
plots installed .

It was found that alluvial soils were often very good
sites for sweetgum , with site index generally between 85
and 95. Mature residual soils were moderate to good sites .
Muck soils were normally low in productivity . But where
drainage has been improved , sweetgum may have a relativel~high site index — 85 on one study plot.

~
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n i p p s , R.L. ; Ie~~ley, D.L.

1978

Tree-ring response of loblolly pine to hydrologic change
and cl ima te

Paper presented at the 56th Annual Mtg. of tt~*i Va. Acad. of
Sc i., May 9— 1 2 , 1978 , Blacksburg

Ring widths of loblolly pines (Pinus taeda) growing
near a dra inage ditch in the Great Dismal ~wamp were anal-
yzed and compared with climatic factors for periods prior
to and following ditch construction . Results from regres-
sion analysis indicated that prior to ditching , growth was
most limited by dry summers which followed dry summers.
Relative to growth responses prior to ditching, growth
after ditch construction was less strongly linked with pre-
cipitation and more strongly linked with temperatures.
Climatic and prior growth factors in regression explained
87% of the variance of earlywood widths and 82% of the var-
iance of ]atewood widths for the period prior to ditching .
it was concluded that a change in hydrologic conditions
following ditch construction resulted ~rt rainfall and tem-
perature having limited growth to different degrees.

~
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Pierce , R.S.

1953

Oxidation-reduction potential and specific conductance of
ground water; their influence on natural forest dis-
tribution

Proc. Soil Sci. Soc. Am . 17:61—65

Electrometric analyses of ground water were performed
in situ by a portable equipment including a potentiometer ,

~Eeatstone bridge , platinum and glass electrodes, calomel
half-cell , and conductance cell. Results showed a close
correlation between the natural distribution and growth
rate of forest stands in lowland and peat soils and the
properties of ground water , particularly its degree of
stagnation and content of electrolytes estimated by the ox-
idation-reduction potential and specific conductance. De-
fic iency of dissolved 02 and low values of the redox poten-
tial were unfavorable to the natural reproduction of most
upland trees , but not of swamp species on organic soils.
There was a successional trend from Hypnum to Sphagnum peat
swamps on hydromorphic soils. 

. - - - -~~- 
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Pierce , R.S.

1957

Ground water; its nature, properties , and effects on forest
growth

Diss. Abst. l7 (lO):2lll

The investigation covered several broad jeographic re-
gions, including northern Ontario , Wisconsin , the Delta of
the Mississippi River , and the Gulf Coast in northern Flor-
ida. For the general appraisal of the influence of hydro-
logic features on forest growth , the soils were classified
as follows: (1) supraphreatic or upland soils not influ-
enced by ground water; (2) phreatic soils underlain by a
true ground water table; (3) vadose soils influenced by a
perched or false ground water table; (4) periodically
flooded soils of depressions and tablelands; (5) seepage
soxls of dip slopes influenced by the discharge of subter-
~ur~ean water; (6) alluvial soils subject to periodic inun-1ati~m ; t7) swamp soils permanently saturated with ground
water. In every region studied these hydrologic soil

-~roj:’~ exhibited pronounced difference s in their floristic
c - ~:er , rate of forest growth, quality of forest products ,
a~ d capacity for natural regeneration . 

,,_.4___.._- 
~~~~~~~~ - - -
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Pirone , P.D.

1972

Tree maintenance

Oxford Univ. Press , New York

The author classifies the susceptibility of species to

poor soil aeration as follows :

Most L,ess
Severely Severely Least
Injured Injured Injured

Quercus B.tula Populus
Pinus Carya Salix
LiriodendrOn Plataflus

tulipifera Quercus palu8-
tr is

- - - - - - _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _
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Po:~~amperuma , F.N .; Martinez , E.; Loy , T.

1966

Influence of redox potential and partial pressure of carbon
dioxide on ph values and the suspension efforts of
flooded soils

Soil Sci. 101:421—431

T~iirty-five air-dried , lowland rice soils were kept
submer.jt~d for 16 weeks in pots in the greenhouse . Soi l pH
was determined weekly in a 1:1 slurry , in de-aerated water ,
of a small plug of soil taken from the bottom of the pot .
Soil-solution pH and Eh were determined weekly in the solu-
tion drawn by gravity , with minimum of gas exchange , into
an electrometric cell. The partial pressure of CO2 in the
soil solution was calculated from pH and HCO3 activity . pH
values of alkali and calcareous soils decreased while those
of acid soils increased to a fairly stable value of 6.7-7.2
12 weeks after flooding.

~

--,-

~ 

- - - -- -. - - - 



2 .19x

Post , R. W .

1963

E f fec ts of light , so il mo isture , and mineral nutrient treat-
ments on the growth of seedlings of ce r t a .n  deciduous
tree species

Diss. Abstr. 24 (l):13

Seedlings of sweetgum , northern red oak , and yellow—
poplar .~crc~ grown in sandy loam soil in pots with high ar.-~
low levels of light , water , and mineral nutrients. The
largest increases in height and dry weight of sweetgum and
northern red oak seedlings were obtained with high soil
moisture and high nutrients in full sun. Yellow-poplar
made best growth when supplied with a high level of soil
moisture and mineral nutrients and shaded . Within the
range of conditions encountered in these experiments , soil
moisture had the greatest effect on growth.

i
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PrQs ton , R.J. , Jr.

1961

North American Trees

2nd ed., Ames, Iowa. 395 pp.

This manual covers the trees of North America with the
exception of Mexico and the tropical species found in the
southern fringe of the United States. Care has been taken
to include all tree species native to this area (except for
the 1b2 species of hawthorn and 20 usually shrubby willows),
as well as naturalized or commonly planted exotic species.
ifl all, 135 genera containing 568 species are treated .
Drawings showing descriptive characters , distribution maps ,
ani concise descriptions of botanical and silvical charac-
ters have been included for 232 species of trees which are
eith~ r of importance or general interest, while an addition-
al 33~- less important species are either briefly described
or ~~c1uded in the complete keys. Terminology has been
~ce~~ as simple as possible without sacrificing scientificA comprehensive glossary defines necessary tech—
~ti c-tl te~ins. Nomenclature follows the international Rules .

L - - - _ _
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Putnam , J.A.

1951

Management of bottomland hardwoods

SFES Occas. Paper 116. 60 pp.

- Following a general discussion of sites, types, stand
- 

classe s, timber and logging conditions, the bulletin takes
- up the essentials of early management and stabilized man-

agement. An appendix table lists silvicultural character-
istics of 53 important bottomland species. (This bulletin
is superseded by Putnam , Furnival , and McKnight , Management
and Inventory of Southern Hardwoods, 1960.)

_ _ _ _ _ _ _ _ _ _ _  
~~~~~~~~~~ 
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Rals ton , 3.

1455

The relative productivity of loblolly pine and sweetgum on
forest sites in the lower Piedmont of North Carolina

MF thesis , N.C. State College. 40 pp.

Data collected on thirty one-fifth acre plots in the
lower Piedmont r’~gion of North Carolina showed that lob-b u y  pine volumes are 187% greater than sweetgum volumes
for all positions (ridge, upper slope, lower slope, bot-
tom). Site index for sweetgwn was found to be higher than
that of loblolly pine on bottoms.

_ _ _ _ _ _  ~~..- - -
-
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Rand , P.3.

1972

A survey of the phreatophytic trees of the Republican
RLver Valley, Nebraska

Water Resources Rsch . Inst ., Lincoln , Neb. Completion Rpt . -

(Contract No. D I — l 4 — 3 1— 0 0 1— 3 2 2 7 )  77 pp.

