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PART I
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ALCAE AE PIONEERS IN PLANT SUCCESSION 4AND THEIR IMPORTANCE
IR SOIL EROSION CONTROL

It is generally recognized that plants play a leading
role in erosion control and prevention, although research
involving the evaluation of their part hus been nezlected
by botanists. Particularly is this true of any correlation
of the lower forms with soil erosion. The purpose of this
study was to determine some of the soil conseéervational
values of a protective algal crust, which 1s present over
hundreds of acres of badly eroded soll, Such zn aim has
led to a shifting to this microvegetation of much of the
importance heretofore attributed to the higher plants.

Trueb (1888) emphasized the value of blue-green algae
on the island of Krakatoa, where they were the first colonists
after a volcanic eruption which denuded the l1sland of all
vislble plent 1life. Three yoars af'ter the eruption these
alzae had formed an almost continuous gelatinous layer over
the surface of the cinders and stones constlituting the soll,
and by thelr death and decay they rapidly prepercd it for
the growth of higher plants. The role played by soll algae
in plent succession is dlscussed by Fritch (1907). He
concludes that an algal covering on the surface of dry,
sandy solil regulates the molsture of the soil, thus forming

a shelter for seed plents. Harrison (1913) presents evidence



to show that & surface stratum of elgae and other organisms
play en important role 1n the production of oxygen necessary
for the roots of rice., Plercy (1917) desceribes the algal
crust on the soil and how 1% thrives during perts of the
geason when the grasses dle off as a result of drought.
Petorsen (1935) conducted various research problems with
algae on the surface and within the soil. He concluded

that they are useful, (1) in the addition of organlc matter
to the so0il and (2) they may play a direct or indirect part
in nitrogen fixation. Droust (1937) describes the presonce

of blue-green algse, mainly Porphyrosiphon Hotarisii (ienegh.)

Kitz., in Brozil where they grow on dry soil which has been
denuded of the macrovegetation. Elwell (1939) noticed a
surface crust on abandoned farm lend in the Red Plains Reglon
in central Oklehoman, where succession has produced a partial
cover of perennlasl bunch grass. Reference is made to it as

a surface accunulation of residue eand lichens,

GENERAL DESCRIPTION OF THE AREA INVESTIGATED

Field work end observations nececssary to thils study
were conducted over an area vwhich Includes parts of Kensas,
Oklahoma, and Texas (Fig. 1l.). It oxtends southward from
near foward, Kansas, to occupy & strip of land thirough

central Oklahoma and terminating in northern Toxas. Upon



passing into Oklahoma from Kansas, in the vicinity of
Sedan, Kansas, there is a rapid decline in the number of
fields showing the presence of the slgal crust, there
apparently having béen less destruction of natural vegetation.
on the Osage Indliaen Reservation. From Cleveland, Oklahoma,
south into Texas the stratum is common except for a break
caused by the Red River Valley. The east and west bound-
earies mapped in this lnvestigation do not establish limits
for the usefulness of algae in erosion prevention but
rather indicate the extent of a survey which is incomplete
at this time. It is very probable that upon further in-
vestizetion the area will be extended eastward at least to
follow the boundaries of the oak savanna, and without doubt
%ill include the entire Red Plains Region to the west and
south. The northern boundary of the area investigated may
be desoribed as being some 40 miles north of the HKansas-
Okxlahoma boundary. 4 copious surfuce growth of algee, how-
ever, has been found on thin soll as far north as Laurence,
Kanses, This northern distribution was unknown at the time
the Tield work was in progress, so has been necessarily
omitted in this paper.

Essentially, the general aspeoct of the natlive plant
cover of this area is that of a savanna on the east and of
grasslend on the west. The savanna is characterized by
varying degrees of dominence of woodland and of climax
grasses. The dominant species of the woodland are fuerocus

marilandica Munchh (blackjack), Q. stellata Wang. (post oak)




and the much less abundant Hicoria Buckleyi (Dur.) Sud.

(black hickory). The grasced areas are mostly confined

to the lowlands and sides of gently sloping hills. In
some sectlons, however, they completely dominete the land-
scape, while in other places they may appear as alternes
or may be corpletely absent for many miles. The grasses

originally most abundant in the sevanna were indroposzon

furcatus ¥Muhl., Sorghastrum nutans {L.) Nash, Andropogon

virginicus L., and Sporobolus eryptandrus (Torr.) A. Gray.

The savanna joins on the west in a very abrunt manner with
the true prairie, which has Andropogon scoparius Michx. as
the dominant species, In its undisturbed condition the

following grasses are also very common in the true prairie:

Andropogon furcatus, A, hallli, Hack. A. saccharoides, Swartz.

Agropyron smithii, Rydb. Sporobolus asper, (Michx,) Kunth.

Boutleoua curtipendule (Xichx.) Torr., and Elymus canadensis

L. Proceedinz westward in Oklahoma and Kansas the true
pralrie blends into the mixed prairie whioch shows an increas-~

ing amount of Agropyron smithii, Bouteloua gracilis, (H.B.X.)

lag., B. hirsuta lLag., and Buchloe daotyloides (Nutt.) Engelm.

The snvanna, for the most part, follows closely the
sandstone hills. Yspecislly, there 1s a close ocorrelation
on the western margin. Veathering of the Pennsylvanian
shales is very noticeable because of recent agricultural
practices, which leave the sandstone exposed. The mligration
of the oaks westwa:id 1n most sections may be seen to be

keeping pace with the uncovering of the sandstone. This



sandstone weathers to form a coarse sandy loam soil,
which is very susceptible to erosion by wind and water.
The trees, however, breank the driving force of the wind
to the extent that wind erosion is not s general probhlem
throughout the area but may be serious only locally.

The Red Plains Reglon ooccupies an extensive belt
which formerly included some valuable agricultural land. The
red Permlan clays and shales have weathered into a gently
rolling plein, with e dark residual surface scil from 8 to
12 inches deep, but when once broken for cultivation is
very erosible. A reconnaissance survey of Cleveland County,
Oklahoma, whick is in the central part of the state,
brouzht out the fact that the area of abandoned land is
abosut one-seventh as large as that under cultivation, while
12 per cent of the cultivated land was very seriously
demaged by gullying and severe sheet erosion., Cleveland
County 1s partly in the oak savanna and partly in the true
prairie, Ninety-one per cent of the abandoned land was
found to be in the oak savanna, as was also a large pro-
portion of the serious gullying. Winters (1934) pointe
out that 20 per cent of the Red Plalns Region of Oklahoma
with a slope of from 2 to 6 per cent is under cultivation,
6 per cent of which is gulllied beyond economic repair, and
25 per cent has been abandoned, Of the land broken for

cultivation which has a slope of over 6 per cent, practically



all hes been abandoned because of erosion.

