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CHAPTER I 

INTRODUCTION 

The Soil Conservation Service uses species composition as an index 

to range condition. This system involves ecological analysis of the 

climax and successions leading to and away from the climax. By listing 

the theoretical or expected percentage of the climax composition on a 

given site and comparing to actual composition, it is possible to deter

mine what per cent ·of the .present composition on the site cari be called 

Qlimax. This system pref:iupposes knowledge of climax, and it is not always 

possible to determine climax with reasonable assurance, but it is still 

one of the most widespread systems used today. At present, the practice 

is to designate ranges from 75 to 100 per cent of climax as excellent 

condition, 50 to 75 per cent as good condition, 25 to 50 per cent as 

fair condition and Oto 25 per cent as poor condition (Stoddart and Smith, 

1955). 

Species composition is an important index to range condition, but 

it is just one tool that might be considered. Forage production is con

sidered by Humphrey (1949) to be an important index to condition. This 

can be associated with species composition in that two similar areas may 

produce the same amount of total forage, but the species of plants 

contributing to the production may be entireiy different. If no other 

facto)'.'s such as soi 1, climate or topography are limiting, this is probably 

due to the way the area is being used, or has been used in the past. 
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The rate of growth or vigor of the plants may be associated with 

range condition, although the determination of vigor is largely subjective. 

~ince a decline in plant vigor usually precedes a change in composition, 

it may serve as a helpful tool for determining the state of health of the 

range, and this in reality is range condition. 

The purpose of this study was to determine how forage production, 

vegetative composition and plant vigor may be related to range condition. 

Six different areas representing the loamy prairie site, and an area 

representing the claypan site, were selected for study. Following the 

Soil Conservation Service system, an effort was made to obtain a repre

sentation of one of each range condition classification: excellent, 

good, fair and poor, The rate of growth of the dominant species, relative 

composition and fo'l;'age production of both grasses and forbs, basal cover 

and plant vigor were determined in each a:rea. 

It is hoped that this study will provide some further knowledge for 

establishing a management plan for both cattle and range. Only ecologi .. 

cal knowledge plus managing experience can determine a standard of 

utilization. 



CHAPTER II 

REVIEW OF LITERATURE 

Plant vigor 

It has been shown by many investigators that forage production 

varies directly with vegetative composition and the rate of growth of 

the plants on a given range site, and that these criteria are essential 

f;or determining range condition. Humphrey (1949) states that one cannot 

be used without the other, because one by itself can be misleading. 

Vegetative comp9sition will gradually change on a range continuously 

overgrazed by sheep, and a plant that is not preferred by sheep and 

therefore not grazed will show excellent vigor even though the range 

may only be in f~ir condition. Plant vigor can also be misleading on 

poor ranges protected from grazing for a period of years. After one or 

two years the previously established grasses may exhibit excellent vigor~ 

but the basal density may be very low. Short and Woolfolk (1956) listed 

this fact as one of the corrnnon objections to the use of plant vigor as a 

criterion of range welfare. Other objections listed were that vigor is 

difficult to describe ahd measure, and it is obscured by the effects 9f 

current weather. 

A search in the literature failed to reveal clear~cut information 

on procedures for sampling plant vigor or for measuring the vigor of 

plants of different growth forms. Weaver and Darland (1947) measured 

vigor according to root development, foliage height, dry weight of tops 

and roots, length and width of leaves, size of clumps, number of stems, 

3 
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absence or presence of dead centers and partial or complete death of 

tufts or bunches. In their study, vigor of range grasses on overgrazed, 

moderately grazed and nongrazed pastures was measured by digging up sods 

and planting them in a greenhouse, and then clipping them at different 

intervals. Weaver (1954) states an excellent test of vigor is the mea

surement of·growth in the spring, after grazing or after transplanting, 

The National Research Counci 1 (1962) lists size~ character and condition 

of the plants as the most visible and easily recognized indicators of 

plant vigor. Different studies show that all possible clues to plant 

vigor must be considered before a final evaluation is made. The greater 

the number of valid factors considered and measured, the greater the 

confidence in the results. 

Although plant height has been used by many investigators as an 

estimation of vigor in one way or another, Blaisdell and Pechanec (1949) 

found that leaf height was not a reliable indicator. According to Heady 

(1957) there are many factors which make the measurement of height diffi

cult, and these are as follows~ 

1. When plants are trailing or drooping 

2. If the highest part is not perpendicular from the base 

of the plant 

3. Configuration and slope of the ground surface 

4. Wind 

5. Temporary wilting 

This study by Heady employs the concept of height, mentions some of the 

difficulties in the accurate measurement of height, discusses the useful

ness of height measurements and describes a new method whereby the point .. 

plot system may be employed to obtain an objective sample of height of 

:plant materials. 
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Forage production 

Evans and Jones (1958) studied two methods of determining forage 

production. One method was clipping the forage 9 the other was multiply-

ing the average plant height by the average ground cover percentage. 

High variability was encountered with both methods. Short and Woolfolk 

(1956) showed that plant vigor varied from the effects of weather, of 

protection f'l;'om grazing and of cumulative range condition. 

Other studies concerning plant vigor have shown that whene-ver a 

change is made in the intensity of grazing use, it is first reflected in 

vigor, later followed by changes; in density, composition and soil 
;. 

stability. Vigor is thus indicative of short-time trends. 

From exclosvres ungrazed since 1930, Johnson (1956) determined the 

effect of grazing intensity on plant composition, vigor and growth of 

pine-bunchgrass ranges in central Colorado. Results showed that height 

of leaf growth was the most consistent plant response to the different 

grazing intensities. A similar study to determine cover, composition, 

forage yield and root development of native vegetation and the effects 

of grazing on these factors was conducted by Tomanek and Albertson (1953). 

Results showed that heavily utilized pastures often produced less than 

half as much forage as nongrazed prairies. Reduction of yield under 

moderate use was very small, and some sites on moderately grazed pastures 

outyielded those under nongrazing. A later study by Tomanek and Albert-

son (1957) showed that grazing in the mixed prairie causes a decrease in 

mid~ and tall-grasses and a proportionate increase in short-grasses. 

Changes in plant vigor are expressed in several ways. Physical 

changes in herbage cover per plant, height, number of inflorescences and 

width and length of leaves are among the best indicators according to 

Cqok and Goebel, 1962. In this study conducted in southwestern Utah, 
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plants of apparent high vigor covered more ground surface, had longel;' 

leaves, fruiting culms, and annual growth, and had more inflarescences 

per plant than did plants of apparent poor vigor. Also, all species of 

high vigor were generally higher in ether-extract material~ Ugnin, and 

g17oss energy than plants of low vigor. An earlier study by Goebel and 

Cook (1960) was conducted to determine the effect of· range condition on. 

plant vigor, production and nutritive value of forage. Since change of 

vigor is one of the first indicators of grazing intensity, it has often 

been used as an indication of range condition. The effects of litter 

accumulation or mulch on yield, cover and soil conditions are described 

in the mixed prairie of westacentral Kansas by Hopkins (1956), and could 

be applied to mast grassland regions. 

The value of range condition surveys in analyzing range problems 

was recognized early by the Soil Conservation Service in the Pacific 

Northwest, and it is from this region that the technique has received 

its greatest impetus, Range mana~ement special:i,sts use the phrase "range 

condition" to mean the present vegetative composition of the range in 

terms of idealized composition for the site. According to Dyksterhuis 

(1949), differences in range condition are recognized by comparing presD 

ent vegetation with climax vegetation •. The criteria most frequently used 

in describing condition of the range include botanical composition, plant 

density, comparative vigor of forage species, total forage production, 

litter accumul/iltion and soil stability. Parker (1954) lists vigor of the 

desired species, density and composition as three factors which may be 

used in delineating range condition. Vigor is important in that it is 

usually a reflection of the degree and intensity of past grazing use and 

competition for moisture from other plants. Voight and Weaver (1951) 

Ust percentage composition of the vegetation as the most satisfactory 
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basis for classifying ranges in the m:i.dwestern United States. 

The effect of·· different clipping treatments has been used by numer

ous investigators as a tool for determining the development of prairie 

grass vegetation. In nearly all cases, there is considerable decrease 

in ground cover as the weakene<;l. grasses become defoliated (Biswell and 

Weaver, 1933). In general, clipping also reduces growth of roots. 

Robertson (1933) found that clipping reduced growth of roots~ based on 

dry weight, about twice as much as that of tops. This study by Robertson 

showed that growth of tops, number and width of leaves, and number of 

tillers were also reduced by clipping. Aldous (1930) found that while 

the lowest yields were obtained from plots clipped most frequently, the 

vegetation on these plots had the highest nutritive value. However, 

this nutritive value could not compensate for the decrease in density 

and yield of the vegetation. 

A study in south-central Texas by Jameson and Huss (1959), in which 

the effect of removing leaves could be evaluated independently from the 

e:f;:fect of removing stems, showed that clipping before fruiting culm 

production reduced production, and that clipping the entire plant after 

fruiting culm production increased production. 



CHAPTER III 

THE STUDY REGION 

Climate 

The general climate of the region is one of dry, hot surrnners and wet 

springs and falls. Rains with a duration of several days are corrnnon, and 

long continued droughts are infrequent. During the winter little precipi= 

tation occurs. 