The woody phreatophyte co~m~unities of the RepublicanRi~ver Va lley were studied by means of 33 transects locate~:at 4 — 8  mi le intervals along the 205 miles of i~ s course in
Nebraska. Two principal types of communities are present
and are located , respectively, on the west and east haives
of the valley : (a) those in which cottonwood and peachleaf
willow are the sole dominants and (b) those in which cotton-
wood and peachleaf willow have high importance ‘ialues but
in which there is a well-develop ed understory of mixed hard-
woo ..pe ciés. Thirteen species of trees were found in the
trar ,ects and three others were seen in stands along the
r iver.

_ _ _ _ _ _ _ _ _ _  ~~~~~~~~~ --- 
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~andall , A .K.; Mohn, C.A .

1969

Clone-site interaction of eastern cottonwood

Proc . 10th Southern Forest Tree Improvement Conf.,
pp. 89—91

Sit e quality for cottonwood in the lower Mississippi
‘.‘alley varies from excellent on loamy soils to poor on
h~~ivy clay so: ls. Tree breeders have found important
clone-site interactions.

In the pre sent study , 79 cottonwood clones were
;ilanted on two sites near Greenville , Mississippi. Thirty—
:.ir.e clones were selected from preliminary clonal tests,
~~d 40 we re selected randomly. All clones came f rom the
na~~.rai po~-u lation along the Mississippi River near Green—
v~ l1e.

laritation was established on Commerce silt loam ,
one of hc best cottonwood soils in the Mississippi valley.
The site index is 122 feet at age 30. The other plantation
is es’abl ished on Sharkey clay , which is considered poor

~or ;c~~ onwood ; i t  has a site index of 91 feet. Both sites
were planto~i in February , 1965. Measurements of height and
-J.~a -’e~~ -r were “ade during the first four growing seasons.

~ei~ ht and diameter differed significantly among
cl ~f lO :— , a~ on~ replications , and between sites for all ages.
~ ~:l~ te c~i:ferences were greater between sites than be—
~wec~n clones. Mean diameter of all trees at age four was
- - i~~- hes for the plantation on Commerce silt loam and 2 . 8
:iches ~or the plantation on Sharkey clay. The select

clones i i  sli-;htly larger diameters than the random clones.

The authors concluded that diameter—growth responses
ire probably more important than those in height in a sel-

•‘ction progr~im because small changes in diameter greatly
infl :ence vol ur~e.

--
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Reddy , K.R.; Patrick , W.H.

1975

Effect of alternate aerobic and anaerobic conditions on
redox potential , organic matter ~ecomposition and ni-trogen loss in a f looded soil

Soil Biol. and Biochem . 7:87-94

The effect of severa l cycles of varying length of al-
ternate aerobic and anaerobic conditions on redox potential ,
organic matter decomposition and loss of added and native
nitrogen was investigated under laboratory conditions in
flooded soil incubated for 128 days . Redox potential de-
creased rapidl y when air was replaced wi th argon for the
short-time cycles, but decreased more slowly where the
aerobic period was long enough to permit build-up of ni-
trate. The minimum redox potential reached during the an-
aerobic period was generally lower for the longer cycles ,
but in all cases was low enough for denitrification to oc-
cur. Rate of decomposition of organic matter was faster in
the treatments with a greater number of alternate aerobic
and anaerobic periods. The greater loss of N resulting
from the 2 and 2 day aerobic-anaerobic incubation shows
that , i-~ 5oi13 whcrc the :-e~lox potent~a1 falls low enoughfor denitrification to occur , increasing the frequer.cy of
changing from aerobic to anaerobic conditions will increase
the loss of N.

~
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Regehr , D .I.; Bazzaz , F.A. ;  Boggess , W.R .

1975

Photosynthesis , transpiration and leaf conductance of

~~aulus 
deltoides in relation to flooding and drought

Photosynthetica 9(1) :52—61

Sir’ le intact leaves of P. deltoides reached satur-
ating irradl3ncc at 1500 ueinstein m ’s~~ (6l kix). At 30°C
the photosynthetic rate was 26 mg CO2 din 2 h 1 . Photosyn-
thesis increased with increasing CO2 concentration , reach-
ing an asymptote at 1000 volumes per million . Complete
inundation of the root system for 28 days reduced photosyn-
thesis by 50%. Recovery occurred within 1 week after the
end of f looding. The species is very sensitive to drought ,
with photosynthesis falling from maximum between -3 and -8
bar leaf water potential to near zero at —11 bar. Trends
in transpiration rate and leaf conductance were similar to
those of photosynthetic rate.

- -~~ - -- -- -
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Reicosky , D.C.; Ritchie , J.T.

1976

Relative importance of soil resistance and plant resistance
in root water absorption

Proc . Soil Sci. Soc. Am. 40:293-297

No abstract available.
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Rice , E.L.

1965

Bottomland forests of north-central Oklahoma

Ecology 4 6 :708—7 14

The vegetation and selected edaphic factors of 47
star~ds of floodplain forest communities were examined in 10
north-central Oklahoma counties. Soil factors analyzed
were pH; total nitrogen ; total phosphorus; organic carbon ;
and percentage of sand , silt , and c lay at the 0- to 6-inch
and 18- to 24-inch levels. Normal precipitation in the
study area varied from 28.0 to 37.5 inches. Ten types of
communities were present , with Ulmus americana a dominant
in six types and a dominant in 38 of the 47 stands sampled .
~eltis occidentalis was dominant in only six stands. Other
;peET~s which were dominant in at least one stand were Sa-
~~~~us .~r’jr~rrondii , Carya ill inoensis, Fraxinus perinsylvan—

ca , Celtis lae~~~ata, and Juglans ni g-ra. Ulmus americana
occurred as a dominant throughout the entire area , whereas
Sap indus drummondii occurred as a dominant in only the more
xeric ~estern counties and all other species occurred as
Jominar. ts only in the central or eastern Counties. The nun-
ber o: t ree species increased markedly (11 to 23) and den-
sity increased slightly from west to east. No such trend
was noted in basal area. The pH of the so~~ varied fromabove ~~ in the west to 6.8 in the east. No consistent
trends from west to east were evident in other soil factors
analyzed. The best overall correlation appeared to occur
between basal area and a combination of total nitrogen at
the 18- to 24-inch level and normal precipitation . There
~~~ no apparent correlations between the type of plant
c-:rr~un 1ty or the distribution of individual species and thesoil f.ic ors analyzed .
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Roberts , B.R.

1963

Effect of water stress on the translocation of photosyn-
thetically assirulated carbon-14 in yellow-poplar

Diss. Abstr. 24( ):~~l8

Three-year-old seedlings of yellow-poplar were subiec-
ted to various degrees of water stress and C~~O2 was then
supplied to a single leaf for one hour under artif icial ii ~~
lumination . As expected , the relative quantity of radio-
carbon in each seedling decreased with increased water
stress. This condition was reflected by a decrease in the
amount of C ”0 2 absorbed per unit of leaf area as well as
by a reduct~ion in the percentage of C

1
~ translocated out of

the exposed leaf. The most drastic change in radioactivity
occurred be’ween water deficits of 5-20%.

- -~~~~~~~~~ - - - - - - --
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P3berts , S.W.; Knoerr, K .R.

19’7

C p - ~~r.en g of water potential estimated from xylem pressure
measurements in five species

~eco~ogia 28:191-202

Prc~ sure volume curves were measured with a pressure
bomb in leaves collected in the field from h e x  o aca, Acer
rubrum , .iquidambar styraciflua, Liriodendron tu ip lera,
and Cornus florida. Water potential components were calcu-
latt~1 from the cüives. The species differed in the rela-
t ionships neasured . In all species the trends from sununer
to fall were toward lower (more negative) osmotic poten-
tials , lower matric potentials , more rapid loss of turgor
i~ith increasing leaf water deficit , and the occurrence of
incipieflt plasmolysis at lower values of leaf water defi—
cit . Initial osmotic potentials ranged from —14.8 to
-1 9.8 bars, simiiar to values reported in the literature
for other mesophytic plants. These values , however , were
much hicher than those reported for halophytes and xero-
phytes. The fraction of leaf water which contributes to
the osmotic potential ranged from 0.74 to 0.98 in this
sr~ dy . Values reported for other mesophytes and for halo-
phytes and xerophytes all fall well within this range .
Patterns of component water potentials are discussed in ic-
lat~ on tc potential growth rates and water flow in the
total plant ~y.tem .
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Robertson , P.A .