In the portion of the Red Plains Reglon examined in
Kensas, extensive slgal orusts were comparatively few in
numbers, as 1is also true to the south in the areas traversed
by the Salt Fork, Cimnarron, and Canadian rivers. In central
Oklahoma, however, well established algal crusts, especlally
on the residual Red Plains soils, ere very common. The
erust often forms on sandy wind-blown solls during wet
seasons and may completely hold the soil against blowing.
Often, however, the orust is broken by trempling, and once
broken it i1s easily undermine<d, which, along with covering

by sand, soon leads to 1ts complete destruction.

ALGAL STRATA WITHIN THE AREA

The present vigetation over much of the area studied
shows a very contrasting pioture as ocompared with an
unabused wvirgin plant eover. The changes are a result of
overgrazing, cultivation of the land for s brief period
and then abandoning it, or of frequent burning. Excessive
erosion, espeoclaily on the cultivated fields, has so
profoundly ochanged the topsoil that the native climex
plants are unable to reestablish themselves until the slow
process of successior has reoreated a suitable environment.
It is in these xeric places that soil algae come into

prominence, to be accompanied after a short time by moss

and by seed plants which are mostly annunls.



The algal crust varles greatly in appearance, but
in genersl may be considered as belonging to the following
types:
A, Smooth, soil-covered stratum, composed of

Schizothrix Friesii, (Ag.) Gom. with Microcoleus

vaginatus (Vauch.) Gom. nearly always present
in lesser quantities,
B. Smcoth, dark-colored stratum, composed of

Scytonema ocellatum Lyngb., as the dominant,

accompanied by Miorocoleus vaginatus, which

often is present 1n nearly squal amounts.
C. Rough, black or reddish-colored stratunm,

composed of Porphyrosiphon Notarisii (Menegh.)

Kutz. as the dominant and Scytonema ocellatum

present in important amounts. MNlerocoleus

vaginatus is always present and may even be

first in importance.

The species of algae listed for the different types
of strata are not conclusive but are the ones most

commonly found throughout the area. lMicrocoleus lacustris

(Rab.,) Farlow and Schizothrix arenaria (Berk.) Gom. were

the main constituents of the smooth stratum in most
collections near Normen, Oklahoma. Lyngbya is usually
present and may esppear as dominant in laboratory samples
which have been saturated with water for some time. It

canr.ot, however, be considered as a major constituent of



the normal field strata. Other forms of blue-greens were
present in all scuples but were of 1little importance.

In the savanna the algal stratum 1s found on abandoned
farm land and in the woods where the topsoil has been re-
moved, Erosion of the oak-covered hillsides does not
belong to the natural order but 1s evident after clearing
or extensive burning. Bennett (1934) descrives the runoff
from a coentral Oklahoma forested area as being 250 gal-
lons of clear water per acre during a rainy perlod, as
compared with sn adjoining burned area which ran 27,600
gallons of muddy water per acre. Burning of woodland
destroys the leaf mold, grasses, and low growing plants,
which do much to keep the soil open for absorption and
break the force of the water., Tires are oosmmon through-
out the savanna and are partially eoccidental but often
are set with the idea of killinz the undergrowth of oaks
and ridding the open areas of worthle:zs grasses. The
abandoned flelds can be deteoted from a distance by the

presence of prairie three-awn grass (Aristids oligantha)

¥ichx.,, which is clearly a dominant for many years on

such impoverlished land and may remain as such if normal
plant succession is impeded by pasturing or bdburning.

It 1s on these abandoned fields that the algal stratum
reaches its peak in completeness of ground cover and thus
also in the effectiveness of erosion prevention. Through-~
out the area the stratum has a variation 1ln general sppear-

ance and ir composition corresponding to the humus content
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of the soil end to the degree of macrovegetative cover.
The smooth, soll-colored stratum, jype A, is
ocharacteristic throughout the area on recently abandoned
fields, or in places in older fields which are esopecially
low in humus, and where the grass cover 1s absent or
exceptionally scanty. This stratum may easily go un-
poticed since it does not have a distinotive color except
during molst rainy scasons, at whioch time the fingers may
be slipped under the stratum and pieces with asn area of
gseveral square inches pulled up, Although the algal
trichomes are mieroscopically small, the strands may be.
seen. macroscopically by breaking slowly the removed pleces
of algal crust., During dry perlods the stratum nay easily
be mistaken for a soil crust formed by the impaot of rain
drops., The only macrovegetation of any importance where

this stratum is found is composed of Aristida oligantha

with A. longespica Poir. present often ns a minor constit-

uent, During the winter ané spring the ground appears
almost bare, but later in the season the Aristida makes
a growth which may appear luxurient from the distance. The
cover formed by this grass, however, as revealed by the
square-foot density method, varies froa about O to 3 per
cent, Basal area quadrate taken of representative areas
show a cover of about .8 per cent.

The comparatively smooth but dark-colored stratum,

B, 1s found in places where the soll 1s a little richer
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in orgenic matter. This type 1s usually found in the

same abandoned field with the previously mentioned stratum
but is easlly distinguished sinee 1t is acocompanied by

a better growth of macrovegetation and by its blackish
color. The mozt characteristic seecd plant is Aristida
oligantha; however, varlous specles of plants make their
appearance during thils stage of plant succession. In

the savanne of Kansas and northern Oklahoma, Sporobolus

cryptandrus and Schedonnardus paniculatus (Nutt.) Trel,

are common; Gymnopogon ambiguus (ifjochx.) B.S.P, aend

Eragrqstis seocundiflora Presl. are wide spread but are

represented only by socattered bunches. The vegetative
cover formed by the higher plants varles from about 1
to 20 per cent, as indlcated by square-foot determinations.
Stratum type C may be found in abandoned flelds,
pastures, and frequently burned over savanna woodlands,
In the woodlands the soll is sandy despite the notice-
able signs of erosion and ground fires, there is oonsider-
able more organic matter than is present on the badly
eroded orop land. The algal stratum is somewhat broken
and may be patchy in distribution because of irregu-
larities in soil and macrovegetation. The crust is
about 6 mm in thickness and is very rouzh as seen on the
upper surface, the roushness belng 2 result of irregular-
ities on the surface of the soil which have been grown

over by the algal stratum or by winter thawing and freezing,
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causing bulges which are held by algal growth. ihere type
0 is present in abandoned fields, it is generally an
indication of an advanced stage in sucoession, or it may
be corfined to areas in more recently abandoned fields
where ercsion has not been so severe; thus there is a
higher organlic content in the soil and a more zbundant
maorovegetation. In general appeerance and composition
the stratum most closely resembles that found in oak
woodlands, but it is usually more luxuriant and unbroken.
In the vacinlty of Seden, Xansas, several fields
were covered by the stratum, type B, which had the
addltional protection of irreguler algal colonies of

