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VEGETATION IN RELATION TO SOME
EDAPHIC FACTORS IN OLIVER’S WILD-LIFE PRESERVE
FLOODPLAIN FOREST, OKLAHOMA, U.S.A.

BY
AHMED S. ABDUL-WAHAB*

ABSTRACT

The vegetation in relation to some edaphic factors in Oliver’s
wild-life preserve flood-plain forest community was studied in two
plots of one acre each. Edaphic factors studied and analyzed were
pH, organic carbon, total nitrogen, total phosphorus, base exchange
capacity, exchangeable potassium, soil compaction, and soil texture
at the 0 to 6 and 18 to 24 inch levels. On the basis of frequency,
density, basal area, and importance percentage, the type community
in the south plot was Quercus macrocarpa Michx. and the dominant
tree is the north plot was Frazinus pennsylvanica, Marsh. The pH
was generally above 8.0 at 0 to 6 and 18 to 24 inch levels in both
plots. There was no correlation between the type of vegetation and
the soil analyzed. The best correlation was between water-logging and
vegetation type.

INTRODUCTION

Very few studies have been done on the flood-plain forest of
Oklahoma, U.S.A. “The bottomland (flood-plain) forests of Oklahoma
have been virtually neglected.” Rice (1965), Duck and Fletcher (1945)
reported about 3,400 square miles of bottomland type in Oklahoma.
Varying from flat bottomland to steep canyon-like valleys, they des-
cribed the tree species in bottomlands in a general way. Penfound
(1948) reported that the elm-ash flood plain community occurs in
nearly all the larger stream valleys of Oklahoma, and is widely distri-
buted throughout the deciduous forest formation. Rice (1965) reported
that pecan, green ash, sugarberry, hackberry, and black walnut oc-
curred as dominants only in the central counties in Oklahoma.
American elm is well distributed throughout the area of study. Green
ash is very important along the South Canadian River in Cleveland
County. Rice and Penfound (1956) made a complete census of Oliver’s
wild-life preserve bottomland forest near Norman. They found that
green ash was the only dominant, and the secondary important species
were American elm, cottonwood, and persimmon. Penfound (1952)

* Dept. of Botany, College of Science, University of Baghdad, Iraq.
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reported that hackberry-elm-ash associes occurs on low flats and
sloughs in the Mississippi alluvial plain. Putnam (1951) reported
that occassional small stands of pure ash may occur almost anywhere
within the hackberry-elm-ash associes but most notably on moist flats
or in shaliow sloughs.

The paucity of information on edaphic factors and soil moisture
in relation to vegetation composition in flood-plains forests in
Oklahoma caused the initiation of the present investigation in Oliver’s
wild-life preserve flood-plain forest.

METHODS OF SAMPLING AND TESTING

The two stands to be investigated in Oliver’s wild-life preserve
were marked out previously in one acre plot by Dr. E.L. Rice (Fig. 1).
In the analysis the trees were sampled by a complete census and the
seedlings by means of the arms-length rectangle method (Penfound
and Rice, 1957). The DBH of all species over 4 inches diameter and
the seedlings were recorded, care being taken to blaze each tree when
sampled. From these data the frequency, density, and basal area
and importance percentage of all species were calculated.

For soil analysis eight samples were collected from each plot
at both the 0-6” level and the 18-24” level. Care was taken to insure
that the samples were evenly placed over the eniire area of each
of the two plots. Soil from each of the eight locations and from each
level, respectively, were composited so that one samp.e was secured
to ropresent the 0-6” level and one to represent tae 18-24” level
for each plot. In the laboratory the samples were air-dried and the
lumps were reduced by rubbing the soil in a porcelain mortar. The
samples were thoroughly mixed and roots or other extraneous matter
were removed. Samples were sifted through a 2 mm seive and
stored in stoppered containers. Air-dry samples of known weight
for each level and each plot were then oven-dried for 24 hours in
a convection oven at 105°C. Oven dry weight of each soil was deter-
mined in this manner and per cent of moisture in air-dry soil was
established . All subsequent calculations of chemical composition were
based on oven dry weight of soil. Following the pH tests and mecha-
nical analysis, the remaining composite soil samples were ground
in a soil mill and thoroughly mixed to achieve homogeneity for
the remaining analysis.

