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PLANT PRODUCTION AS A MEASURE
OF ENVIRONMENT

A STUDY IN CROP ECOLOGY

By J. E. WEAVER, University of Nebraska.

(With Plates I-V and fourteen Figures in the Teat.)
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INTRODUCTION.

The most fundamental relation in plant ecology is that reciprocal one
between the plant and its habitat. Any attempt to determine exactly the
causes which are producing modifications in the individual, and consequently
in vegetation, must include careful measurements of all of the habitat factors.
This must be done with instruments of precision in order to determine the
exact amount of each factor that is present in the habitat. It forms a basis
for determining the ratio between the stimulus and the amount of functional
and structural adjustment that results. However, a fundamental and appar-
ently inevitable objection to all instruments is their failure to express factor
differences in terms of plant activities. Moreover, while instruments record
the individual factors, most of them fail to integrate the factors concerned.
This is a serious drawback, since measurements of functions are regularly
obtained as sums. Even with a complete set of habitat factors the interpre-
tation is difficult, for the final decision as to the amount or intensity of any
factor necessary to produce a functional or structural response can be deter-
mined only by the plant. Thus while factor intensities must be measured by
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instruments, effects that produce changes in vegetation must be determined
by the living organism, the plant.

The investigations here reported in part only were made in*an attempt
to analyse the intricate relations between plant and habitat with the hope of
determining more exactly the effect of varying amounts of factors upon plant
response. Individual plant responses such as transpiration, photosynthesis,
etc., are not recorded here! but rather the integration and summation of these
responses as determined by growth of both native and cultivated plants. It
was discovered early in these investigations that the water relations of soil
and air were the controlling factors, all others being of secondary importance.
The critical nature of this one factor-complex permits of a clear correlation
between plant production and environment.

LOCATION AND DESCRIPTION OF STATIONS.
In the beginning of this study, stations were carefully chosen to represent
typical conditions in each of the three climax grassland communities occurring
in the vast area between the Missouri River and the Rocky Mountains.
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¥16. 1. Map showing location of the stations in true prairie (Lincoln), mixed
prairie (Phillipsburg), and short-grass plains (Burlington).

Lincoln, in eastern Nebraska, was selected as representative of true prairie
conditions, Phillipsburg, in north-central Kansas of mixed prairie, while
Burlington, in eastern Colorado, was chosen in the short-grass plains. Phillips-
burg lies about 190 miles south-west of Lincoln, and Burlington, 10 miles west

1 A comprehensive statement of the effects of environment, at the several stations here
described, on the responses of individual native and crop plants is now in press. These include data

from investigations extending throughout a period of four years, on germination, establishment,
rate of growth of root and shoot, reproduction, transpiration, water requirement, etc. (Cf.

Clements and Weaver, 1922).
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of the Kansas-Colorado state line, about 180 miles further west and south
(Fig. 1). The altitude at the several stations varies from 1100 feet at Lincoln
to 1900 at Phillipsburg and 4160 feet at Burlington. Precipitation, the chief
factor in determining the type of vegetation, varies from 28 to 23 and 17 inches
at the several stations respectively, decreasing westward.

Two stations at which factors were measured were maintained at Lincoln.
One was located on the high prairie on a rather flat hill top about 60 feet
above the general level of the flood plain of Salt Creek and about two miles
north of the city. The fertile soil is of the type commonly called loess, but it
is much confounded with glacial drift. It is a silt-loam belonging to the
Marshall series with a moisture equivalent of about30 per cent. and a maximum
water-capacity of 60 to 70 per cent. The low prairie station was located on
a level tract at the foot of the hill only a quarter of a mile southward. The
soil is a fertile dark-coloured silt loam of the Wabash series. Mechanical and
chemical analyses taken from cropped plats adjacent to the two grassland
areas respectively represent fairly well their salient characteristics. An ex-
amination of Table 1 shows that both soils are fine textured, being composed
mostly of silt and clay.

TaBLE 1. Mechanical analyses of soils from Lincoln.