Mostoo commune Vauch. A quadrat determination was

made of the west slope of a twelve-aore hillside in an
abandoned field, and it was found that Nostoo formed a
32 per oent cover for the area between the bunches of
grass,

The problem of dissemination of blue-green algae to
fields when they become sbandoned is in no way a limitatlon,
since s0il samples taken from cultlivated fields show
that there are enough of thesc forms present in the soil
to form e crust when conditions become favorable for lts:
growth.

oss was found throughout the area in both grass-
land and woodland samples, being most abundant in stratum

type C, espeolaily in the woodland, but without exception
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has been found to be mlissing from the amooth highly exposed
strata. In most cases the moss cover is not sufficient

to be of prime importance, although its frequency in many
fields may be as high as 30 per cent of the samples taken.,
The protonema and rhizoids, however, may help in the
Tormation of a tough strstum in many places. In the can-
yons near the csnter of the Red Plalns Region, as well

as on rocky exposures to the east, Selaginells plays an

important role in formation and holding the soil on steep

ledges and slopes. Selaginella and lichens are highly

locallzed, so are not considered in detail in this study.

EXPERIVENTAL KETHOLS AND RESULTS

Two plots were selected for intensive study, one belng
near the center of the oak savanna, on highway 66, about
4 miles south-west of Stroud, Oklahoma; and the other
located on highway 99 (11), 12 miles northwest of Sedan,

Kanses,

nfiltration

This factor was first studied, because, if the
algal layer have proved a decided obstruction to normal
percolation, the apparent value of a non-erosible surface

would be nullified. Infiltration was also the only



14

entirely unknown factor, since the others were partially
apparent upon general field reconnaissance.

All tests were made in the field in order that the
soil might be as neerly as possidle in an undisturbed con-
dition. For thls work thin metal cylinders with a diameter
of 12,5 cm. and a depth of 7.5 om. were used. The cylinders
were pushed with a rotating motion into the soil to a
depth of about 3 om., all possible precaution being used
to obtaln clean cuts without breaking the algal crust.

The soill was then sealed to the metal oylinder with shellac.
About one-half the soll area within the cylinder was cover-
ed with 4 thickenesses of cheese oloth. The purpose of

the cloth was to faocilitate the pouring of water into the
cylindcrs without stirring up the soil. This precaution
was not necessary on the anlga-covered soil, but was used
regardless of any need. ihen the oylinders were found to
be over smell burrows which allowed a very rapld water
loss they were changed to a new location, This change was
necessary in only 8 per cent of the attempts. \ater was
added in 250 cc amounts end kept above & three-sixteenths
inch depth. The time was calculated to the nearest second
for each 250 cc of water which soaked into the soil.

The total amount of water used varied, but in all cases
was from 3 to 4 liters, which was sufficient to arrive

at a constant rate of infiltration. Twelve tests were
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made in each of the three stratum types, 6 on the un~
disturbed soll and 6 on small areas from which the algal
layer had been removed,

The results of tests on the three stratum types (fig.
2) olearly indicate that the rate of infiltration is not
slovied down by the presence of an algal orust, except for
stratum type A, where it 1s only temporarily retarded.
The average of 12 tests on thls type indicate that in-
filtretion was slowed down until about 3% liters (about
8% inches) of water had been taken into the soil. This
retardation of infiltration, to the degree that 1t takes
about twice es long for the first 250 cc (about § inch)
of water to enter the soll, would undoubtedly be serious
if this experiment oould be completely ocompared with
natural percolation of water from torrential rains. During
heavy rains, however, there is a constant pounding end
dislodging of soill partioles which changes the rate to
favor the protected soll., Experiments in which the water
was dded in the form of s foroced spray, from an atomizer
type plsnt sprayer, may be teken as a better comparison.
The results of teksts by this method, on stratum type A,
showed that 1t took only 20 seconds longer for the first
250 oc of water to soak through the algal protected soil.
For the second 250 cc, 1t changed over in favor of the
protected eoil, taking 10 seconds longer to soak into the

bare soil. Results similar to these were found in Missouri



16

by Neal (1938) when water was apnlied gently, as compared
with the rate of infiltration during e rain. When the soil
is stirred and packed by the downpour of water, there seems
to be a puddling of the particles to form a compact layer
which retards the lnfiltration of water into the socil.

The soll underlyingz stratum type C is much more essily
stirred than the soil under A and B, and even with the
protection of a cheesecloth cover it was impossible to add
water with the necessary rapidity, without stirring the
soil., This is thought to be partly the reason for the
little difference in rate of infiltration for the rough
stratum (C) and its corresponding denuded area for the
first 250 to 400 co of water. The presence of small

cracks in type C stratum during dry weather elso permits

a more rapid penetration of water, but allows for very
little dislodging of the underlying soil,

Soil Losses from Protected and Unprotected Plots

The value of a protective algal ocrust on s0il was
first brought to light by pouring water upon solil from a
height of about 5 feet. It was evident that there was
little or no outting, nor was the runoff water muddy. The
value of an algal orust in prevention of soll erosion was

also evident upon general field survey in ¢¢ntral Oklahoma.
liany fields had been ahandoned because of merious sheet

and gully eroision, but after abandonment there was apparent-

ly no further erosion, as is shown by the fact that the
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old furrows and ridges can be ceen after a period of from
30 to 80 years. Bluestem bunch grass has established it-
self in these flelds in rows as though it had been planted,
and erosiocn between the rows of grass bhas been minimized
by the presence of a well developed algal layer. In other
fields certaln bunoh grasses have attempted to establish
themselves, but because of the absence of a complete algal
orust, the soil washed from around them, leaving their
bases elevated several inches above the soil level. These
observations led to a more extensive study on bare and
protected soil,

A field, near Stroud, Oklahoma, which had been out
of cultivation for about 10 years was selected for this
study. The entire field, with exception of the sides and
bottoms of two small active gullies, was covered with a
tough elgal crust, The macrovegetation consisted mainly
of & sparse cover of Aristida., The experiment was con=-
ducted in a rather simple manner which did not duplicate
natural eroslion, but which brought about conditions severe
enouizh to yield comparative data for slga-protscted and
baere soil. Two plots, 2 by 6 feet, with a slope of 5.6
per cent, were staked off and bounded with metal strips,
The few scattered stens of grass were clipped from the
plots =t the soll level, and one plot wes watered with about
one half inch of water. The smooth algal layer, which is

8bo@t 3 to 6 mm. in thiockncss was removed from the unwetered
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plot. The surface was then pecked and sprinkled with an
emount of water equalling that of the a.za-covered plot,
and allowed to dry for 2 days. A soil crust was formed
on the surface, much the same in appearance as would
naturally be present on a bare area. It was neceszary to
denude such a plot because a bare area which might be
compared with the alga-covered enclosure was not present
in the field.

