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INTROrxJCTION 

Broomsedgc, Androno�on v1rgin1cus L., Panicoideae, is 

a perennial bunch grass named by Linnaeus 1n 1753 in Species 

Plantarum (Hitchcock, 1951; Gould, 1968). In North America 

the species is found east from the 25-inch rainfall belt, 

as well as in California, Mexico, Central America and the 

West Indie� (Hitchcock, 1951; Le1thead � �. 1971) (Fig. I). 

Broomsedge occurs mainly as an early invader of old-

f i elds, in open woods and on sandy soil. Researchers have 

usually reported that broomsedge initially invades old-fields 

from three to five years after abandonment and remains for 

many years, sometimes 1n almost pure stands (Oost1ng, 1942; 

Keever, 1950; Bazzaz, 1968) • .  States in which research has 

found broom�e<lge to be. important in old-field succession are 

listed in Table Io 

Many researchers have attempted to investigate old-field 

succession. The early studies were merely descr1pt1ve. A 

pioneer monograph on plant succession, which includes sci

entific observations, was written by Clements (1916). 

Clements, 1n discussing the causes of succession, concluded 

that a plant community affects the environment in such a way 

that 1t may become less favorable to the organisms responsi

ble for the change and more favorable for other specieso 
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Table I. States , with author citations , in which broomsedge 
has been reported to be important in old-field succession. 

STATE 

Arkansas 

Florida 

Illinois 

Kansas 

Missouri 

New Jersey 

New York 

North Carolina 

Ohio 

South Carolina 

Tennessee 

Virginia 

RSFERENCE 

Davis , 1967 

Kurz , 1944 

Voigt , 1959 
Bazzaz , 1963 
Voigt and Mohlenbrock , 1964 
Bazzaz , 1968 
Ashby and Weaver , 1970 

Harlan , 1956 

Drew , 1942 

Stevens , 1940 
Bard , 1952 
McCormick and Buell , 1957 

Conard , 1935 

Crafton and Wells, 1934 
Costing , 1942 
Billings , 1938 
Keever, 1950 

Larsen , 1935 

McQuilkin , 1940 

Minckler , 1946 
Quarterman , 1957 

Allard , 1942 
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Since Clements•· studies, various mechanisms have been pro

posed to explain replacement of one plant population by an

other. The commonly cited mechanisms are: (1) life cycle 

including overtopning and shading, (2) soil development, 

( 3 )  allelopathic effects, (4) root competition and (5) micro

climatic change. Table II lists the various mechanisms with 

some important author citations. Animals are generally re

garded as having a secondary effect on succession. 

Various aspects of the life cycle, including overtopp1ng 

and shading, are most frequently cited causes of plant suc

cession. Coile (1940) ascribed the initial invasion of lob

lolly pine ( Pinus taeda L.) on abandoned land as being related 

to a good seed year, while its subsequent decline was �ue 

to root competition. Keever (1950) and later Bard (1952) 

attributed old-field succession to aspects of the life cycle, 

including the time of seed maturity and germination, and to 

tolerances of environmental factors. Voigt (1959) has sug

gested that broomsedge, due to crowding and shading, even

tually creates an unfavorable environment for itself; while 

Ba.zzaz (1968) suggested that it is eventually shaded out by 

higher vegetation. 

Soil development, including physical and chemical change, 

is another often cited cause of succession. Changes in the 

physical and chemical properties of soil which increase. 

available soil moisture might enable the invasion of the next 

seral stage (Warner and Aikman, 194J). Increases in soil 
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Table II. The most frequently cited mechanisms o! plant 
succession, with some important author citations. 

Soil Development 
Physical 

Crafton and Wells, 1934 
Billings, 1938 
McQuilkin, 1940 
Smith, 1940 
Werner and Aikman, 1943 
Minckler, 1946 

Root Competition 

Crafton and Wells, 1934 
Duncan, 1935 
Coile, 1940 
Keever, 1950 
Bazzaz, 1963 

Chemical 

Coile, 1940 
Smith, 1940 
Allard, 1942 
Rice et al, 1960 
Warrell; 1965 

Life Cycle 

Coile, 1940 
Keever, 1950 
Bard, 1952 
Voigt, 1959 
Bazzaz, 1963 
Davis, 1967 

Allelopath1c Effects 

Evenar1, 1949 
Bonner, 1950 
Keever, 1950 
Rice, 1964 
Rice, 1965 

Muller, 1966 
Floyd and Rice, 1967 
Olmsted and Rice, 1970 
Rice, 197la,b 
Whittaker, 1971 

Microclimatic Changes 

Bryant, 1952 
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fertility might also allow the replacement of one plant pop

ulation by another. Early studies provided little informa

tion because of attempts to compare different soil types 

(Bard, 1952). Some researchers deemed the observed changes 

in soil fertility insufficient to account for plant succes

sion (Coile, 1940). Recent studies, however, have tended 

to implicate changes in soil chemistry. Rice � � ( 1960) 

have suggested that the relative requirements of nitrogen 

and phosphorus may be important in determining the order in 

which species invade abandoned fields. Furthermore Allard 

( 1942) concluded that a lack of available phosphorus and 

nitrogen might eliminate the broomsedge stage. Smith ( 1940) 

and Ba.zzaz ( 1963) studied changes in soil characteristics 

and concluded that after the first two years organic matter 

increases, pH decreases rapidly during the first two years 

and then increases, and there is an improvement in moisture 

relations. 

Recently researchers have become increasingly interested 

in the importance of secondary plant products. Keever ( 1950) 

has suggested that Erigeron canadensis in old-field succes

sion in North Caroline rapidly loses dominance after the 

first year because it is stunted by its own decay products 

and cannot compete successfully with other invading species. 

Rice ( 1964) has shown that Andropogon scopar1us produces 

substances inhibitory to nitrifying bacteria, and Muller 

( 1966) has suggested that allelopathy, the influence of plants 
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upon other organisms caused by pro�ucts of metabol1sm, 

might be of significance 1n plant succession. Moreover, 

Warren ( 1965) and Rice ( 1971) have also investigated the 

possible influence on nitrifying organisms of successional 

species through chemical interactions. Whittaker ( 1971) 

has sug�ested that allelopathic effects may influence the 

sequence and timing of succession by, among other ways, auto

intoxication. 

Root competition, which also has been proposed as a 

factor operating in succession, was 1ntens1vely investigated 

by Crafton and Wells ( 1934). T�ese early researchers con

cluded that broomsedge cannot become established until 

available surface soil moisture is sufficient for seedlings, 

and the changes in available soil moisture are brought about 

by tall weeds. In addition, once established the root sys

tem of the grass so thoroughly spreads throughout the so11, 

that weeds are eliminated. In a study of root systems 1n 

old-fields, Duncan ( 1935) sug�ested that the successful in

vasion by old-field species ls due to efficient root systems 

that can compete for water and nutrients. In the Piedmont 

of North Carolina, lo�lolly pine is replaced by oak and 

hickory, which can penetrate below the zone of high root 

competition to a lower region where competition is less in

tense during periods of moisture stress (Colle, 1940 )0 

Keever ( 19 50 )  observed that when asters and broomse4ge are 

competing for moisture in the same soil where available water 

is low, broomsedge usually survives and asters eventually 



die. This information sug�ested that competition for water 

may be one of the controlling factors in the replacement of 

aster by broomsedge in old-field succession. Bazzaz ( 1963) 

also sug�ested that competition for soil moisture is in

tense between Aster and Solidago since both grow at the same 

time and are generally of equal height, thus eliminating 

shading as a factor. 

Bryant ( 1952) investigated m1croclimates of three 

grassland plots in central Oklahoma and found the greater 

range of extremes in temperature under the mulch of aban

doned fields might have a significant effect on succes-

sion and the general vegetative structure. The more severe 

and variable temperatures in the abandoned field might partly 

explain the long persistence of Ar1stida despite ample seed 

source from surrounding prairie grasses (Bryant, 1952). 

Abandoned fields were also found to have a higher evapora

tion rate and because a seedling is dependent on conditions 

within a restricted area, the severe evaporation might be a 

detriment to succession. 

Animals generally play a role in the dissemination of 

propagules. With the establishment of annuals and early 

perennials, there 1s usually an increase in the animal pop

ulations of old-fields (Smith, 1940). Pearson ( 1959) found 

an increase in mammal populations in abandoned fields of 

New Jersey through the grass stage causing a general decrease 

in grass cover and subsequent increase 1n shrubs and trees. 
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In Georgia , Johnson and Odum ( 19 59 )  found that bird pop

ulations increase in the grass s tage, remain fairly con

s tant during the pine s ta�e and then increase in the decid

uous understory only to decrease in c limax forest. Plants 

with fruits eaten by animals would have a better c hance of 

becoming established than those which do not trave l  long 

dis tances ( Johnson and Odu m, 1959; Bazzaz, 1963). 

