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number of grass roots both on upland and on 
lower ground averages about 650 per sq ft. In 
early spring roots may absorb more vigorously in 
the warmer soil at 5 or more ft in depth than in 
the recently thawed tupper soil. The wave of sum- 
mer heat traveled downward slowly and reached 
these depths in late winter. By weight there is 
more material in the surface 4 in. of soil alone 
(3-4.5 T/A) than in the entire crop of vegetation 
above ground, which in this prairie was usually 
1.5-2 T/A. The total oven-dry root-weight 
varied from 4.6-6.4 T/A; like the yield of tops it 
was greater in the big bluestem type. These 
amounts are also 20-28% greater than those found 
in similar prairies of eastern Nebraska. 

The dark humified organic matter alone ranged 
from 30-40 T/A in the top 6 in. of soil (Thorp 
1948). "It acts as a home and as food for the 
microscopic plants and animals that prepare the 
soil for the use of higher plants, and as a water 
reservoir to supply plants with needed moisture 
and to cushion them against drought. Much of 
the all-essential nitrogen is stored in the organic 
material waiting to he made available by micro- 
organisms for the use of higher plants" (Thorp 
1948). 

Penetrating throughout the masses of fibrous 
roots of grasses are the underground parts of 
forbs. Their root habits follow closely three 
general patterns. M.Tany have strong taproots, '4 

to more than 1 in. in diameter. These produce 
several large branches, in the first 3 ft of soil. 
that spread outward and downward. Like the 
main roots they may branch repeatedly and pene- 
trate as deep and often much deeper than roots of 
grasses. Numerous legumes belong to this group. 
Many produce root tubercles throughout their 
entire depth. 

A different pattern, common among many 
species, consists of a strong taproot or several 
main roots that produce relatively few or no 
branches but penetrate deeply. often to 8-10 ft. 
When branches occur they are usually from the 
deeper part of the root system. Purple coneflower 
(lEchinacca pallida) has this root pattern. A third 
root type is exhibited by the large group of forbs 
with rhizomes, root offshoots or corms with nu- 
nmerous main roots of about equal size. They like- 
wise penetrate deeply, usually deeper than the 
grasses. All absorb vigorously in the surface soil 
and are strong competitors of the grasses. Several 
asters and goldenrods illustrate this type. 

Roots of forbs may add another 0.5-0.75 T/A 
(a very low estimate) to the total root weight. 
Thus. upon reflection one may understand that 
the bulk of the prairie is below and not above the 

surface of the soil. "It was not by chance that 
grasslands of the Mississippi and Missouri valleys 
became the scene of the greatest corn and wheat 
production in the world. There were many 
reasons for this, but the most significant were 
depth of soil, abundance of available humus and 
minerals, presence of lime, readiness of nitrifica- 
tion, and number and abundance of nitrogen-fixing 
plants. Virtually the only limiting factor was 
water, whose amount was restricted by rainfall 
which decreased progressively to the westward 
and by recurrent periods of drought" (Clements 
1938). 

PRAIRIE IN EARLY SPRING 

Prairie is a very complex community. To some 
it appears as an inextricable mass of vegetation, 
varying endlessly. In one's early study it seems 
somewhat elusive, not easy to visualize and diffi- 
cult to describe. This vagueness of understanding 
can be overcome, once the species are known, by 
visiting the prairie several times during the grow- 
ing season, examining it closely, often on hands 
and knees, and always with a very definite purpose 
in mind. 

The prairie maintained its appearance in: 
winter until the last of April, at least at a little 
distance. The soil was completely obscured by 
the 2.5-3 in. of grass stubble with its dead basal 
leaves and the fallen debris from "hay making" 
in addition to the dried forage from late fall 
growth. A continuous layer of mulch a few mm 
thick covered the ground. Lichens and mosses 
sometimes occurred on the damp, spongy soil 
between the tufts and mats of sod. 

The earliest plants in blossom appeared on 
ridges and tipper souith-facing slopes about the 
second week in April. On north exposures they 
were often 7-10 days later. Sometimes growth in 
spring was delayed by a late heavy snow. Blue- 
stemi grasses renewed growth after mid-April.. 
But the drab colors of winter were not entirely re- 
place(l by the green of new vegetation on lowlands 
and north exposures until early in May. Then 
the numerous yellow and purple spikes of CareAr 
peniisvltvanica outlined the patches of this small 
sedge. C. niieadii with bluish-green leaves and' 
large, yellow staminate spikes was less abundant. 