Depth of Coarse Fine Coarse Medium Fine Very fine Moisture
sample gravel gravel sand sand sand sand Silt  Clay equivalent
Upland plats: % % % % % % % % %
0-0-0-5 ft. 0-0 0-0 0-3 05 16 19-8 486 29-2 31-4
0-5-1-0 ft. 0-0 0-0 0-2 0-6 1-3 16-7 52-4 288 31-8
1-2 ft. 0-0 0-0 0-1 0-2 0-8 16-7 556 266 31-5
2-3 ft. 0-0 0-0 0-1 01 0-5 19-0 579 223 30-1
Lowland plats:
0-0-0-5 ft. 0-1 0-4 2:2 1-8 50 250 41-3  24-3 277
0-5-1-0 ft. 0-3 0-7 2-1 2-2 5-0 25-4 38-8  25-8 27-9
1-2 ft. 0-2 0-3 1-3 15 37 21-4 40-8  31-0 30-6
2-3 ft. 0-0 01 0-4 0-5 17 19-2 434 347 32-9

Table 2 gives the chemical composition of representative composite samples
of soil at the various depths from the two areas. These data show that the
soils at the two stations are not strikingly different. It may be noted that
the lime content is about the same in both fields. Both soils (which had been
cropped for many years) showed medium acidity in the first foot, slight in
the second, very slight in the third, while the fourth foot gave no acidity but
was slightly carbonaceous. However, in the grassland the soils were free from
acid at both stations and at all depths.

Owing to the higher humus content of the lowland soils, coupled with a
more abundant water supply, the yield of both native and cultivated crops
was much greater than on the upland.

Water-content determinations throughout a long series of years show that
the subsoil of the high prairie is usually moist to great depths, although at
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TaBLE 2. Chemical analyses of soils from Lincoln by digestion with
hydrochloric acid (sp. gr. 1-115) for 120 hours.

Iron and Magne- Phos-
Insoluble Soluble Volatile aluminium Calcium sium phorus
Depth of sample residue salts matter oxides oxide oxide  pentoxide Nitrogen
Upland plats: % % % % % % % %
0-0-0-5 ft. 76-87 17-12 6-01 13-20 0-68 1-19 0-13 0-159
0-5-1-0 75-70 18-58 572 14-25 0-70 1-32 0-12 0-134
1-2 76-17 19-08 475 14-72 0-75 1-68 0-12 0-079
2-3 77-86 18-46 3-68 14-03 0-86 1-69 0-15 0-045
Lowland plats:
0-0-0-5 ft. 79-34 12-96 770 9-57 0-68 0-75 0-13 0-218
0-5-1-0 79-63 13-66 6-71 10-27 0-63 0-77 0-10 0-187
1-2 78-11 15-83 6-06 12-11 0-64 1-01 0-08 0-135
2-3 74-78 19-82 540 15-20 0-76 1.27 0-09 0-082

infrequent intervals during drought periods the holard may be reduced below
the wilting coefficient of Briggs and Shantz (1912) to depths of 4 or 5 feet,
leaving only a small chresard for vegetation (cf. Weaver. 1920, 28). Root
excavations and bisects show that the plants are not only rooted deeply, but
that the root-systems of different species form layers in the soil, the shallowest
one ending at about two feet, an intermediate one at five feet, while a third
layer extends far below this level (loc. cit. 40).

The vegetation is distinctly of the tall-grass sod type. Andropogon sco-
parius, Stipa spartea, Koeleria cristata, Bouteloua racemosa and Andropogon
nutans are the chief grasses, although Andropogon furcatus occurs sparingly
with Poa pratensis. The interstitial Panicum scribnerianum, and Bouteloua
gracilis are of much less importance. Prevernal societies are represented by
Antennaria campestris and Carex pennsylvanica. Such vernal bloomers as
Astragalus crassicarpus, Baptisia bracteata, Senecto plattensis and Nothocalais
cuspidata are abundant, while the variety and abundance of estival herbs
indicate favourable growth conditions throughout the early summer. Chief
among these are Psoralea floribunda, Erigeron ramosus, Braumneria pallida,
Meriolix serrulata, and Achillea mallefolium, although a host of others occur
(Weaver and Thiel, 1917). Many species of Solidago, Aster, Liatris, Helianthus,
Kuhnia, etc., constitute the major part of the autumnal societies. Thus, the
vegetation at the true prairie station is kaleidoscopic in seasonal appear-
ance. An average height level of grasses of 6 inches and an upper story of
herbs at 15 to 22 inches occurs by June 1, although the flower stalks of Stipa
and later blooming grasses and herbs are 2-5 to 35 feet tall (Pl I a).

The low prairie area is dominated by a few species less xerophytic than
those occurring on the high prairie. Many of the species of high prairie are
absent, but are replaced in part by others of a more mesophytic kind. The
dominant grasses are Andropogon furcatus, Panicum virgatum, Andropogon
nutans and Spartina cynosuroides, each of which often covers small areas
with a pure or nearly pure growth. Poa pratensis is also very important, but
is exceeded by the taller grasses which reach a height of 5 or 6 feet (Pl 1b).
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(@) High prairie ncar Lincoln, Nebraska, showing the continuous tall-grass cover, the abundance
of socicties and the amount of hay produced. Photographed June 23, 1920.