The first area of the s tate to be s ettled in the l?OO ' s  

and early part of the 1800 ' s  was the Shawnee Hills of s outh

ern I llinois. Major portions of the area, which was c overed 

with fore s t, were c leared for cultivation although s ome 

proved not well suited for agriculture. Rough topography, 

improper cutting, fire and poor a�ricultural practices have 

c ontributed to making eros ion a major factor in the soil 

and vegetational history of the area. In s ome areas erosion 

has led to a decrease in s oil quality and resultant poor 

crop yield , and nortions of the area were agriculturally 

abandoned. Human population has decreased in the area, and 

Pope County has experienced the grea test loss (41.1%) 

(De wey and Speers ,  1949). 

In an effort to salvage the produc tivity of the soil 

for timber produc tion, watersheds and natural increase in 

wildlife , most of the abandoned land has been purchased by 

the United States Fores t  Servic e ,  whic h established the 

Shawnee National Forest in 1933. An extensive program of 

refores tation is being carried out, and in s ome areas pine 
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plantations of loblolly and shortleaf pine (Pinus echinata 

Mill.) have been established. Abandoned fields, which are 

slowly reverting to trees of the climax forest, offer a 

unique opportunity to investigate old-field succession. 

Southern Illinois, especially since the establishment 

of the Shawnee National Forest, has proved to be a valua-

ble study area. The flora of the area has been extensively 

investigated (Gleason, 1 9 04 ,  1923;  Vestal, 1 9 3 1 ;  Evers, 1 9 55; 

Mohlenbrock and Voigt, 1959; and Voigt and Mohlenbrock, 1964) ,  

and the process of succession documented (Voigt, 1 9 59 ;  Hos-

ner and Minckler, 1963; Bazzaz, 1963, 1968; Ashby and Wea-

ver, ·197 0 ) . The soils are currently being mapped (Fehren

bacher, 1972 ) ,  while past investigators have studied some 

of their physical and chemical properties (Boggess, 1956; 

Gard � £i1., 1959 ;  Anon. 1968; Rolfe, 1968 ) .  Since broom-

sedge occurs in southern Illinois as a dominant of an early 

success1onal stage (Voigt and Mohlenbrock, 1964; Bazzaz, 1968 ) ,  

an 1nvest1gation of the edaph1c factors involved in the pro

cess of succession might contribute to an understanding of 

1ts distribution in Illinois. The primary objectives of this 

study were to accurately determine the distribution of broom

sedge in Illinois, and then to evaluate and compare the phy

sical, chemical and hydrologic characteristics of a partic

ular soil, Grantsburg Silt Loam, as the process of succes

sion proceeds towards climax forest. Laboratory seed germin

ation studies aided in evaluating the field data. 
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The dis tribution of Androno3on v1rg1n1cus L. c overs 

the Wes tern Division, Southern Division, Wabash Border and 

S hawnee Hills ( Fig. I I)(Vestal, 1931). The Wes tern Divis ion 

comprises mos t of western I llinois s outh of the Wisconsi n  

line for two-thirds the length of the s tate . The area i s  

covered by I llinoian glacial drift, overlayed w1th recent 

Wisconsinan loess depos i ts .  The thickness of loess decreases 

with increased distance from the source, the Missis sippi 

and lower valley of the Illinois Rivers ( Fehrenbacher � 

al, 1967). The area is generally dissected since s treams 

have been extending their tributaries more than 15, 000 

years. The valleys of the Green River and lower Roc k River 

were excavated by the flood waters of the W1scons1nan ice 

s heet. The outwash material is c oarse sandy material near 

the Wi sconsinan moraine , and grades into finer s ilty mat

erial farther downs trea m. Extensive sand prairies have 

developed in the area ( Evers, 1955). The area is divided 

1nto three upland dis tricts : Freeport District, Macomb Dis

tric t  and Springfield Di strict. An arm of the Shelbyville 

Moraine separates the Springfield District from the Grand 

Prairie. 



Figure II. Outline map of the geographic divisions of 
Illinois (Vestal , 1931). 
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The Mississippi Border is characterized by the dry west

ern exposed bluffs of the Mississippi River and lower I lli

nois R iver. Along the northern and central river bluffs the 

terrain has been eroded breaking up the loess mantle depos ited 

s ince the Wis consinan. The Wabash Border includes the bottom

lands and bluffs of the Wabas h  and Ohio Rivers ,  as well as 

adjacent upland areas. This is a well-dissected belt of deep 

loess-covered hills. The bottoms of the large tributaries 

of the Wabash extend into the clayey uplands of the South-

ern Division. 

The Southern Divis ion is the oldest area of I llinoian 

drift exclusive of the loess-covered area along the Wabash 

and Mississ ippi borders. The area has a loess cover, which 

was subsequently weathered. Three dis tricts are recognized: 

the re latively flat and uneroded northern part or Effingham 

Dis trict, the generally rolling and in places eroded s outh

ern and eastern part or the McLeansboro District, and the 

northwesterly zone bordering the Wes tern Divis ion- the old 

Illinoian morainal border which contains residual hills and 

has a deep loess cover. 

The last area , the area in which broomsedge was inten

s1 vely s tudied, is the Shawnee Hills ( Ozark Hills) of s outh

ern Illinois ( Fig. III ) .  This area is s outh of I llinoian 

glaciation and is located in the Shawnee Hills Section of 

the Interior Low Platuea Province described by Flint ( 1928). 

Parts of Union and Pulaski counties are in the Salem Plateau 

Section of the same province ( Le ighton��' 1948). 



Figure III. Map of the Shawnee Hills showing d1str1but1on 
of the experimental fields/soil test plots. 
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The area 1s an extre mely dissected upland with narrow 

rid�e tops between deeply cut valleys. It 1s underla in 

by M1ss1ss1pp1an s trata of the Chester formation, except 

1n the northern part where some Pennsylvanian s trata are 

pres ent. The northern limit lies a little within the bound

ary of the I llinoian glaciation, while the s outhern boundary 

1 s  the northern edge of the overlapping coas tal plain s ed

iments ( Le ighton��' 1948). A large portion of the area 

has been faulted and folded, especially in the eas tern s e c

tion, into a rug�ed topography with outcrops,  mos tly of 

sandstone,  along the valley walls . Re mnants of relatively 

flat uplands are preserved on narrow ridge crests through

out the region. The hills of the Ozark Uplift ( S hawnee 

Hills) reach an average elevation of about 850 feet at the ir 

crest, and s tand above the areas both to the north and s outh 

to a height of 400 to 600 feet. The uplift is generally 

more abrupt on the north s ide of the hills than on the s outh. 

The Ozark Uplift passes through the northwes tern part of 

Jackson County, s outheast across Union County, then east

ward across the northern parts of J ohnson, Pope and Hardin 

counties. The southern part of the Shawnee Hills is drained 

by the Cache and Big Bay Rivers which flow s outh into the 

Ohio River, while the northern part is drained to the east 

by the Saline River, which flows into the Ohio, and to the 

west by the Big Muddy, which flows into the Mis s is s ippi 

River. 
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C limate 

Ill inois, which o ccurs between 370 and 42° 5' N., is 

in the "Oaf" and ''Caf" clima tic regio ns of Kopuen as modi

fied by Trewartha ( 1943). The designatio n "Daf" indicates 

a hu mid contine ntal ( microthermal) climate with the col dest 

month below oo c., warmest month a bove 22° c., and precip

itatio n throughout the year. "Caf" is the climatic des

ignation for southern Ill inois and indicates a hwnid sub

tro?ical ( meso thermal) cl imate with the co ldest month above 

oo c., the warme s t  month above 22° c., and precipitation 

throughout the y ear. 

The p resent climate is of the continental type with hot 

swn�ers , the winters ranging from about -5o c. in the north 

to about 2° c. 1 n  the south. The mean annual b1otempera

ture is 150 c. ( Hol dridge , 1947). Average annual tempera

tures for the state are presented in Figure I V, while average 

annual precipitation is presented in Figure V,  and average 

number of fros t-free days is s hown in Figure VI. 

The climate o f  Illinois during the period of soil 

development is difficult to characterize. The climate was 

probably not greatly different from the pr esent day climate 

except for a general warming trend following the recession 

of the Wiscons inan glacial ice ( Geis and Boggess ,  1968) 

with a period of maximwn warmth, the hypsithermal interval 

( Dee vey and Flint, 1957), occurring about 5, 600 to 2, 500 B.c. 

( Fl int, 19 57;  Dorf, 1960; Geis and Boggess , 1968). During 



Figure IV. Average annual temperature (degrees Fahrenheit) 
1n Illinois, 1931 to 1960 (Fehrenbacher � �. 1967). 
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Figure v. Average annual precipitation (inches) in Ill1no1s, 
1931-1960 (Fehrenbacher � !l,, 1967). 
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Figure VI. Average number of frost free days 1n Illinois 
(Fehrenbacher ,!t1 !!:l, 1967 ) .  
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th1s warm period mean annual temperatures were thought to 

be 20 to 30 c. higher than today ( Brooks, 1951), and dry 

conditions may have accompanied high temperatures locally 

but were not of global extent. (Deevey and Flint, 1957). 