A ten-gallon metal tenk with a separating trough,
was set in the grouné to catoh the runoff water from each
plot. The separating trough at first consisted of a 10
inch conduit with ? longitudinal septa. It was Tound that
with small anmounts of water there was so much variation
in amounts of overflow from the different ohambers that
it was impractical for use. A two inch repeatedly
bifurcate trough was finally used and was found to separate,
with sufficient accuracy, one-eighth of the cverflow from
the ten gallon tank.

tiater was applied to the plots by means of a force
pump, which was powered by an automobile, The stream of
water coming through regular garden hose was broken into
drops corresponding quite closely to medium~-sized rain
drops. The force of the water was suffioient to throw a
spray 10 feet into the air when directed upward. The
hose was moved back and forth along the plot at a helght

of five 1©at.
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The soll losses were determined in the usual manner,
by siphoning the water from the ten-gallon tank and collect-
ing the silt, which was then dried and weighed. The water
which was siphoned oIf was thoroughly mixed and samples
taken, a3 were also samples taken from a tank which held
one~eighth of the overflow from the first tank. The re-
sults obtained by the collection of silt and suspended
particles in the runoff water from the two plots zave a
ratio of 1 to 22, The 100 gallons of water from the pro-
tected plot anpeared clear but contained .7 pounds of eroded
soll. The bare plot did not suffer from channeling by
rivulets of water, but the loss of soll by sheet erosion
amounted to 15.4 pounds per 100 gallons of runoff water.

A simllar experiment was conducted higher up the slope
in tne same field with the type C stratum. The grass
clumps, which formed = 26 per cent vegetative cover, were
left standing, but the algal stratum between the clumps
was removed and the soll treated as in the previous experi-
ment. The surface 80il contained much more humus than-did
the soil lower on the slope, and was of a loose sandy
nature. It appeared to be more erosible tham fhe soil in
the previously mentioned test plots, but the amount of
eroded material was less. This difference wes probably
due to the fact that the slope of the plots was less
(4.8 per cent), and the presence of vegetatlion cut down

the rate of surface flow over the soll to the extent that
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miniature alluvial bars were foraed around the bunches of
grass. Cix-tenths of a pound of eroded soil was caught in
the 100 gallons of runoff from the alga-protected plot and
9,9 pounds from the plot which was devold of an algal layer.

Soil Holsture

Soll semples were taken at two different times during
the summer (1939) in an attempt to determine any difference
in noisture content of soil protected by an algal layer and
baere soll, Samples were taken from the upper lmoh of soil
just beneath the algal stratum and similerly Jjust beneath
the hardened soil orust on bare areas., Soil moisture con-
tent was determined on the basis of vacuum over-dried samp-
les. The results of 24 samples were so variable that no
conclusion could be drewn. Such erratic results were
probably causcd by the faoct that the spring and summer had
been exceptionally dry, end the percentage of water 1m both
types of samples was extremely low. Difficulty waes also
experienced in securing samples from bare areas which might
be used as a comparison with alga-covered soil.

In the fall two deys after & light rein, samples were
taken from the upper inch of s0ll just bensath the algal
layer and from just beneath the bare soll crust of plots
whioh had been rid of their macrovegetation and one of which

had also had the slgal layer removed diring the summer. The

samples were weighed and dried fOT three days in a V8cuum
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ovens The average of three samples taken from the
algal-protected soll contained 8,9 per cent water,
while those from bare soil contained 1,3 per cent.

Such limited sampling can not be taken as proof that
water 1s conserved by the presence of an algel stratum,
but 1t does indicated the likellhood, as suggested by
Fritsch (1922), that the algal layer acts as a mulch

in the conservation of molsture,

The writer wishes to than® Dr, W.H. Horr for
valuable suggestions extended during the research and
preperation of the manuscript, Drs Paul B. Sears for
first calling the attention of the writer to the algal
crust on soll, Dr. Frances Droust for identification
of algae, Professor A.J. Hix for identificatlion of
algae and reading part II of the manuseript, and

Professor W.C. Stevens for reading the manuscript,
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SUAMARY

Several species of soll algae, belonging to the liyxo-
phyceae, constitute an initial stece in plant success-
ion by the formation of a oomplete algal layer over
hundreds of acres of badly eroded land in the South-
Central United Etates. The decided prominence of this
plant cover may last for many years until higher perenn-
ial plants are able to form an abundant grouné cover,
The rate of infiltration of wster into the soil is not
slowed down by the algal stratum, with exceptiorn of

on stratum type, in which there 1s a sligzht retardetion
for about the first 7 mm. of water.

Soil looses from plots wilth thse proteoction afforded by
an algal stratum were greatly reduced as oompsred with
the losses from bare areas. The algal resistance to
erosion 1s apparently the result of binding the surfaoce
particles of soil into & non-srosible layer which is
also very effective in treaking the force of falling
water,

Somewhat inadequate tests indicnte a higher moisture
content in the top inch of soll which has had the pro-

tection of an algal layer, as ocompared with bare soll,
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PART II

NATURAL REVEGETATION OF ABANDONED CROP LAND
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WATURAL RBVEGET.TICN OF ABANDUNED CRC? LAKND

It ls a well known fact that after retirement of fields
fron cultivation, the first plants to appear are not permane
ent., Certain plants tske hold, flourish for a time, and
then decline. In due ocourse they arae succeeded by a comaune
ity of entirely different composition, which in turn may
be renlaced by still others. Ultimately the plant community
reaches its highest developuent and is composed of species
vhich are charscteristic of the undisturbed vegetation of
that aree.

Although the dynamio aspect of vegetation on abandoned
fields 135 widely recognized, the specific nature of the plant
puccession and time involved is often left to imere speculat-
ion for nany localities. It is the purpose of this papcr to
develop signigicant faots with rezard tn the natural plant
succession on abandoned flelds in a portion of Ka..aan and
Oklahonn, and in consequence of that, to develop a substantial

basis for soil conservation and grazing praotices,

DESCRIFTi0N OF AREA INVESTIGATED
The resion selected for this study ineludes an srea
in south~eastern Kans«s and one in central Oi:lchoma, the
two teing separatcd by the Osage Indien Reservation (fig. 1),
rore specifioaslly the ¥ensas area tales fn parts of Choutau-

qu: and Tlk counties, and in Cklahoma studises vere nade in
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parts of Ilogan, Uklahoma, Canadlan, Cleveland, rottavatomle
and .Jeyne counties. The Csage indlan Reservation was
neoessarily omitted heoasuse of the scarcity of abandoned
laid.