{0) Low prairie near Lincoln. Detailed view showing the density and height of Andropogon
Jurcatus, A. nutans and Panicwm virgatun:. Photographed August 30, 1922.

WEAVER—PIANT PRODUCTION AS A MEASURE OF IENVIRONMENT.
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Characteristic herbs are Solidago canadensis, S. missouriensis, S. rigida,
Glycyrrhiza lepidota, Aster multiflorus, A. salicifolius, Physalis heterophylla,
Polygonum muhlenbergiv, Artemisia gnaphalodes, Achillea millefolium, and
Callirrhoe alceoides. The rank growth forms a dense cover and makes ecesis
in the area very difficult.

Bisects show that the plants are rooted deeply, in fact most reach depths
of 5 to 12 feet. Root-layers at 3 and 5 feet are quite as distinct as those on
the high prairie.

The mixed prairie station occupies an area just south of Phillipsburg,
quite typical of the gently rolling topography, on a hillside which slopes
southward. The fertile soil is a mellow dark-brown very fine-sandy loam of
the Colby series. At a depth of 12 to 15 inches it is slightly lighter in colour
and contains enough clay to be quite sticky, although when wet it is dark in
colour to a depth of two feet. Below this level it is light yellow, and shows
throughout its loess origin. The first four feet have a water-holding capacity
of about 66 per cent. As is true of most soils of semiarid regions, it shows no
acidity at any depth. The mellow subsoil is very deep. Repeated excavations

TABLE 2a. Mechanical analyses of soils from Phillipsburg.

Depth, Coarse Fine Coarse Medium Fine Very fine
feet  gravel gravel sand sand sand sand Silt Clay

0-:0-0-5 00 0-0 0-3 0-2 1-2 43-5 35-8 19:0

0-5-1:0 00 0-0 0-0 0-2 0-5 444 32-8 22-1
1-2 0-0 0-0 0-0 0-2 0-3 397 34-0 25-8
2-3 0-0 0-0 0-0 0-3 0-6 41-2 31-9 26-0
34 0-0 0-0 0-0 0-1 0-2 375 31-4 30-8

for the examination of the roots of both native and crop plants during 1919 to
1921 showed that it was quite moist at least to 8 feet, a condition which is
thought to be rather abnormal for the region, but one which can be directly
correlated with the 11 inches excess precipitation of 1919 (cf. Weaver, Jean
and Crist, 1922, 77). However, this station is somewhat subject to drought,
the holard even to a depth of 4 feet being sometimes reduced to approximately
the hygroscopic coefficient, about 10-6 per cent. Under these conditions the
native vegetation is rooted almost or quite as deeply as in the true prairie
(Weaver, 1920, 93). The vegetation is typical mixed prairie, the tall-grasses
alternating with or forming a layer above the shorter ones (P1. IT a). Andro-
pogon scoparius, A. nutans and A. furcatus often form more or less continuous
irregular sodded areas varying from.6 inches to 7 feet in diameter where short-
grasses may be almost entirely excluded, while Agropyrum glaucum frequently
occupies large areas rather exclusively. Bouteloua racemosa and Elymus
canadensis are other important tall-grasses. Alternating with these are similar
or, on drier slopes, even larger areas of Bulbilis dactyloides and Bouteloua
gracilis, intervening areas often to the extent of one-fourth of the surface
being nearly devoid of vegetation. Perhaps more usually, however, the short-
and tall-grasses are intimately mixed, the latter often showing strong ten-
Journ. of Ecology XII 14
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dencies towards the bunch habit. Carex filifolia and C. stenophylla supplement
the understory of grasses which reaches an average height of about 4 inches
(before flower-stalk production) as contrasted with the mid-summer tall-grass
level 4 to 10 inches above. An overtopping, more or less discontinuous layer
of Psoralea tenuiflora at 2 feet characterizes much of the area in late June,
when societies of Ratibida columnaris and Morongia uncinata are also con-
spicuous. However, as emphasized by Clements (1920, 138) the mixed
prairies show their xerophytism by less numerous and less extensive groups
of non-grassy herbs. Antennaria campestris, Astragalus crassicarpus, Notho-
calais cuspidata, Anemone caroliniana, Senecio plattensis, Vicia americana, ete.,
are all represented, even if sparingly, in the spring and early ‘summer, the
absence of Viola, Stipa, Koeleria and Brauneria is at once noted, while the
presence of Astragalus mollussimus, Oxytropis lamberti, Malvastrum coccineum,
Opuntia fragilis, O. camanchica, Aristida purpurea and Plantago purshit indi-
cates a more xerophytic type of vegetation. The Erigerons, Merioliz, etc., of
mid-summer are usually smaller and less abundant than eastward, while the
autumnal aspect likewise lacks many species common to the true prairies.