Patches of Antennaria neglect occurred scat- 
tered throughout. Sometimes there were 50 or 
more of the 4-6 in. flower stalks per sq ft. Blos- 
soming began about the middle of April and the 
fluffy fruits were first scattered by the wind early 
in May. A few plants of dAnemone caroliniana 
bloomed on sunny slopes. but the far more con-- 
spictious pasque flower ( Aniemionec patcns) was. 
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estival bloomers. With an increase in temperature 
and length of day, there was a distinct transition 
from spring to summer. 

In early June the uplands were covered with 
foot-high foliage of little bluestem. In valleys, 
ravines and lower slopes big blue-stem exceeded 
this height by 4-6 in. The scattered plants of blue- 
grass had blossomed and the extended purplish 
stigmas of low-growing panic grasses were ex- 
posed to the wind. The timothy-like spikes of 
Junegrass were beginning to expand, and scattered 
plants of needlegrass were often in full bloom. 
But prairie dropseed and the bluestems did not 
produce flower stalks for several weeks. Unlike 
the preceding they are warm-season species. The 
fact that they continued vegetative growth until 
late July and only then began to blossom and ripen 
seed, a process which continues until late fall, in- 
dicates the usual continuous supply of soil moisture 
at all times during the growing season. 

Branched tops of prairie covers, now about 20 
in. high, stood above the level of the grasses. 
The terminal heads of white or purple flowers 
varied from 0.5-3 in. in length. They were both 
abundant and conspicuous. The prairie rose 
(Rosa suffulte) began to unfold its large, pink 
buds into the beautiful white and pink-tinted 
blossoms early in June. Flowers continued to ap- 
pear until well into July, and the reddish fruits 
were decorative until the prairie was mowed in 
autumn. 

Rosettes of the winter annual, Erigeron stri- 
gosus, were of common ocurrence in spring. By 
the end of May the erect stems were taller than 
the grasses. Ten to 20 plants sometimes occurred 
in a single sq m and each branched top produced 
25 or more white flower heads. The dark violet- 
purple or indigo flowers of Amorpha canescens, 
each with a single petal but numerous stamens, 
were conspicuous for several weeks on this widely 
distributed and abundant plant. Echinacea pallida 
also blossomed in June. The flower heads were 
3-4 in. in diameter. They terminated stalks some- 
what taller than the bluesteins. The black central 
cones were conspicuous for many weeks after the 
purple or rose-colored ray flowers were gone. 

The yellow flowers of Coreopsis palmata ap- 
peared in the summer aspect. Societies of this 
composite make a pleasing display. C. -tinctoria, 
although less abundant, is similar in the produc- 
tion of large orange-yellow flowers. After mid- 
July the abundant white flowers in the umbels on 
the wand-like stems of Euphorbia corollata bright- 
ened the landscape. The tiny but densely grouped 
white flowers of Pycnanthemum flexuosum made 
the societies of this forb very conspicuous wherever 

they occurred. Blossoms were abundant in July 
and later summer (Fig. 10). 

FIG. 10. Blazing star (Liatris pycnostachya) in fruit 
and white prairie clover (Petalostemum candidum) in 
blossom. 

A few of the taller species of summer were 
Hieracium longipilum, two species of Desmodium, 
and Baptisia leucantha. The first, the hawkweed, 
occurred as individual plants, standing 3.5 ft high 
in July. The small yellow flowers of this slender, 
woolly plant were less showy than the hoary pap- 
pus of the ripe achenes. Flowers and fruits were 
present all summer. The tick-trefoils had a foliage 
height of only 2-3 ft until the very long terminal 
racemes of bluish or purplish flowers appeared 
early in July and reached a height of 5-7 ft. Both 
flowers and fruits were conspicuous; the plants 
often grew in large clumps. Plants of false indi- 
go were nearly always few and widely scattered. 
The single stem was without leaves or branches 
to a height of about 3 ft where it spread its 
branches horizontally and widely above the 
grasses. The central stem of this legume usually 
terminates in a long, upright raceme of cream- 
colored flowers, thus increasing the height to about 
5 ft. Other racemes are produced on lateral 
branches. The plants have no harmful shading 
effect upon the grasses beneath them. 

Western red lily, although infrequent, was very 
noticeable because of its height and very large 
attractive flowers. The large, coarse plants of 
Sullivant's milkweed, found mostly scattered in 
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big bluestemn, had an abundant display of flowers 
with delicate shades of pink and rose and, later, 
large erect pods. Butterfly weed (Asclepias 
tuberose) grew singly, often forming bush-like 
clumps. It was very attractive because of the pro- 
fuse production of brick-red flowers and the vari- 
colored butterflies which usually hovered about 
them. 