The iensas and Oklahoma areas are partlaily in two
distinot vegetative typea which include the true prairile
and the transitionel arsa hetween prairie and deolducus
forost. Tottawatomle, Linooln, and parts of Oklahoma, Clevew-
lan¢ and Tsyne counties in the state of Oklashomn are in the
transition. This nrea is known nz the Cak-illokory Savanna,
while most of the arca studied in {ansas 1s in the true
prairie.

The topography ranges from gently rolling hills to long
gradual slopes. The solls are mostly residual and of a
sandy neature, having been derived from underlying sandstone
end shnle. These so0ils are highly erosive when under cultiva-
tion; an¢ even on the nrost gradusl slope, active shcet orosion
and gullying is the rule., The rainfull 1s shout 35 inches
per yoar throughout the area. The spring and suvi.er relns are
of the torrenticl type and of short duration, which under the
tyne of oropping carried on in the past, hus been responsible
for the removal of much of the topsoil and the diusection of
fields by guliies.

The loss of topsoll end the dlsseotion of fields has
mode it unprofitable and difficuit to ocultivate many fields
in this region. Reports by Blackwell (1930) show that over
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1,355,008 aores of land have been abandoned in Oklahowma,
whieh doesz not inolude the land retired during the past ten
vears, iuch of this abandoned luond is in the form of =snall
hillside flelds in central Oklahoma, where devaztation is
particularly severe. Accelerated erosion 1s less comwon

in southern Kenasas, but abandoned flelds and thosc nearing
the abandonment stare sre com:zon enough to fustify a thor=

ough study.

KETHODS

One of the a&iffioulties, as staled by Hanaon and Vorhles
(1938) in studioes dealing with revegetation of eroded aress,
is the insurficient duration of the succossion. bBecause of
the compuratively recent ingress of sgrioulturs into thie
pection of the country, most abandoned rields have not been
out of cultivation for more than 30 years. here conditions
are not too severe, however, asuch a period of time 138 aaple
for the re-ectablishment of & sood grans cover which is come-
posed of some of the olimex grasses,

Fields for study were taken as they appearsd along the
route selected for travel, If, howevecr, the ago of the
reversion ocould not be determincd with accuracy, the field
was rejeoted, Such determinatli:rns were derived by cimsulting
the tcnant or owner of the land, In many rields, esveocially
in the savanna of Oklahora, a check was made by counting the

annusl rings of trees which were known by the ocwner to have



31

apyearcd a certain numler of years after abandonment., In ade-
ditlon to the age of the fleld, the tenant or owner furnished
inforratlon as to land use, which inocluded grazine by anttle,
horses, and sheep, Informaticn was also obtalned as 4o the
frequeney of fires which burned over the fields., 4 total of
106 fields wiere seleoted for study. This study, in addi-
tion teo the Inforantion already mentioned, included o
botanical annlysls for each field, ©s well as records con-
cerning exposure, per cent slope, and rature of the soll.

The botanionl study was meinly ooncerned with density
deterninations to bring out the percentage area thot the
differcont species occunpicd at one inch above the ground
level. In this work & modification of the Lensity lList
ilethod @8 used by Hurray ond Glover (19¢5) was employed

and in pearly all flelds at least one chart quadrat wes

nade, uosin: the tripod method (Pooth, 1940;, of what appeared

to be the average ooudition for the fleld.

TLARY TUCCES3ION
No attempt wes made to determinc how lonr the various
fields hnd besn cultivated before bveing retired, but it is
quitc apparent from historical end erosionwl studles that
the tise wos extremely short., The fertile topsoil st this
stage is principaily or ocompletely removed, and often the
hardpon is exposed or covered by only a few inches of

structurclens soil,.
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The early stages in roverstation by seed plants in
thio region are simllisz in character to those found by
Shantz {1317) in esstern Colorado; namely, (1) an early
weed at:ie, ccaposed of large widly spaced plants, and
(2) & late weed stage, which inoc.ude: es:ontially the sanme
srieciee of plants as the early staze, btut is characterlzed

a dense growth of stunted plants. Shentz found the
folloxins stages to succeed the weed stuzes: short lived
grass estuge, perenninl grass stage, early short grass stare,
and finaliy the typlosnl short grass sod. To ocoaplete the
succession & geriod of from 20 to ST years was necessary.

The speciex of annual weeds which nre the first to
vopulnte an avandoned field, in the aren erxamined, are not
governed by the locality, but rather by the tyse of
cultivation imnediately preceding, or in some cases upon
the kind of weed seed present in fertilirers, 7The variae
tion found in the different fields was great, and sinoe the
vieed Bturec lasts for a perlod of only & to 3 years, it was
thourht not to be of sufficient importence in this study
to justify extensive deterzinations. The percentage of
plant cover during thi: stage, ss shown by basal-area
deterninrtions, is exceptionally low (fig. 24). The first
year the basaleares cover nt nld-season 18 ofter about .2
per cent. The second year therc are a8 few more gpecles

sresent and a noticeable ircrease in numbers of those
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sregent the first year. .although the general aspect of
the fleld is quite different the second year, there is dut
a slight differonce in the basal-area, The difference in
apnearance i1s caused by the intcnse competition between
thickly spsced individuals, which result im e love~growing,
stunted vegetation. Thils ssoond phase of the weed stage
is soxctimnes not evident for seversl years In parts of the
fields where the coll is rore fertile. The better eoil 1is
ntle to suprort a cencer populestion than 1s posaitle on
sterlle soil before compotition results in n stunted growth,
These aresus of greater fertility are comconly at the upper
part of the slope wnere the gradient is slight and thus
erosion has not teen so severe. Dut even in these more
favorable apots there is 8 comparatively rapld ohange after
abandonnient Irom a mesophytic to & xerophytioc type, This
is & reversion in direction. of tho change ususlly to be
founé in neture, but i:=: common on uadly eroded soll after
abandonnent., The more ~buse, such as excessive grazing,
tranpling, snd burning, the rmore rapldé and complete the
change %111 be,

sccond stnage, the triple-awn crass stace, recelves
Its nare from the most charaoteristic secd nlant to be

found at this time, Aristida olienntha liichx. This grass,

which is commonly referred to by the farmera of this region

as wire-grass, is an indloator of extrerely poor soil end
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xeric cocnditions. It ocours often in pure stands, but
other drourht resistianz and drought evadin:s planta are
cormionly prenent, Abandoned ficlda during this ntage

are eanlly deteoied from a distance end often clive the
axpeazranve of cupporting a lusurlsnt growth of aranzs. A
nore oritioal examination, hovever, roveals the faot that
the notual bosal-ares cover of thls triple-awn grans stage
varies from wnzall patohkes ocumpletsly bare up to nhout 2
per cernt cover, the siverage beln: about .8 per cent for the
flelds exemined, .ven more serious is the sct thot this
Aristida is slow to start growins in the spring, which leaves
the ground essentinlly bare and open to the lmpaot of raln
drops during the spring rainy season., The inferiority of
the racrovegetation during this atage, however, 1s oounter-
poised by the presence of a coplous micro=flora. Thaese
lovier formns, ewen though the stage 13 not named from them,
are for more important in conserving the aoil than are

the seed nlants,.