The Beckman pH meter was used for determining soil pH on all
samples. Texture analysis of soil followed the method outlined by

20

Abdt

Bouyoucos (1
a five minute
was based o
was determiy
by that of ¢
wavelength o
(1944) was u
quantitative 1
photometer, 1
achieved by
(1965). The ¥
form ammon
HCL

A methe
to determine
receive the &
based on calc
over each of
two inches di
soil jars, and
oven dry wei
used to fill t
per ml

Based on
centage (Tab
nacrocarpa)
it iz not rep
of bhoth Frari
gests that the
presence of .
ahsence of gr
order of decr
Marsh. Celtis
rena 1., Bum

In the nt
tree. Ash see
of other spe
are: Popalus
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Bouyoucos (1936). Determination of sand complement was based on
a five minute hydrometer reading Piper (1942). The clay complement
was based on a hydrometer reading of two hours. Organic carbon
was determined using the method of Piper (1942), total phosporus
by that of Shelton and Harper (1941) using a Spectronic 20 at a
wavelength of 675 mu. The modified method of Peech and English
(1944) was used for the extraction of exchangeable potassium and
quantitative measurements were made by using a Perkin-Elmer flame
photometer, Model 146. The total nitrogen determination of soil was
achieved by- the modified method from Methods of Soil Analysis
(1965). The boric acid was used to react with the ammonium-N to
form ammonium borate which was titrated with standardized 0.01N
HCL.

A method modified from Noggle and Wynd (1941) was used
to determine the total base exchange capacity using boric acid to
receive the ammonium-nitrogen. Compaction of the soil in the field
based on calculation of volume weight ratio of ten sites spaced evenly
over each of the two areas was accomplished by digging a hole of
two inches diameter and three inches deep, putting the excavate into
soil jars, and hole was filled with known volume of quartz sand. The
oven dry weight of the soil was divided by the volume of the sand
used to fill the hole to give the volume weight of the soil in gm.
per ml

RESULTS AND DISCUSSION

Based on frequency. density, basal area and importance per-
centage (Table 1), the dominant tree in the south plot is (Quercus
macrocarpa) Michx. (nomenclature follows Waterfall, 1962), although
it is not reproducing. The presence of a large number of seedlings
nf both Fraxinus pennsylvanica Marsh. and Ulmus americane L. sug-
gests that these two species will be the dominant in the future. The
presence of Juniperus virginiana L. as sub-dominant indicates the
absence of grazing in the area. Important secondary species listed in
order of decreasing apparent importance are: Frazinus pennsylvanica
Marsh. Celtis laevigata Willd. Diospyros virginiana L., Ulmus ameri-
cana 1.. Bumelin lanuginosa (Michx.) Pers. Salix nigra Marsh,

In the north plot Frazinus pennsylvanica Marsh. is the dominant
tree. Ash seedlings were present in a large number. Few frees
nf other species are present in the area. The secondary species
are: Populus deltoides Marsh., Diospyros virginiana, L. Ulmus ameri-
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cana L. and Selix nigra Marsh. The presence of very few large cot-
tonwoods and willows suggests that the cottonwood-willow forest was
the immediate predecessor of the oak-ash-elm community in the area.