Vegetation 

The c limate of I llinois would seem to be conducive 

to the growth of forest, but at the time of settlement 

approximately 55% of the s tate had prairie and 45% had 

forest vegetation (Telford, 1926; Vestal, 1931; Fehrenbacher 

� �, 1967). In c entral and northern Illinois , in areas 

where prairie vegetation predominated, forests were c on

fined to the better drained, nore rolling areas bordering 

s tream vall eys ( Vestal, 1931). This "Prairie Penins ula .. 

(Transeau, 1935) probably originated with a migration of 

prairie grasses eas tward from western c enters in response 

to � p os tgl acial period of warm and poss ibly locally dry 

c limate ( hyps ithermal interval , Deevey and Flint, 1957). 

Onc e  established the prairie grasses were diffic ult to dis

lodge, and many factors,  including exposure to dess icating 

winds, s easonal extremes in s oil moi s ture and fir es , pro

bably c ontributed to its p ersis tence. 

The f lora of the Shawnee Hills is very old, supporting 

forest vegetation for thousands of y ears as the area was 

l ittle affect-ed by the Illinoian glac ial ice ( Vestal, 19)1). 

Deciduous forest vegetation during the �aximum Ill1no1an 

glaciation was prcbably forced s outhward into a refuge area 
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centered in the s outhern Appalachians of eastern Kentucky, 

Tenness ee and wes tern North Carol ina. The :iiscons 1nan 

glaciation orobably had a minor effect on this area for 

the maximum glaciation was about 150 miles to the north 

(Bazzaz, 1963; Gruger, 1970;  Willman and Fry e ,  1970 ). 

Cores from three ponds near Vandalia ,  Fayette County ,  

approximately 50 miles s outh of the W1scons1nan terminal 

moraine , s e em to suggest that during the maximum W1scons1n

an 1ce a dvance a boreal ( conifer) forest did not inhabit the 

area. During thenmos t boreal" phase spruce ( Picea) wa� not 

in all areas the dominant tree type ,  but in s ome areas 

based on pollen nrofil e s tudies oaks ( Quercus) dominated. 

Thus during the time of maximum Wiscons inan ice advance, 

the tundra and boreal coniferous forest did not advance 

into s outhern Illinois but were probably restricted to a 

s trip less than 50 miles broad between the ice marg�n and 

Vandalia. 

The present day fl ora of southern Illinois and 1n par

ticular the Shawnee Hills is extremely var ied and contains 

northern and s outhern elements ( Voigt and Mohlenbrock , 1 964). 

American beech ( Fa�us grandifolia) s hows affinities to the 

Mixed Mesophytic Forests of the Cumberland Mountains and may 

be a rel ict from Ill1noian times ( Braun, 1950 ). Other plants 

with more northern affinities may also be relicts from this 

pe riod, s ince boreal forest may only have occupied the area 

in the Ill1noian, and include bis hop ' s  cap ( Mi tella dinhylla), 

nannyberry ( Viburnum l enta�o) and ground p ine (Lycouodium 
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complanatum var. flabell1forme ) ( Voigt and Mohlenbrock, 

1964). Some of the southern elements , for example , swamp 

iris ( Iris fulva ) ,  show a Mis s is s ipoi embayment affinity ,  

while others , for example, shortleaf pine ( Pinus echinata ) 

and Harvey's buttercuu ( Ranunculus harveyi) show an Ozark 

dis tribution. A large number of weedy herbs were also able 

to extend their ranges north and most of these species are 

among the early invaders of abandoned fie lds (Gleason, 1 9 23;  

Ba.zzaz , 1963). Among these species are Andronogon vlrginlcu s ,  

and buttonweed ( D1o dia v1rg1niana ) ( Voigt and Mohlenbrock, 

1964). 

The de ciduous forests of southern Illinois have been 

divided into a lowland series and an upland series by Voigt 

and Mohlenbrock (1964). Table III presents the principal 

divisions of these series and some of their dominant species . 

In recent times the forests of southern Illinois, and 

espe cially tha t of the S hawnee Hills , has been cleared for 

agricultural use or marketing of timber, pulp and other uses 

of forest pro ducts . The bottomlands were cleared first s ince 

the earliest pioneers settled near navi gable rivers and suc

cee ding settlers pushed farther up the s maller s treams, but 

always s e ttled in the forest where clear running water and 

material for fuel and she lter were available (Te lford, 1926). 

Cutting and clearing increased greatly from 1800 onward, 

the beginning of intensive se ttlement. With clearing, 

soil erosion was initiated on the light-co lored, highly wea

thered soils. Grazing. also contribute d to the reduction of 
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Table III. Vegetation divisions of southern Illinois ( Voigt 
and Mohlenbrock, 1964 ) .  

LOWLAND UPL-�ND 
D B M H R M M R 
E 0 0 I A E I I 
E T I L v s D D 
p T s L I I s G 

0 T N c L E 
s M ? -:-� 0 
w L p R L p T 
A A R A B 0 .E 0 
M N A I 0 w p 
p D I R T L 

R I T A 
I E 0 N 
E M D 

Species s 

Bald Cyprus x 
Black Willow x 
Cottonwood x 
Silver Maple x 
Sycamore x 
B1g Blue�tem x 
Little Bluestem x 
Side Oats Grama x 
Beech x x 
Sugar Maple x x 
Tulip Tree x 
White Oak x x x 
Red Oak x 
Black Oak x 
Pignut Hickory x 
Shagbark Hickory x 
Post Oak x 
Black Jack Oak x 
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fore s ted areas by damaging tree seedlings. 

Where former vegetation in s outhern I llinois has bee n  

removed through drought, cultiva tion, fire o� overgraz ing, 

and the land subsequently abandoned, the land is repopulated 

by success ive plant com�unitie s .  O n  the onc e cultivated 

land of southern Illinois many of the herbac eous species 

with s outhern affinities ,  Androuogon virginicus , are among 

the early invaders of these abandone d fields (Hartley, 1958; 

Goul d, 1967). This repopulation has bee n  inte nsively studied 

in the Shawnee Hills and consists of a progress ion from an 

annual weed s tage to a pere nnial weed s tage which includes 

brooms edge , foll owed by a shrub or brambl e s tage , then a 

p ioneer tree s tage and later tree s tage which approac hes cli

max forest( Voigt and Mohlenbroc k, 1964; .B3..zzaz, 1968). Table 

IV prese nts a l is t  of s uec1es , and the s tage in which they 

are present, common in old-field success ion in s outhern 

Ill inois . With the establishment of the Shawnee National 

Forest in 19JJ, a large portion of the abandoned land is re

turning to forest cover. 

Soils 

Broomsedge occurs ma inly on Alfisol s ,  which have devel

oped over either Mis s is s ippian or Pennsylvanian s trata c ov

ered by loess , and u nd�r the influence of forest vegetation. 

The loess c over varies from more than 20 fe et in portions of 

the Western Division and Missis s ippi Border to three to five 

f e e t  in southern Ill inois (Fehrenbacher � �, 1965; Fehren-



Table IV. Summary of old-field succession 1n the Shawnee 
Hill s ,  southern Illinois (Bazzaz , 1968). 

:YEAR 
l 2 5 10 25 40 100? 

S?ECIES 

Ragweed x x 
Er 15eron x x 
Crabgrass x x 
Aster x .x. 
<.iol.denrod x x x 
Diodia x x x 
:Eroomsedee x x x 
Panicum x x x x 
Junjperus x x x 
Juncus x 
Potentilla x x x 
Inomoea x x x 
Sassafras x x x 
P e rs immon x x x 
Sumac x x x 
Raspberry x x x 
Smilax x 
Redbud x 
Fraxinus x x 
Ouercus x x 
Car ya x x 
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Figure VII. Major so1l orders of Illinois. 
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l:acher �al, 1967). This so11 group predominates in south

ern Illinois but 1 s  also present in the central, northern 

and western portions o f  the state, where Alfisols are con

fined largely to the more ro lling, better drained sites 

bordering stream valleys or to the drier morainal pos itionso 

Figure VII s hows the distribution of two of the major soil 

orders in Ill1Do 1 s .  

Broomsedge was intensively studied in the Shawnee Hills 

on the Alfisol or Gray-Brown Podzol, Grantsburg Sil t Loam. 

The type locality for Grantsburg Sil t Loam is in Pope County, 

I llino is: T. l)S , R. 5E, Sec . 4, NWi, NW 40 , NE 10 with an 

oak-hickory deciduous cover having an undergrowth of small 

trees and shrub3 (Anon . , 1968 ) .  The type descrip tion and 

the description for the soil under cultivation is presented 

1n Apnend1x I .  These so ils have the mos t  highly develope d  

fraBinan of the so ils o f  southern I llino is, and the fragipan 

is c loser to the surface than in any o ther frag1pan soil in 

the region (Gros sman et al, 1959 ) .  Grants burg is cons idered 

a highly weathere d and highly leached soil ( Fehrenbacher � 

al, 1967 ) .  