The oresence oy certsin of the lower for:us as on
initinl stnee in revesototion of eroded land has been
reported by larsen (1924) for pouth-eastern Chio. Ko
found that lichens were abie, where erosion wos not acvere,
to grovi where 1t w2s too dry and sterile for weeds =nd
poverty grass. Alkmen (1934) found the initial stage in

plant succession on sandetone ledses in central Iowa to
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be composed of erustose liohens, whioh is followed by
foliose lichens ond then mose., He found these stages to
oculainnte upon the advent of higher plants whioh shaded
thems Elwell and others (1930) workinz at Guthrie, Ckla-
hema, found lichens to be present in the bunch grass
atase on abandoned farm lsnd and mentions them @s being
one of the slow working agencies for the creation of more
favorable conditiona for plant development. Studies by
the present author (1940) bring ocut the importance of
algae in soil eroslon prevention, ss an sld to water in-
filtretion into the soil, and as a probable factor in
soil moisture ecnservation.

The dominent specles to be found in the nmiero-flora
of sbandoned fields are certain of the blue-green nlgae,

nemely: Schizothrix Friesii (ag.) Gom., Mierocsolcus

vaginatus (Veuch.) Gom., Soytonena ocellatum Lyngb. end
Porphyrosivhon Hotarisil (engh,) Xutz, Other specles
ore comzonly present and mey &ven appeer in dominont
proportions in local areas. These plants, although too
gmall to be seen with the unnided eye, foro o dense
reticulum in the surface scll whioh may easily be recoge
sized by the erusted appearsnce or color. This orust is
ebout I inoch in thickness and tough enourh that it con be
reaoved in large pleces when molst. Thoe presence of this
erust in the annucl grass stoge was found in sll flelds
exanined. In come fields or parts of fields, however, its

development remains incomplote, which usu=lly pernits the
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unhampoered removal of soil in the form of sheet erosion.
Lichens, liverworts, anf mosses are also very common but
play a minor roie in soil building and conservation in this
area.

Invasion of the weed stage by annual grasses quickly
ensues after abvandonment of badly eroded soil. Fire, ex=
oesalve grezing, snd éry weather expedite end rake so
complete the ohanyge that often the vegetation of the third
season is represented by a pure stand of annual grasa., The
plant sucoession in fields in which the soll contoins a
2ood supply of humus and thus have been abandoned for rea-
eons other than sterility of the soll, is entirely different,
and have not been included in this study.

The charaocteristic grass of the annunl grass stnge,
Aristida oligantha, 1s often acoompanied by A. lonzesploa
Poir. Coexisting with the Aristida, the only herba of wide

spread importanos are Flantago rhodosperma Decne., 2. purshii
R. and 5,, and 7. aristata L., which often beoome the domi-

nant pl=nts for a short period in the sprins. Minor conmu=-
nities often result from vaeriati-ne in the amount of hunus
and physicaraphy within the rield. The speoles of plants
present in these isolated spots ere varied and seemingly have
taken their origin by chapoe rather than throurh successional
development.

A48 the annual crass stage progresses for a number of

years the flora shows evidence of approaching e mesophytio
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stoxes The extrene uniformity in aspeot and in specics of
the iAristids or Aristidea=rlantaco communities 12 no longer
80 strikingly evident. The Aristida plants are lerger

nud more leafy; thers is a decided shift in prominence

from pPlanteco rhodosperma and f. purshii to P. aristata,

and pumerous other species of forbs ajpear as a secondary
component of the cowmaunity. Some of these herbs whioh

have appeared eonsictontiy throughout the ares studled sre
o8 rollowss Amphiaohyris drucunculoides (DC.) Hutt.,
Speoulnria leptocarpa (hutt.) A Groy, 5. perfolista (L.) A.
DC., Croton cagitatus Michx., C. monenthogynus Mioh., Erigeron
romosus (/alt.) B.S.%, Coreopsis grendiflors Hogg.,
Rudbeckia birta L., dcbilles lanulosa Nutt., Lechea

villoss Z13., L. tenuifolia Michx., Spercolepsis patens
{utt.) B. L. Robinson, end Levtoclottis Nuttallii IC,

The economiec importance of this arnual g rass stuge is
exceptionally low, The limited amount of foraze of low,
palatability for ell olasses of livestook makes thls etage
almost worthless for grazing., Those who d0 attempt to
pasture such fields finc thst the triple-awn grass is not
eaten, so they often atterpt to rid the fleld of this grass
by burning, which apparsntily does not cheok it. Purning
does, however, prevcnt. the establishouent of other graosses
and thus the normal plant succession cues not take place,
The lergth of time that s ftield may rezain in thls inutile
stage has not been deterzined becauss of the fact that ufter

many years pasturage is neceossarlly found elsewhere, and



38

attempts to destroy the worthless grass have been found
to be futile, The longest time that a field was found to
remain in this stege was 23 years (Teble I), whioh should
not be taken ar the meximum. Under favorable conditions
the triple~-awn graess may be replaced by perennial bunch
grass after about ll years,

The few attempts which have been made by the farmers
in this ares to seed ut least a part of their Aristida-
govered land to some native grass or grass mixture has been.
unsuccessful, The probable reason for this fallure wss that
the grasses selected were unadapted to such s habitat, or
that the expensc lavolved in thorou:zhly prep.ring and
planting was more than the apparent returns would jJustify.
Elwell end others, working at the Guthrie station, carried
out studlesg by planting severul specles of n-tive and intro-
duced grass in welleprepared secedteds on bedly eroded coill,

Zven though the solil in these plots oan not be considered as
sterlle as that in many of the abandoned fiolds in this area,
the grosses, with possible exception of one for which some
hope 1s being held, were unable to establish themselves.
Nelson apd Shephord (1840), workingz in Colorado, find that
sites which have a thin soil, a very poor soil, or sre other-
wise unfavoradble are not likely to give suffioient returns to
Justify reseedinz. Those soils which are fairly deep, have

good organic matter content, and absorb water readily are



desirable for resecding., Resent plantings in ocentral
Uxlahoma of duffalo grass {Zuchloe dactyloides (Nutt.) Engolm,)
and Johnaon grass (:wggtig helenense (L.) +ersh.) have met
with some success in the more favorable loontlons; however,
certain undesirable features sssociatod with the latter, has
made it unpopular a2 a means of forage production.