Records from the United States Weather Bureau for the years 1944~ 

1961 inclusive for Foraker, Oklahoma, a small town 5 miles south of the 

ranch headquarters, showed a mean annual precipitation of 32.81 inches 

with about three-fourths of it falling during the growing season, April 

to September inclusive. This average includes the drought years of 1953-

1956, when the annual average for this period was 24.16 inches. During 

the period of this study, which included the summer months of June, July, 

August of 1961 and 1962, the growing conditions were ideal. Records 

obtained from a rain gauge located in the study region showed that total 

precipitation amounted to 17.03 inches during these months of 1961, and 

12.27 inches for the same period of 1962. Of this total for 1961, 2.33 

inches of rain£all came during June, 6. 00 inches during July and 8. 70 

inches during August. For 1962, 4.82 inches came during June, 3.75 in

ches during July and 3.70 inches during August. 

Surrnner temperatures are usually high with frequent extremes of 

l00°F., and the temperature relations are favorable for plant 

8 
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development. The average date of the last killing frost is April lj and 

the average date of the first killing frost is November l. Thus, there is 

a gl:'owing season of around 215 days. The hot, relatively dry summers are 

preceded by a long, balmy spring season and followed by many weeks of cool 

autumn weather. During winter, zero temper,;3.tures occur only infrequently, 

and temperatures below the freezing point are of short duration. 

Temperatures were measured continuously during the two summers by a 

hygrothermograph. l'he average maximum and minimum temperatures were de~ 

termined to show the range of temperature fluctuation. They are important 

since plant distribution may be controlled by temperature extremes. The 

average day and night temperatures were also determined (Table I). 

Average day temperatures were calculated between the hours of 6:00 A.M. 

and 6: 00 P .M., while an average night was calculated between the hours of 

6:00 P.M. and 6:00 A.M. These temperatures were determined by adding the 

readings of the even hours and dividing by the total number of readings 

for the seven days of the week (Bruner, 1931). 

TABLE I 

TEMPERAl'URE RELATIONS FOR THE SUMMER MONTHS OF JUNE, JULY AND 
AUGUST, 1961 AND 1962 

Je 0 61 Je 0 62 Jul 0 61 Jul 0 62 Aug 0 61 Aug 0 62 

Avg. daily 
max. temp. 85.7 85.3 85.0 9L7 85.6 93.3 

Avg. daily 
min. temp. 63.8 62.0 62.1 68.2 62.7 66.5 

Avg. day 
temp. 77.6 78.6 78.3 83.4 78.5 85.0 

Avg. night 
temp. 63.8 68.7 67.8 75.0 67.7 74.2 



Humidity was also measured continuously during the two summers by 

the hygrothermograph. The average high, average low and average daily 

hum!dities were determined, and they were found to vary directly w'ith 

pll'e·cipi tation. The average daily humidities are shown in Table II. 

TABLE II 

COMPARISON OF HUMIDITY FOR. THE SUMMER MONTHS OF JUNE, JULY AND AUGUST, 
1961 AND 1962 (FIGURES ARE BASED ON 24 ... HOUR ;E>E-RIOD) 

10 

Je, '~l Je '612. Jul 0 61 Jul 0 62 Aug ~61 Aug 0 62 
:. ' 

Average 
daily high 99.4 100.0 99.9 98.7 99.9 96.3 

Average 
daily low 66.1 66.4 59.2 59.0 57.3 42.4 

Average 82.8 82.2 79.6 78.9 78.6 69.4 

Soil temperatures, taken each day at 2:00 P.M., were also measured 

during the two s1,1mme:rs at depths of 1 and 6 inches. Soil temperature 

~luctuations at both depths closely followed the daily fluctuations in 

afr temperature. A general upward trend in soil temperatures throughout 

the summer was characteristic !or 1962; however, the opposite.trend was 

noted for 1961 (Table III). This was due to more cloudy days in July and 

August of 1961 and nearly twice as much rainfall during these months·than 

in 1962. 



TABLE III 

SOIL TEMPERATURES FOR THE SUMMER MONTHS OF JUNE, JULY AND AUGUST 
FOR THE YEARS 1961 AND 1962 
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bepth. Je '61 Je '62 Jul O 61 Jul '62 Aug 9 61 Aug 062 

1 inch 86.9 79.3 85.1 81.9 83.8 86.3 

6 inches 78.4 76.6 77 0 5 78.7 78.6 78.8 

Location and Description of the Region 

The study was conducted on Adams 9 Ranch, a 33,000 acre tract of land 

located in the northern part of Osage County, Oklahoma, and the southern 

extremities of Chautauqua and Cowley Counties, Kansas. Only a small por-

tion of the ranch, 1,120 acres, lies in Kansas. The ranch is situated in 

the heart of the Osage Hills, an area world renowned for its bluestem 

fattened cattle. According to Anderson (1953), "the Flint Hills of Kansas 

are joined on their southern end by the Osage range lands of Oklahoma, a 

region of similar grasslands." This constitutes one of the last large 

segments of true prairie in the United States. 

Topography 

As the name Osage Hills implies, this is a hilly region with gently 

roll-ing topography characteristic of much of the study area,. A much 

smaller portion of the ranch is typified by steeply rolling sites, with 

trees and shrubs being found only in the canyons and along the steeper 

slopes. The ranch elevation varies from about 800 feet in the lower por= 

tions to 1,339 feet on the airfield. 
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Vegetation 

Native grass is the most practical vegetation that these rough lands 

are capable of supporting. Dwyer (1958) reported more than 300 species 

0f forbs, grasses and grass .. l:ike plants present on Adams 0 Ranch. Four 

important grass species, Andropogon scoparius Michx., 1 ~ Gerardi Vitman, 

var. Gerardi, f~nicum virgatum L. and Sorghastrum nutan:s (L.) Nash domi

nate the region. It is not uncommon :for these species to represent 70-90 

per cent of the total vegetative composition on a well-managed loamy 

prairie site. Thr~,ughout this paper, these species will be referred t;o 

as the "major four." Bouteloua curtipendula (Michx.) Torr., Panicum 

oli12josanth,es Schultes, var. Scribnerianum (Nash) Fern. and Sporobolus 

aseer (Michx.) Kunth, var. macer (Trin.) Shinners are principle·increasers 

·· on the loamy prairie site, while Bothriochloa saccharoides (Swartz) Rydb.~2 

(Brittonia 1:81. 1931) is an early invader. Woody vegetation grows on the 

slopes and in the ravines of the breaks sites, and perennial leg'l,lmes occur 

abundantly throughout the region. 

Seils 

The soils are sometimes rocky with cherty materials at the surface, 

and have developed from limestones and clay shales of the Lower Permian 

and Upper Pennsylvanian Age. The range sites of concern in this study 

were the lo&my prairie site and claypan site. The loamy prairie site 

represents all the study areas except the claypan site, and soil surveys 

have shown this site to be characterized by a fertile, deepupland soil 

1scientific names follow Keys i::.o the Flora of Oklahoma (Waterfall, 
1962). . - - -

2 
F. w. Gould, 1959, Transfers from Androrogon to Bothriochloa 

(Gram;i.neae), The Southwestern Naturalist 3 ~212. 
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(greater than 36 inches) made up of the Labette and Surrnnit clay loam 

series. These soils are nearly black, highly granular 9 and pe.rmi t good 

root penetration. The Osage County Soil Conservation Service hasesti 0 

mated air dry forage production on this site at 5~500 to 6 9 000 pot:1nds per 

acre during favorable rainfall years (Figure 1). 

The claypan site occurs over much of the region and belongs to the 

Parsons silt loam soil series. Claypan soils, which have 5 to 16 inches 

of medium acid and rather floury silt loam over a compact clay layer, 

have developed from mottled olive, yellow and dark brown clayey shales 

(Gray_ and Galloway, 1959). They exhibit very slow permeability, seasonal 

wetness and low fertility. According to Weaver and Crist (1922) claypans 

appear in some localities to be due largely to the calcareous nature of 

the soil, and in others to the concentration and cementing effect of 

colloidal clay aided in part by the carbonates. Because of the slow water 

penetration, the soil is poorly adapted for the deeply rooted tall grasses. 

Thus, the vegetation is primarily made up of the short-rooted grasses, 

BuchloM dactyloides (Nutt.) Engelm, and Bouteloua.gracilis (Willd. ex HBK.) 

Lag. ex Griffiths. On the well-managed clc:!,ypan site use.cl in this study, 

these two species made up 80.2 per cent of the total vegetative composi

tion. Ambrosia esilostachya DC., var. coronopifolia (T. & G.) Farw. 9 

Liatris punctata Hook., var. nebraskensis Gaiser and Aster ericoides.L. 

are the principle forbs growing on this site (Figure 2). Dt.iring times 

of drought, when water relationships are poor, root penetration on these 

claypan soils is greatly restricted, and forage production is greatly 

reduced. 



Fi gur e 1. General v i ew of the l oamy pra1r1e 
range site in early June, 1962 , showing t he 
structure of the vegetat i on . Fruiting culms 
of Andropogon Gerardi and~ s coparius from 
the preceding year are a ppar ent. 