Several species of legumes, abundant to common 
westward, were almost absent. One was the large, 
coarse, decumbent, ground plum (Astragalus 
crassicarpus) which has abundant violet-purple 
flowers and very conspicuous plum-sized, fleshy 
fruits. Prairie turnip (Psoralea esculenta) was 
rare and silver-leaf psoralea (P. argophylla) far 
from abundant. Scurfpea (P. tenuiflora) is a tall 
plant with bushy top well above the grasses. The 
color of the very abundant, small, blue flowers 
mingled with the light gray of the leaves give 
a distinctive tone to many western prairies. Here 
it was absent. 

During June and July many flowers adorned 
the prairie. The patterns formed by the groups 
or societies of various individual or intermingled 
species were extremely variable but all were 
beautiful. Each week new flowers appeared as 
others declined with the advance of the season. 
While the total number of forbs blooming in 
spring was about 35, those of summer were more 
abundant, approximately 60. 

Height of forbs at the different seasons is of 
interest and importance. All of the prevernal 
plants were of low stature and carried on their 
life processes near the surface of the soil. None 
ever attain the midsummer level of the grasses. 
but most persisted in the understory throughout 
the remainder of the year. Of the numerous 
species that blossomed during May, about 34 were 
of low stature. Only a few were conspicuous after 
midsummer at or above the level of the grasses. 
Forbs blooming in summer were of greater height 
than those of spring. Only a few were hidden in 
the grass. Conversely, about half extended well 
above the grasses into full sunlight. The re- 
mainder, about 40%o, were nearly the same height 
as the grasses and, consequently, fairly well 
lighted. Autumnal-flowering forbs, next to be 
considered, were all tall. 

AUTUMNAL ASPECT 

The autumnal aspect began late in July. The 
grasses had reached their maximum foliage de- 
velopment. Little bluestem averaged 18-20 in. 
tall on uplands but a few in. taller on lower slopes. 
Big bluestem and Indian grass were 30-36 in. high 
in the wetter soil. They were passing from a stage 

of active development to one of flower-stalk pro- 
duction, fruition, and maturity. Most of the forbs, 
so prominent in summer, had either finished 
blooming or would soon do so; flowers of others 
were being replaced by fruits; only a few con- 
tinued blooming for a time. But it was clear 
that over the prairie the scenes were again 
being shifted, this time from those of sum- 
mer to autumn. The coming of fall was clearly 
portended by the yellowing of the inflorescence 
of goldenrods and the blossoming of sunflowers, 
rosinweeds, and various blazing stars. 

Nearly 40 species, mostly composities, bloomed 
during August and September. Forbs of the 
autumnal aspect, with rare exceptions, were 
coarse and of large size. They averaged much 
taller than those of summer, although some did not 
appear to do so, because their lower parts, often 
considerably defoliated, were hidden by the 
grasses. Week by week during spring and sum- 
mer the struggle for light had become increasingly 
more severe. But the autumnal forbs had con- 
tinued their rapid growth to sufficient height 
usually to extend quite beyond the level of the 
grasses. Some were 6-9 ft tall. 

Helianthus grosseserratus is a tall, coarse, 
single-stemmed sunflower with large toothed 
leaves. Growing from strong rhizomes and thick 
crowns, the plants attained heights of 10-25 in. 
early in May and 6-9 ft in late summer. With 
H. maximiliani, a plant of similar stature, it had 
migrated from ravines and occurred as somewhat 
dwarfed individuals in drier sites. Oxeye (Heli- 
opsis helianthoides), a plant 3-5 ft tall that super- 
ficially resembles a sunflower, occurred sparingly 
on lowland. All of the preceding had large yellow 
or orange flower heads. They developed very 
rapidly, overtopped the grasses, and blossomed 
profusely in late summer and autumn. None was 
abundant. Rosinweeds (Silphium integrifolium 
and S. perfoliatini.), also tall coarse plants with 
large yellow flower heads, were scattered about in 
moist areas. 

Aster aureus and A. sagittifolius, both of great 
abundance, displayed their wealth of bright blue 
or purplish flowers at heights of 2.5-4.5 ft and 
thus well above the grasses. Less abundant were 
plants of A . ericoides with white to purplish 
blossoms, and the blue and violet flowered A. 
laevis. 