MATERIALS A.ND METHODS 

Dis tribution 
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The previously reported distribution of Andronogon Yl!:

�1n1cus L. in Illinois was de termined by consulting pub

l ished reports ( Evers , 1955; Jones and Fuller, 1 9 55; �in

terringer and Evers , 1960; Voigt and Mohlenbrock, 1964). 

Figure VIII s hows the new dis tribution of broomsedge, and 

als o  ind icates the counties 1 n  which previous workers have 

reported the grass. The old dis tribution was compared with 

new data obtained by examining the collections from the 

following herbaria ( except for the first four herbaria listed 

abbreviations are from Lanjouw and S tafleu, 1964): Eas tern 

Illinois Univers ity ( EIU), Northern Illinois University ( NIU), 

Western Illinois University (WIU), Illinois State University 

( ISU), S outhern Illinois Univers ity (SIU), Illinois S tate 

Museum ( IS M), Illinois S tate Natural His tory Survey ( ILLS), 

University of Illinois at Urbana ( ILL) and C hicago C ircle, 

Field Huseum of Natural His tory ( F), Missouri Botanical 

Garden ( MO), and the S mithsonian Institution-United States 

National Mus eum (Us). Numerous broomsedge s pecimens on de

posit in the S mithsonian were annotated. Included 1 n  the 

col lections from the Smithsonian is a photo of Linnaeus' 

type spe cimen and a s ma l l  portion of.the infl orescence of 
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that specimen. Also included are Illinois specimens from 

the Gray Herbarium of Harvard Universi ty (GH) and the 

Bri ti sh Museum ( BM). Twenty counti es from which broom

sedge had not previ ously been col;e cted , but whlch were 

believed to have a sui table habitat, were surveyed. Major 

collecting trins were made to the following areas? north

western Illinois (Septe mber 3-5 , 1971), central Illinois 

(various dates), sou theastern Illinoi s  (vari ous dates), 

Illinoi s River v alley (October 2)-25 ,  1971; April )-7 , 

1971; November 5-7, 1972 ) ,  Sangamon River valley.(numerous 

dates). Collecti ons were made and deposi ted in the Stover 

Herbarium of Eastern Illinois University .  

Soils 

In the Ozark P�lls of southern Illinoi s abandoned fields 

containing broomsed�e were selected for s tudy. In an effort 

to control cli mati c vari able s ,  all fields were located i n  

Pope County near Dixon Springs Experiment Stati on, Simpson, 

Illi noi s .  All fie lds are not more than one mile from each 

other. (Climati c  data for Di xon Springs i s  presented in 

Table V). In addi ti on all fields are of the same soil type

Grantsburg Silt Loam. The age of these fields was estimated 

to ran�e from one to forty years , with end points in corn, 

pine pl antati on and oak-hi ckory cli max forest. The age was 

determined by consulting the records of the Experiment S tati on 

And United S tates Forest Service District Office at Vienna, 

and als o by using the bi ological cri teria of Bazzaz ( 1968 ) 
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who documented the course of succession in southern Illino i s .  

Samnl es from the top s i x  i nches o f  t he s o i l  profile were 

collected i n  plastic bags. The samples were dried o n  waxpaper 

and passed through a 2mm. mesh sie·1e and kept in plastic con

tainers for analysis.  The pH value was obtained by the glass 

electrode method using a 1 : 1  soi l-water suspension (Greweling 

and Peech, 1965 ) .  The cation exchange capacity was determined 

by summation of the values for t he various cations (Richards , 

1969 ) .  Soi l  moisture both at the permanent wilting percentage 

( 1 5  atmospheres) a nd field capacity (0.3 atmosphere) was deter

mi ned (Richards , 1969). Calcium, magnesium, iron, alu m�num, 

and manganese were first leached fro m the soil usi ng 0 . 5  N. 

hydrochloric acid,  filtered t hro ugh one layer of \.tlhatman 

No. 1 filter paper, and determined by atomi c. absorption spec

troscopy using a Beckman Model 440 Ato mic Absorption Spectro

photometer equipned with flame emi ssion option and strip re

corder read out. Sodium and potassium determination was ac

compl i s hed by flame photo metry with a National Instrument Lab

orator1 es flame photometer. Phos phorus was measured color1met

rically with a Spectronic 20 colorimeter from leachate ob

t ained with 1 N. sodium acetate-acetic acid extracting ex

tractine solution and mo lybdate and stannous chloride reagents 

(Grewcling and Peech, 1965). Nitrate and ammonia were also 

determined colormetrically using a 1 N. sodium-acetate- acetic 

acid cxtractine solution and brucine , s ulfuric acid and phenol

ni troprussidc-tartrate and alkal i ne hypochlorite reagents 

respcct1vely(Grewel1ng and Peech, 196 5). 
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Germ1nation Experiments 

Fruits of Andro no gon virg1n1cus were collected in Nov

ember, 197 1  and planted in quartz sand whic h had been leached 

for 24 hours with 0 . 5% hydrochlo ric acid (Bradshaw � :.,__1 

1958). Tne plantings were cold treated at -5° c. for one 

month. Fo llowing this the seeds, which were st�ll 1n the 

quartz sand, were placed in an environmental chamber under 

an 18 hour photoper1od 200 c. night temperature ar.d 25° c. 

day temperature (Le1thead � §1., 197 1). Meyer's solution, 

pH 400 ±.2 , consisting o f  lmolar soult 1ons o f  XN03 ( 2  ml. ), 

C a ( N03)2 ( J  ml . )  and MgS 04 ( 2  ml.) with 1 ml . o f  iron-EDTA 

solution and 1 ml. of a micrometabolic solution consisting 

of H3B03 ( 2 . 5  gms. /L. ) ,  MnCl2•4H20 ( 1. 5  gms . /L. ) ,  ZnCl2 

( 0 . 10 gms . /L. ) ,  CuCl2·2H2 ) ( 0 . 0 5  gms. /L. ) and Mo03 ( 0 . 0 5  

g ms . /  L. ) was the basic culture solution. Experiments with 

various l e vels of micro and macronutrients were planne d if 

initial germinat ion studies were successful. 



R�SULTS AND OBS ERVATIONS 

Dis tri bution 

Jl 

The range of brooms edge i n  Illino i s  is pres ented i n  

Fi �ure VIII. This map s hows the counti es from whic h broom

s edge had not previously been reported, and i ndicates the 

counties from whic h  broomsedge had previously be en reported. 

Ta ble V summarizes the collection and herbar1um data. 

Soils 

Soil c harac teristics studied were : soil moi s ture both 

at f i e ld c apaci ty and p e rmanent wi lting perc e ntage (Fig. I X), 

organic ma tter and pH (Fig. X), cation exchange capaci ty 

(Fig. XI), calcium and magnesium (Fig. XII), phosp ho rus 

(Fig. XIII), ni trate and ammonia (Fig. XIV), so�i um (Fig. 

XV), potassium ( Fig.  XVI), iron and aluminum (Fig. XVII) and 

manganese (Fig. XVII I ). Observations and climatic data for 

Dixon Springs Experiment S tation are presented i n  Table VI,  

and o bservations on the flora of the a bandoned fi elds are 

p resented i n  Table VII. 

Germination Experi ments 

Results of the germination experi ments are s hown in 

Tabl e VIII. 



Figure VII I .  a Previous distribution of Illinois 

b New distribution of Illinois 
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T·e.ble V. Summary of county collection records ( total number 
of specimens examined or collected ) .  

COUNTY 

Adams 
Alexander 
Bond 
Brown 
Calhoun 
Cass 
Clark 
Clinton 
Coles 
Cook 
Crawford 
Cumberland 
:Douglas 
Edgar 
Edwards 
Effingham 
Fayette 
Franklin 
Fulton 
Gallatin 
Greene 
Hamilton 
Hancock 
Hardin 
Jackson 
Jes per 
Jefferson 
Jers ey 
Johns on 
Lawrence 
Macoupin 
:Madison 
Marion 
Mason 
Massac 
Henard 
!·lonroe 
lv�ontgomery 
��ort:;o.n 
Peoria 
Pc-::--::y 
-) • � .1. 
-� .• �1. " \, 

J> J.kc 
::'o ·:Jc 
:-:.u1::-.::.ki 
::.-i:�·�r.. G. 01 p h 
�le:��} :-.1.::.:i 
:;: • • .. Y';. t Clo.:l.r 
S�lln� 

HER.BARIUM SJ?ECIMENS "PERSONAL COLLA:CTIONS 

2 
6 
3 
1 
2 
2 
2 
1 
11 j 
2 

, ... 
4 

1 l 
1 

2 
1 1 
4 
5 
1 2 
4 
2 
l 
l 
4 
15 2 

l 
2 
l 
4 
1 
l 
l 
5 
3 
4 
l 
3 

3 
2 
4 
3 
l 
1 
4 10 
3 
2 
5 
12 
:; 



Table V. CONTINUED 

COUNTY 

Sane am on 
Schuyler 
Scott 
Shelby 
Union 
Vermilion 
Wabash 
Was hington 
Wayne 
White 
Williamson 