The few examples of terracing Aristide ocovered fields
in the erea exemined clearly indicate that it greatly aocceler=-
ates plent sucoesasion, if the terraces remain unbroken for a
nuibor of yeara., Contour furrowing was not dbeing practioed
in the region observed, but 1t seems llkely thot closely spaced
furrows would be the most favordble method of stinulating
plant suocession without unjustifiable expenditurcs.

ilthough some variestion may de found in the manner in
whieh the perennial bunoh grass beoomes established, the
resulting composition 1s very similar. In many flelds the
first perennisl grass of importance 1s sllver beardgrass

(Andronogzon saccharoides Swartz). Its—wnoroochoent—intos

oonmonly listed as a forage arass, gives every indiontion of

being cnly of moderate value in this respect, It 1s saten
for a short time in the spring but soon 1s left because of
the coarseness of leaves and stems, Since 1t is not readily

caten by stook. it often comes Iin as a ploneer perenrlal
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under moderate grazing where more pslstable Bpecies can not
survive. Often, however, the dominent grass of this stage,

1ittle bluestem (indropogon scoparfus kiobx.), is not

preceded by other perenninl grasces except for soanttered
plants or clumps of ocertain speoies of Erarrostlis, Panicum,
and Paspalum.

The perennial bunch grass stage is oheraoterized by a
peucity of grass species but with a mueh richer array of
widely spaced forbs. The bunches of little dlucstem ore
large, often forming a 20 to 30 per cent ground cover (fig,
II, C)s Thie cover is often greater than the total ground
cover of the natlive prairie; however, as viewed from above,
large patches of ground ere bare in the bunch grass while
in the native prairie the vegetation completely hices the
ground. The effectlveness of the native pralirie grass in
preventing soil erosion results from & combination of the
following faotors: (1) the soil is completely protected
from the impeoct of rain érops, (2) a sponge-like condition
18 created in the topsoil for the admorption of water, (3)
the accumulation of undecnyed vegetetion on the scil forms
e multitude of impediments which serve ns dems to slow down
or hold the water, eand (4) the bases ard roots of the grass
hold the soll with whioh they come in contact., These fact-
ors, with exception of the lust mentioned, are decldedly

missing in the bunch gress cormunities. This defiolency is
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at least partislly equalized by the prosence of a surface
growth of miero-organisms which are not present in the
native prairie (fig. III), The part pleyed by the mioro-
flora can essily be underestirmated by hnety examinstion of
the bunch gress coocunity hecause of the faot that the
bunches ary often ralsed several inches above the peneral
soil level. This, however, 1s not entirely the result of
ernsion from around the bunches but is partislly a building
up by secumulation of organic end inorzenioc matter within
the clump. ©=xamples of eronion where the surface alpgal
layer has not furmed are present in parts of many flelds,
In such plescaps the bunches are often 6 to 8 inches or more
ahove the ground level and undermining of the bunches is
aotively teking place. The part played by scil algae in
holéing the soll is further drought out 1In fields in whioh
the old crop rows are still evident after being abandoned
many yesrs, Perennial grass often forms a ypood cover on
the gsofter ridges, but the furrows recain bare of any seced
plante (fig. II, d4). In spite of the rfaot that the furrows
ere particularly vulnerable to erosion where they are parallel
with the slope, there is 1little outtinz. In isolnted patohes,
hovever, where the soil was unprotected by algae, ohannels,
often n foot or more in depth, are cut down the old furrows,
Ezpectations as to the thiockening of the stand of little
bluestem in the bdbunch grass conmunity sre mostly far above the

eotual coocurrence., 9rass seedlings both perennisl and annual
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specles, are of'ten numerous in the bare areas between the
bunches of bluestetn, but the mortality rate is exceptionally
high and very few ever become established., XNost prominent
anong the horbs of thie comnunity are the following:

Chucmaserista fascioulata (Michx.) Greene, Petalostemon

purpureus {(Vent.) Rydb., Paoralidium tenuiflorum (Pursh.)

o —

Rydb., lespedeza gapitsta Miebx., leptoglottia Nuttellil,

Agolepias tudeross L., Zrigeron ramosus, Folygale inoarnata L.,

Spernolepsis patens, Solanum nigrum L., Oenothera rhombdipetala
J

Futt,., Houstonia ansustifolls iiohx., lepochys colunlifera

{futt) Rydb. Among the gress or pgrasse-like plants the
following were of mo:t frequent occurrence: ranicum
perlonzum lash., P. Boribnerianum Nash, I, virgatum L.,

Sporobolus peglectus Nash, Eragrostis cspiliaris (L.) Nees.,
Andropogon furgatus, Juncus interior ileg., J. setosus

(Coville) Small, and Cyprus ovularis (¥iohx.) Torr.
During this stage of sucoesslon moderate grazing may bde

practiced ¢o sdvantage. The bluestem, however, will not stand
heavy grazing and extensive trampling will dectroy the algal
cruste A single field wes observed where mowing of the bluestem
had been praoticed for several years. This observation lends
evidence to support the view that where the terrain will perait,
mowing and leaving the outtings on the fleld is an aild to
revegetation of the othorwlse bare space between bunohes.

The revegetation of active gullies is not properly taken
care of by neoture and steps should be tesken to stop them in
order that the 1snd may be in the best poasnible condition for

forare production. Resulta at the Guthrie, Oklehomn, station
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(Klwell and others, 1935) indicste that the most satisfaotory
rosulte were obtalued from setting olusps of nutive grass

and seeding perennisl cweetclover and lespedeza in pullies
after temporary checx dams were prepared an! the banks plowed
down Yo 8 1:1 olopes Ior tho best growth of sweetclover in
Lhese experiments the soil was also fertilired with lime and
superphosphete., This may appear to be too eztonsive o
program, in which oese merely sseding the guliles with
innooulated yellow swoetolover seed will be found worth while.
¥xperiments conduoted by the anuthor, now in their ninth year
in oentral Cklahoma, show that ianoculinted sweotclover will
make 6 falr growth in most guliles. Although 1% vwas grazed
elosely, it was able to reseed itself and spread to adjoining
gulliea, The sldes of the gullies at tho time of seeding

had a slope of about 80 per cent, while now it is only 83
per cent. The movement of cattle up nnd down the sides while
grazing i1s asparently responsible for this change., .ater
oy be diverted from the guliles, but wiih the establishment
of plants in them the deposition of silt on the floor of the
gully ond tho wearing down of the stecp sides is a decided
benefit,.