The water table in the north plot was 5-12” deep and more than
24”7 in the south plot. This may explain the presence of large num-
bers of green ash and American elm seedlings in the north plot
as compared with that in the south plot. Ash is known to form new
roots in poorly aerated media, in addition to the adventituous roots.
Willow and cottonwood produce adventituous roots, and American
elm can withstand inundation for a short time. Hosner (1962) stated
that poor aeration due to prolonged saturation of soil with water
during the growing season is characteristic of many bottomland areas,
and the growth of certain bottomland trees is better under saturated
soil conditions compared with better drained conditions. Kramer
(1960) stated that root injury occurs in soils having poor aeration,
or soils which do not allow free diffusion of gases. de Gruchy (1956)
stated that green ash trees can withstand water inundation of 30
inches for 17 month, a mass of adventituous roots developing from
the cambium layer just below the water line. American elm can
withstand inundation for only 3 to 5 months. Hosner (1958) re-
ported that willow seedlings survive 32 days in flooded areas. Most
ash and cottonwood survive 16 days in complete submergence. Hosner
(1959) reported that growth and survival of cottonwood is directly
related to the formation of adventituous roots; whereas ash, in addi-
tion to the formation of adventituous roots, produces new roots in
poorly aerated media. This suggests that the oxygen or oxidized
substances may be translocated through the shoot to the roots.

EDAPHIC FACTORS

The pH of the soil was generally above 8.0 at both 0-6 and 18-24
inch levels in both plots increasing down the profile. Sabrahmanyan
(1927) reported that waterlogging for short periods may decrease
the acidity of the soil and increase the availability of certain minerals.
Hosner (1962) reported that manganese and iron may become more

available over longer periods of water-logging. Kramer (1951) re-
ported that the mineral absorption was reduced when the roots of
loblolly pine were immersed in a CO, saturated solution. Plants prod-
ucing adventituous roots received less injury and showed a greater
degree of recovery.
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The organic carbon, phosporus, potassium, nitrogen and base
exchange capacity decreases down the profile. The C/N ratio was

approximately the same for both levels in each plot, but was higher Fraxi
in the south plot (Table II). Hosner (1962) reported that the dry Ulmas
weight of the American elm was depressed by soil saturation. How- Junipe
ever, saturation increases the dry matter of willow by over 100%, Cratae,
hut cottonwood and ash increased in dry weight to a lesser degree. Carg/aL
Seedlings of ash, willow, and cottonwood grown in saturated soil

showed a higher content of nitrogen, phosporus, potassium, calcium Total 5

and manganese than similar seedlings grown in non saturated soils.

There is some correlation between percentage of sand and or-
ganic carbon, phosporus, potassium, nitrogen and base exchange

capacity between the two levels of each plot; the more the sand, Fraxrinys pe.
the less the percentage of the factors listed above. The higher the Marsh.
percentage of clay loam, the more organic carbon, phosporus, potas- Populus deis
sium, nitrogen, and base exchange capacity, but there was no cor- Diospyros vir
relation between the two plots. Soil compaction was approximately Ulars amers,
1 the same in both plots and the level of significance was above 0.1
1 and below 0.2. Total B.A.

There was no correlation between the type of vegetation and
the soil factors analyzed. The best correlation was between water-

