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Distribution of Leslu..... CIS Correlated With

Surface Geology and Plant Succession'
IOHN 8. SHED, 8ellllDole IlIDlor CoUe.e, 8emlDole aDd

WILLIAM T. PENFOUND, UDivenlt~ of OIdabolDa, NormaD
Ii. study was lnit1ated in 1961 to detennine the relation of legumes to

aurface geology in Marshall County, Oklahoma. In 1962 the investigation
waa enlarged to include the correlation of legumes with the stages of plant
.utceu!on. The work was carried on during the months of June and July
of 1961 and 1962. In general, the correlation of legume species with sur
face geology was excellent, especially when related to the stages of plant
8ucceuion within the various geologic formations.

GD>LOGY OP KAR8HALL COUNTY, OKLAHOMA

Marshall County lies in the Red River Plain, a division of a larger
phyl10graphic province known as the GUlf Coastal Plain (Bullard, 1926).
The oldest, or paleozoic, rocks are present in one small area in the northern
part of the county along Turkey Creek. Since the outcrops were very
amaH and the amount of soU even leu, no studies were made on these
formations.

Except for the paleozoic rocks. the geologic formations in Marshall
County are Cretaceous. or recent, in age. The stratigraphic sequence of
the formations investigated, from oldest to youngest, is as follows: Trlnity
Sand, Kamichi Clay, Duck Creek Limestone, Fort Worth Limestone, Denton
Clay, Weno Clay, Woodbine Sand, and ·River Sand. Of these formations
the Trinity Sand covers most of the western third, and the River Sand is
exposed in much of the southern and eastern portions of Marshall County.
The remainder of the county. including the central and northeastern sec
tions, is covered by the limestone and clay formations. Evidence indicates
that forest vegetaton was present on the sandy formations but that grass
lands occurred on sol1s derived from limestones and clays. It seems prob
able, therefore, that the original vegetation consisted of an almost un
broken, central area of grassland surrounded by an upland forest, except
near the northeastern edge of the county.

Both the limestone and clay formations weather to form heavy, tight.
clay soils. However, the limestones, and especially the Duck Creek Lime
stone, break down to form black, waxy, clayey soils which are quite unUke
those formed by the weathering of the clay formations. These have been
designated as lime solls in this paper, to distinguish them from the other
clay solls derived from the clay formations.

LEGUMES IN RELATION TO PARENT MATEIUAL

During the summer of 1961 a total of 405 specimens was collected
representing 72 species. Identifications were made primarily by the aid
of manuala by Shinners (1958>, Turner (1959>, and Waterfall (1960).'
The work ot 1961 was done under the direction of Dr. George J. Goodman,
whose help is greatly appreciated. Herbarium specimens of all species
mentioned have been deposited in the Bebb Herbarium of the University
of Oklahoma.

IA eODtribatioD of the UDiwenlt, of Oklabo_ Biolotrleal Station. C. D. alas-.DIne". 8»oD.... b7 ft. NatloDaJ 8deDn FOUDdatloD.
lNNoaeDolature'· aceordiq to Waterfall (ltIO).
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The investigation in 1962 involved eight geological formations and 98
fields. The geological formations, with number of fields in parentheses,
were as follows: River Sand (10). Trinity Sand (12), Woodbine Sand
(8), Weno Clay (10), Kiamichi Clay (14). Denton Clay (11), Fort Worth
Limestone (18), and Duck Creek Limestone (15). The above data show
that the fields were fairly evenly distributed throughout the eight geo
logical formations.

A total of 49 species was encountered on the eight geological forma
tions in 1962. These formations, with the number of species found on
each, are shown in Table I. It will be noted that the numbers of species
are about equal in the formations which weather to form sands and clays.
Fewer species were found on soils deriVed from limestones.

Legumes are relatively specific in regard to the substrate on which
they grow. Of the common legumes encountered on ten or more fields,
eight occurred primarily on sand (Table I) and four of those were never
found on clay or lime soils. These species were Galactia volubilia, Glottidiftm
t'esicarium, Strophostyles helvola, and Strophostyles Zeiosperma. The last
three were found in only a few fields in the bottomlands presumably
because of their relatively high moisture requirements.

Only one common species was found primarily on clay, and only two
species were confined to lime soils (Table I). If the species limited to
two soil bases, there were four species growing on sand and clay, six on
clay and lime soil, and only one on sand and lime soil (Table I). This
suggests that the edaphic conditions in sand are quite different from those
in lime solis.