The plains station is located just north of Burlington on a vast level tract.
The soil is a rich, brown, fine-sandy loam, very compact and hard when dry.
It has a water-holding capacity of 65 to 70 per cent. to a depth of 4 feet.
At a depth of 2 to 25 feet it is underlaid with a so-called hardpan. Soil
analyses show that the concentration of colloidal clay and carbonates in the
subsoil is sufficient to give rise to a hardpan, 7.e. a much more compact stratum
of soil relative to that above or below it, upon its becoming completely dried
out (Weaver and Crist, 1922). An examination of Table 3 shows that silt
constitutes about one-third of the soil at all depths, while the sand decreases
and the clay increases in amount to 4 feet.

TABLE 3. Mechanical analyses of soils from Burlington, Colorado.
Depth of sample in feet

'S )
0-0-0-5 0-5-110 1-2 2-3 34
% % % % %
Coarse gravel 0-0 0-0 0-0 0-0 0-0
Fine gravel 0-0 0-0 0-0 0-0 0-0
Coarse sand 0-0 0-0 0-0 0-0 0-0
Medium sand 0-13 0-14 0-17 0-13 0-10
Fine sand ... 2-6 2-2 19 15 09
Very fine sand 48-6 49-1 46-7 45-5 422
Silt 33-4 32-5 32-0 31-0 34-2
Clay 15-3 16-1 19-3 21-9 22-6
Hygroscopic coefficient ~ 10-9 10-9 12-2 12-0 11-4

Chemical analyses show that carbonates are practically absent in the
surface soil, but increase rapidly with depth, and in the hardpan layer, which
appears somewhat chalky in colour, they often reach concentrations of 5 or
6 per cent. Table 4 shows that the soils are not acid, the carbon dioxide
increasing very rapidly with depth and being very high at 2 to 4 feet. These
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(@) Mixed prairie near Phillipsburg, Kansas, showing the short-grasses (Bulbilis dactyloides
and Bowuteloua gracilis) in the foreground alternating with or forming an understory to the taller
Andropogons. Photographed August 28, 1922.

(6) General view in the short-grass plains at Burlington, Colorado, showing closed mats of
Bulbilis dactyloides mixed with Bowteloua gracilis. Note the scarcity of other vegetation.
Photographed July 15, 1920.

WEAVER—PLANT PRODUCTION AS A MEASURE OF ENVIRONMENT.
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soils are rich in phosphorus and potassium and have a sufficient supply of
nitrogen. Thus all the critical elements are present in abundance.

TaBLE 4. Chemical analyses of soils from Burlington, Colorado.
Depth of sample in feet

— )
0-0-05 05-1:0 1-2 23 34
% % %o % %

Acidity ... ... None None None None None
Carbon dioxide ...  0-03 0-30 1.71 2:10 2-60
Volatile matter ...  4-67 3-13 3-11 3-34 2-84
Phosphorus pentoxide  0-189  0-504 0-428 0406  0-525
Sulphur trioxide ...  0-007 0-017 0-006 0-006 0-005
Potassium oxide ... 2-32 2-39 2-45 2-51 2:22
Nitrogen ... <. 0184 0130 0101 0-086  0-084

In this hard fine-textured soil water penetrates very slowly and run-off
is usually high. Shantz (1911) has shown that the average run-off from the
short-grass sod at five stations in this region was 37 per cent. of the total
rainfall, while the maximum run-off reached 55 per cent. Thus, the actual
precipitation (17 inches) tells little of the efficient rainfall. After heavy rains
three days were required for the water to penetrate to a depth greater than
6 inches. The excellent root development of native plants in the surface
1-5 to 2-5 feet of soil fits them to absorb water readily, and thus helps to
prevent deep water penetration.

Determinations of water-content throughout a series of years (1920-1923)
show that the soil is seldom moist below two feet, while regularly by mid-
summer the holard above this level is frequently reduced to the hygroscopic
coefficient. Then the short-grass cover dries out and ““cures” on the ground.