Figure 2 . Claypan so ils occur throughout the 
region. Note the distinct boundary of ta ll 
grasses on the upper right. 
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GHAPTER IV 

DESCRIPTION OF THE STUDY AREAS 

Six of the study areas were similar in that climate and topography 

were comparable. Vegetative composition was different on each area due 

to variations in past use. Th~ seventh site was a claypan site and was 

studied separately. The following areas were selected for study~ 

Study area 1. Loamy prairie in excellent condition 

This site, which will be referred to as a native grass meadow, has 

been mowed ()nee annually :!;or the past three years·. During the summer of 

1961 the meadow was mowed on June 12, and in 1962 it was mowed on July S. 

l'his site was dominated by the "major four," Andropogon scoparius being 

the most abundant species. Other grasses encountered with the point 

quadrat were Buchlo~ dactyloides, Bouteloua curtipenc;lula and Sporobolus 

asper. The five predominant forbs were Ambrosia psilostachya, Psoralea 

tenuiflora Pursh, Salvia azure.a Lam., var. grandiflora Benth. 9 Vernonia· 

Baldwin~i Torr., var. Baldwinii and Erigeron strigosus Muhl. ex Willd. 

Study area 2. Loamy prairie in excellent.condition 

Cattle are in this pasture only during calving periods, generally 

in the fall between October 15 and December 1, and in the spring between 

Febr1,1ary 15 and May 1. 'l'he "major four" were also the dominant grass 

species in this study area. Other predominant grasses were Bouteloua 

curtipendula, l3uchloM dactyloides, Panicum oligosanthes~ Paspalum ciUa-, . . 

tifolium Michx. and Eragrostis spectabilis (Pursh) Steud. The five 
' . 
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predominant forbs were Ambrosia psiloi:;tachya,·Aster ericoides~ Salvia 

azurea, Ruellia humilis Nutt. (~ ciliosa of manuals 9 in part) and Kuhnia 

(;n1patorioides L., var. corymblllosa T. & G. 

Study area 3. Loamy prairie in excellent condition 

This study area represents an annually mowed cemetery on the loamy 

pl:'airie site. Over 90 per cent of the total composition on this site was 

made up by members of the "major four." Other grasses were Panicum ol:i:go

santhes, Bouteloua graci Hs, Koe leria macrantha (Le bed.) Spreng. (!S_ 

cristata), Eragrostis spectabil;is and Sporobolus asper. The five predomi

nant forbs were Solidago missouriensis Nutt., var. fasci culata Holz.~ 

Coreopsis grandiflora Hogg, var 0 grandiflo:ra, ~ ericoides, Euphorbia 

corolla ta L., var. corolla ta and Achi llea lanulosa Nutt. 9 forma lanulosa. 

This site ii;; mowed in late August and provides a good comparison to the 

native grass meadow. 

Study area 4~ Loamy prairie in high good condition 

This study area is grazed the year around, and the composition of 

the "major four" is somewhat lower in this area than in the areas men.,. 

tioned above. Other grasses were Buchlo:; dactyloides~ Panicum oligosan

thes, Sporobolus asper, Bouteloua curtipendula~ Leptoloma cognatum 

(Schultes) Chase and Chloris verticillata Nutt. The five predominant 

forbs were Ambrosia psilostachya 9 Ruellia humilis, Vernonia Baldwinii~ 

~ ericoides and Gutierrezia dra.cunculoides (DC.) Blake. 

Study area 5. Loamy prairie in low good condition 

This study area is also grazed the year around~ and the "major four" 

on this site made up 61.7 per cent of the total vegetative composition. 

Other grasses were Sporobolus asper, BuchloM dactyloides~ Chloris 
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vertici1lata, Panicum oligosanthes, Bouteloua graci1is and Paspalum 

ciliatifolium, The five predominant forbs were Ambrosia psilostachya, 

Vernonia Baldwini i, Artemisia ludovician1:1 Nutt., var. ludoviciana, Salvia 

azurea and Psoralea tenuiflora. 

Stqdy area 6. Loamy p:rairie in po:o·r condition 

This study area is heavily grazed the year iaround; it is located two 

miles south of Foraker, Oklahoma. The "miajor four" on this site contribu .. 

ted only a small portion to the total composition. Other important 

grasses were Sporobolus asper, Bothriochlqa saccharoides, Bouteloua 

·gracilis, Buchlo~ d~ctyloides, Chloris verticiUata, Bouteloua curtieen

dula, Panicum oU~os~nthes, J?aspalurn ciUatifoUum and Schedonnardus 

pan:j.culatus (Nutt.) Trel. The si~ predominant forbs on this site were 

Ambrosia psilost,achya, Aster ericoides, Kuhnia eupatorioides, Artemisia 

ludoviciana, Vernonia.Baldwinii and Salvia azurea. 

Study area 7. Claypan 

The claypan site 1,1sed in this study was in e~cellent; range condition. 

II 
Buchloe dact¥_1oides and Bouteloua ?raci li s were by fa'.!;' the most abundant 

species on this sit~. Other grasses were Chloris verticillata, Sporobolus 

asper, Bothriochloa saccharoides, Schedonnar~us paniculatus, Eragrostis 

s:pectabilis, Bo1.,1teloua curtipendula, B.outelol,la hirsuta and. Agropyron 

·Smithii Rydb. var. Smithii. The five predominant forbs were Ambrosia 

psilostachya, Liat:r;"is ;eunctata, Achillea lanulosa, Aster ericoides and 

Gutierrezia dracunculoides. 



CHAPTER V 

MATERIAL AND METHODS 

Vegetative composition and basal density 

The point quadrat method of vegetation analysis (Levy and Madden, 

1933) was used in this study to determine the basal density and per cent 

composition of the vegetation on each site. The apparatus used consisted 

of a frame three feet long containing ten steel pins spaced three inches 

apart (Figure 3). The pins were sharpened as finely as practicable since 

the pin diameter has been found to affect the results markedly (Goodall, 

1952). 

The system ear recording hits depends upon the type of vegetation 

sampled and th1= purpose of the sample. In this study a "hit" was recorded 

only H the pin contacted the base (crown) of the plant. There is no 

standard practice regarding the distribution of points or the number of 

points required, The number of points does not depend to any extent on 

the size of the fieid, but rather on the nature of the vegetation, the 

closeness or sparseness of the cover, and also on the part of the plant 

on which hits are to be recorded (Brown, 1954). In this study 200 sets, 

or 2000 points, were taken along pace transects in each area. The 

equation which was used :!;or determining total basal area is as follows: 

No. hits all species 
------------ X 100 Total no.- of points 

If the _total number of hits for all species is 200, and the total number 
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Figure 3 . Apparatus for analyzing vegetation by 
the point quadrat method. Composi tion and 
density of the plant cover can be obtained 
from the number of hits and expressed in per
centage. 

Figure 4. The movable cage. The cage method 
permits a measurement of herbage production 
on an area while the surrounding vegetation 
is current ly being grazed. The cages are 
somewhat l arger than the area to be clipped 
to reduce border effect . 
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of points taken is 2000, then the basal density is 10%. The relative 

composition formula useci is as follows: 

No. hits for a species X 100 
Total no. of hits 

20 

If the number of hi ts for all species is 200, and the number of hi ts for 

.Andropogon Gerardi is 20, then A. Gerardi contributes 10% to the total 

vegetative· composition. 

Fqrb count 

The total number of forbs per square foot and per acre and the five 

dominant forbs on each stuciy area were determined by the square~foot 

method. On~ hundred randomly locatedsquare-foot plots were used and the 

number of species in each plot was counted. '.L'he average for each plot 

represents the number per square foot, and the average per square foot 

times 43,560 res~lts in the number of forbs per acre. 

Forage production 

Twenty movable exclosures (Figure 4) were placed at random in each 

study area from May 26 to August 25 of each year. The cages were used to 

prevent grazing of the vegetation on areas where the herbage was to be 

measured at a later date. According to Weaver and Clements (1938), exclo-

sures should rarely be located at random except in pure stands of a single 

spe.cies, or where large numbers are employed. 

Near the close cif the growing season, plots 11~ x 24" were hand . 

clipped at ground level in each exclosure to determine forage production. 

At the time of clipping, the forage in each plot was separated into Andra-

pogon Gerardi,!:..:__ scoparius, Sorghastrum nutans, Panicum virgatum, other 

grasses and forbs. On the claypan site and the poor condition site, the 
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forage was separated into the predominant species for that area. The 

clipped samples were then weighed, dried, and reweighed. The samples were 

air.dried the first su~r, but oven-dried (100-105°c. for 24 hours) the 

second summer. The average dry weight of forage in grams multiplied by 

the factor 50 was used to determine pounds of forage produced per acre. 

Forage production of the annual species Bromus japonicus Thunb. and 

Hordeum pusiltum Nutt. was determined for each area by the above procedure. 

~his was done during the latter part of May before the annuals had shed 

their frui.ts. 

Exclosures and seed production 

Since the number of fruiting culms and the number of inflorescences 

have been found to correlate with plant vigor, they were collected ip 

this study. In the five study areas grazed the year around, exclosures 

were built for this purpose. The exclosures were 6' x 12' and consisted 

of fo1-1r strands of barbed wire placed 2' apart. The exclosures were not 

placed at random, but instead, a representative plot was selected whereby 

a few samples from each of the "major four" grasses could be counted and 

collected. 