TABLE I. NUMBER OF LroUME SPECIES IN RELATION TO GEOLOGICAL FORMA
TIONS AND PARENT MATERIALS.

Geological formations

River Sand
Trinity Sand
Woodbine Sand
Weno Clay
Kiamichi Clay
Denton Clay
Fort Worth Limestone
Duck Creek Limestone

Species

20
19
14
24
21
15
14
13

Substrate

Sand only
Clay only
Lime soU
Sand and Clay
Sand &: Lime Soil
Clay &: Lime Sol1
Sand, Clay, Ie Lime Soil

Species

8
1
2
4
1
6

Of the 49 species encountered in 1962, seven occurred on three types
of soU materials: sand, clay, and lime soils. Of these seven legumes, two
were trees (Cerci8 canaden8i8 and GleditBia tfiacantho8J, and two were
cultivated herbs (Jledicago ZupulinG and JlelUottU ollicinalfll.) The native
forbs were Indigo/era lept~epala, P80ralea tentd/lora, and Bchrankia
U"Cinata. Since these seven species occurred on the three 8011 materials,
it appears that they have a wide range of ecological ampUtude to edaphlc
conditions.

A given species of legume was found on relatively few of the eight
geological formations (Table U). The average species was found on 2.8
(35% ) of the geological formations studied. Many legumes occurred on
only one formation (Table U). Fewer but a coJl8iderable number of legume
lpecies were found on two, three. or tour formations, and stlll fewer were
found on as many as six rock types. No species wu found on seven or
eight (all) of the geological" formations (Table U). These obeervatlons
lUggest that legumes are fairly specittc in their habitat requiremenu.
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LmuME8 IN IULATlON TO SUCCESSION

During the summer ot 1962 ab\mdant data for legume species were
procured for the varioua suecesalonal atagea in the eight geological fonna
tIou. The data showed that there was no correlation between the number
of individual legume planta and luccesslon on any of the geological torma-

TABLE U. LIST 0,. LEGUME 8mcIE8 AND THE NUMBDt OJ' GEOLOGICAL FORMA-
TIONS ON WHICH THEY WI2IE ENCOUNTERED•

.utnsgolu crcINicorpu8
Aroc"" "'JIP09«J
BoptufG leucop1aM4
O.... /CJlIcfcul4to
OerN coM4en,ria
Centroaem<J mrg'ntGM
OrotalortG Bagittol"
DoleG ClUTeo
DtJkJo cond,"
Daleo multt/lora
Delleo purpurea
Damant""" W'noeuU
DamantA"" Jeptolobua
De.tmod'um tlOeed~
QolacttG "olubUiI
GJeditm trt4contA0.9
GlotfW'um veBtcarium
I.'go/era lept06eptJla
Krameria aecundt/lora.
Lupi!1deila cap'tota
LeapetleN ,..rlo
L&tpetleilo 'tltermed~

Le3fHJdellO ,,"ocumbeM
LupetleilO repena
£upetleH 'tipulacea

1
1
8

"3
1
2
3
3
2
6

"6
1
2
2
1..
5
2
1
5
5
of

"

Lupedeza 'Vtolacea
Leapetlezo. wg'nica
Lotua americGflUII
Metlwogo lupuliM
Medwogo orbicvlana
Melilotw alba
MelUotua Ol/iciMlis
Neptunea luteo
ProBopta juli/lora
PBoraJea cuapitlGta
PBora!ea digitata
PaoroJea lineori/olia
Paoro!ea rhombi/olta
RAynclwm latiloli4
Bchrankia UtaeiMto
8ophoro ol/initJ
BtyloaantMB In/lora
Btrophoaty'lea heZvola
Btrophoatylea leiosperma.
TepATom "Tgi,liaM
Vicia minuti/lora
Vici4 tnlZosa

•a
"2
8
3
6
5
1
1
1
1
1
3
6
1
1
2
3
1
2
1

Uou. However. the number of species was closely correlated with seral
4evelopment and appeared to fonow a consistent pattern for the various
pological tormatlona. Table m mows the number ot legume species in
relation to IUcceulon (Itages 1 to 5) for the eight geological formatlona.
In general, the or:lglnal cover on the sanda was forest vegetation and that
on clay. and llme 1I0118 was prairie. With certain excepttona the terminal
Itap of 8ucceulon on sand is forest and that on clays and Urne solls is
prairie (Table W). COIlI1derlng the sanda as a group It 18 Doted that
many lJ)eClea develop in the early stages. rise to their peak in the middle
stage, and drop ott In the later stages (Table W). ThIs latter phenomenon
was due to the tact that few legumes could survive in the foreat (stage 5).
It was not poea1ble to tlnd a terminal foreat on River Band. Thia was
probably due to the fact that no flelda bad been abandoned long enough.