Closed mats of Bulbilis dactyloides, usually mixed with Bouteloua gracilis,
make up fully 90 per cent. of the vegetation, forming a carpet seldom over
4 inches deep, exclusive of flower stalks (Pl. II b). These grasses with their
widely spreading roots occupy the soil so thoroughly that relatively few
important subdominants are present. Most conspicuous among these, and
increasing in abundance where overgrazing has occurred, are Aristida purpurea,
Opuntia camanchica, O. fragilis, O. polyacantha, Festuca octoflora, Plantago
purshii and Schedonnardus paniculatus. Erysimum asperum and Psoralea
tenuiflora are often abundant.

Small, poorly developed societies of Astragalus crassicarpus, Malvastrum
coccineum and Ratibida columnaris are infrequent. Agropyrum glaucum under
the severe competition with the short-grasses is dwarfed in habit and forms
flower stalks sparingly. Decreased size, vigour and number are evident among
most of the above species when compared with their growth in more favourable

habitats.

1 Phosphorus determinations were made by digestion with HNO; and HF; sulphur by fusion
with Na,O,; potassium by fusion with calcium carbonate; and nitrogen by the modified Gunning
method.

14—2
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While some of the species of the meagre flora are rooted entirely in surface
soils, others, especially the dominant grasses and the legumes, reach depths
of 4 feet or more. However, when compared with the great depth reached by
species in the moist subsoil of the true prairie,even theése are relatively shallow.

COMPARISON OF ENVIRONMENTS.

A glance at the distribution of the mean annual precipitation (Fig. 2)
shows clearly that most of the moisture falls during the growing season and
only about one-tenth during the three winter months. Such a seasonal distri-
bution of moisture is very favourable for the growth of grasses. The normal
decrease of 5 inches at Phillipsburg under that at Lincoln, and 6 inches de-
crease at Burlington under that of the mixed prairie station, is quite evenly
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F1a. 2. Graphs showing the distribution of the mean annual precipitation in inches at Lincoln
(solid line), Phillipsburg (long broken lines), and Burlington (short broken lines).

distributed through the year. Moreover, the type of rainfall is quite similar
throughout, consisting usually of heavy showers, often of rather short duration.
This, however, is more marked upon the high plains than eastward where
the rains are more general. At all stations it results in much run-off, but
this is particularly heavy in the compact soil at Burlington. Moreover,
westward, relatively more of the precipitation falls in light showers of -20 inch
or less, which are of practically no value in increasing the holard. At each
station, the holard has, in general, been very similar at any particular time
during the three seasons (1920-22), and the comparison of a single season’s
data will suffice here (Table 5).

An examination of the table shows that at all times at Lincoln a sufficient
amount of water was available at all depths to promote good growth. At the
mixed-prairie station July and early August were periods of drought and, at
times, of actual deficiency. The holard at Burlington was favourable until
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June, but after this time marked deficiencies were of frequent occurrence.
However, the value of water-content to the plant is not determined entirely
by its quantity, but largely also by its rate of dissipation both through the
plant and by surface evaporation. These in turn are controlled by humidity
as affected by temperature, wind, etec., all of which are more or less perfectly
integrated in the evaporating power of the air.

Because of differences in elevation, which more than offset those of latitude,
spring usually opens about 7 to 10 days later at Phillipsburg, and 18-23 days
later at Burlington than at Lincoln. These stations are 800 and 3000 feet
higher respectively, than Lincoln. The average daily air temperature! for
1920 (which is in general agreement with that of other seasons) is given in
Fig. 3. The air was usually 5° to 7° F. colder at Burlington than at Phillips-
burg, while at Lincoln it was generally warmer than that at Phillipsburg.
Moreover the average day air temperatures were highest at Lincoln and lowest
at Burlington, and this same general relation held for average night tem-
peratures. Night temperatures at Burlington varied from 45° to 67° F. Such
low temperatures, while unfavourable for growth, have a profound effect upon
humidity, which factor, with the holard, isof paramount importance, differences
of temperatures as such probably having little effect upon the type of grassland.

The average daily soil temperatures at a depth of 6 inches are given in
Fig. 4. Soil temperatures were highest at Lincoln (70° to 77° F.), and lowest
at Burlington (64° to 72°F.) during the first half of June, but by the last
week in June this relation was reversed, the soil at Burlington remaining
warmer throughout the season. The average weekly differences were often
6° to 8° F., the soil at Lincoln being coldest, that at Phillipsburg intermediate,
while the dry soil at Burlington had the highest temperatures.

The daily range of both temperature and humidity is much greater at the
Burlington station than at Lincoln. The average day and night humidities
for 1920 are given in Fig. 5. Conditions at Phillipsburg are somewhat inter-
mediate. This combination of high temperature and low humidity, which
occurs rather regularly in the afternoons at Burlington, when coupled with
dry soil, is a condition very unfavourable for plant-growth.