Farmers and ranchers frequently assert that bluestem grasses will 

only produce seed every seventh year (Cornelius, 1950). Seed crops are 

dependent upon the prevalence of climatic conditions favorable to the 

growth of native grass, and such conditions are extremely erratic. Since 

the amount and distribution of rainfall are the most important factors 

limiting production (Harlan, 1960), and since distribution of rainfall is 

an important factor influencing seed production, small exclosures were 

also placed in each study area, and a rain gauge was then placed in the 

exclosure. 
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The small exclosures, fenced against domestic stock, were attractive 

to the cattle in the pasture. Excess grazing, trampling, and rubbing 

occurred arollnd the plots, but the plots were large enough to afford a 

suitable index to normal conditions. 

Plant vigor 

Vigor of the important species was determined for each of the study 

areas by the following measurements: 

1. Maximum height 

2, Average height 

3. Leaf length 

4. Leaf width 

S. Number of leaves per plant 

On all t]le areas except the claypan site, the "major four" grasses and the 

four or five predominant forbs were measured. On the poor condition site, 

the ''majol;' four" grasses and predominant forbs were measured, as well as 

the species of grasses that were dominant for the area. To obtain the 

measurements of leaf length and leaf width of forbs, ten randomly located 

leaves from each plant were measured from petiol~ to tip. On grasses, the 

third leaf from the base of the culm was measured on ten random plants. 

The measurements were made the middle part of each month during as 

short an interval as possible, usually around six days. The sequence of 

sampling the study areas was rotated each month. 

At the end of the growing season, when inflorescences were developed,,:, 

the following measurements were used as further criteria for plant vigor: 

1. Maximum height of fruiting culms 

2. Average height of fruiting culms 

3. Fruiting culms per plant 
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4. Jnflorescences per f'l:'uiting culm 

Ten randomly located plants for each species were used to determine these 

measurements. 

Soil moisture 

Water cop.tent of the soil is one of the most important habitat :!:ac-

tors ~egulating plant distribution and behavior. Sampling for aoil 

moisture was done at two-week intervals with a soil tube or geotome. 

This instrument has a sharp cutting edge on one end and a reinforcement 

on the other end ta allow forcing it into the soi 1. 

Duplicate sarpples were taken at depths of 6, 12, 24, and 36 inches, 

the second let being taken a·fow·-feet from the first. The samples were 

each placed in a numpered metal can containing a clesely fitting liq. 

!he soi 1 cans were weighed to the nearest tenth~gram soon after the sample 

was taken; then the _lids were removed and placed with the cans in an oven 

~t ll0°C. for_a minimum of 48 hours. The per cent water in the sample was 

then calculated (Weave:r and Clements, 1938). 



CHAPTER VI 

RESl,JLTS 

Composition and Basal Density 

Grasses 

Study areas 1, 2, and 3: 

Eighteen grass species were recorded in sampling these study areas 

(Table IV). Study area 1 (native grass meadow), study area 2, and study 

area 3 (cemetery) were in excellent range condition, with Andropogon 
( 

sco;earius being the most abundant grass species on these sitesp Andropo-

gon Gerardi was second in abundance in study areas 1 and 2. In area 3, 

Sorghastrum nutans was second in abundance while Andropogon Gerardi rated 
I I 

third. Sorghas·trum nutans was third in abundance in both areas 1 and 2. 

Panicum virgatum rated fourth in abundance on each of the three areas. 

These four grass species made up 93.5, 92.5 and 94.0 per cent of the 

composition on study areas 1, 2 and 3 respectively, indicating their 

importance on the loamy prairie site. Other grasses making significant 

contributions to the composition in these areas were Bouteloua curtipen .. 

II dula, Buchloe dactyloides and Sporobolus aspeJr.· The per cent basal 

density on study areas 1, 2 and 3 was 10.5, 12.4 and 9.7 respectively. 

Basal density refers to the per cent of the soil covered by stems of the 

vegetation at the ground level, 
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TABLE 

COMPOSITION OF GRASSES ON THE SEVEN STUDY AREAS FOR THE 

1-Native Meadow 2-Excellent 3-Cemetery 
Scientific Per cent Per cent Per cent 

Name 1961 1962 Avg. 1961 1962 Avg. 1961 1962 Avg. 

Ase 58.5 66.3 62.4 69.1 74.1 71.6 64.0 68.5 66.3 
Age 27.0 20.0 23.5 12.5 13.5 13.0 9.1 12.7 10.9 
Snu 6.3 4.6 ,5. 5 7.3 4.8 6.1 20.0 10.0 15.0 
Pvi 1,8 2.5 2.2 2.0 1.6 1.8 2.0 1.6 1.8 
Beu 0.9 1.5 1.2 2.0 1.6 1.8 1.0 0.5 
Pol 1.4 0.4 0.9 1.9 1.6 1.8 
Bda 1.9 2.5 2.2 3.0 1.6 2.3 f.9--
Sas 0.9 1.5 1.2 1.1 0.4 0.7 0.6 0.3 
Carex 1.1 0.5 0.4 0.2 1.0 2.2 1.6 
Bgr 9'-~ 0.4 0.2 1.1 0.5 
Ser 2.7 1.4 I?-~ 0.4 0.2 
Esp 0.4 0.2 0.6 0.3 
Pei 0.4 0.4 0.4 
Leo --- 1.0 0.5 
Cve .. -- 0.8 0.4 
Bsa 0.4 0.2 
Bh.i ...... -
Spa 
Kma --- 1.1 0.6 

Total 100.0 100.0 100.1 100.0 100.0 100.0 100.0 100.0 100.1 

Per cent 
Basal Cover 11 ~ 1 9.8 10.5 12.4 12.4 12.4 10.2 9.1 9.7 

Per cent 
Climax 94.5 94.9 94.7 92. 9 95.6 94.3 96 .1 92.8 94.5 

Range Condition Excellent Excellent Excellent 

Ase - Andropogon scoparius 
Age - AndropO/:]iOn Gerardi 
Snu - Sor/:]ihastrum nutans 
Pvi - Panicum virgatum 
Beu - Bquteloua curtipendula 
Pol - Panicum oli/:]iosanthes 
Bda Buchloe dactiloides 
Sas - Sporobolus asper 
Bgr - Bouteloua gracilis 
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IV 

SUMMER$ OF 1961, 1962, ·A~ AVERAGE FOR THE TWO SUMMERS 

. 4 ... Hi gh Good 5_;.Low Good ·6-Poor 7-Claypan 
l?~+ cent l?er.cent Per cent Ber cent 

1961 1962 Ava• 1961 1962 Avg, .1961 1962 Avg, 1961 1962 Avg. 
";. , .. I 

38.3 45.2 41.8 4.0 22.3 13.2 4.7 6.1 5,4 ·--
17.5 28.4 23.0 43.2 39.5 41.4 4. 7 6 • l 5.4 
6.6 2.9 4.8 1,3 o. 7 --- ---
2.5 0,7 1.6 4.0 5.7 4.9 1, 1 0.6 ·-- .,- .. 
5.0 0.8 i.9 1.1 0.6 3.9 4.0 4.0 o.5 0.3 
0.9 2.9 1,9 1.1 1.9 1.5 3.4 3.1 3.2 --- ---

23.3 8.0 15.7 2,3 3.8 3.1 40,0 8.1 24.1 37, 5 23.5 30.5 
2.6 2,9 2.7 35.2 15.3 25.3 u.6 33,7 22.7 2.7 2.3 2.5 

1.4 o. 7 1,1 6.4. 3.7 -,-- 3.0 1,5 .,._,. o.9 o.s 
••""'! "'!t•~ 0.6 0.3 14.1 9.2 11. 7 40.4 59.0 49.7 
-w,.,- ..... - --- ....... .. -.. -.. - '""!' ... - --.. 0.6 1.4 1,0 .... - -~- ., .. "'9 .. -... ,--""" •11111!'- 0,5 0,3 .... ,.. -"'!t• 2,3 0.6 1.4 . .,.,. 2.0 ~.o ...... 0.8 0,4 --- .... - ., .. 
2.5 5.8 4.2 1,1 2.5 1.8 5.8 6.l 6.0 12.0 8.8 l0.4 

--1!1" ,. .... 4.6 '!"'-- 2.3 7.1 17.4 12.4 2.0 1.4 1. 7 ...... . ..... ......... .. ... ..., .,., .. .. -- 0,5 0.2 
0.9 ...... 0.5 ·-· .. ., .. 3.5 1.0 2.2 4.8 1.4 3.1 

-""'"' ...... .. .,. .. ...... ....... --- --- .,..,. .. ..... 
100.1 99.8 100.l 100.0 99.9 100.2 100.0 99.8 100.2 100.0 100,2 100.2 

12.0 7 .o 9.5 8.8 8,0 8,4 8.5 10.2 9.4 19,7 10.9 15.3 

69.9 78,0 74,0 52.3 68,8 60.5 14,4 16.2 15.3 80,6 85,3 83.0 

High Good ~OW Good PQor EX!cellent 

Ser - s;eorol:;iolus c:,:,z:::etandrus 
Esp - E:ra~rostis s2ectabi lis 
Pei .. Pas;ealum cil~atifolium 
l,co - Leetoloma cognatum 
Cve .. Chloris verticillata 
Bsa - Botl;,:riochloa sacch.aroides 
Bhi .. Bouteloua·hirsuta 
Spa .. S~hedonn.ardus·;eaniculatus 

.J.<ma .. Koeleria macrantha 
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Study areas 4 and 5: 

Study area 4 was in high good range condition with Andropogon 

scopariµs contributing 41~8 per cent to the total composition (Table IV). 