1978

Comparisons of techniques for ordinating and classifying
old-~ rowth floodplain forests in southern Illinois

Vegetation 37:43-51

Comparisons are made among the responses of several
ordination and classification techniques using a set of 136
plot samples from a diverse old-growth bottomland forest in
southern Illinois. Of the ordination techniques evaluated
(P0, PCA , GO and RA) , RA provided the most interpretable
ordering of species and samples. The R.A plot ordination
was divided into three segments which correspond to ma)or
vegetation units within the study area itself and morn
broadly within the Southern Floodplain Forest Reg ion . Among
the class~ fica’- ion techniques used (MINFO, MDISP and
CLUSTER>, MINFO produced plot clusters and species group-
ings which are similar to those identified by RA. Discrim-
inant analysis was used to interpret the plant groups usir~various environmental variables as predictors. This ap-
proach successfully provided an en’ironmental interpreta-
tion of the jr:~-Jp structure as identified by this and other
-~lassxfication techniques. The vegetation patterns in the
old-growth woods at Horseshoe Lake appear to be influenced
by a complex flooding-aeration gradient.

_ _ _ _ _ _ _ _  - ~~~~-~~~ -~ - 
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~ober ’ ’ion , P.A.; Weaver , G.T.; Cavanaugh , J.A .

1978

Species patterns near the northern terminus of the southern
floodplain forest

Ecol. Monogr. 48:249—267

The bottomland forest on Horseshoe Lake Island , lo-
cated on the Mississippi alluvial plain in Alexander County,
Illinois , is comprised of 2 stands , one relatively undis-
turbed and the other which is recovering from disturbance
In the late l800s or early 1900s. In both stands vegeta-
tional structure , gradient relationships , diversity and
size-class characteristics were studied . In the old-growth
stand , 35 soil-site variables were measured or estimated
~or interpretation of vegetationa l patterns and species
-~istributions. Both direct and indirect gradient analyses
were evaluated for use in floodplain forest studies and ul-
t imately the indirect approach with multiple regression in-
terp retation was used to construct a gradient model of the
vegetation . The important species on the ridge bottoms are
Acer saccharum, Asimina triloba, Liguidambar styraciflua,
TT~us rubra , Quercus rubra and Tilia amerfcana and are as-
sociat~~~~Tt~-~ wel1-drajne~ soils and infrequent flooding.The transitional segment is dominated by Asimina triloba,
Li-j~ idamba r styraciflua , Quercus michauxii, Quercus muhien-
~tr;~ TT~~TThimui~ americana with Quercus pagodaefolia and
~- r ? ~~ shumardli as associates on moderately heavy and
:ocr~ y -~:ained soils with interm ediate flooding. The hard-
wood Iottom sites are dominated by Acer rubrum , Fraxinus
E~nnsy1vanica , Liguidambar styraciflua and tJlmus americana
and ~-iy fiooded for several monthi each year and have
hr .ivy textured , poorly drained soils Multiple regression
inaly sis with rid ge regression revealed that Fraxinus amer-
~cana a~. ~ Acer saccharum have wider tolerance to flooding
~nf ~‘~or aeration than previously reported . Importance
Va l-~es o~ ~e’.eral species were related to duration and
lepth of flood i ng , soil mottling and soil texture indicat-
ing that distributio ns are affected by a site—inundation ,
so il d~ ai~~age-aeration crmplex.
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Schlesinger , W . H.

1978

Commun ity structure , dynamics and nutrient cycling in the
Okefenokee Swamp-Forest

- Ecol. Monogr. 48:43-65

Aspects of community structure and nutrient circula-
tion are described for the cypress (Taxodium distichum )

- forest in Okefenokee Swamp, Georgia. This bog environment
is characterized by low nutrient availability and large

I peat accumulations.

The tree stratum of the forest is dominated by cypress,
- which is probably due to recurrent understory fires which

eliminate other swamp species. In stands throughout the
cypress forest, the density and total basal area of living

- stems ‘ 4 cm diameter vary greatly, but mean values (1.465
stems/ha; 52 rn-/ha) are high compared to upland forests.

- Natural thinning appears to be unimportant. Abundant stand-
ing dead trees suggest that differences in density among

- 
stands are due to past differences in the frequency and in-
tensity of forest fires during periodic droughts.
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schmelz , I).

1967

Krame r Woods: an old-growth stand on the Ohio River
terrace

Proc . m d .  Acad . Sd .  77:184

The 12 acre stand is located in Spencer County , m di-
ana . In a full tally of 21 acres , 34 species with dbh over
4 inches were recorded ; 2 more species with dbh over 2
inches were represented . Quercus shwnardii contributed 17%
of stand density and 30% of stand basal area. Density and
basal area factors combined , 9. shumardii had an importance
value of 23.5% , Carya ovata—laciniosa 13.5%, Quercus palus-
tris 9.4% , Liguidamber styraciflua 8.4%, U lmus americana
7.5% , Quercus bico].or 6.3%, and Fraxinus pennsy]vanica 4.7%.
The largest stems were those of the three Quercus species
mentioned , one Q. shwsardii measuring 51.5 incl~~s dbh . Re-
production was predominantly C. ovate-laciniosa, F. penn-
sylvanica, and U. americana. The stand differed markedly
from other Indiana bottomland stands in species coinposi-
tion , in higher average stem diaz~~ter , and in lower standdensity; it was similar in stand basal area and in size—
class distribution . 
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Schomaker , C.E.

1958

Two-year results of planting yellow—poplar in north Alabama

‘c’ur. of For. 56 :37— 38

Preliminary indications are that yellow-poplar plant-
tng in north Alabama should be confined to the bottoms,
lcwcr two- th i rds of the north aspects , and the lower one-
third ot the south aspects of upland draws. On moister bw
well-drained areas, planting may be safely done at higher
levels on the slope . ~n drier sites , ~lanting should be
restricted to the bottoms and lower slopes of the north as-
pects, wnil e south aspects should be avoided entirely .

_ _ _ _ _ _ _ _ _ _ _  
—.._-- ~~-~~- - _ _ _ _ _ _ _



236x

..~c~iu1tz , R.P.

t 8

Soil or foliar fertilization of well—drained and flooded
slas)~ pine seedlings

USFS Res. Paper S E—32. 8 pp.

One-year-old slash pine seedlings were grown for nine
months under two soil-moisture and four N + P fertilization
treatments. Flooding increased seedling mortality and de-
creased growth. Foliar fertilized seedlings did not grow
better than unfertilized seedlings either under well-
drained or flooded conditions. Under well-drained condi-
tions , seedlings receiving soil fertilization or foliar
~l us soil fertilization had more than double the dry-weight

~r~cre~-er~t and one—quarter more height growth than unferti l-ized seedl ings. Under flooded conditions , soil fertiliza-
~ a:  plus soil fertilization did not increase

:-~~ ‘.c7 ht growth but increased dry—wei ght increment by 40 to
50% o’..’r unfertilized seedlings.
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Schw intzer , C .R. ;  W illiams , G.