Wind movement is much greater at Burlington than at either of the other
stations, and is an important factor in desiccating both plants and soil. An
average day velocity of 8 to 10 miles per hour (at a height of 0-5 metre) is
quite usual, while periods lasting several days when the velocity reaches
20 or 30 miles per hour are not uncommon. The amount of wind is less at
Phillipsburg and much less at Lincoln (for example, 4 miles per hour average
daily from July 13 to September 19, 1916, cf. Weaver, 1919, 23).

1 The average for the day temperatures was determined from the weekly record-sheets of the
thermographs by adding the temperatures beginning at 8 a.m. and every 2 hours thereafter until
6 p.m. for each day and dividing the sum by the total number of 2-hour intervals. Those for the
night intervals were calculated in a similar manner, beginning at 8 p.m. and including the readings
until 6 a.m. Humidity was determined in a similar manner.
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Fic. 4. Average daily soil temperatures at Lincoln (solid line), Phillipsburg (long broken lines),
and Burlington (short broken lines), 1920.
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Fra. 5. Average day humidity (lower lines) and average night humidity (upper lines) at Lincoln
(solid lines) and Burlington (broken lines), 1920.
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The evaporating power of the air, which integrates, to a certain degree,
the factors of radiant energy, humidity, and wind movement, was greatest
throughout the season of 1920 at Burlington (23 to 60 c.c. average daily
evaporation from white cylindrical, non-absorbing atmometers), intermediate
at Phillipsburg (11 to 32 c.c.), and least at Lincoln (9 to 25 c.c.). Cf. Fig. 6.
Similar constant differences of evaporation rates were obtained the following
seasons.

Thus, the conditions for plant-growth as regards rainfall, holard, tem-
perature, humidity, wind, and evaporation are normally most favourable at
Lincoln, intermediate at Phillipsburg, and least favourable at Burlington.
These conditions are indicated by the native vegetation and borne out by the
growth of both native and cultivated plants.
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Fic. 6. Average daily evaporation at Burlington (short broken lines), Phillipsburg (long broken
lines), and Lincoln (solid lines), 1920.

EXPERIMENTAL METHODS AND RESULTS, 1920.

The methods employed were to select a large number of metre-quadrats
in typical undisturbed areas in the climax vegetation. The height and density
of the vegetation, the abundance of dominant and subdominant species, ete.,
were recorded, and photographs were made of representative quadrats. The
vegetation was then removed by cutting it near the surface of the soil with
a hand clipper, after which it was collected, shipped to the laboratories of the
University of Nebraska where it was thoroughly air dried, and the plant pro-
duction determined on the basis of dry weight. Thus the growth of vegetation
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as a unit as well as the comparative importance of the dominants in the

various associations, was determined.
Complete data on the earlier cuttings in 1920 are given in Tables 6, 7 and 8

(cf. also Pls. III and IV).
TABLE 6. Quadrats cut July 7, 1920, at Burlington, Colorado.

Quadrat
1
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Description

Pure growth of staminate Bulbilis, closed mat; average height leaves 4”;
flower stalks 5-6”

Do. with average height leaves 3”; flower stalks 4”

Do. only pistillate; average height leaves 3”

Mostly pure closed mat of Bouteloua gracilis; leaves 5-7”; no flower stalks;
one Sitanion elymordes and a few Malvastrum coccineum

Dense mat of Bouteloua gracilis, 5-7" high

Bouteloua gracilis with a little Bulbilis and Malvastrum

Pure Bouteloua gracilis in very open mats, only 2-4” high, no flower stalks

Nearly pure Bouteloua gracilis in dense mats about 5” high

Very open mats of Bouteloua gracilis, 2-4” high One Schedonnardus
paniculatus

Pure staminate Bulbilis; grazed in 1919; leaves 4-5”, flower stalks 5-6”

Open mats of pistillate Bulbilis 3” high; Festuca octoflora abundant, 4” high,
ripe; grazed 1919

Open mats of pistillate Bulbilis 4” high

Closed mats of pistillate Bulbilis 4-5” high; grazed 1919

Do., only staminate; flower stalks 5-6”

Do., only staminate; flower stalks 5-6”

Do., only staminate; flower stalks 3—4” high

Bulbilis with some Agropyrum glaucum and a little Bouteloua gracilis

Pure Agropyrum glaucum; flower stalks 18-26” high; burned 1919. Area
formerly broken

Do.