Study area 5 was in low good range condition and Andropogon scoparius 

contributed 13.2 pe:r cent to the total composition. Andropogon Gerardi 

was second in abundance in area 4 with 23.0 per cent~ but Sporobolus 

asper was second in abundance in area 5 with 25.3 per cent. Thus, the 

two most abundant grasses in study area 4 made up 64.8 per cent of the 

composition, and the two most abundant grasses in study area 5 made up 

66.7 per cent of the composition. Although these two figures are approxi

mately ~he same, the two areas differ since the 25.3 per cent of Sporobo~ 

lus asper in area 5 is not allowable when determining range condition on 

the loamy prairie site. Sporobolus asper made up only 2.7 per cent of 

the composition on area 4. Sorghastrum nutans and Panicum virgatum 

together made up approximately the same per cent on both areas, while 

Andropogon Gerardi was the most abundant grass on study area 5. The 

"major four" made up 71.1 per cent of the composition on area 4 and 59.9 

per cent on area 5. Other grasses making significant contributions to 

the composition on these two areas were Bouteloua curtipendula~ Panicum 

oligosanthes, Buchld! dact:yloides (particularly in study area 4), and 

Chloris vertici llata. 

The per cent basal density on study areas 4 and 5 was 9.5 and 8.4 

respectively. 

Study area 6~ 

Study area 6 was in poor range condition a13 the "major four" contri

buted only 11.4 per cent to the total composition (Table IV). Although 

present, So!!'.'ghastrum nutans was not sampled either year with the point 
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qua.drat. The four most abundant; gr1;1.sses in t:;his study area we::re BuohloM 

dactyloides (24. l per c;:ent), Spor~bolus asper (22. 7 per cent), Bothrio

chloa. saccha:roides (12.4 per cent) and Bouteloua. graciUs (l1.7 per cent). 

Since this area represented a loamy prairie site, none of these grasses 

were i:a,llowable whel;l. usirJ.g Soil Conservation Service guide for determining 

range condition. Boutelo~a curtipendula, Panicurn oligosanthes, Chl~ris 

vert;iciHata..and Schedonnardus ;eaniculatus were other grasses of impor-

tance on the site. 

Additional samples (2000 points) were taken on this area in. which 

ann.u,;:tlswere recorded, and l.t was found that Bromus japonicus contributed 
' ' ' '' .. 

13, 2 pe:i:" c1:nt to the comrosition during its period of growth, The basal 

density was 9.4 per cent fol" this study area~ 

Study area 7: 

Due to the restriction of root development a.nd poor soil ... water~:root 

relationships on th~s sH.e, tall grasses were excluded and short grasses 

provided the.domiq.ant Vegetation. 'eouteloua graciHs and BuchloM dactx• 

loides predominated, composing 49.7 and 30,5 per cent respectively of the 

vegetation. (Table IV). Panicµm vi:rgatum was the only tall grai;,s present 
,. · 1· ' ...... , . 

on this study ,\area, but it was very sparse and was not sampled either yep1,r 

with the point quadrat, This claypan was in excelle·nt range condition 

since the most abundant grasses rep:resented the highest unit of vegeta.tien 

that this site is capable of prqducing. BuchloM d'.1ctyloides, Bouteloua 

9:i;-aciUs, Sporobolus 1i!.$per and Bout;eloua curtipendula made up 80.3 per 

cent of tM total compositi0n, and each of these four grasse~ is allowable 

in dete:rmining :range condit;:ion.. Chloris verticillata and Schedonnardus 

panic~latus were other gliasses contributing to the composition. 

Because of t;he abundance of the lew-growing, sod ... forming short 



grasses the pel;' cent baEHill dli;msi ty Wfi\S g;!:'eater cm the claypan site, an~ 

. in this partioular study area the basal density wa.s 1~. 3 pet cent, 

· F~rb Number 
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There are many species Qf prail;'ie plants other tl\an grasses. Sin~e 

it has; been sheiwn by Weavel;' and Albertson (1943) that forbs QHen cont;:ri .. 

bute iO .. l6 per eent ()f the total p:rairie yield, they surely deserve much 

more consideratioi;,. than they often receive. Practically all the forbs 

~bserved in this st;:udy were perennials; the annuals and biennials const;i.• 

tuted only a very i;mallperoent;.age. 

· Study ·areas 1; 2, and 3; 

Amprosia p$:i.l?1;1tacl;lxa was the most;. abun,dant forb on 1;1tudy areas 1 

(native gras$ ~adow) and? ('l;'~ble V). It is a potential menace not only 

because His not grazed, but also l:>ecl:luse it SQmetimes spreads ra:pidily 

l?y un.dergroui,:l stems and forms dense societie·s. This 1;1pecies represented 

31 per c;ent of the tot;al ferb numbers ~n study area 1, and 22 per cent in 
', 

study area 2. 

A large decrease in :6'o:rb nu1I1be:i;-s occurred in both study areas land 

2 between 1961 and 1962, ';rh;e number decreased 29 per cent in study a:rea 

land 51 per cent in study .area 2. 'l'he ave1:';age number of forbs pl!?r square 

foot for b(;)th yea:r:-s was 2 .• 1 in area 1 and 2.4 jn a;rea 2. As a whole, 

tl;le~e two areas were remarl,(ably free E}f forbs, 

In study area 3 (ann~ally mowed cemetery), the most abundant forb 

was Solidago missou:r;iensis 1 which represen,ted 23 per cent of the total 
( ,,. . ... , . ' - . " 

forb :pepulati~n. tt was j:oHo~d in abundance by Cel'.'ec;,psis grandi.;1:lora 

and Ast.er. e;rico;tdes, as these two speci'es represented P and 10 pe;r cent 

respectively ~f the total forbs p1:'esent. In study area 3, the forb popu-

l&tion increased between i96l and 1962 f:rom 4.39 to 6.67 per square foot. 
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TABLE V 

NUMBER OF fORBS PER SQUARE FOOT AND PER ACRE ON EACH STUDY AREA. 
FIGURES REPRe;SEN'l' THE SUMMERS OF 1961, 1962, AND AN AVEMGE · 

OF ~HE rwo SUMMERS 

No. Per Sq.- Foot No. ];'er Acre 
Specie5 1961 1962 Ava, ··· 1%1 1962 Av&. 

Study Area 1 .. Native Meadow 

Amb't'osia f?Silostaohia 1,03 0.17 0.60 47,916 7,405 27,661 
Psorale,;1 tenuifleta 0.21 0.50 0.36 9,147 21,760 15,454 
Salvia azurea 0.08 0.36 0.22 3,484 15,682 9,583 
Vernon ht :13aldwi ni i 0.20 0.,06 0.13 8,712 2,614 5,663 
Erigeron_strig6s~s 0.04 0.24 . 0.14 1,742 10,454 6,098 
Others· · 0.85 0.38 0.62 332553· 16,573 25,063 

Total 2.41 i.n 2.07 104,554 74,488 89,522 

Study Area 2 -Excellent 

· Ambrosia ;esilostachia 0.36 0.41 0.38 16,988 17,860 17,424 
Salvia 

. ' \ ' 

0,12 0.10 0,11 5,227 4,356 4,792 azure a 
Aster ericoides 0.31 0.36 0.33 13,504 15,682 14,593 
Kuhn:ia eu;eat6rioides 0.35 0.06 0,21 15,246 2,614 8,930 
Gutierrezia_dracui;,.c;uloides 0.23 0,19 0.21 10,019 8,276 9,148 
Others 2.24 0.09 1.16 47,916 3,920 25,918 

Total 3.61 1.21 2.40 108,900 52,708 80,805 

Stu<;Iy Area 3 - Cemetery 

Aster ericoic;les 0.42 o. 72 0.57 17,424 31.,363 24,394 
Solidagomissouriensis 1.12 1.45 1.29 47,916 63,162 55,539 
Coreopsis ~randiflora 1.00 0.82 0.91 43,560 35,719 39,640 
Euphorbia corollata 0,68 0.21 0.50 30,492 9,148 19,820 
Achi llea lanulosa · 0.23 0.17 0.20 10,019 7,405 8,712 
Others 0.94 3.30 2.12 41,817 _143, 748 92i_782 

Total 4.39 6.67 5.53 191,228 290,545 240,887 

St;µdy Area 4 ... High Go0d 

Ambrosia psilostachx:a 3.40 6.22 4.81 148,104 270,943 209,523 
Ruel li a · huini li 13 0.93 1.11 1.02 39,204 48,352 43,778 
Vernonia Baldwinii 0.10 o. 71 0,70 30,492 30,928 30,710 
Aster ericoides 0.36 0.4.5 o.41 15,682 19,602 17,642 
Gutierrezia dracunculo:ides 0.15 0,53 0.34 6,534 23,087 14,811 
Others 0.86 1.17 1.02 34,412 50,964 42,688 

'l'otal 6.40 10.19 8.30 274,428 443,876 359,152 



Species 

A.mbrosia psilostachya 
Verncmia ijaldwinii . 
Artemisia ludoviciana 
Salvia azurea 
Psoralea tenuiflora 
Others 

Total 

Ambrosia psilostachyiil 
Astei:- ericoides 
Kuhnia eueatorioides 
Artemisia ludoviciana 
Vernonia Baldwinii 
Salvia azurea 
Others 

Total 

Amb:r0sia psilostachya 
Aster e:ricoides 
Liat:ris punctata 

TABLE V (Continued) 

No. Per Sq. Foot 
1961 1962 Avg. 