1974

Vegetation changes in a small Michigan bog from 1917 to
1972

Am. Mid. Nat. 92:447—459

Quant itative descriptions of the vegetation and maps
of the pooi of bryant ’ s Rog are available for several y~~ is
since 1917 providing an opportunity for direct observations
of bog succession. The vegetation advanced into the bog
pool in an irregular manner at an average rate of 2.1 cm/
year. In 1972 the pool was 76% of its extent in 1926. The
vegetation changed in a successional series f rom the cham-
aedaphne association of 1917 to the high bog—shrub associa-
tion in the dry years of the 1920* to a bog forest which
was well—established in the late 1960s. It regressed in
the early 1970s when many of the trees died and the chamae-
daphne association appeared to be re—establishing itself.
The most probable cause of tree mortality was flooding
caused by exceptionally high water levels due to natural
weather cycles. Tree mortality was also found in Hoop i.ake
Bog—which, like Bryant ’ s Bog , lacks aboveground draina~ t’—
while :‘Aone occurred in bogs with aboveground drainage .
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Scott , A. F. Evans , D.D.

1955

r~isso1vei oxy~~ n in saturated soil

Proc . Soil Sci. Soc. Amer. 19:7-12

The polarographic method of measuring dissolved oxygen
in saturare~1 soil was used in the laboratory to determine
w ha t ha~’!ens to dissolved oxygen in saturated soils with noplant growth. Air—dry soils in a glass cylinder were
flooded with air-saturated distilled water and the dis—
solved oxy~ en content was recorded. It began to decrease
imr~ediately after the soil was flooded and had disappearedwithin 10 hours. More oxygen was added to the same satur-
ated soils by flushing them with oxygen—laden solutions.
This added oxygen disappeared even more rapidly. Oxidation-
reduction potentials were measured in situ with platinum
electrodes to determine the relatio~~hip of these poten-tials to the dissolved oxygen present. The potentials meas-
-~Ared were not a reliable index of the dissolved oxygen pres-ent. The systems used are not entirely analogous to those
jr the field, but results give preliminary information about
changes in dissolved oxygen in saturated soils. Redox-poten-
tial measurements show that reduced conditions that develop
in a soil ia the absence of oxygen are not readily removed
by the addition of oxygen. There was a rapid increase in
redox-potential when dissolved oxygen was first added to re-
duced soil , but later the soil was re—oxidized very slowly.
It is possible that the effects of waterlogging on plant
growth may persist for some time after the soil is drained ,
and ever temporary flooding may be injurious to plant
~;rowth . 
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Shar it z , R.R.; Gibbons, J.W. ;  Gause, S.C.

1973

Impact of production-reactor effluents on vegetation in a
southeastern swamp forest

In Thermal Ecol. Conf.—730505, proc. of a symp . held
May 3-5 , 1973 , Augusta

The discharge of heated reactor effluents into streams
~ntt- r ing the Savannah River plant swamp has resulted in
tree ~ortality throughout two—thirds of the swamp . In tJt
deltas of the tributary streams , water temperatures may be
as high as 25C above normal. The release of reactor ef-
fluents not only elevated the water temperatures in par-
tions of the swamp but also raised the water level through-
out much of the swamp . Portions of the stream deltas in
which both extensive flooding and silt deposition occur com-
prise more than half the area of total tree kill. The
studies include determination of the flooding and thermal
tolerance levels of the various species , of the effects
.:pon s~ ecies ~-“riposition and diversity, and of the altera-
~~ cn ‘he compe~ i tiv~ interaction among the species.
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Shima , L.J.; Anderson , R.R.; Carter , V.P.

1976

The use of aerial color infrared photography in mapping the
vegetation of a freshwater marsh

Chesapeake Sci. 17(2)-:74-85

Spring and fall vegetation maps were prepared from a
‘reshwater marsh on the Patuxent River , Maryland. Low al-
titude , color infrared (IR) aerial photos were correlated
with data obtained from field surveys. The vegetation
units mapped refer to areas of homogenous color on the
photos. These areas of homogenous color represent species
associations or monospecific stands which produce a dis-
tinctive tonal signature. Color fluctuations within an
area having a distinctive tonal signature are primarily
caused by a quantitative variation of plant species but are
also related to the growth habit , vigor of the plant ape-
cies , and environmental conditions which af fect  the vegeta-
tion and in turn the color of the recorded image . Changes
in the color over the growing season reflect plant succes-
sions.

----- — - - -  —.- ----- - - - -
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Sigafoos , R.S.

1961

Vegetation in relation to flood frequency near Washington,
D.C.

U.S. Geol. Surv. Prot . Paper 424-C. Short papers in the
geological and hydrological sciences. Art. 238

Vegetation along the Potomac River , near washington ,
D.C., is beiri q studied to determine the relationship be-
tween the form and distribution of plants and the magnit~ -~L
and frequency of floods.

The study area , upon which this report is based , is a
small section of the flood plain of the Potomac River at
Little Falls , a few hundred yards upstream from the Wash-
ington , D.C.-Maryland boundary, between the Chesapeake and
Ohio canal and the left bank of the low water channel. The
flooded area is for the most part a bedrock surface , which
near the canal is covered with alluvium of undetermined
thickness. The forest is composed of typical flood plair.
species. Twenty-four wood species were identitied in the

- 
plots.

The three types of vegetation that occur on the flood
plain of the Potomac River in the study area are thus
flooded at different frequencies, and the vegetation at
lower elevations is flooded at greater depths. The form
and species composition of these types are related to the
magnitude and frequency of flooding.

— _.. _ —
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bilker , T.H.

1948 a

P1 antin~; of water-tolerant trees along margins of fluctu—
ati r.-~ level reservo irs

Iowa St. Coll. Jour . Sci. 22:431—437

A thorough sampling was made of 1,100 acres of water-
tolerant tree plantations , 5-12 years old, along the mar-
gins of fluctuating reservoirs on the lower Tennessee ri-
ver. Data on survival , height , and adaptation ot trees of
changin~ water-tables and to soil and ground—cover condi-ti,’ns were obtained for Taxodium distichum, Quercus nigra,
~~~. ~~ellos , Fraxinus pennsylvanica var . lanceolata, Liquid-
axnbar sytraciflua, Nyssa aguatica, Chamaecyparis thyoides,
and Platanus occidentalis. Results are presented for two
kinds of reservoir—margin sites:

(1) Reservoir surcharge zone plantations , 1—15 ft.
above normal. pool level and infrequently flooded during the
dormant season , have been more affected by inherent soil
moisture than by water surcharge levels. Surcharge water
covering some areas 2-7 ft. deep throughout the dormant
season nas caused no apparent damage, e.g., T. distiehum,
N. aguatica, and L. styraciflua plantations floó~ed by 2-4
?t .  of !trapped water’ throughout June of the third g~o~.in~season. These plantations averaged 11-90% survival and
3 .5 — 14 .3  f t .  total height growth afte r five growing seasons.

(2) Growth of 9-to—12-year-old plantations of T. dis-
tichuzn, N. aguatica, and C. thyoides in the upper drawdown
zone intermittently covered by 1-3 ft. of water is as good
as, or better than , that of upland plantations of fast-
growing conifers or hardwoods. Sites made unfit for agri-
cultural use because of water-level fluctuation offer con-
siderable promise for timber production . Results show
that: N. aguatica should be planted on seepage areas or
sites intermittently flooded during the growing season ; ‘F.
distichum and C. thyoides are adapted to the same sites as
N. aguatica, but can be planted at higher elevations on all
~ut the drier and poorer terrace soils; F. p~~nsy1vanic~var. lanceolata is adapted to all sites except those iRE-
iect to prolonged flooding during the growing season ;
nig~ra and Q. ~~ellos have not been subjected to intermit-ten t floodTng during the growing co~~ on , but off~ r prnmise
for wildfowl cover , and food on all but the drier and
poorer terrace soils; L. styracif]ua and P. occidentalis
are the better species for planting on the better soils in
the upper part of surcharge zones.

___  ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~
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2 3 x

~~~~~ S..’ .; Bell, D.T.