HERBARIUM SP3CIMENS 

7 
2 
1 

5 

5 
1 
7 
2 
8 

P3RSONAL COLLECTIONS 

1 
2 
l 



Figure IX. Permanent Wilting Percentage ( 15 atm) and Field 
Capacity ( .3 atm. ) .  
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Figure x. Organ1o matter and pH 
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Figure XIo Cation exchange capacity 
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Figure XII. Calcium and magnesium 
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Figure XIII. Phosphate 
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Figure XIVo Nitrate and ammonia 
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Figure XV. Sodium 
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Figure XVIo Potassium 
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Figu!e XVIIo Iron and aluminum 
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Figure XVIII. Manganese 
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Table VI. Climatic data for 1969 , - 1970 and 1971 !or Dixon 
Springs 
in °F. ) 

Experiment Station, S impson, Illinois ( Temperature 

TELVIPERA TUR� 

AVERAGE AVERAGZ AVERAGE 
MAXIMUM MINIMUM 

MONTH 1969 1970 1971 1969 1970 1971 1969 1970 1971 

January 43 38 40 25 16 22 34 27 31 

February 45 24 34 30 24 26 37 34 36 

March 52 51 27 33 40 42 --

April 70 71 70 46 48 43 58 59 57 

May 78 80 73 54 55 48 66 68 61 

June 8� 83 62 61 74 72 

July - - 88 84 63 63 79 76 74 

August 88 83 65 62 .75 · 77 73 

September 82 86 83 57 62 62 69 74 72 

October 71 77 46 54 59 58 66 

November 55 55 57 34 36 37 44 45 47 

December 42 49 53 26 31 36 34 40 45 

PRECIPITATION ( inches ) 

19b9 1970 1971 i969 1970 1971 

Janu?-ry 9 . 5  . 8  4 . 2  July 3 . 7  .54 5 . 6  

February 1 . 2  2 . 8  4.7  Augus t  2 . 2  2 . 5  2 . 9  

March 2 . 2  5 . 7  4 . 3  September 1 . 6  2 . 5  2 . 3  

April 4.6 8 . 2  2 . 0  October 4 . 7  5 . 0  . 97 

May 2 . 8  8 . 1  4 . 9  November 3 . 2  2 . 3  1.7 

June 9 . 1  � . u December 4 . 1  2 . 4  4 . 3  
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Table VII .  Observations on the flora of the abandoned fields. 

Field 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Age { Years ) 

0 

late l 

3 

3 

5 

5 

8 

15 

18 

30 

35? 

40 

Pine 

Pine 

Climax 

Climax 

Climax 

Climax? 

�0-lnant Species 

,,orn 

Ambros ia artemiss1fol1a 

Aristida dichotoma 

Aristida d ichotoma/ Ambrosia 

Andropogon virginicus 

Androposon virginicus 

Andropogon virg1nicus 

Andropogon virginicus/ Diodia 

Andropogon virginicus/ Diodia/ 
Ambros ia 

Dios�yros/ Sassafras/ Andropogon 

Diospyros/ Sassafras/ Andropogon 

Ulmus/ Quercus/ Sol1dago 

Pinus echinata 

P1nus echinata 

Quercus/Carya/ Maple { not on 
Grantsburg 

Quercus/Carya 

Quercus/Carya 

Quercus 
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Table VIII.  Results of the germination experiments 

Experiment l. 

Cold treatment 

Control 

Experiment 2 .  

Cold treatment 

Cold treated on 

Control 

Experiment 3 .  

Cold Treatment 

Control 

Experiment 4 o  

C old Treatment 

Control 

Meyer•·s S olution Distilled/Deionized Water 

25--2 germin�ted 25--0 germinated 

25--0 ger�1nated 25--0 germinated 

Meyer•·s S olution Distilled/Deionized Water 

plant 

25--0 germinated 25--0 germinated 

25--1 germinated 25--0 germinated 

25--0 germinated 25--0 germinated 

Meyer''s S olution Distilled/Deionized Water 

25--0 germinated 25--0 germinated 

25--0 germinated 25--0 germinated 

Meyer•· s  Solution Distilled/Deionized Water 

25--0 germinated 25--0 germinated 

25--0 germinated 25--0 germinated 
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CONCLUSIONS 

1 .  This study documents the cyc ling of nutrients in the 

annua l weed, perennial grass ,  shrub and bramble ,  and early 

t ree stage. 

2 .  Evidence i s  presented which indicates an inhibition of 

nitri fication during a t  least the broomsedge stage , and per

haps under c limax forest. Broomsedge may secrete che�icals 

which, at least, inhibit nitrification. 

). Broomsedge, which see�s to be an ac1 dophi lous and drought 

resistant species,  i s  able to establi s h  itself only 1n fie lds 

of low ferti lity . Furthermore there is  a rapid loss o f  nu

trients as well as o r�anic matter 1n the first stage o f  o ld

field suc c ession. 

4. As broomsedge inc reases in dominance ,  there is  a con-

co�i tunt increase in most cations analyzed, except phosphorus, 

nitrate and ammonia. 

5 .  Once established broomsedge can probably keep out invad

ing species by limiting ni trate and ammonia levels , and 

possibly a llelopathic effects.  

6 .  Broo�scd�e i s  orobably eli minated from s�ccession because 

of the toxic ef�ects of increased a�ounts o: aluminum and 



maneancse , �uto-1ntox1cation and shading. 

7.  Wit h  succession from broomsedge to the shrub and bramble 

sta� e ,  there is  a decrease in clacium, magnesi u m, pH, organic 

mat t e r ,  sodium and iron. 

8. The stage following broomsed� e ,  the shrub and bramble 

stage, probably requires higher l evels of nutrients .  

9 .  There apoears to be a correlation between increasing a

c 1 di ty and increased availability o f  metal�ic c ations. 
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DISCUSSION 

The ran�e of broomsedge in Illinois flas been extended, 

and includes :  Adams , Clark , Cook, Crawford, Cumberland , 

Douglas , Jasper, Macounin, Montgomery , Shelby and Ver

milion counties.  The Cook County populations , which �ay 

no longer be in existenc e ,  were located at '' Beverly Shores , 

Lake Shore Drive, one block west of (Illinoi s ? )  Central. 11 

The specimens were collected by Dr .  s . F. Glassman on Septem

bP-r 5 ,  1956.  The collections are an enigma, until one real� 

izes that tne seeds m1�ht have been dispersed by passing 

railroad cars or trucks from southern Illino i s ,  and on 

a sandy loam soil found a habitat suitable for growth. 

In the United Stat e s ,  broomsedge is  found from the 25-

1nch· ra1nfall belt eastward and also as an occasional weed 

1 n  northern California. Attempts were made to correlate the 

di stribution of broomsedge with several environmental fac

tors. The distribution does not coincide well with me�n a�

nual temperature (Fig. IV) or avera�e precipitation (Fig. V ) .  

The undi �nuted, relatively abundant distribution of the taxon 

does , however, somewhat coincide with the average number of 

frost-free day s ,  and occurs in areas with more than 180 frost

free day s .  If broomscd�e is  assumed to have evolved in Cen

tral or South A:-:�erica, and is  a slow growing (Crafton and 
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Wells ,  1934 ) ,  short day plant (D::i.l e ,  1971 ) ,  whose seeds are 

not mature until late October or early November (Keever, 1 9 50 ) ,  

it  would seem that the plant 1 s  not y�t able to extend its 

range throughout Illino i s .  Broomsedge also occurs o n  older 

Illino1an and weathered Tertiary soils poss�bly becat:.se it 

1 s  more able to compete on soils of very low fertility. The 

seeds of broomsedge are not readily di stributed (rtice et al , 

1960 ) ,  and extension of its ran�e or invasion of old-fields 

would be a slow process . 

Soil changes associated with plant succession have been 

documented since the early 1 9 30 ' s .  Investigators have ob

served changes 1n physical characteristics,  for example ,  

soil moisture and bulk densit.y , and chemical characteri stics 

such as p H  and nitrogen. Researchers have not , however, 

attempted to correlat.e these changes with the succes�ion of 

seral stages. Moreover, except for the researches of R. Rose

Innes ( 1 9 39 ) ,  Blackman and Rut.les ( t 947 ) ,  Stiven ( 1 9 57 ) ,  Da

vidson ( 1962 ) and Bazzaz ( 1963 ) ,  few success1onal studies 

have even attempted a t:horough study of edaphic factors . 

Following abandonment of fields in southern Illinois,  

there is  a decline i n  soil moisture bot.h at.  t.he permanent. 

wilting percent.age and field capacity, while available wat:er 

increases slightly but la+er decreases . Figure IX shoes that. 

t:hese levels begin t.o increase af+.er abandonment and level 

off a +- apuroxi1:iat.ely 18 years. Bazzaz ( 1 9 6 1 )  has observed 

similar +.rends on similar soils in sou+.hern. Illino i s .  In 

add1t.1on +.o +.hcse changes in soil mo�st.ure, yearly precipi+.a-



tion in the Shawnee Hills is  sub j ect to fluctuations with 

droughts during the summer and occasional heavy rainstorms. 