Study Area 5 D Low Good 

2.96 5.79 4.37 
o. 76 1.91 1.33 
0.42 0.50 Q.46 
0.52 0.26 0.39 
0.20 0.15 0.17 
0.80 2.19 1.50 

s.66 10~80 8~22 

Study Area 6 - Poor 

9.02 
0,26 
0.23 
1.10 
0.82 
0~40 
0.31 

2.73 
1.84 
1.11 
1.00 
0.28 
0,29 
2.19 

5.87 
1.05 
o.67 
1.05 
0.55 
0.34 
1,25 

12.14 9.44 10.78 

Study Area 7 ~ Claypan 

3.20 10.71 6.95 
0.46 1.60 1.03 
1,72 3.33 2.52 

Achillea lanulosa 
Gutierrezia dracunculoides 
Others 

0.62 o.55 o.58 
0.44 0.93 0.68 
0.24 0.64 Q.44 

Total 
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No. Per Acre 
1961 1962 Avg. 

130,680 
33,106 
18,295 
22,651 
8,712 

47,916 

2611360 

3n,040 
13,068 
10,019 
47,816 
34,848 
17,424 
7,505 

252,212 
83,200 
41,780 
11,326 
6,534 

95,396 

191,446 
58,153 
20,037 
16,988 
7,623 

71,656 

470,448 365,903 

118,919 
80,150 
48,352 
43,560 
12,197 
12,632 
95,396 

255,480 
46,609 
29,185 
45,688 
23,522 
15,028 
51,451 

522,720 411,206 466,963 

139,392 
20,038 
74,052 
26,136 
19,166 
12,197 

290,981 

466,528 
69,696 

145,055 
23,958 
40,511 
27,878 

773,626 

302,960 
49,867 

109,553 
25,047 
29,838 
20,037 

532,303 
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Nµmerous desirable :forbs such. as .Amo:rpha canescens Fur.sh, forma canescens, 

Si~phium lac.ifliatum Torr., yar. laciniatµm and Dalea, pu~p~rea·Vent. we-re 

found in this study al;'easince this sit1:;1 is not grazed~ Th~ aver,;ige num-

be:r;- of forbs per square foot for both, y:ea:rs in study area 3 was 5. 5 

(Figure 5). 

Study areas 4 and 5; 

Ambrosia esi lostachx;,'.1 was by far the most abundant forb in each of 

thel:le two a:i;-eas, totaling 209;523 per acre, or 58 per cent o~ the total 

populatipn in stuc\y a.rea 4 (high good) 1 and 191,446 per acre, or 52 per 

cent in study area 5 (loiv good) (Table V). Vernonia Baldwin:i.i was also 

. abundant in poth areas •. 

The forb population increased 38 pe:t' cent in, 1;1tudy area 4 an.d 44 per 

cent in study area 5 between 1961 a~d 1962, 

Study area 6: 

A host ·Of fo:rbs headed by Ambrpsia esi lostachya (~igure 6) was 
. , • I 

present on this heavily gsrazed pasture in poor range conditiqri.. · An 

average of 10.8 forbs per square foot was representative of this pasture 

a;r1,d they were either uneat~n by stock or grazed only sparingly. Ambrosia 

psilostaqhya numbered 5. 9 per square foot, or 255,480 per acre (Table V), ., . .. . . r . . . 

representing 55 per cent of the total forb populatiqn. Aster ericoides 

and Artemisia ludoviciana were second in number, ea.ch wHh ~.l plq.nts per 

sqtJare foot. The average number of forbs pe1; ac're in this study area was 

466,963 and between 1961 an,d 1962 the number deGreased 21 per cent. 

Stl.,ldy area 7: 

The number of forbs more than doµbled on this claypan site between 

1961 and 1962. This wa$ due mostly to the 70 per cent increase of 

Ambrosia psilos~ac~y'.1 and the 49 per cen~ increase of Lia~ris runctata 



Figure 5. Study area 3 (cemetery) June, 1962, 
showing abundance of £orbs. The conspicuous 
£orbs are Echinacea pallida Nutt., Euphorbia 
corollata, and Silphium laciniatum. 

Figure 6. 
abundant 
in poor 
typical 
August, 

Ambrosia psilostachya was the most 
forb in the heavily grazed pasture 

range condition. A pure stand was 
throughout most of the study area. 
1961. 
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(Table V), The increase of total forbs per acre was 62 per cent from 

1961 to 1962. The only forb that did not increase was Achille.a lanulosa. 

Forage Production 

Forage production is strongly influenced by range condition. 

Humphrey (1949) has even defined range condi t;:ion in terms of forage 

production. By detennining·the amount of forage being prodt;tced, and 

analyzing the results with the combined effects of all the· f;actors in-

volved, a truer measure of range condition could probably be obtained. 

All stuc;ly areas e:x:cept the heavily graz·ed pasture in paor range 

condition· (stt;tdy area 6) shewed a marked decrease in forage praduction 

from 1961 to 1962. Variation in yield_ was probably due chiefly ·to varia-

tions in the amount of rainfall during t;:he growing season. There was 

relatively little rainfall d1Jring May, 1962. 

Stl.ldy areas l and 3: 

Most specie:s of the "maje:i;- four" showed a decrease in ,dry· forage pei"r 

aere in 1962, Crable VI)'~ . 'l'he only ,exception was Andro_pogon de:~ar~i in. 

study area 1 (native gras·s meadow). l'he decrease was 16 per cent in study 

area 1 and 27 per cent i.n study area 3 (annually mawed cemete-cy). 

· In comparing the native grass meadow, usually mowe·d in late June or 

early July, ·with the annu1;11ly mowed cemetery, usually mowed the last of 

· August or early September, it wa·s found that the forage yield in the 

cemetery was only 59 per cent of that in the native grass meadow in the 

summer of 1961 and 49 per cent in 1962. 

The differences in forage preduction between the two study areas.for 

both years are presented in·Table VII. Forage produced byAndroeogon 

Gerardi and ;E>anicum virgatum was significa~tly greater in the native grass 

meadow than .i,n the cemetery. The results were significant at the .01 



TABLE VI 

FORAGE PRODUCTION, PER CENT FORAGE AND PER CENT COMPOSITION ON 
STUDY AREAS 1, 2 AND 3 

Dry Weight % Forage % 
Species 1961 1962 1961 1962 1961 

1-Nat i ve Meadow 

Andropogon scoparius 1109 970 25.7 26.8 58.5 
Andropogon Gerardi 1780 1804 41.3 49.8 27.0 
Sorghastrum nutans 639 444 14.8 12.2 6.3 
Panicum virgatum 315 230 7 .4 6.3 1.8 
Forbs 313 18 7.3 o.s 
Others 152 158 3.5 4.4 

Total Production 4308 3623 

2-Exce l lent 

Andropogon scoparius 1970 1813 44.5 58.2 69.1 
Andropogon Gerardi 1426 484 32.3 15.6 12.5 
Sorghastrum nutans 457 347 10.3 11.1 7.3 
Panfcum virgatum 309 156 7.1 5.0 2.0 
Forbs 43 50 1.0 1.6 
Others 213 265 4.8 8.5 

Total Production 4418 3116 -,...-

3-Cemetery 

Andropogon scoparius 1037 769 42.8 43.4 64.0 
Andropogon Gerardi 383 302 15.8 17.0 9.1 
Sorghastrum nutans 570 293 23.6 16.5 20.0 
Panicum virgatum 31 40 1.3 2.3 2.0 
Forbs 269 132 11.1 7.5 
Others 130 237 5.4 13.3 

Total Production 2420 1772 
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Comp. 
1962 

66.3 
20.0 
4.6 
2.5 

74.1 . 
13.5 
4.8 
1.6 

68.5 
12.7 
10.0 
2.2 



TABLE VII 

DIFFERENCES IN PRODUCTION OF GRASSES ON THE NATrVE GRASS MEADOW 
(STUDY AREA 1) AND THE ANNUALLY MOWED CEMETERY (STUDY AREA 3). 

FIGURES REPRESENT PRODUCTION OF THE CEMETERY SUBTRACTED 
FROM THE NATIVE GRASS MEADOW 

Pounds 
Species 1961 1962 

And,ropoe;on scoparius 72 2oi,·c 

Andropo&on Gerardi 1397** 1502,.'* 
.. , j.. .. 

Spr&hastrum nutans 69 151 

Panicum vir~atum 284** 190*,., 

* SignUicant at .OS level 

** Significant at .01 level 
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level for both years. Forage production of Andropogonscoparius was not 

significantly different betwee.n the two areas in 1961, but in 1962 the 

native grass meadow produced a greater total amount of dry forage t!han 

the cemetery. This difference was significant at the .OS level. The 

difference in forage produced by Sorghastrum nutans on the two study 

areas was not $ignificant either year. The difference in forage produc

tion is due to the difference in vigorous top grewth shown in Figures 7 

and 8. 