Do.

Do.

Half Bulbilis and half Bouteloua gracilis; closed mats 4-5” high

Bulbilis mixed with one-third Bouteloua gracilis, 3—4" high

Bulbilis slightly mixed with Bouteloua

Aristida purpurea in disturbed area; leaves 10”; flower stalks 17”

Fairly closed mats of Bulbilis and Bouteloua

Bulbilis mixed with Bouteloua

Agropyrum glaucum mixed with Bulbilis and Bouteloua

Agropyrum glaucum 12” high; no flower stalks; some Bouteloua 6”

Mixed Bouteloua and Bulbilis, about half of each; 1 Chrysopsis villosa

Dry weight
in grams

1357
94-0
780

180-8
127-8
115-5

17-5
183-2

46-3
107-5

36-2
753
120-3
98-2
139-2
93-2
223-7

4277
422-3
370-2
372-7
196-7
105-0
2140
182-0
180-5
160-7
213-7
294-2
182-3

TaBLE 7. Quadrats cut July 9, 1920, at Phillipsburg, Kansas.

Description

Pure Bouteloua gracilis leaves 5-7” high, some Malvastrum, 1 Allionia
linearis

Bouteloua gracilis with a little Bulbilis, 1 Ratibida columnaris, a little Plan-
tago purshit

Bouteloua gracilis with a little Bulbilis, 1 Allionia, 1 Ratibida, and some Mal-
vastrum ; a little Festuca octoflora

Closed mat of staminate Bulbilis, leaves 67", flower stalks 8-9”, burned 1919

Very open mat of staminate Bulbilis, leaves 3-47, burned 1919

Pure pistillate Bulbilis, leaves 47", undisturbed for years

Agropyrum glaucum, 32” high, dense sod

Do.
Pure Agropyrum glaucum, flower stalks 40” high
Do

Mixed pistillate Bulbilis with Elymus canadensis and Andropogon scoparius,
1 Psoralea floribunda, Aster multiflorus

About half Bulbilis, forming a layer under Andropogon furcatus

Understory of Bulbilis dominating half of quadrat, 6-8”, Bouteloua ace-

mosa, Andropogon furcatus

Dry weight
in grams

209-0
244-5

378-2
290-5

84-8
531-2
349-7
373-3
578-3
620-2

374-1
341-5

4856
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(@) Typical cut-quadrat in short-grass plains vegetation, July 7, 1920.
Bulbilis dactyloides with Boutelowa gracilis.

(6) Cut-quadrat of Agropyrum glancum, Burlington, Colorado, July 7, 1920.

WEAVER—P1ANT PRODUCTION AS A MEASURE OF IENVIRONMENT.
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(@) Mixed-grass quadrat at Phillipsburg, Kansas, July 8, 1920. Agropyrum glaucum
invading an area of Bulbilis dactyloides.

() An average yield from a square metre of grassland. From right to left: Buffalo grass from
Burlington and Phillipsburg, mixed tall- and short-grasses from Phillipsburg, mixed tall-grasses
from high prairie and low prairie at Lincoln.