While no goldenrod attained first rank in this 
prairie, 4 species were of common occurrence. 
Solidago missouriensis was the first to bloom. Its 
panicles of tiny golden flowers were held aloft 
just above the sea of green. A single bushy plant 
produced great masses of flowers, and plants were 
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well scattered throughout (Fig. 1 1). S. rigida 
produced flat-topped inflorescences of similar 
beauty and equally conspicuous. A little later 
S. altissima, much taller and somewhat more mesic 
than the preceding species, also presented a wealth 
of golden blossoms. S. speciosa was among the 
last to bloom. This plant grows as single stems 
or several grouped in clumps 2-3.5 ft tall. Height 
of blossoming was attained in September. The 
beautiful golden flowers often covered the upper 
third of the plant. 
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FIG. 11. Typical plant of Missouri goldenrod (Solidago 
missousriensis) in full bloom late in July; grasses have 
been removed. 

The blazing stars with their purple and rose- 
purple flowers added much color to the prairie in 
late summer and autumn. Great clusters of small 
purple flowers also appeared after midsummer at 
the top of the long, stiff stems of ironweed 
(Vernonia baldwini). They were conspicuous 
during fall. The grayish-white flowers and fruits 
of false boneset (Kuhnia eupatorioides) added 
pleasing variety to the wealth of autumnal colors. 
There were many others. Among the last of late 
fall bloomers was the blue gentian (Gentiana 
puberula). It would scarcely be noticed in the 
understory except for its large blue flowers. 

In September the abundant flower stalks of little 
bluestem stood thickly 2.5-3 ft high. The panicles 

of Indian grass and the forked inflorescences of 
big bluestem were on flower stalks 6-8 ft tall. 
The description of prairie in autumn by Weaver 
and Fitzpatrick (1934) may well be repeated here. 
"About the first week in September, or earlier 
if the season is dry, Andropogon, Panicum, and 
Sorghastrum begin to lose their green color and 
slowly take on the red and bronze and golden 
tints of autumn. With the progress of the season, 
these gradually deepen until the landscape pre- 
sents a color scheme rivaled in beauty and delicacy 
of painting only by the autumnal coloration of the 
great deciduous forest.... 

"During September and later fall, the great 
fields of fruiting grasses are beautiful to behold. 
On low ground scores of the forked inflorescences 
of big bluestem may occur on each square meter. 
The golden panicles of Indian grass glisten in the 
sun. The spikes of Spartina offer a pleasing pat- 
tern of a different variety and vie in splendor 
with the broad, delicate panicles of Panicum 
virgatiini. The dried heads of nodding wild-rye 
..land thickly in ravines while on the uplands the 
abundant flower stalks and whitish fruits of little 
bluestem add pleasing variety. Here also the open 
panicles of Sporobolus heterolepis are held aloft 
above the level of the foliage." 

PRAIRIE IN WINTER 

The few cool-season grasses, such as needle- 
grass and Kentucky bluegrass, showed some re- 
newed growth even after the September mowing. 
If the fall was late, the bluestems also produced 
some new foliage. The rosettes of certain species 
of aster, goldenrod, strawberry and prairie cat's- 
foot were still green during freezing weather, and 
when protected by an early snow they sometimes 
remained green all winter. But except for fruits 
and seeds, the living prairie population, in a 
dormant state, was found almost entirely within 
the protecting soil and scarcely at all above it. 

In unmowed prairie in winter the dry leaves of 
numerous forbs still remained as withered things 
clinging to the bare stems; others had fallen in 
scattered patches on the soil. Most of the in- 
florescences had also fallen to earth, others re- 
mained as dried remnants of summer bouquets. 
The leaves of the bluestems, as those of other 
grasses, had dried in place on the erect stems. 
By late November their shades of reds and bronze 
had been replaced by tints of somber reddish 
brown or gray. Winter winds had swept away 
the numerous spikelets of little bluestem. The 
finger-like racemes of big bluestem for a long 
time adorned the winter landscape, especially on 
lower ground. Indian grass here and there re- 
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tained a few of its fruits on its dried panicles. A 
few spikes of Canada wild-rye were seen in the 
ravines, and in wetter places the tall erect stems 
of prairie cordgrass still maintained their spikes, 
though dry and bleached in the winter's cold. 

Where the cover of vegetation is not removed 
for a period of years by mowing, fire, or grazing 
and trampling, changes in ,its composition are 
marked. In one upland prairie, the 1 5-yr-old 
natural mulch was 4.5-8 in. deep, and 6-9 T/A 
in amount. A nearly pure stand of big bluestem 
covered 80%o of the area, but somewhat less thickly 
than normal. The usual midgrasses were few or 
none. Only a few of the taller forbs remained and 
the understory species had all but disappeared. 
Where large bunches of prairie dropseed pre- 
vailed the deeply mulched soil was free of other 
vegetation ('Weaver & Rowland 1952) (Fig. 12). 
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FIG. 12. Large bunch of prairie dropseed (Sporobolus 
heterolepis) in unmowed prairie, showing a great ac- 
cumulation of dead leaves. 