Late mowing may have been less detrimental to Sorghast'l'um n1,1tans 

than other members of the "major four.". The per cent composition of 

Sorghastrum nutans was higher in the cemetery than in'the native grass 

meadow. 

Even though Andropogon scoparius exhibited a higher per cent compo

sition in study area 1 than !::._ Gerardi,. the former sti 11 provided less 

dry forage per 'acr~ than the latter. This was true for both years. 

Andropogon Gerardi- is a tall grass that grows in large clumps and becomes 

extremely leafy, while A~ scoparius is a bunch grass which normally grows 

only about half as tall as A~ Gerardi.· Generally speaking, Andropogon 

Gerardi will produce more forage per acre than A •. §SOparius even though 

the per cent composition is somewhat less. If, however, the composition. 

of Andropogon scopadus is.extremely greater than that of A. Gerardi, the 

latte;r wi 11 be outyielded. ·This was the case in study area 3. 

Study areas 2 and 6: 

The foamy prairie pasture in excellent range condition (study area 2) 

and the l0amy prairie pasture in poor range condition (study area 6) are 

discussed together since these sit;es were' sitnilar in topography and cli

mate, but the plant composition and forage production ~ere different due 



Figure 7. Closeup of study area 1 (native 
grass meadow) in July, 1962. This is the 
date the meadow was mowed. Note the vigor
ous growth of Sorghastrum nutans in the 
center of t he photo . 

Fi gure 8 . Closeup of study area 3 ( cemetery ) 
in August, 1962. This is t he date the ceme
tery was mowe d . Note th l ess vigorous 
growt h of t he forage in contrast to the 
a bove pho to. 
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to degree of grazing. As discussed previously, study area 2 was grazed 

only during calving periods, which amounted to about four months per year, 

while study area 6 was grazed heavily the year around. As a result, com-

position and forage production were markedly different. The forage 

produced by each member of the "major four" was significantly greater on 

study area 2 than on study area 6. These differences were significant at 

the .01 level, and are presented in Table VIII. 

TABLE VIII 

DIFFERENCES IN PRODUCTION OF GRASSES ON THE LOAM\' PRAIRIE PASTURE IN 
EXCELLENT RANGE CONDITION (STUDY AREA 2) AND THE LOAMY PRAIRIE 

PASTURE IN POOR RANGE CONDITION (STUDY AREA 6). 
FIGURES REPRESENT PRODUCTION OF THE POOR CONDITION PASTURE 

SUB-TRACTED FROM THE 'EXCELLENT CONDITION PASTURE 

Species 

Andropogon scoparius 
Andropogon Gerardi 
Sorghastrum nutans 
Panicum virgatum 

**Significant at .01 level 

1961 

1759** 
1213** 
255** 
296** 

Pounds 
1962 

1666*"' 
479** 
304** 
111** 

In study area 2, forage produced by the "major four" decreased 

30 per cent from 1961 to 1962. The largest decrease was by Andropogon 

Gerardi (Table VI), while other members decreased only slightly. Andra-

pogon scoparius was so much more abundant in study area 2 than A. Gerardi 

that the latter was outyielded. Forage produced by forbs and "other 

grasses" was approximately the same for both years. 

In 1961 the "major four" produced only 639 pounds of dry forage 

per acre, or 20.3 per cent of the total forage in study area 6. In 1962, 

the production by these important grasses was only 240 pounds, or 7.5 per 
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cent of the total forage. Sorghastrum nutans~ in particular, was very 

sparse and was not sampled either year by the point quadrat. Andropogon 

Gerardi exhibited the highest per cent composition of the "major four," 

but still produced only an average of 109 pounds per acre for the two 

years. Members of the "major four" that were present, however, exhibited 

very vigorous growth, and this will be discussed later. 

Sporobolus asper, Bo~teloua gra£!._lis and Bothriochl,2!. saccharoides 

were three of the main forage producers in study area 6, producing an 

average of 377, 256 and 247 pounds per acre, respectively, for the two 

years. Buchlog dactyloides anc\ Chloris verticillata were also signifi

cant forage producers. 

Other species of grasses and forbs were the main forage producers 

in tl;iis study area. These two categories together produced 55 per cent 

of the total forage in 1961 and 51 per cent of the total forage in 1962. 

In the category of "other grasses" were such species as Bouteloua curti

~ndula, Aristida purpurea Nutt., (Figure 9), Paspalum ci liati.folium and 

Panicum oligosanthes. This category produced an average of 622 pounds, 

or 19.6 per cent, of the total forage per acre. 

The abundance of forbs accounted for the highest per cent of the 

total forage production with an average of over 1000 pounds of dry forbs 

produced per acre for the two years, an average of 33.2 per cent of the 

total forage for the two years. 

Study areas 4 and 5: 

The total dry forage produced per acre in these two areas was nearly 

the same for both years. In 1961 area 4 produced 3,736 pounds per acre, 

and area 5 produced 3,961 pounds per acre (Table IX). In 1962, area 4 

produced 3,110 pounds per acre while area 5 produced 3,227 pounds. 



Figure 9. Pure s tands of Aristida purpurea 
were typi cal in the study area in poor range 
condition. The category of " other grasses, " 
in which this species was placed, produced an 
average of 622 pounds of dry forage per acre . 

Figure 10. Sporobolus asper made up 25 .3 per 
cent of the total vegetative composition in 
study area 5 . This photo shows abundant 
patches of t his grass typi ca l for the area . 
August, 1962 . 
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TABLE IX 

FORAGE PRODUCTION, PER CENT FORAGE AND PER CENT COMPOSITION ON STUDY ARE;AS 4, 5, 6 AND 7 

Dry Weight % Forage % -Comp. Dry Weight % Forage % Comp. 
1961 1962 1961 1962 1961 1962 1961 1962 1961 1962 1961 :1962 

4-High Good 5-Low Good 

Andropogon scoparius 1214 972 32.5 31.3 38.3 45.2 584 323 14.7 10 .. 0 4.0 22.3 
Andropogon Gerardi 1310 836 35.l 26.9 17.5 28.4 1059 810 26.7 25.1 43.2 39.5 

.Sorghastrum nutans 205 222 5.5 7.1 6.6 2.9 534 220 13.5 6.8 o.o 1.3 
Panicum virgatum 71 113 1.9 3.6 2.5 0.7 -313 112 s.-o 3.4 4.0 5.7 
Forbs 526 423 14.0 13.6 --- --- 810 711 20.4 22.3 
Others 41D 545 11.0 17.5 --- --- 661 1051 16.7 32.5 

Tutal Production 3736 3110 --- ·--- --- --- 3961 3227 

6-Poor 7-Claypan 

Andropogon scoparius -Zll 147 6.7 4.6 4.7 L,4 
Andropogon Gerardi 213 5 6.8 0.2 4.7 3.0 
Sorghastrum nutans 202 43 6.4 1.3 o.o 0.0 
Panicum virgatum 13 45 0.4 1.4 1.1 0.5 
Buehl~ dactyloides 201 103 6.4 3.2 40.0 17 .6 203 67 9.4 3.7 37.5 23.5 
Boutelou~ gracilis 207 305 6.6 9.6 14.l 11.7 721 627 33.5 34.3 40.4 59.0 
Bothriochloa saccharoides 31 463 1.0 14 .. 5 7.1 13.-2 
Chloris verticillata 29 20 0.9 0.6 5.8 5.4 --- --- --- ---
Sporobolus asper 317 438 10.l 13.8 11.6 20.1 ---
Forbs 1448 659 45.8 20.6 --- --- 699 676 32.5 37 .1 
Others 281 964 B.9 30.2 --- --- 529 454 -24.6 24.9 

Total Production 3153 3192 --- --- --- --- 2152 1824 

.i::-, ..... 
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A~thou$h total product,ion was 'nearly the same in both ,areas, the 

"major four" in study area 4 produced 2,800 and 2,143 pounds pe!'. acre in 

1961 and 1962, l;'espectively, while the same species in study area 5 pro

duced 2,490 and 1,465 pounds per acre, respectively, 'inl961 and 1962,~ 

One of the reasons total production was approximately the same in both 

areas was due to the higher percentage of forbs in study area 5. ,Another 

factor accounting, for the total production being simUa:r in the two areas 

was the abundance of Sporobolus asper,,iw s,tudy are,a 5. At the time of 

clipping, Sporobolus asper was placed in the category of "other grasses" 

(Table IX), and this grass made up 25.3 per cent of the vegetative compo

sition in tM1;1 area. The two-year average per cent forage of other grasses 

in study area 4 was 14.2, while the average was 24.6 per cent in study area 

5. Abundant patches of Sporobolus asper in study area 5 can be seen in 

Figure 10. The per cent of the total forage produced by forbs in study 

area 4 averaged 13.8 for the two years, while in study area 5, 21.4 per 

cent of the total productior1 consisted of forbs. The abundance of forbs 

in the two areas can be seen in Figures 11 and 12. 

A note of interest in study area 5 was the high composition of 

Andropopon Gerardi. This high percentage kept the pasture from being 

placed in a lower range condition class, as the per cent composition of 

the other members of the "majo;r four" was relatively low. 

Fora,ge produced by annt,1al grass1:s decreased on most of the study 

areas from 1961 to 1962. A slight increase was noted on the claypan site, 

while a 41 per cent increase occurred on the pasture in low good range 

condition. 