1974

The respo:ise of net photosynthesis to flood conditions in
seedl ings o~ Ace: saccharinum (silver :,.~ ~e)

For. Res. Rep. 74— 9 (1974), Dept . of For., tniv . o~
~llr nois. 2 pp.

r:us stud descr ~~~t ’S  laboratory e -or ir~e~’.ts whicr.
Stu~ v the effect of simu1at ,y

~i !lood con,i itj ons on ~- hct~~cv r -  -

tnes~ s. Ne ’~ C02 ~ssimil:a ’ ion rates after 10 days were re --

~~~~~ o ~S’ of thu :~or ~~a~ ra te in seedlincs -~~~~

ousl~,: sa~~rat~d soil, and to ~~~ in geedlin~.~s ccr~~letc1~
~~~~~~~~~~~~~ ‘;~ ‘.e -~ro~ th reductions cause~i by reduced photo-
syn~ h~’sis ~r~-1e r flood conditions are discussed.

~

-

~

—- -

~ 
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Solomon, C.E.

1977

Bottomland forest ecology

Proc . Forest Management-Water Quality Sein., Feb. 16-17 ,
1977, Univ. of Missouri, Columbia

No abstract available.
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Southeastern Forest Experiment Station

1957

Effect of flooding on surviva l and growth of yellow-poplar
seedi ings

Ann . Rp t. 1957:8

Tanks with about 20 yellow-poplar seedlings per ‘-ank
were tlooded in January and May, and the seedlings C C ’ f l} ; 1 .~~~

’ .

ly cov~’:ed with water for periods ~f 1 , 2 , 3, 4, 7, ~in~i 14
days. The dormant-season flooding had no effect on survi-
val and growth. In the May series , the sur~’i~~i1~ were 100,
100, 90, 50, 30, and five percent.

_ _ _ _ _ _ _ _
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: t L.’~ k , ~ ; ~-~c\l~~i.ne, R.G.

1966

In~ .~:- and intra-specific differences in the root respira-
t ’ ~n :~~~~~-~s of four hardwood species

For. S:t. 12:473—476

In ~h~ s investigation of the causes of the differences
in tolerance t~~ flooding, four species were chosen for
study : yellow-poplar , which ts intolerant to flooding ; red
maple, which c:rows on flood plains as well as on slopes;
weeping willow and black willow , which grow chiefly on
flood ~I~~ins. Sprouts of the first two species were rooted
and then transplanted to clay pots filled with sand and d.-
-:or~ osod sawdust; current branches of the two willows were
r~ cted direc t~ in the clay pots.

All comparisons of root respiration rates of two spe-
cies showed significant Ufferences , with the exception of
that between red maple and weeping willow . Yellow-poplar,
tntolerant to flooding, had the lowest root respiration
rate , r~~d ~ar1e was intermediate , and the willows had the
r . i : he s t  r~a~~ •s .

_ _  ~~~~~~~~~ 
~~~~~~~~ 

_ _
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Steward , E.H.; Powell , D.P.; Hammond , L.C.

1963

Moisture characteristics of some representative soils in
Flor 1d3

t~~~A Aqr i . Res. Serv. Publ. ARS 41—63. 53 pp.

~~‘. iilable. 
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Straka , W.F.,; ‘Framer , E.J.

1976

Effects of subsurface drainage on tree growth and forest
succession

Proc . Central Hardwood Forest Conf., 1st , 1976 , pp. 203-219

In 1969, subsurface drains were installed in one-half
of an oak forest to permit development of an industrial
i ark. Subsequent abandonment of the project permitted com-
parisons of growth rates of dominant trees and shrubs on
drained and undrained plots, correlation of those growth
rates with soil moisture fluctuations , and some insights to
the possible long-term effects of drainage on forest suc-
cession *

Where differences in growth were statistically signif-
ic~int . suooies on the drained site grew less. Drainage did
no’~ affect leaf production , but did cause early loss of
‘— l iage. Generally , it appears that the typical response

rro~sture stress is an increase in terminal stem growth
a~ the expense of lateral stem growth. The present struc-
ture of the forest will remain the same , although white
~~~~ rc~~ tive abundance in the canopy may decline and the
shrub , blueber ry , may eventually be replaced as a result of
its poor growth. 

- - -
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Teskey , R.O.; Hinck~~ 2’ , T.~~.

1977

Impact of water level ez~u:A~Je s on woody riparian and wetland
communities . Vc1. 1: Plant and Soil Rer~ onses .0
Flooding

Fish and W ilili fe Scr. , 01c. Lf  ~‘i~~1. :e r . R~ t .

A comprehen~ ivc L- terature revi~~ of general j~l~i .t
physiological responses to managed or natural chan~ .r in Wa-
ter l~ vel~ (i.e., ii ~.Lme r~ ion , flooding, suil uatu~ at ic~.) ..~nd
on plant tolerance mechani~ -s jr.’.el’.’u:. in ~~~cr level
changes is presented . The major effe~ t of fio-~~ i ng  is ~~~
creation of an anaerobic environment surroundir.~ the root
system and the maintenance of proper root funct~ criing is the
factor  which determines tolerance to flooding . rhysical
tolerance mechanisms involvt’ processes designed to incrt -~~’
o xygen content in the ~ootz either by a~~ ;~~r t  of -c~ y c ~fr om the stem or from parts of the root systtm whert oxy~~ fl
is more ava ilable. Metabolic mechanisms enaLle the p l~ ::’.. ~o
.tilize less toxic end—products. Tolerant species are able
to mainta in root systems with a minimum of strcss l~y i:~~c:—
porating a varict~’ ef to lc :an~ e mechaiu :;~v~. Soil facto~~
“~ y ~melio’-~~

.~ o’- ‘- .r~ ”’te ihe probl”r cause- b~’ f1~ cJ in’
on physiological changes. Soils whic h are floode d s:~~w a
decrease in oxygen concentration which leads - cL~~ges
soil :hemistry (pH ~n reic~x poten’ ia1~ ar r ien~ t v ai ]~~ —
bi1~~ty.  Five water  level t ac t  ~— t 1 n -  of year , f1c-c ~ 

1 re—
quency , duration , wit~’r depth , an s~ l~ ~tion—~~o cc~~ i ered
cr i t ica l  in deterinir~ ng a plant ’ s phy~

;
~~~log1cal responres.

-~ar~ , 
- - - -- - -“~~~~~~~~~~~~~ ‘ ‘ ‘

~~~~~~~~~~~ ‘kJS4a ,, MSc,, - -
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~:t’skey , R.O.; Hi~~’kley , ‘F.M.

1977

Impact o: water level changes on woody riparian and wetland
communities. Vol. II: The Southern Forest Region

Fish an d .ildlife Ser., Ofc. of Biol. Ser. Rpt . 77/59 -

A description and documentation of the natural plant
ecore - jions (communities) occurring in the Southern Forest
~egion as a:fected by flood inundation are presented. The
fo ur ecoregions described are: southern mixed forest ,
southern floodplain forest , beech—sweetgum-magnolia—pine-
oak forest , and bluestem prairie. Within each ecoregion ,
site characteristics for dominant species are followed by
lists of the associated species arranged in order of in-
creasing site-soil moisture . In addition , the climate ,
so ils , general physiography and bottomland successional
patterns for each ecoregion is developed . A table sunmiar-
izes information from existing literature regarding mature
tree and seedling survival in 66 species under three water
conditions: total submersion , partial submersion , and so il
saturated . The information is also divided into flood per-
iods during the growing season , the dormant season , and
yc.~ir-round . Associated with this table is a ranking of rel-
ative tolerance to flooding of these species.
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Teskey, R.O. ; Hinckley , ‘F.M.