logging and the vegetation type. Seedling J
AR 'S an

Frazinys penn

TABLE 1 v
Ulinwus americq
3 VEGETATION ANALYSIS Popudus deltoi,
t South Plot Total -,y
,‘ B.A./Acres=/Acre Re.B.A. Re.D. 1.P.
‘ Quercus macrocarpa Michx,  8419.02 37 46.77% 30.33%  38.55% “B.A. =basal ar
1, Frarinus pennsylvanica Marsh. 294044 28 16.34% 22.95% 19.64% ?;'D";nrelative
| Celtis laevigata Willd. 3014.57 27 16.74% 22.13%  19.43% s' = Importance
§ Diospyros virginiana L. 162868 21 9.05% 17.21%  13.13% eedlings and s,
'F Uimus americana L. 176254 5 9.79%  4.10% 6.97%
i Bumelin lanuginosa
i (Michx.) Pers. 19596 3  1.09%  2.46% 1.77%
% Salix nigra Marsh. 38.48 1 024% 0.82% 0.53%
!
Total B.A./Acre 17999.99 122
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#=/Acre Re.D.
Fraxinus pennsylvanica Marsh. 4459 62.74%
Ulmus americana L., 2371 33.29%
Juniperus virginiana L. 234 3.1%
Crataegus viridis L. 50 0.68%
Carya illinoensis (Wang.) K, Koch 17 0.23%
Total #/Acre 7341
North Plot
B.A./Acre%/Acre Re.B.A. Re.D. LP.
Fraxinus pennsylvanica
Marsh. 13191.84 101 88.84% 92.66% 90.76%
Populus deltoides Marsh. 1513.63 1 10.17%  0.91% 5.54%
Diospyros virginiana L. 108.11 6 073% 550% 3.11%
Ulmus americana L., 3632 1 0.24% 091% 0.57%
Total B.A./Acre 14849.90 109
Seedlings and saplings per acre #/Acre Re.D.
Frazinus pennsylvanica Marsh. 21042 88.30%
Ulmus americana 1., 2756 11.65%
Populus deltoides Marsh. 33 0.14%
Total /Acre 23831

*B.A.=basal area
Re.D. =relative density
LP. =importance percentage

Seedlings and saplings per acre (D.B.H. less than 1 inch).




Mus. Publ. No. 27 (1970)

Hist.

Iragq nat.

NEEE B 48 eBET B B8 T E55T3 T8 ELEL ITE g S
SEEFREEENEES ERERY S L PR T FL R
k, R =2 = = w,..nld . < LS h.Gl T R LOLO e L.Qbu\.l/
ER AN - PSSR EPREETEEESETESEY
B8 5 g F 2 = % 0§ & 2 ET T ENE=-
e O = & g 5 2 7 = 5 g .
a ! < 7 & £ 8 5 & 2 08
€6 €91 ¥¥O0  GEBOOO ¥E70°0 0 ¢6 96 ¥0c 00%S P81 Uinog
Y0'1 06 ¢1'9¢ 91°0 8970°0 GL6S00 EPY'T G688 <¢G68 91Cc <¢E8¢ 9-0 yinos
¢8 18L2 1800 2L00°0 CGLP80'0 9990 ¥8 TVF 68T 8898 ¥E-81 YMON
wm.o g8 6'vE €20 €est1o ¢1L0°0 wmm: g c.mw - eve @w‘mm woﬁ%o‘m
Ajoeded
95ueyIx?
(*durod) aseq [ejo)  uagoxpru  wnissejod  snaodsoyd uoqied
ofjex opel  [ros ‘wg 1er01L 1e30L [e30L druesio Lepd IS pues
/oA ‘N/D  001/8w % % % % Hd % % %

26

HAYASHYd HAITATIM SHIAI'IO NI
ISAY0d NIVId-q00Td A0 SYO0LOVA DIHdVAH

II ATAVL




Abdul-Wahab; Vegetation in relation to edaphic factors

LITERATURE CITED

Black, C.A. (ed. in chief) (1965): Methods of soijl analysis. Part 2,
Madison, Wisconian. Am. Soc. Agron.
Bend, W.E. and H. Bull (1946): Rapid growth indicates forestry op-
portunities in bottomland hardwood. Southern Lumberman.
Issue of Jan. No. 1.
Bouyoucas, G.J. (1936): Directions for making mechanical analysis of
soils. Agr. Exp. Sta. Tech. Bull 38.
de Gruchy, J.H.B. (1956): Water fluctuation as a factor in the life
of six higher plants in central Oklahoma. Proc. Okla. Acad.
Sci. 37: 45-46.
Duck, L.G. and J.B. Fletcher (1945): A survey of the game and fur-
bearing animals of Oklahoma. Okla. game and fish Comm.
Hosner, J.F. (1958): The effect of complete inundation upon seedlings
of six bottomland tree species. Ecol. 39: 371-373.
(1959): Survival, root and shoot growth of six bottom-
land tree species following flooding. Jour For. 57 927-928.
» and A.L. Leaf (1962): The effect of soil saturation upon dry
weight, each content and nutrient absorption of various bot-
tomland tree seedlings. Proc. Soil Sei. Am. 26: 401-404,
Kramer, J. (1951); Effects of respiration inhibitors on accumulation
of radioactive phosphorus by roots of loblolly pine. PI.
Physiol. 26: 30-36.