In many abandoned fields of the ocuke-hlokory savanna,
shrubs and trecs hove btecoxne well established. In nost oases
the treen are widely spsced, there being only 3 or 4 trees
per acre, but 8 few flelds which were orlginally prairie now
show: o declded domlntnoe of treea or shrubs, The trees

ocoupying these fields are mainly blaokj)eck oaks (fuercus
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marilendiea Munohh,) or post oak (3. stellata Wang,). The

shrubs are pommonly Cuerous prinoides liilld., accompanied with

stunted specimens of {. marilandica, . Stellata marmaretta

Sarg., and L. stelleta rufescens Sarg., or Rhus glsbra L, and

R. oopalline L,

The sovils resulting from exposure of the sandstone in

this seation asre well suited for the growth of serub oeks,
which follow the sandstone so closely that they cen be used
in determininz the border line betweesn the sandstone and
shale to the west, The two types of vegetation, woodland

and gragsland, are no nearly alike in the completeness with
which they dominnte the habitat when they are once established
that the one to firat gain entrance in suffiolent numbers 1s
the one that persists. Onoe established, the woodlands and
grasslends are in a state of equilibrium which is for the
most part apparently static., This balanoce, however, 1s often
upset by man-~the grassland converted into woodland or the
woodland into grassland. Upon abandonnent of oultivated
fields 1t would meem that the chanoces would be about equal
for the eostatlishment of the two types. The oaks, however,
are &ecidedly more mesic than the annual gracsses and so must
wait until a favorable environuent is oreatedes The osks and
bunch grass usually come in st about the sane time, dut since
the means of dispersal of the oaxs is less effective they are
usually seooondary to the grass, If continual abuse of the

graas is practiced, the oaks may become dominant after time

has allowed for the slow invaslion.
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SULGEARY

An extensive fleld survey accompanied with a botanical
enalyslis has been extended in an sttempt to deternine
the course of natural plant succession on abnndoned
cxrop land,

The flelds examined were in emst-central Cklahoma and
south-eastern 'ansae, This ares inclucdes two distinet
vegstative types, savenna and prairle.

The sequence of the stares of plant succession arc as
follows: ‘ievd, anrual grass, perennial bunch grass,
fully developed prairie, Under favorable oonditions the
weed stage lasts for 2 years, the annual grazs for from
9 to 13 years, and the bunoh grass for an undetermlined
length of time. The oldest ubandoned ficld exaxnined in
thia stage wasg 30 years, which did not appear to bde
nearing the fully developed prairie stage,

Heavy pasturing ond burning ars 8 hindrance to plant
sucoession and may ocause the fields to remain unproduoct-
ive much longer than would otherwise be necessary,
Certain blue~green algne play en important rols in soil
erosion prevention and thus compensate for the inadequacies
of the seed plants,

7lant succession can be stimulated by oultural practices
such 88 terracing and oontour furrowing.

Katural revegetation of gullles should not be relied upon,
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but steps should be taken to control them before

the injury to future forage production is excessive,
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Years out of|No. of fields|Basal-Area|Stage of Plant
cultivation examined Av. % Succession
1x 2 .2 |Annual Grass
3-5 | IIx 2 .1 " "
IIIx 3 ol " o
I 3 .4 " "
5=-7 IT 5 .0 T "
l o 4 [{] "
T 3 N m
7-9 IT 2 5 0 O
IIT 2 .7 " "
1 6 1.2 —w "
9-11 1T 0 -
III 0 -
I 4 1.2 " "
11-13 II [0) -1
IIT 1 9.2 | Bupch Grass
T 0 2.0 | Annual grass
13-15 1II 6 14.0 | Bunch grass
III 4 15.0 " "
I 7 2.1 |Annual grass
15-17 IT 8] =
IIT 8 20.9 | Bunch grass
T 2 1.5 | Annual grass
17-19 {II 4 15.2 { Funch grass
[I1T 0 .
I L 2.2 | Annual grass
19021 IT 4 18.0 | Bunch grass
IIT 1 20.2 " "
I 0 -
21-23 II 6 2028 L
IIT 2 20.1 " "o
1L 1 2.l | Annual grass
23-25 il 4 19.4 | Bunch grass
III 2 20.5 " "
T 0 =
25-27 1T 5 " 22.3 | Bunch grass
I1I 7 21.6 | Bunch grass
I 0 -
27-29 II 0 -
IIT 0 -
I [¢) -
28-31 IT 1 22.2 |Bunch grass
ITI 2 20,1 |Bunch grass

Ix
IIx

Overgrazed and burned frequenﬁiy.

Moderate grazinz and infrequent burning.

IIIx Ungrazed and burned rarely if at all.

TABLE I.

A4 survey of 106 abandoned fields now in various

phases of plant succession.
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Figure I
The shaded areas in central Oklehoma and south-
eastern Kansas represent an area of approximately

4700 square mliles, from which 106 fields were selected
for study.
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Figure II

A, Half of a 2% foot square quadrat showing the basal-
area cover of .2 per cent occupied by weeds one year
after abandonment,

B. Half of a 2% foot square quadrat teken from a triple-
awn grass field which had been abandoned for 12 years,
The triple-awn grass, indicated by dots, forms a .5
per cent basal cover. Forbs are indicated by x.

C, Little bluestem(Andropogon furcatus) from a field

abandoned for 26 years. Little bluestem is indicated
by vertical hateh, seedling grass plants by dots and
forbs by x. The total basal-asrea occupied by seed
plants is 21 per cent,

D, Five foot square quadrat showing the o0ld listed rows
in a field whilch has a 6 per cent slope and which has
been abandoned for 19 years. The old ridges, now covered
with little bluestem, are only 2% inches above the algal
protected furrows. The basal-area cover for a part of
the quadrat composed of one "ridge and furrow' 1s about
11l per cent.

E. Quadrat 2% feet square showing basal-area occupied
by grasses in a typlcal unused meadow. Vertical hatch
is little bluestem, the solid black clumps are blg

bluestem(Andropogon furcatus) and side-oats grama

(Bouteloua curtipendula), and the crosses represent

forbs which are chiefly legumes. The total basal-srea

1s 14 per cent,
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Figure III

Diagramatic representation of the stages
of plant succession on abandoned land and an

approximation of their comparative values in

soll eroslon control.
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