1977

Impact of water level changes on woody riparian and wet l- .nu
communities. Vol . Ill : The Central Forest Region

Fish and wildlife Ser., Ofc. of Biol . Ser. Rpt . 77/60

A description and documentation of the natura l plant
& o r ~ gions (communities) occurring in the Central ForLst
Region as affected by flood inundation is presented . The
three ecoregions described are : oak-hickory forest, oak-
hickory bluestem parkland , and oak-bluestem parkland .
Within each ecoregion , site characteristics for dominant
species are followed by lists of the associated species ar-
ranged in order of increasing site—soil moisture. In addi-
tion , the climate , soils , general physiography and botto--
lana succession pattern for each ecoregion is developed . A
table s~ rrarizes information from existing literature re—
gardin.4 mature tree and seedling survival in 53 species
under three water condi tions : total submersion , par tial
submersion , and soil saturated . The information is also
divided into flood periods during the growing season , the
dormant season , and year-round . Associated with this tabic

~t ranking of relative tolerance to flooding of these spe--
cies .

-- - ------— -~-~~~~~~~~~~~~~~ — -* - ---
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Tosk ey , R.O.; Hinckley, ‘F.M.

1978

Impact of water level changes on woody riparian and wetland
communities. Vol. IV: The Eastern Deciduous Forest
Region

Fish and Wildlife Ser., Ofc. of Bio].. Ser. Rpt. 78/87

The purpose of this review is to consolidate existing
information on the effect of water level changes on woody
plante found in riparian and wetland communities. These
plants are normally exposed to high groundwater levels as
well as periods of excess water due to flooding . It is the
effect of too much water rather than a water deficit which
is often the cause of stress to the plant. This stress can -

result in decreased growth and even death , since a plant’s
response to flooded conditions depends on many factors, in-
clud inq the plant species, water level , duration of flood-
ing and time of year . Available information for each spe-
cies has been listed separately in a tabular format.

This volume of the series covers the important woody
plant species in the Eastern Deciduous Forest Region , which
encompas’~es the area from southern Minnesota eastward to
tb .? A~-p al~ ohians .

L 

- ___________



7 

- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

253

Teskey , R.O.; Hinckley , T.M.

1979

Impact of water level changes on woody riparian and wetland
communities. Vol . V: The Northern Forest Region

Fish and Wildlife Ser., Ofc. of Biol. Serv. Rpt. In press.

— — -~~~~~~~~~~~~~~~~ -~~~-— - - - -—
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Teskey , R.O. ; Uinckley , T .M.

Im~ ac t  of wa ter level changes on woody riparian and wetland •

communities. Vol. VI: The Plains Grassland Region

Fish and Wildlife Ser., Ofc. of Biol. Ser. Rpt. In press. -  
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Thieret , J.W.

1971

Quadrat study of a bottomland forest in St. Martin Parish ,
Lou is i ana

Castanea 36:174-181

A forest on the Mississippi River f oodplain “second
bottoms ” in St. Martin Parish , Louisiana , was stud ied by
he quadrat method . The dominant tree of the overstory was

:~ackbe r ry : subordinate were green ash , sweetgum , and bald-
:ypreSs. 

~~~~~ -~~~~~ -
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‘:~~o~ n , K.V., ed.

1958

The Physiology of Forest Trees

New York : Ronald Press, 1958 
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Thomson , P.M.; Anderson , R.C.

1976

An ecological investigation of the Oakwood Bottoms Green-
tree Reservoir in Illinois

Proc. Central Hardwoods Forest Cont., 1st ,, 1976, pp. 45-t4.

The vegetation of the Oakwood Bottoms Greentree Reset-
voir , Jackson County, Illinois , which is under the manage-
ment of the U .S. Forest Service , was examined using the
quadrat method. A total of 27 stands were sampled on this
bottomland area, and the data obtained was used to deline-
ate convnunity types. The following colTgnunities were recog-
nized : shagbark hickory , pin oak, black willow, pin oak -

cherrybark oak , and pin oak - red maple. Pin oak is the
dominant species over most of the area ; however, its suc-
cessful reproduction is limited to more open stands. In
stands with more than 18.4 in of basal area/ha (80 sq. ft.
of basal/acre), green ash, slippery elm , and American elm
dominate in the reproductive strata. A synthetic moisture
gradient was developed using selected indicator species,
and success of herbaceous species and tree seedlings ex-
amined across the gradient. The presettlement vegetation
was examined using the Government Land Office Records and
compared with existing vegetation .
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Tru~~~~c1 .., r~.B.; Hoover , M.D.

H55

A change in groundwater level after clear cutting of lob-
Jolly pine in the Coastal Plain

Jour, of For. 53:493—498

Groundwater observation wells were dug in adjacent
compartments of the Bigwoods Experimental Forest located in
Hertford County , North Carolina , in June 1950. Soi]s and
topography are similar in the two compartments.~ and thewells are approximatley 350 feet apart. The soil is Bladen
silt loam. In July 1952, the ]oblolly pine-hardwood timber
around one group of wells was clearcut. As a result of
this cutting, the water table rose to higher levels for the
remainier of the growing season than it did where a forest
stand was left. This same relationship was maintained dur-
ing the 1953 growing season.

The results of these studies may have a practical sig-
nificance in developing silvicultural systems for the poor-
l~ drained soils of the Coastal Plain and throughout the
flatwoods , where surface drainage is extremely slow. Heavy
cuttinc may conceivably create soil conditions unfavorablc~fot successful seedling establishment. If this proves to
be the case , other systems of cutting that will have less
irrmediate effect on soil moisture and groundwater levels
r~ay be needed in particular areas.

p

-u
h.
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Tyree , M.T.; Cheung, N.S.; MacGregor , M.C .; Talbot , A .J.B.

1978

The characteristics of seasonal and ontogenetic changes in
the tissue-water relation s of Acer, p~1us , Tsug~ and
Picea

Can . Jour . of Bot. 56:635—647

The Scholander-Hamme l pressure bomb has been used to
measure ontogenetic and seasonal changes in the osmotic
pressure of the symplasm at zero water potential , the osmo-
tic pressure of the symplasrn at incipient plasmolysis , the
bulk clastic modulus near maximum turgor , and a number of
other water relations parameters in single leaves of Acer
saccharum and several species of Populus and in shoots of
Tsuga canadensis and Picea abies.
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.~ n Camp , J.C.

196].

Tolerance of trees to soil environment

Proc. Nat. Shade Tree Conf. 37:5-19

The tree species normally associated with flood plains
and lowlands in nature appear to show better survival , bet-
ter growth rates , and better condition when planted along
city streets and in parks than do the upland species. The
bottomland species, such as sycamore, pin oak, elm , soft
maple , poplar , swamp white oak, cottonwood , red maple , wil-
low, river birch , box elder , and cypress , while certainly
not all recommended species for planting , all possess vary-
in~ de~:rees of inherited tolerance to low rates of diffu—s i n  of soil air. The author believes the tolerance these
t rees •~xhibit is a fundamental tolerance to faulty soil
a.~ra~ :on rather than a specific tolerance to excessive soil
motsture . Therefore , to these and to other bottomland spe-
cies , it makes little difference whether the fau1t~ soil
aeration is caused by a layer of water , a layer of con-
crete , or a layer of severely compacted soil. They can
tolerate those conditions and continue to live when their
~~land cousins such as the oaks: white , bur , red , black ,
scarle~ , and chestnut along with tulip-poplar and most ever-
reens would show their intolerance to poor soil aeration

tn syr:ptoms of yellow leaves, small , stunted foliage , and
qr~~ ual dieback in the crown over a period of years. This
i nt.o ’erance to inadequate soil aeration as expressed by up-

~~~~ oaks is most obvious in former natural woodlands con-
:“rted into park use.
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Vanlear , D.H.; Hosner , J.”.

1967

Correlation of site index and soil mapping units poor for
yellow-poplar in southwest Virginia

Jour . of For. 65:22—24

Ninety l/5-acr~ plots of well-stocked
, pure or nearly

pure yellow-poplar were located in southwestern Virginia.
These plots were found to be in five different soil-mapping
units: Clifton loam, Chewacla silt loam , Watauga silt
loam , Chester-Clenelg b arns, and Tusquitee loam. Evidence
in this study indicates little , if any , usuable correlation
between soil-mapping units and the site index of yellow-
poplar .
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Wa~;nt~r , K . ;  Kur z , H .