Noggle, G.R. and F.L. Wynd (1941): Determination of selected che-
mical characteristics of soil. Pl Physiol. 16: 39-60.

Peech, M. and L. English (1944): Rapid microchemical tests. Soil Sei.
57: 167-195.

Penfound, Wm. T. (1948): An analysis of an elm-ash floodplain com-
munity near Norman. Oklahoma. Okla. Acad. Sci. 48: 54-60.

Penfound, Wm. T. (1952): Southern swamps and marshes. Bot. Rev.
18: 413-446.

Penfound. Wm. T. and E.L. Rice (1957): An evaluation of the arms-
length rectangle method in forest sampling. Ecol. 38: 660-661.

Piper. C.S. (1942): Soil and plant analysis. The University of Ade-
laide, Adelaide, Australia.

Putman, J.A. (1951): Management of bottomland hardwood. Sou. For.
Exp. Sta. Occ. Paper. 116.

Rice. EL. and Wm. T. Penfound (1956): Composition of green ash

forest near Norman, Oklahoma. The southeastern naturalist.
1 (4): 145-157.

27



Iraq nat. Hist. Mus. Publ. No. 27 (1970)

Rice, E.L. (1965); Bottomland forest of north-ceniral kiahoma, Ecol.
46: 708-714.

Sabrahmanvan, V. {1927): Biochemistry of water-logged soil. Hour.
Agr. Sci. 17: 429467,

Shelton. W.R. and ILJ. Harper 11940-41): A rapid method for deter-
mination of total phosphorus in soil. Towa State College. Hour.
Sei. 13: 303-413.

Waterfall, U.T. 11962): Kevs to the flora of Oklahoma. Stillwater.
Oklahoma. Oklahoma State University.

L -

boso s o) 3 _als e 3 Ly pebll 5 Lhe Canw ol

C

> =
" ? - - t . t ot

Jolo Al e S st 0 AT et o 2K

: : S Pods ot 1 o8 40N dy o i
_ YA - ht \)‘W R C}\J,_) Q‘L,L\J i_AJ,.,\ plat s L% b Ania

worms ¢ (S geantt Op W ¢ et Op) 58 5 T AL L P el e

Lot Lty sy 2o ) Y 32 M TR R R o A
G oL de st 3 it SleaW) 2 0 0T s SULAD Sl sy
Il 33Dl ety Ll L L) sledl e deuell deid
LAl 0 e B Oh ey i B et O Sl g Lot

. . ) T o - LTI .
-U.J,‘;'\ J.A\j;j L’«t—‘ PRI | i.::\,:_.;i :,..A‘a,.,.! P PR \j Asic 5 cem

Le s sUb Lt e Sae 538 Jab Ju ety Al e Aol
IR WSy

28

Manui
Shad theiy
i abhroyi,
salive {o e
ot will g

Manuseript

Manus
iionsy Lypo-
unees and |
and the ghe
nust be ing

Anthops
tanes, The

References

The lis
anthors’ na
cordarce wi
style s use

Ticehurst, €
hirds
210-2%

Gihb, J. B,
nhysic
dentie

Ciation:

Hattham 1w

wo authors

duent sitatio

fhinn one e

yoir they

Tables & I
Tables a
Bxcassive fo
Phologra
be fhe exact
[ndia ink
Graphs shoul
numerals are
Graphs sl
=hould be vy
the nlate il

Galley Proof
A galley

the vorrected
Reprints
Anithors w

Yo oblidned o
vhen oaper i

MANTISCRIPT
DRESSED TN
Musgeumn, Waz