These  heavy rainstorm s ,  however, provide little effective 

rainfall because of the fragipan blocking percolation of 

water below 60 cm. During the growing s eason, at least 

for the first few years after abandonment , there is less  

available water due to summer drought and a lower water 

supplying ability. 

Crafton and Wells ( 1934 ) reported that the invasion 
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of broomsedge depends on the establishment of more mesic 

conditions induced by the previous tall weed flora .  The 

soil in closed tall weed communities does not dry out s o  

rapidly between spring rains s o  that broomsedge can.no� be

come established ( Crafton and Wells , 1934 ) .  Fot experiments 

indicated broomsedge seedliLG3 are very sensitive to even 

slightly dry soil conditions ( Crafton and Wells , 1934 ) .  

Keever ( 1950 ) , however, stated that broomsedge seedlings are 

relatively drought resistant , and exhibited optimum growth 

in full sunlight with a s even day interval between watering. 

In view of the competition for s o il water in the summer 

growing s eason, and the reduced water holding capacity of 

the fragipan soil,  bro omsedge , at times , would appear to  

be subjected to water stress .  It would s eem that broomsedge 

is indeed a drc' �ht resistant species as earlier thought. 

S ince the germination experiments were unsucces sful, poss ibly 

because of problems with cold treatments and inviable seeds , 

conclusive proof is  lacking. 



In tac Shawnee Hills erosion is a s erious problem. 

With abandonment of fields , annuals and early perennials 

add some organic matter to soils (Eazzaz , 1963 ) ,  but or-

ganic matter is also oxidized and lost by �rosion. If the 

amount of organic matter oxidized exceeds that added, the 

result is a net loss rather than an increase.  Smith ( 19L�O) 
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and Odum ( 1960) reported that for areas with high temperature 

and precipi ta ti on, a net loss .;:; _· o:=- . .  . . .. matter occurs in 

the first fe� years of succession. In southern Illinois 

erosion as well as oxidation might be responsible for the 

initial loss of organic matter. Beginning with the third 

year (when broomsedge starts to invade abandoned fields ) 

there is an increase in org��ic m�tter. Broomsedge not only 

forms a dense root system (Crafton and Wells,  1934 ) ,  but 

its roots die and are repl�ced every two to three years 

( Rolfe , 1968 ) .  With the replacement of broomsedge by Sassa

fra s ,  Diospyros and Juninerus , and a less dense herbaceous 

cover , there is again r�pid oxidation and erosion of organic 

matter. With a buildup of surface soil litter in forest 

stag e s ,  the organic matter content of �he top 15 cm. o� soil 

again increases  and reaches a new peak under the climax forest.  

Organic matter also tends to  increase the amonut of water 

a soil can hold and the proportion of water that i s  avail

able for plant growth (Buckman and Brady, 1971 ) .  With 

increases in the soil organic matter, there are also con

comitant chan8es in field capacity and permanent wilting 

pcrcenta& c ,  as well as available water. Broomsedge shows 



slightly better growth in soil containing organic matter, 

e specially aster roots , then in soil with little organic 

matter (Keever, 1950 ) .  

This study confirms that the initial decrease in soil 

pH is the result of leaching of basic cations from the soil 

profile. During this pioneer stag e ,  which is  dominated by 

Ambrosia artemisifol±_�, D1g1 ta�1.a. sangu1nalis,  Erlgeron 

canadensi s ,  �r pilosusand Panicum dichotomum ( Bazzaz , 

1968 ) ,  there is little replacement of organic matter. The 

f orbs root fairly d eeply and bring minerals from the deeper 

layers of the soil to the surface ( Rice £,! al ,  1960 ) .  

The growth of these species on abandoned l�nd probably 1n-

creases the availability of mineral matter in the soil 

( Harper !.! !:1,, 1934 ) .  Coile ( 1940) found an ap,rec1able 

amount of calcium in Aster pilosus , but since this species 

is shallow rooted and dominant for only one growing s eason 

in southern Illinois ( Bazzaz,  1968 ) ,  there is insufficient 

time to bring large quantities of calcium to the surface .  

Eight year fields , which broomsedge dominates ( Figure X) , 
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mark the lowest point in pH. Broomsedge tissues co ntain 

only traces of calcium ( Durtman and Landinghans , 1930; Coli e ,  

1940; Snider, 19.l;.6 ) .  The deeper rooted Solidago nemora.ll s 11  

s�ssafras and Diospyro s  may bring appreciable amounts of 

other basic cations to  the surface ,  the result of which 

would be increases in pH ( Coile,  1940; Bazzaz, 1963 ) .  Soil 

pH continues to increase until 1.8 years after abandonment, 

and then decreases s l igi��ly with the decreas e in broomsedg e .  



This might be  due to the invasion of trees of the climax 

forest,  especially Ouercus and Carya , and the release of 

organic acids by decomposition of leaf litter. 
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Soil pH, as an aspect of the mineral nutrition of gra s s e s ,  

has received only cursory attentiono Bradshaw � a l  ( 1960) 

indicated that pH has a direct effect on plant s ,  probably 

by affect ing the ability of the plant to  absorb calcium. 

In addition root growth of Agrostis tenuiswas s t imula te·d 

by low pH ( Bradshaw et �. 1960) . Freviously Arnon and 

Johnson ( 1942 ) had shown a beneficial effect of high cal-

cium in counteracting low pH. The s e condary effects of high 

acidity or low pH in a soil are a shortage of available 

calcium and sometimes phosphate and molybdenura, and an excess  

of soluble aluminum, manganese and other metallic ions 

( Russell,  1968 ) .  The decomposition of the · soil determines 

the relative importance of these factor s ,  since it affects 

the level of available calcium, phosphate ,  aluminum or man

ganese ( Russ ell , 1968 ) .  

Cation Exchange Capacity, or the total of exchangeable 

cations that a s oil can absorb, tends to parallel changes in 

pH and organic matter. Leaching of exchangeable cations from 

the solum reaches a maximum in the three year old field 

( Fig. XI ) .  Under the influence of Aster, Solidaao altissim� 

and Soli�apo nemorali s  ( Coile , 1940) cations a�e returned to 

the upper soil profile via the accumulation of litt�r. The 

c .  E .  c .  continues to increa..s e until l i tter from hardwood trees 

begins adding enough organic acid� , ��ound 40 years , to 



increase acidity. The result of an increase in acidity i s  

an exchange o f  hydrogen ions for basic cations previously 

bound to the negatively charged colloidal cell micelle 

( Buckman and Brady, 1971 ) ,  and subsequent leaching of the 
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free cations . In later years , howe� �r, c .  E.  c .  again rises.  

Ovington ( 1958 ) found that when conifer and hardwood stands 

are compared, the organic layers formed under conifers tend 

to be lower in basic  cations than those under hardwoods. The 

litter of conifers breaks down rather slowly andthe cations 

are ess entially lost from the mineral cycle. In addition, 

hardwood litter breaks down more rapidly, returning cations 

to the s o lum. Catio� Exchange Capacity does not affect the 

distribution of plants directly s ince i t  is only an indication, . 

one presumes , of the total quantity of elements available 

for plant nutritiono 

Calcium and magnes ium show an initial rapid decrease 

and begin to  increase in the third year field ( Fig. XII ) , 

that i s ,  the beginning of the perennial grass stage. Succes

s ion to a shrub and bramble stage with Sascafras , Diosp;yros , 

Juniperuc and sumac is  marked by a decrease in calcium. The 

appearance of Cercis canadensis ( redbud ) , oak and hickory, 

and the development of a more closed canopy and change in 

surface litter at about 40 to 60 years , marks the beginning 

of an increase in calcium. Magnesium decreases after reaching 

a maximum in the five year old field and varies  under the 

influence of brooms e-ige , the shrub a:u.d br:.:.:.1ble stag e ,  and 

early tree st�g c .  
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Soil acidity has a pronounced affect on available 

calcium and magnes ium. The secondary effect of increas ing 

acidity is decreasing levels of available calcium ( Russell, 

1968 ) .  Following leaching of. calcium ( and probably magnesium) 

from the up�er soil profile, during the annual weed stage , 

calcium levels again increase as Solidago , Sassafras and 

Diospyros return calcium and magnesium to the upper soil 

profile (Coile , 1940 ) .  Coile ( 1940) and Snider ( 1946 ) found 

only traces of calcium in broomsedge litter. The influence 

of deep rooted species such as Diospyros and Sassafras is 

not ,  however, sufficient to maintain high levels of calcillm 

and magnes ium as the cations again decline during the shrub 

and bramble stage. With a buildup of the litter of hardwood 

tree s ,  calcium is again returned to the upper 15 cm • •  Ovington 

( 1958 ) concluded that afforestation increases loss of calcium 

from the surface mineral soil. It is generally believed 

that in the older climax forest,  after litter has sufficient 

time to decompos e ,  calcium and perhaps magnesium would 

tend to be higher in the forested than in unforested plots 

( Rolfe, 1968 ) .  The results seem to indicate thi s .  