1954

Cypress : Root and stem modifications in relation to water

Flor ida State Univ . Stud . 13:18—47

Cypress survival was studied in three types of basins:
Dead Lak e an d Cascades , Flor ida , and Reelfoot Lake, Tennes-
see. Survival in continuous deep water for bong periods is
attributed to adventitious roots which may be of three
kinds: extensions of buttress beads, outgzowths from the
sides of the but t ress , or brush—like protrusions r i s ing
ver t i ca l ly  from the roots at the floor of the lake . At
Ree]foot , the critical depth for cypress is nine to ten
feet. At Cascades, Florida , cypress often endures 14 to 16
f t .  of water. However , the duration of high water at Cas-
cades is much shorter than at Reelfoot. The aero-hydro-
period , as herein defined , determines the ultimate buttress
and knee he i~~ t. Active cypress knees contain chlorophyll
in sufficient quantity to give positive starch tests .
Cypress knees will grow into rotting cypress stumps . When
the stump is entirely gone , the pattern of the knees often
outlines the area covered by the buttress of the former
tree . 
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Walker , L.C.

1961

Flooding and drainage efforts on slash pine and loblolly
pine seedlings

For. Sci. 7:2—15

Slash and loblolly pine seedlings planted in a plastic
clay loam soil were continuously flooded to 

~ 0, 4
, and 8-

inch depths; continuously drained to 4 and 8 inches below
ground level; and flooded to a depth of three inches at 3-
week intervals with subsequent drainage at 1/8, 1/4, and
1/2-inch per day coefficients.

A supplemental study tested survival ability of slash
and loblolly pine seedlings planted on waterlogged soil urn-
mediately after drainage , but subjected to subsequent 2-,
4-, and 8-week periods of inundation to 8 inches.

_ _ _ _ _ _ _ _ _ _ _ _ _  — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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•‘a1ker , L.C.

1962

The effects of water and fertilizer on loblolly and slash
pine seedlings

Proc . Soil Sci. Soc. Amer. 26(2):l97—200

Slash pine and boblolly pine seedlings in a Bladen
clay loam soil were treated for 2 years with water at 4
levels , from 4 inches above the ground to 4 inches below .
*~perimposed on these water treatments were 3 fertilizer
l evels to determine if fertilization in the presence of ad-
equate and excessive moisture may result in growth respon-
ses and if fertilization may aid seedlings to overcome de-
eterious effects of high water tables. Survival , height
growth , needle length, foliage color , and foliar N , P, and
K were influenced by both water and fertility levels.
Draining these plastic soils of the Southeastern Tidewater
area to depths of 4 inches below ground is recommended.
Growth of both species during their first 2 years was in—
crc’ -tsed ~t~’::reciab1y by a spring application of 1,000 lb./A.ot 8-8-8 j ius 100 lb./A. of a mixture of trace elements.



Walker , L.C.; Watterston , K.G.

1972

Silviculture of southern bottomland hardwoods

School of For., Stephen F. Austin State Univ., Nacogdoches ,I . Tex., Bull. 25. 78 pp.

I This bulletin contains an excellent and concisely pre-
sented overview of the effects of flooding on the bottom-
land tree species.

I
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, K.F.

~9S2

Effect of roisture supply and soil texture on the growth of
sweetgurn and pine seedlings

Jour . of ~ r. 50:862—864

This study compares the growth of 1-year-old potted
sweetgu’ and pine seedlings during one growing season in
soils of three different textures and under three levels of
“oisture supp ly. Although the sweetguxn seedlings produced
more dry matter and developed larger root systems , the

~jrowt.~ in ler .~~th of leaders and branches was less than that
of the p iner  under all conditions of the experiment
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White , E.H.; Carter , M.C.

1970

Properties of alluvial soils supporting young stands of
eastern cottonwood in Alabama

‘~5DA For .  Ser .  Res. Note S O -I l l .  4 pp.

F i g h t  pure young n a t u r a l  stands of cottonwood , greater
ban two acres in area and represent~ ng a range of site

quality, were selected in the fboodplains of the lower Ala-
bama and Tombigbee Rivers. Their ages ranged from 6 to 9
y e a r s .

Soil samples were collected from soil pits by 6-inch
depths to 2 feet and by 12-inch depths to 3 feet. For each
sample , the following values were determined : pH , texture ,
content of phosphorus , potassium , calcium , and magnesium .

Exanu.nation of the data showed that one stand deviated
~r e at ly  t ror’  t .-~c regression line of site index over soil
~ot a s s iu . r . The soil under this stand was extremely sandy
an d  a h- ’~ low in p ot a s s i u m.  The stand was surrounded on
~~.ree sides the river and a slough , and was influenced
u xr e c t ~~y o~ a s~’—i-permanent high water table which may
have sup~ i~ ed rutrients for the trees.

~her. ‘his ~nd was omitted from the computation , arc~~r t 3 s ± ~~~ equat ~~~n of height  growth over soil p otass ium
was se~~ rec ac~ t~~~o for 94% of the variation in hci~f l t.

~ :n a; r~ .. .~ t wxth European experience indicating
~~ I s  sp~ b~~e h i g h requirement for potass1uI~.

A t r . :~~ so.~~ ~~ o’. e r  a l l  so i l s  and depths sa m p l t o  wa~
~ .i~~ is ~ ~l a k o v e e v~ 1.~e 5 . 5  in d ic~t t

~ ep r . ;  as ‘
~~~~~~ f:~’ ade i~

; e grow h c’~



~ilde , S.A.; Youngberg, C.T.; Horind , J.H.

1950

Changes in composition of groundwater , soil fertility and
forest growth produced by the construction and removal
of beaver dams

Jour, of Wildlife Mngmt. 14:123—128

The residua l effects of flooding and subsequent drain~age were investigated on several typical beaver flowaqes in
Marinette County, Wisconsin. The extremely low negative
oxidation-reduction potential of the surface and ground wa-
ter samples indicated that the removal of the darn d ra ins
the flowage only s u p e r f i c i a l l y, but not internally. The
ana lyses  of submerged soils rtt~vealed several unfavorable
changes produced by impounded water , namely :  saturation of
soil with H2S, accumulation of ferrous Fe , and fixation of

Gr~or~house trials showed that prolonged inundation des—roys ~rycorrhizal fungi. The lack of these microorganisms
~~~ ears to be oi~e of the obstacles retardinc the re-inva-sien of forest trees on drained flowage~ . The detn . of
ann:~ l increment on strip sample plots proved that a rise
of the ground water table depresses the growth of forest

on neighboring lowlands.
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Wilkum , D.A., Wali , M.K .

1974

Analysis ~. a North Dakota gallery forest: vegetation in
relation to topographic- and soil qradients

Ecol. Monogr. 44:441-464

T.:e r~?1ations between vv~;e~ation , topography and soils
were studied in forest stands on slopes and on a floodplain
in northeastern Nnrth Dakota. The forest was less than 100
years old , dominated by Quercus macrocarpa, Tibia americar~aand Fraxinus perinsylvanica var . subintegerrima: it contained
109 species or vascular plants , 10 mosses, and 15 lichens
(listed , by layers). Forty plots were studied . Correlation
analyses were made between community characteristics of the
vegetation (coverage values , etc.) and topographic factors
(slope , aspect , etc.). Principal—component analyses and
Swan-Dix-Wehrhahn o r d i n a t i o n  were used to establish five ab-
st ract consnunity types .  Soil factors (chemical and water)
were measured and used w i t h  the topographic fac tors  for
step—wise elimination multi ple regressions to develop pre-
dictive equations for the distribution of plant species .
The mathematical techniques (exemplified in detail) gave re-
suits showing species and conrwnity patterns resembling
those obtained by stand ordination . -
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L i  i , H . L

I n u :~dj t i o n  damage to boblolly pine seedlings

~SF~ Tree ~‘lanters ’ Notes 36, p. 13

No abstract available.
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Will is ton , H . L .