SUM MARY 

The vegetation on a 200-acre tract of native 
grassland in southwestern Iowa and the environ- 
ment in which it grew have been described. The 
study began in 1928, continued throughout the 
great drought of 1933-40, and intermittently since 
that time. It describes typical, annually mowed 
prairie under a precipitation in excess of 30 in. 
on the border line between the more mesic prairies 
eastward and southward and the more xeric ones 
westward. This grassland was scarcely affected 
by the drought. It was the last large area of 
natural vegetation found in southwestern Iowa, 
and has now been plowed or pastured. 

Topography is rolling to hilly. Climate is one 
of cold winters with frozen soil and a warm to hot 
growing season from late April to early October, 

with predominately sunny weather. Soils of the 
Brunizem series were formed from less on the 
flat ridges and on gentle to rolling slopes, and from 
glacial till on the steeper slopes. They are of medi- 
um texture, absorb water readily, and retain it 
well. They formed under a cover of grass and 
are well aerated, high in organic matter and 
mineral nutrients. 

The prairie is of ancient origin, extremely re- 
sistant to invasion, and very complex in composi- 
tion. Most of the species are long-lived perennials. 
The very abundant grass roots on upland usually 
penetrate 4-5.5 ft deep and those on lowland 6-7 
ft. The total oven-dry weight of roots varies 
from 4.6-6.4 T/A. The dark humified organic 
matter in the top 6 in. of soil ranged from 30 to 
40 tons per acre. 

Only one type or consociation prevailed on the 
upland; this was little bluestem (Andropogon 
scoparius). Needlegrass (Stipa spartea) and 
prairie dropseed (Sporobolus heterolepis) oc- 
curred but not abundantly. The big bluestem 
(Andropogon gerardi) consociation prevailed on 
lower slopes and on lowland. The two bluestems 
alone composed 80% of the vegetation. Their 
nature and causes of dominance are described. 

Compared with similar prairies in eastern Ne- 
l)raska, little bluestem in its community decreased 
nearly 5% and big bluestem increased 6%o in 
amount. Foliage of these grasses averaged 5-8 in. 
and 6-12 in. higher, respectively; the bunches and 
sod were better filled with stems, and flower stalks 
were more abundant, taller, and produced even 
in dry years. Total yield was Y4-? T/A greater. 
Root weight was about 25%o greater. 

Forbs were classified according to their size, 
abundance, density and effect upon the grasses. 
All but about 25 of the 142 species that the writer 
and Fitzpatrick found to occur in 10%o of the 135 
prairie areas they examined were also found here. 
A total of about 165 species were found. Com- 
positae furnished about 1/3 of the forbs and Papi- 
lionaceae about '8. Eight forbs, a half-shrub and 
a shrub formed societies of the first class. Each 
is briefly described. 

Several forbs of high rank westward were of 
low rank here; others were infrequent or absent. 
Thirty-five species were of intermediate rank. 
They mostly formed societies but some were scat- 
tered throughout. Forbs were more abundant 
and much better developed than similar species 
westward. Several species found only in wet low- 
lands westward here flourished far up the ravines 
and many others also extended their range upward. 
Speies of lower rank are either listed or men- 
tioned in the text. 
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The prairie was studied throughout the growing 
season to ascertain the beginning and rate of 
growth, adjustments to light, duration of foliage 
and defoliation in dense shade, flowering and fruit- 
ing. Species of the vernal, estival and autumnal as- 
pects all renewed growth at about the same time, 
and development was continuous until midsummer. 
The vernal species forged ahead in development 
of the ever increasing wave of estival and autumnal 
bloomers. Week by week the struggle for light 
became more severe. Species of early spring were 
low-growing, and about 34 of those of the vernal 
aspect were also of low stature. In midsummer 
estival species attained a moderate height, about 
half of them were taller than the grasses; those of 
autumn continue growth until they overtopped the 
grasses, but their leaves to a height of 1-2 ft died. 
Only a few species blossomed until late in April, 
about 35 in May, and a larger number, perhaps 60, 
in summer. In the autumnal aspect, beginning 
late in July nearly 40 species bloomed; approxi- 
mately 85 were tall, coarse composites. 

The ancient origin, complex composition, and 
resistance of this grassland to invasion have been 
discussed. The interrelations of grasses and 
forbs, their role in the formation and maintenance 
of a rich, deep, productive soil have been empha- 
sized. 

Prairie vegetation and prairie soils are closely 
related, intimately mixed, and highly interde- 
pendent upon each other and upon the climate. 
But the once "magnificent, endless prairie" is now 
near extinction. 
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