Low available calcium i s  one o f  the major consequences 

of soil acidity ( Russell , 1968 ) .  Calcium and magnes ium in 

a s o il remain available until removed from the s oil e ither 

by leaching or by being absorbed by the plant , and perhaps 

the only mechanism whereby calcium can become fixed in the 
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s o il is in combination with phosphate in mildly acid to 

alkaline soils ( Russell ,  1968 ) .  A high level of calcium 

depresses the uptake of magnesium and potassium ( Russell, 1968 ) .  

Calcium and magnesium are generally regarded as macronutrient s ,  

that is , are used b y  plants in relatively large amount s .  

Calcium acts a s  a cofactor in some reactions and, i? addition, 

as calcium pectate is a major structural component of plants 

( Salisbury and Ros s ,  1969 ) .  Calcium is also ess ential for 

the growth of meristems aud particularly for the proper 

growth and functioning of root tips ( Russell,  1968 } .  When 

deficient ,  calcium may have an indirect effect on plants by 

allowing other substances to accumulate in the tissues s o  

much that they may either lower the vigor o r  actually harm 

the plant ( Russell> 1968 ) .  In small quantities calc1wµ ions 

antagonize the potentially toxic effects of potass ium and 

sodium ions ( S alisbury and Ross ,  1968 ) .  Coile ( 1940) and 

Snider ( 1946} found small amounts of calcium in broomsedg e .  

Ooile ( 1940) noted that 11broomsedge examined contained in

sufficient calcium for reliable quantitative measurement . .. 

In addition broomsedge is found growing on acid soils , and 

an acidic pH might affect plants by effecting their ability 

to absorb calcium ( Bradshaw tl �. 1960 } .  Nixon and McMillan 

( 1946 ) studied the role of soil in the distribution of An1ro

poson scop�riu s ,  and concluded that races  o f  little blue-

stem have become physiologically differentiated in their �on 

uptake and/or utilization thus allowing t�e species to occupy 

bothacidic and cale;, _ _  ·.:;o-u::; s oils . Er:.glish resaarcher� have 
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also investigated the interaction betweeb calcium ��d �H. 

A calcoile is a plant growing in soil rich in calcium, while 

an acidopbilous plant grows best on acid soils with relatively 

low levels of calcium ( C lymo, 1962 ) .  Acidophilous species 

apparently avoid soil s  of neutral or basic pH and high cal

c ium supply, but the effect of these  factors is not sufficient 

to cause their total exclusion from calcareous soils ( Steele,  

1955 ) .  Broomsedge may be such an acidophilous species , which 

is more susceptible to the toxic effects of aluminum, man

ganese  and sodium on root growth, since lacking sufficient 

calcium it cannot counteract the toxic effects of these me

tallic ionso 

The effect of reduced levels of magnesium has not been 

extensively investigated. Magnesium is a constituent of chlo

rophyl l ,  and also s eems to be important in the transport of 

phosphates in the plant ( Russell, 1968 ) .  Deficiencies in 

magnesium may seriously affect the plant''s ability to syn

thesize  chlorophyl l ,  and in plants subj ected to reduced light 

intensities , less than optimum chlorophyll levels �ay s er�ously 

effect a plant ' s  ability to produc e  enough photosr.:ithate 

t o  maintain life. Magnesium may be important as a limiting 

factor where increased magnesiumlevels are ueeded, that is , 

under a developing forest canopy. Reduced magnesium m�y 

therefore affect broomsedge plants gro�iing in the shrub and 

bramble and tree stages . 

Plants absorb phosphorusalmost exclusively as inorganic 



59 

phosphate ions , probably principally as the H2P04- ion ( Rus

s ell,  1968 ) .  Plants are relatively inefficient users of 

phosphate in the field, s ince rarely more than 20 to  30 

percent of the amount supplied as fertilizer is taken up 

( Russell, 1968 ) .  The rewaini�g percentage would probably 

be leached from the soil s ince the anion is not bound to  

the anionic colloidal s o il micelleo The field currently in 

corn had approximately 220 pounds/acre of 45% superphosphate 

and 200 pounds/acre of potash applied ( McKibben, 1972 ) .  In 

indication that plants are inefficient us ers of phosphorus 

i s  that the level of the ion drops off sharply after abandon

ment indication that much is leached from the soil profile. 

A.'Ulual weeds and perennial grass es tend to return phos

phorus to the upper 15 cm. , thus ·chere is still a net loss 

even in the broomsedge stage s ince the levels decline . In

creas ing litter from hardwood trees probably adds phosphorus 

to the upper horizons to a moderate degree. 

Wlth the possible exception of nitrOG-n no other element 

is as critical in the grow�h of plants in the field as is 

phosphoruc. Phosphorus is important for celldivision, fat 

and albuoin format:!.on, flowering and fruiting, seed forma

tion, root devclo:pment, and resistance to disease s .  The ion 

is a ma jor constituent of phospholipids , adenosine triphos

phate and nucleic acidsw The availability of inorganic phos

phate is determined by ( 1 )  soil pS, ( 2 )  �oluble iron al

uminum and manganes e ,  ( 3 )  available calci·...u:i and other cal-



c ium minerals , and ( 4 )  amount and decomposition of organic 

matter. In an acid mineral soil with some soluble iron, 

aluminum and manganes e ,  reactino with H2Po4- ions occurs , 

rendering the phosphorus insoluble and also unavailable for 

plant growth. As pH increases from 4 . o  to 6 . 5  the amount 

of phosphorus available increases , th.at i s ,  less phosphate 

is rendered insoluble as hydroxyphosphates ( Buckman and 

Brady, 1971) .  
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Phosphorus has often been ioplicated as an important 

factor in the timing of invasions of plants . Allard ( 1942 )  

stated that the lack of essential nutrients , and particularly 

available phosphorus could prevent normal succession. In 

that study a lack of available phosphorus eliminated the 

broomsedge s tage of succession. Allard believed that a lack 

of available phosphorus was even more inhibiting to the 

succes sful establishment of a closed vegeation cover than 

a lack of nitrogen alone. Bradshaw � !:! ( 1960) showed that 

plants of acid,  base-poor soils do respond to varying levels 

of phosphorus. Rice � � ( 1960) showed that the order in 

which triple awn gra s s ,  little bluestem and switch grass 

invade abandoned fields is based on increasing requiremer.ts 

for nitrogen and phosphorus. In the Transvael Highveld of 

South Africa, ho�·;ever, Roux and Warren ( 1963 ) showed that, as 

succe s sion p:.:·occeds , nitrogen and phosphorus requirements 

decrease.  Tha differences may be due to di�ferences in the 

amount cf s o i l  remaining c.fter abar.t...:;��nt. In Ric e  •·s 

Oklahoma study area, abandoned soils a�e severely leached 



and the uppermost horizon may even be  a hardpan surface .  

Transvaal soils , however , usually have some topsoil left. 

This is a significant difference in conditions , and since 

invading species have had to adapt to the conditions 

present, this could account for the different trends in 

phosphorus levels. 

Crafton and Wells ( 1934) reported that broomsedge has 

:::uch a slow growth rat e ,  that it often takes plants two 
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years �o  mature. In soils with low phosphorus supplying abil

ity, colonizers usually have an inherently slow growth rate 

which may be a s ignificant adaptive feature {Clarkson, 

1968 ) .  This may allow species to invade areas low in avail

able phosphoru::: . 

Nitrogen ls essential for plant growth as lt 1s a con

s tituent of all proteins and hence all protoplasm. I t  is 

generally taken up by plants either as ammonium or as 

nitrate ions , but the absorbed nitrate is rapidly reduced, 

probably to ammonium, through molybder.:.um containing enzymes 

( Russ el l ,  1968 ) 0  �i\mmonium ions , which are positively 

charges , are readily held to the aL:.onic colloidal soil 

micelle. Nitrate ions are negatively charged, and if not 

absorbed by plants ,  are soon lost. NH4 s:.ows a decrease 

in the first few ye�rs of ouccession ( Fig. XIV) , a small 

increase at about five years and tnen a decrease through 

most of the broomsedge stage of succession. With the suc

cess ion to tree specie s ,  ammonium io�s again increase .  

Nitrate ( Fig. XIV) shows a similar decrease ,  then en in-
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crease to a wax1mum 1n the eight year old field and a steady 

decline while broomsedge is present. Nitrate ions increase 

under the influence of the shrub and bramble stage, and re-

main steady through climax forest .  

The nitrogen cycle 1s  an interlocking succession of 

biochemical reactions. Much of the nitrogen added to the 

s oil undergoes many transformations before it is removed. 