WEAVER—PLANT PRODUCTION AS A MEASURE OF ENVIRONMENT.
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TABLE 7 (contvnued).
Dry weight
Description in grams
Andropogon furcatus, A. scoparius and Elymus canadensis mixed, average
height 20” 4057
Do. with a little Psoralea floribunda 525-2
Andropogon furcatus and A. scoparius, 15-24" high 596-3
Bunches of Andropogon scoparius, Elymus canadensis, some Aster mulii-
florus 370-7
Andropogon furcatus with some A. scoparius and Bouteloua racemosa, a little
Solidago rigida and some Psoralea floribunda . 281-3
Agropyrum glaucum 40” high with Bulbilis understory 6” high in one-half
of quadrat 679-2
Pure Andropogon furcatus, 20” high,burned 1919 720-0
Do., but only 10” tall in centre of quadrat_ 445-2
Pure Andropogon furcatus, 18-20” high 547-7
Elymus canadensis mixed with some Sporobolus longifolius and species of
Carex, average height 37" 523-7
Nearly pure Elymus canadensis, 36” high 457-1
Sporobolus longifolius with a little I'7yu: .. hivight 24” 376-2
About half Andropogon furcatus, hall L'lun: - canadensis, with a little Aster
multiflorus 617-2
TABLE 8. Quadrats cut July 13, 1920, at Lincoln, Nebraska.
Dry weight
Description in grams
Stipa spartea, Koeleria cristata, Poa pratensis and Andropogon scoparius,
average height 14” 345-3
Mixed Stipa spartea, Koeleria cristata, Poa pratensis, Carex pennsylvanica
and C. meadsit, average height 147, a little Psoralea floribunda 349-5
About the same mixture as in the preceding, average height 23” 4455
Andropogon furcatus, A. scoparius, with Poa pratensis, Carex pennsylvanica
and 1 Amorpha canescens 343-3
About the same as preceding with Bouteloua racemosa, average height 14” 3230
Stipa spartea and Andropogon furcatus mixed with Poa and 1 Baptisia
bracteata, average height of leaves 18” 4187
Stipa and Poa mixed, 1 Psoralea floribunda, 3 Brauneria pallida 400-7
Mixed Andropogon furcatus, Stipa and Poa, 4 Asclepias verticillata, 2 Heli-
anthus rigidus, average height of grasses, 25” 589-7
Mostly Andropogon furcatus with some Poa, 257, 5 Helianthus rigidus,
1 Salvia pitcheri, 1 Physalis heterophylla 6285
Andropogon furcatus, mixed with Poa and Agropyrum glaucum, considerable
Psoralea and a little Salvia 572-0
Same grass mixture as preceding, with a litt}e Bouteloua racemosa 474-2
Andropogon scoparius with Koeleria cristata and Poa, average height 287,
some Astragalus crassicarpus, Vicia americana and Psoralea floribunda 394-5
Koeleria, Andropogon scopartus and A. furcatus, average height 15”, 2 Amor-
pha canescens 3 Psoralea, several Artemisia ludoviciana 353-7
Mostly Andropogon furcatus, A. scoparius, and Bouteloua racemosa, 15"
high, some Aster multiflorus, Linum sulcatum, and Psoralea. 4127
Andropogon scoparius, Bouteloua racemosa with some Poa 3987
Koeleria, Andropogon scoparius, Poa, Carex pennsylvanica, some Solidago,
rigida and Erigeron, ramosus 253-2
Poa mixed with Stipa, Koeleria, Bouteloua racemosa, and Panicum scrib-
nerianum, average height, 16” 349-7
Koeleria dominant, 24” high, a little Andropogon scoparius and A. furcatus
and Bouteloua racemosa 401-0
An equal mixture of Andropogen scoparius, Poa, Koeleria and Andropogon
furcatus, some Erigeron and Vicia americana 359.7
Spartina cynosuroides with Poa, average height 25”7, some Qlycyrrhiza
lepidota 631-0
Do., only less Spartina 469-0
Poa dominant, a little Spartina and Andropogon furcatus 490-7
Spartina, Andropogon furcatus and Poa with Glycyrrhiza, 2 Aster multifiorus  658-0
Very similar to above ) 4887
Sparting dominant, 27” high, Andropogon fwcat.us and a little Poa 634-8
Similar to preceding but with more Poa and a little Qlycyrrhiza 573-8
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An examination of the tables shows that rather wide differences occur
in productiveness of the surface cover in the same area and representative
conditions are to be secured only by the use of a large number of carefully
selected quadrats. The obtaining of reliable results by this method, as in
similar ecological studies, assumes a thorough knowledge of the plant com-
munities rather than random selection on the part of the investigator. How-
ever, the markedly higher yields of the different types of vegetation (viz.
short-grasses, mixed tall- and short-grasses, etc.) with an increase in soil
moisture is at once apparent. The short-grasses at Burlington (quadrats 1-16)
averaged 103 grams per square metre; those at Phillipsburg (quadrats 1-6)
290 grams. Wheat-grass (dgropyrum glaucum) at Burlington, which here
occurs most abundantly in areas where the short-grass sod has been broken
or otherwise disturbed, yielded 398 grams per square metre while at Phillips-
burg the yield was 480 grams. Mixed short- and tall-grasses yielded 244 grams
per square metre at Burlington, and 470 grams at Phillipsburg. The mixed
prairie at Phillipsburg gave a total yield of 439 grams per square metre,
true prairie at Lincoln averaged 452 grams. The careful selection of the
quadrats is of great importance. The average yield at Phillipsburg (439 grams)
exceeded that from the hilltops at Lincoln (361 grams) or even the slopes
(429 grams) at this time (July 9), but did not equal that of the lowland which
was 564 grams. However, an examination of the factor data shows that late
summer drought usually prevails at the western stations and good plant
growth is not maintained (Table 5). This fact is nicely illustrated by a second
series of quadrats cut August 16-24.

The average yield at Burlington (August 24) was 196 grams (more mixed
short- and tall-grass quadrats being included than bef<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>