ConIlderlng the clays as a group it la noted that fewer species of
lel'Umea develop in the number one and two atagea than in the correspond
... stages of aanda (Table W). In the number three stage on clays
there are more apec1ee that at any other stage of aucceaslon.

M to the limestone group, ~es enter the Itapa of aucceaton more
aJowly and bulld to their peak in the number five, pralrle slap (Table
m). It should be DOted that DO legume aped_ were found in certain
nelda repreeenting the earliest stage of wccealon on Ume 1IOlls. Tbla
...... that the phyIdcal nature of the 80il might be a factor in the
eatabUahment of legum. in the early &tapa of auceealon.
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TABLE m. NUMBER OF LmUME SPECIES IN RELATION TO SUCCESSION IN THE
VARIOUS GEOLOGICAL FORMATIONS.

------ ...-"._-- - .._----- --, ..
Terminal

GeOlogical Formatiou Stage of Stages of Suceeaton
Succession --1 2 8 " IS._--_._---_.. _--_ .. - .. - .-

River Sand Prairie 7 11 10 7
River sand Forest 7 11 10 3 2
Trinity sand Prairie " 11 16 6 7
Trinity sand Forest " 11 16 2 2
Woodbine Sand Forest 10 10 6 3 2
Kiamichl Clay Prairie 2 7 18 8
Weno Clay Prairie 3 8 lIS 10 7
Weno Clay Forest 3 8 lIS 10 2

eDenton Clay Prairie 6 8 8 8
eDenton Clay Forest 5 8 8 1
Duck Creek Limestone Prairie 3 • " 5 9
Fort Worth Limestone Prairie 2 IS 7 5 8

.__._._--------_.- -_.. -'._---- . -
__ • ___ 4 _ •• _

eNo first stage ot succession encountered.

--Earliest stage, 1; latest stage, :i.

Information regarding grazing was obtained in all nelda sampled in
1962. According to observations and data there was no correlation either
between the number ot individuals or the number of species of legumes
and the amount ot grazing. It was evident the livestock do not graze
appreciably on native legumes. Only Ind(gofera leptoaepala and Bc1l.ran1ria
uNcinata exhibited grazing evidence, and this was slight. This suggests
that the abundance ot native legumes in the prairies and pastures ot
Marshall County is due to their unpalatabllity.

CULTlVATm LEGUMES

Some ten species of cultivated legumes have been found in the fleldJI
of Marshall County. The two sweet clovers, JleUlottuJ alba and M.
ol/icinalia, have survived for several years in many fields throughout the
county. despite being grazed extensively by livestock. The next molt
abundantly planted legumes were button medic, Med(cago orblculaN,
which is planted for early pasture, and Korean lespedeza, Lupe46Q
aUptdacea. These tour species accounted for the bulk of the legume pop
ulation in fields where they have been planted. The other six cultivated
species were uaua1ly found on very young fields and then rarely in quan·
tity. It is not known what effect the cultivated legumes have on the
native legume population. However, it is necessary to recognize their
Presence and abundance in assessing the relationship between legum-.
geology, and succeulon.

SUMMAIn'

L In the summer of 1961 a .tOOy wu instituted to determine the
relation between legumes and surface geology. In 1M2 the .tOOy W88
extended to include the relation of legumes to plant 8UCcealon.

2. The geological formatiou studied included IUver 8aDd, Trlnlt)'
Sand, Woodbine Sand, Weno Clay, KIamlchl Clay, DentoD Clay, Fort Worth
LImestone, and Duck Creek umeatone.
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3. A total of 49 species of legumes were collected in the 98 fields on
these eight formatiolUl. A given legume species was found on an average
ot 35% ot the eight formations and none was found on as many as seven
geological uniu.

4. Eight species occurred on sandy soil only, many species were
found on two kinds ot substrate and seven occurred on all three sol1 types:
sands, clays, and lime.

6. The number ot species, but not the number of individuals, ot
legumes wu related to succession. In general the number ot species of
legumes was low in the early stages of succession, high dUring the middle
stages, and declined in the late Btages of the sere.

6. In the early stages of succession the number of species was lowest
on lime solis and highest on sandy soils. In three lime soil fields no
legumes were found in the earliest stage of succession.

7. There was no relation between the number ot legumes and graz
ing, possibly because very few native legumes were grazed by livestock.
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