Proteins and other nitrogenous co�pounds are converted to 

amtlonia and ammonium compounds to nitrates and then to 

nitrites .  The levels of nitrate and smmonium compounds 

have been shown to  be important in plant succession. Rice 

et al ( 1960) showed that the order in which grasses invade 

abandoned fields in Oklahoma was determined by phosphorus 

and n1 trogen. Roux and ·,1arren ( 1963 ) and later l'larren ( 1965) 

showed opposite trends , namely that the ruderal and primary 

grass stages are most tolerant of high nitrogen c6ncentra-

tions , and that nitrogen requirements decrease as succession 

proceeds.  \farren ( 1965) als o found that : ( 1 )  deammonifying 

bacteria show a decrease in numbers as  success ion advance s ,  

( 2 ) nitrate oxidizing bacteria also decrease in numbers 

as  succession advances and are almost absent in the pe-

rennial grass stage and almost completely abs ent in climax 

grassland, ( 3 )  the numbers of aerobic nitrogen-fixing bac

teria increase with an advance in success ion, ( 4 )  anaerobic 

nitrogen-fixing bacteria are more generally distributed in 

s o 11E of the different stages of succes sion, and ( 5 )  nitrites � 
and nitrates decrease as succession progresses toward climax 



and have low values in clinax communities . There is als o 

growing evidence that populations of nitrifers and nitri-

f ication may decrease as succession progres s e s  towards 

climax forest (Muller � �' 1971 ) .  Low rates of nitri

fication may be a characteristic of some climax vegetation 

and may be an evolutionary response associated with a con-

servation of s oil nitrogen since excess amounts are leached 

from the s oil (Muller et al, 1971; �ic e ,  1971 ) 0  - -
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Fhenolic compounds secreted by plant s ,  which are by

products of their metabolism, seem important in inhibiting 

not only soil microorganisms but also inhibit other angio

sperms ( Ric e ,  1965; Bucholtz , 1971 ) .  Bucholtz has indicated 

that an aspect of this allelopathic response may be a reduc

tion in plant growth. Reduction in absorbing root area, and 

reduction in absorptive capacity of roots for nutrients may 

be operative in reduc�ng the accumulation of optimum or even 

adequate amounts of minerals ( Bucholt z ,  1971 ) 0  Some phenolic 

compounds are also protein precipitants and may inhibit or 

kill microorganisms through this mechanism ( Ri c e ,  1965 ) .  

It appears possible , then, that plants growing in soils  

already low in nutrients would be even more severely harmed 

if their ability to accumulate necessary nutrients was limited 

by allelochemics ( toxic phenolic compounds produced by other 

plants ) . In view of this action of allelochemics on other 

plant s ,  Whittaker ( 1971 ) has stated that allelopathic effects 

m�y influence sequence and timing of succession by: ( 1 )  the 

spe cdin3 of the replacement of succession of one species by 



the allelopathic suppres sion exerted by an invading species , 

( 2 ) speeding replacement of one species by another through 

s elf-allelopathic effects , ( 3 )  slowing species replacement 

64 

by direct allelopathic effects,  by indirect effects through 

decay products , or by inhibition of soil organisms , and ( 4 )  

influence of what species can replace a given species , by the 

allelopathic effects of the later on invaders.  

Rice ( 1964) has shown that extracts of A-.�dronogon sco

parius are inhibitory chiefly to the nitrifying bacteria. 

Since levels of nitrate ions decrease as broomsedse as sumes 

dominance of old field s ,  it s e ems logical that this species 

also produces similar allelochemic s .  Broomsedge may oe able 

to as sume dominance partly through the production and effects 

of thes e  compounds , but increas ing amounts of the chemicals 

may influence its ability to obtain �voessary nutrients. 

Broomscdge may also ,  in part , eliminate itself through a sel!

allelop�taic effect.  

Sodium and potas sium ions exhibit a decrease in newly 

abandoned fields ( Figs .  XV and XVI } .  ?otassium increases 

until reaching a maximum i� 40 year old field s .  Sodium ex

hibits several oscillations but also decreases after 40 years. 

Potassium appears to be important in the synthes�s of amino 

acids and proteins from ammonium compounds ,  while sodium 

does not appear to be an essential element ( Russell, 1968 ) .  

There is little evidence that pota�sium or sodiuu is important 

in plant succession. Rice � � ( 1960) found that potassium 

was not important in determining the order in which species 
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invade abandoned fields. Usually potassium, unless a plant ' s  

ability to absorb the element is inhibited, is present in 

adequate quantities .  

Iron, aluminum and mangane s e  are three elements that are 

either needed in relatively small amounts ( iron and manganes e ) ,  

or  have no known value for plant nutrition ( aluminum) .  Under 

the influence of increasing soil acidity these three metallic 

ions increase ( Figs. XVII and XVIII ) .  Decreasing soil acidity 

generally renders them less available although a lag phase 

may be involved. These determinations for at least alumi-

num and manganese show that one of the secondary effects of 

high acidity are an excess of iron, alu�inum and �anganese ,  

as well as other metallic cations p and are in agreement with 

Russell ( 1968 ) . Exce£s manganese ��cumulates in all tissues 

and interferes with their proper metabolism, while excess 

aluminum accumulates in the roots and may reduce very co�

s iderably their ability to translocate phosphata s  �re� th� 

soil to the vascular system (Russell, 1968 ) .  All,";mL1um pro

vides a barrier to the establishment of young seedli��s in 

acid soils . At critical concentrations in the soil the in

hibition of the root growth of seedlings makes the young plants 

vulnerable to desic cation (Clarkson, 1966 ) .  Calcium s e ems to 

enable a plant to withstand the toxic effects of thes e 

metallic cations ( Russell, 1968 ) .  Plants ,  such as brooms edge , 

which ri. r c  low in calc ium may be very _ �.:.:; 1 tivo to inc�"eased 

concentratlc�� �f the�e 10�3 . In the later years of the broo�

s edse stage of �uccess ion, especially e ight th:ough eighteen 
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years , broomsedge seedlings may be sub j ected to reduced vigor 

through the actions of these cations. 
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SUM¥l.ARY 

The old-field e c osystem presents an orderly s equence 

o f  changes �hich eve�tually reach a st�bl e ,  s elf-reproducing 

climax. Many factors are , however, at work _n producing 

the s e  chang e s .  This study has ,  for the first time , doc

umented the cycling o f  nutrients in the annual weed , per

ennial grass , shrub and bramble and tre e stages.  Broomsedge 

apparentle is able to establish itself only 1n fields of 

low fertility, and the species of the annual weed s tage 

are probably less able to survive therc�fter due to reduced 

quantities of available nutrient� � T�is aciuophilous 

species 1s als o  able to gain control of the old-fields 

through the production of compou�ds inhibi�ory to s o il micro

organismD and old-field plants sensi�ivc to their actions. 

Broomsedge is cften eventuall� ·  present in almost pu=e stands. 

The allelochernics releas ed into the soil prevent establish

ment of other species , and eventually begin to ex�rt an auto

toxic eff cct. 

Increas ing levels of metallic cations probably s eriously 

affect young broomsedse seedlings and reduce their vigor. 

Their effects are compounded s ince the plant is not able to 

absorb calc ium in quantities sufficient to counter their 

toxic effects due to the allelochemics 9�ccc�t. These allelo

chcw1cs s eriously impair the ability of tho plants to metabolize 

efficiently, and the d e cre�sed amounts of o�her esser.tial 
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nutrients due to the effects of the metallic cations also 

adversely effect the plan t s .  Kortality o f  broomsedge plants 

under stress increases and s r Jcies which can tol erate the 

toxic phenolic compounds present, and probably require 

greater amounts of nitrogen, phosphorus , calc ium and magne

s ium are able to invade old-f i e l d s .  Once established in 

almost pure stands broomsedge was able to shade out s e e dl ings 

o f  other s p e c i e s . With increas ing numbers o f  taller shrubs 

and tre e s ,  broomsedge i s  now sub j e cted to shad ing . Low 

magnesium in the upper 15 cm. of s o il may effect the plant ' s  

ability t o  synthes i z e  increased amounts o f  chlorophyll . 

n e e d ed to u t i l i z e  reduced light intens i t i e s . Broo�sedge 

eventually d isappears froffi the success ional picture as a 

result of conditions ln part created by itself. 

The s p e c i e s  present in the �tages o f  s u c c e s s ion are not 

just r�ndom s e l ect ions of organisms that happen to be in the 

vic inity. Rather the stages of succ e s s ic� and their compon

ent s p e c i e �  are the result of a long evolutionary proc e s s .  

Suc c e s s ion repres ents a series o f  niches into which c ertain 

� )e c i c s  huve become adapt e d .  �he adaption o� a s p e c i e s  t o  

a particular stage of succession depends o n  i t s  ability to 

compete with other s p e c i e s  in regard to light, available water, 

c oil min�ral s ,  allelochemics and also to its succes sful 

repro:.�uction, includ ing germination and s e e d  availabili tye 

:vcn ttough these s p e c i e s  are apparently well adapted to a 

p�rticular staee, they �ventually create changes which make 

the habitat l e s s  suitable for them a�d more saitable for 



for other species.  Success ion is thus a dynamic process.  
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BroomGcdge is  probably slowly increas ing its range in 

Illino i s .  I t  i s  not able t o  become a member o f  the success

ional pictur e ,  however, until it can compete successfully 

with other species already established. The area of Wiscon

s inan glaciation presents a barrier which broomsedge is not 

yet able to bridge since it is less able to compete with 

species on more fertile prairie soils . 
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