1959

Inundation damage to upland hardwoods

USFS Notes SO-l23

Of six upland hardwood species flooded during the sum-
mer of 1958 by a flood-control detention reservoir near Ox-
ford , Mississippi , all yellow-poplars flooded for as long
as 19 days died , and those flooded for as long as ten days
were damaged. Other species flooded were red oak, white
oak, blackgwn , sweetgunt, and red maple.
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Williston, H.L.

1962

Loblobly seedlings survive twelve days ’ submergence

Jour. of For. 60:412

one—year—old lobbolly pine (Pinus taeda) seedlings in
north Mississippi surv ived 32 days of submergence in the
dormant season but only 12 days during the growing season .

Tests were conducted with potted 1-0 seedlings in
February and May of 1958 and 1959, and in May of 1960.

These studies suggest that during their second growing
season , bobbolly pine seedlings can survive 12 days ’ sub-
mergence~ that approximately 50% will survive 21 days; and
that one month underwater will kill almost all seedlings.
Dur ing the dormant season 1-year-old bobbolly pine seed-
linc s can undergo complete submergence for at least 32 days
wit h out boss in survival.
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Williston , H.L.

1962

Pine planting in water impoundment area

USFS Notes SO-l37

In tests in Mississippi, all bobbobly and shortleaf
pine seedlings subm erged for 6-7 months in the winter after
(spring) planting died , and a ll ahor.tbeaf submerged for 3½
months; 79% of loblolly survived 1 month’s total and 3
months’ root submersion. Height after 3 years was reduced
by flooding.
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Wilson , R.E.

197 0

Succession in stands of Populus deltoides along the Mis-
souri River in southeastern South Dikota

Am. Midi. Nat. 83:330—342

Studies on five different—aged communities of Populus
deltoides adjacent to the Missouri River in southeastern
Soi~th Dakota were carried out in 1964—65. In this geo-
graphic region newly barren shore lines and sand bar s are
commonly first stabilized by Salix interior. After stabil-
ization , P. deltoides usually dominates these communities ,
and S. nigra and S. interior are present as subordinate
species. After approximately 20 years of P. deltoides
growth these communities change from sites of dry sandy
surface soils supporting little undergrowth to sites with
moist soil surfaces that support an abundance of shrubby
species. Reproduction by P. deltoides is seemingly halted
in these communities after 15-25 years of cottonwood growth.
With the decline of P. deltoides, species such as Fraxinus
pennsylvanica, Ulmus americana and Acer negundo take on
added importance in these floodplain communities .

.
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Wistendahl , W.A.

1958

The floodplain of the Raritan River , New Jersey

Ecol. Monogr. 28:129—153

1. The floodplain of the Raritan River is derived
from diverse geologic materials , since the river flows over
three of New Jersey ’s four geologic provinces.

2. Flood waters deposit the finer particles of allu-
vium at a greater distance from the river than the coarser
particles. This results in the development of a floodplain
which 1~as a greater percentage of sand on the river bankthan it has farther from the river. The dynamics of such
deposits were apparent in a soil profile on the natural
levee or outer floodplain at Raritan Landing.

3. Floods on the Raritan River are unpredictable and
range from none to about 16 days of flooding a year. The
more recent trend as interpreted from existing records
seems to be toward higher annual average temperatures ,
lower precipitation , and fewer floods. Monthly records
show that March has the most floods, although the greatest
average monthly precipitation is in summer when tempera-
tures are high , plant cover dense, and floods scarce.

4. The floodplain forest at Burnt Mills is composed
o~ ~ large num be r of species. Within this forest several
plant communities are evident: the outer floodplain with
meso~ hytic species , the diverse inner floodplain forest ,
aad th~ su:ar -

~~~~~ lt~ dominated terrace . River banks and
x s ~. irids show successional trends on newly deposited allu-

...hich rt~tlec t ~~~ d na-i cs of stream action .

.1
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Wolfe, C.B.; Pittillo , J.D.

1977

Some ecological factors influencing the distribution of
Betula nigra in western North Carolina

Castanea 42:18—30

A phytosociological. and edaphic study was made of 3
stands of river birch , and of 4 communities lacking this
species, in the fboodplains of the Little Tennessee River
System , North Carolina. River birch populations have a
scattered distribution in this region. Analysis of the
data showed that the river birch stands were correlated
with a high total clay content in the soil. It is sugges-
ted that river birch may not only be able to tolerate soils
of high n.c., but may actually require soils that can main-
tain a near field-capacity m .c. throughout the year .
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Wood, B.W.; Carpenter, S.B.; Wittwer, R.F.

1976

Intensive culture of American sycamore in the Ohio River
Valley

For. Sci. 22:338—342

In 1971 American sycamore plantations were established
on a terrace and a floodplain site along the Ohio River
near Haweaville , Kentucky , to study short rotation yields.
Three spacings and three fertilization treatments were
tested . After 3 years highest above-ground yields on both
sites occurred with the closest spacing and N fertilization .

—
~--—~~~
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Woo~1 , B..W.; Wittwer , R.F.; Carpenter , S.B.

1977

Nutrient element accumulation and distribution in an inten-
sively cultured American sycamore plantation

Plant and Soil 48:417—433

Biomass and nutrient uptake under various spacings
and fertilizer treatments were measured by total tree anal-
ysis techniques for Platanus occidental.is seedlings grown
on either a floodplaTh~~r a terrace site in western Ken-
tucky . Stands were planted as 1+0 stock and harvested
after 3 growing seasons. Nutrient element concentration
was affected by site and fertilizer but not by spacing .
Branches and foliage contained 45-70% of nutrient elements
present in above-ground tree parts. Consideration of the
soil nutrient cycle suggests that removal of all above-
ground tree parts could reduce soil P concentration , but
that other soil nutrients would be unaffected .

— 



Wuenscher, J.E.; Kozbowski, T.T.

1971

Relationship of gas-exchange resistance to tree seedling
decay

Ecology 52:1016—1023

Net photosynthesis and transpiration of intact leaves
of seedlings of live species of forest trees were measured
under a range of light intensities and leaf temperatures.
Leaf transfer resistances to water-vapor loss and C02 up-
take were calculated . The species tested included Quercus
macrocarpa, Q. velutina, 9. alba , 9. rubra, and Acer sac-
charum, ~hich occur in southern Wisconsin along an ec~I~gi-cal gradient from xeric to mesic. Stomatal resistance and
water-use efficiencies, the ratio of water—loss resistance
to CO2 uptake resistance , decreased along the gradient from
xerophytic to mesophytic species. Mesophyll resistances
showed a corresponding increase. Variations among species
in transfer resistances help explain the success of differ-
ent species at various points along the ecological gradient
and appear to be an important factor in determining species
ecology.

L -
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Yeager , L..E.

1949

Effect of permanent flooding in a river-bottom timber area

Ill. Nat. list. Survey Bul. 25: article 2. Ill. Dept.
Registration and Ed. 65 pp.

The effect of flooding on timber was studied over an
8-year period (1939—46), on an area of 2200 acres at the
junction of the Mississippi and Illinois rivers . About 600
acres of this were flooded permanently by the Alton Dam im-
poundment. Within eight years almost all trees were killed
in the areas that were actually f looded ; with most species ,
flooding to a depth of 20 in., enough to cover the root col-
lar , was fatal. Pin oak was the most susceptible species ,
all trees dying within three years. White ash proved the
most resistant , trunk sprouts appearing on some individuals
eight years after inundation .
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