The largest amount of forage produced by annµal grasseswas on the 

poor condition pasture, as 820 pounds were produced in 1961, and 260 



Figure 11. Study area 4, Augus t, 1962, s howing 
the abundance of forbs. The conspicuous tall 
growing forb is Vernonia Baldwinii. 

Fi gure 12 . Study area 5 in low good range 
condition produced a hi gher percentage of 
forbs than the s tudy area in hi gh good range 
condition shown above . August, 1962 . 
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pounds in 1962. Forage production by annual.son all areas is presented 

in Table X. 

Study area 7: 

Bouteloua ~raci lis and Buchlog dactyloides, the most abu.ndant grasses 

on the claypan site, produced the major portion of the forage. Total 

·forage production in this study area was 2152 pounds per acre in 1961, and 

1824 pounds per acre in 1%2 (l'able IX). Of this total production, 

Bouteloua gracilis averaged 674 pounds production for the two years, or 

33.9 per cent of the total production. 
II 

Buchloe dactyloides produced an 

average of 135 poµnds of dry forage per acre, or 6.6 per cent of the total 

pi:-oduction. 

Other grasses, including Chloris vert:i.cillata, Schedonnardus panicu-

latus, Eragrostis spectabilis, Bothriochloa saccharoides and Sporobolus 

~sperproduced an average of 491 pounds of dry forage per acre, accounting 

for 24.8 per cent of the total forage produced. The claypan site also 

exhibited numer9us forbs wh;i. ch produced an average of 687 pounds per acre 

for the two years, or 34.8 per cent of the total forage production. 

Plant Vigor 

Grasses 

Although herbage yield is undoubtedly a more accurate measure of 

plant vigor than ~my single character, the measurements used in this 

!;lt\ldy should serve as valuable criteria for evaluating plant vigor. 

Together, these can be used to cla1;1sify range condition and serve as 

criteria for evaluating range improvement or deterioration. 

Data showing differences in vigor of the same species on the native 

grass meadow (study are~ 1) and the cemetery (study area 3) are presented 



A:rea l 

Area 2 

Area 3 

Area 4 

Area 5 

Area 6 

Ar~a 7 

TABLE X 

FORAGE PRODUCTTON BY ANNUAL GRASSES (BROMUS JAPONICUS AND 
HORDEUM PUSILLUM) ON EACH AREA FOR THE 1WO SUMMERS 

45 

lb.s./ acre lbs./acre 
1Q61 1962 

- .Native Meadow 135 12 

- Excellent 23~ 105 

- Cemetery 25 10 

- High Good 145 76 

.. Low Good 85 14~ 

- Poor 820 260 

- Claypan 75 77 
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in Table XI. Generally, the grass species on the native grass meadow 

produced a significantly greater maximum height, average height, and leaf 

length than the same species on the cemetery. As can be seen in Table XI, 

the figures wel'.'e mostly significant at the .01 level. Differences in leaf 

width and number of leaves were not great enough to show statistical 

significance • 

Results of these measurements show that the date of mowing must be 

an important factor inUuencing the vigor of the desirable forage species~ 

The cemetery is usually mowed in late August and the native grass meadow 

is mowed in late June or e1;1.rly July, thus giving the plants time to 

recover from mowing. Th~ dif:Eererwes in growth of grasses can clearly be 

seen in figures 13 and 14. A decline in plant vigor was not accompanied 

by a decrease in range condition in the cemetery. 

It can safely be said that an earlier mowing date for the cemetery 

would restore the vigor of the grasses. According to Humphrey (1949), 

grasses in low vigor will usually show good to excellent vigor within a 

period of only one or two years 1 if the cause is corrected. 

Actual measurements of the grasses on the two study areas can be 

seen in Appendix A, 

Measurement data to determine differences in vigor of the same spe~ 

cies on the loamy prairie site in excellent range condition (study area 

2) and the loamy prairie site in poor range condition (study area 6) are 

presented in Table XII. Study area 2 is grazed twice yearly during 

calving periods for about four months while study area 6 is grazed heavily 

the year aro4nd. 

Andropogon scoparius ancl A. Gerardi showed greater maximum height 

and average height on the poor condition pasture in June, 1961? than on 



TABlE XI 

AVERAGE DIFFERENCES IN MEASUREMENTS FOR VIGOR OF GRASSES FOUND ON NATIVE GRASS MEADOW AND CEMETERY 
FIGURES REPRESENT MEASUREMENTS OF CEMETERY SUBTRACTED FROM NATIVE GRASS MEADOW 

Max. Ht. (cm) 
Species June/61 June/62 

Ase 12. 5-ld( 17. 0-1(-/( 

Age 15. 3'>'d( 30.1,h'( 
Snu 18. 2,'('i( 22. 2-i('i< 
Pvi 23.0'id< 40.2-ld< 

July/61 July/62 

Ase 27. 2,'d< 14. Yd< 
Age 29. 4'>'<-1< 30.1-id( 
Snu 15. 5'1<'>'< 16. 71<'>'< 

Pvi 34.01d< 27.6-!d( 

Aug./61 Aug./62 

. Ase -0.8 14.8-ld< 
Age 10.0,' 19.l"ld< 
Snu 1. 9 14. 21d( 
Pvi 35. 2•'<>'• 13.3.,.<'>'< 

Ase - Andropogon scoparius 
Age - Andropogon Gerardi 
Snu - Sorghastrum nutans 
Pvi - Panicum virgatum 

Avg. Ht.- (cm) 
June/61 June/62 

4o J'li"'l'i" 17.2** 
6. 5-id( 32 .o,'(* 

13. 7,'d< 20. 3,'(-!: 

7. o,'d• 28 .8'""* 

July/61 July/62 

17 .8,'d( 12.5** 
25. p-d< 32.7** 
7. o,b'• 16.1,b': 

23. 4,'d< 22. 51d< 

Aug./61 Aug./62 

11. 6•'<.,.< 12.0** 
24 .8>'d< 31. 9*.,.< 
14 • 5 , . ..., .• 13.31(* 
28. 6-ld< 27 .1*'"" 

Leaf Length (cm) Leaf Width -(mm) 
June/61 June/62 June/61 June/62 

4.01(* 10.8-1( 0.3 0.0 
9.0-!d( 10.8·,h'( 1.4 o.o 
8.4** 17.l'>'d( -0.6 0.7 

10.0** 20.6"'(* 0.5 0.5 

July/61 July/62 July/61 July/62 

18.01(* 11. 51(* 2.0 -0.4 
11.4** 20. 5*,': 0.8 0.4 
2.0 8.6'1< 2.2 0.5 

12 .11(* 14. 71d< 1.0 0.9 

Aug./61 Aug./62 Aug./61 Aug./62 

9.0*.,.( 10. 7'>'d( 0.1 -0.1 
12. 6*.,., 15 .7,'d( 1.4 1.0 
16.41(* 10.41<'>'< 1.2 -0. 2 
11.4** 10.41d( -1.1 2.1 

* Significant at the .05 level 
*.,.• Significant at the .01 level 

/. Significant at the .1 level 

No. Leaves 
June/61 June/62 

0 0 
0 1 
0 1 
0 0 

July/61 July/62 

1 0 
1 -1 
0 0 
0 0 

Aug./61 Aug./62 

3 0 
4 0 
0 0 

-1 -2 

.i::-
-..J 



Figure 13. Photo of native grass meadow on 
June 1, 1962, s howing the vigorous growth of 
grasses . The meadow is usually mowed in late 
June or early July. 

Figure 14. Photo of the annual l y mowed cemetery 
on June 1, 1962 . The cemetery is usually 
mowed in late August . The grasse s exhibit low 
vigor compared to t he native grass meadow. 
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TABLE XII 

AVERAGE DIFFERENCES IN MEASUREMENTS FOR VIGOR OF GRASSES FOUND ON THE LOAMY PRAIRIE PASTURE IN EXCELLENT 
CONDITION (STUDY AREA 2) AND THE LOAMY PRAIRIE PASTURE IN POOR CONDITION (STUDY AREA 6). 

FIGURES REPRESENT MEASUREMENTS OF POOR CONDITION PASTURE SUBTRACTED FROM EXCELLENT CONDITION PASTURE 

Max. Height (ci:n} Avg~Height (cm) Leaf Length (cm) Leaf Wi-dth (mm) No. Leaves 

June/61 June/62 June/61 June/62 June/61 June/62 Junel61 June/62 June/61 June/62 

Ase -2.0 16.1** -12.0** 11.2** -2.5 1.0 -1.1 -0.6 1 1 
Age -5.8 17.0** -7 .. 0** 16.1** -0.6 8.8** 0.7 -0,.4 0 -1 
Snu 4.9 7.7** 9 .. 5** 14.4** 7.7** 9.0** 0.2 -0.3 0 -1 
Pvi 4. 3 28.4** -10. 5** 30.7** 9.2** 15.8** 0.3 0.4 0 -1 

July/61 Julyl62 July/61 July/62 July/61 July/62 July/61 July/62 July/61 July/62 

Ase 15.0** 9.9* 13.8*,'r 6.7** 1.7 8.3,t -1.0 -0.6 -1 1 
Age 11.0** 3.7 12.7** 9.8** 3.0 4. 7 1.3 -0.2 -3 -1 
Snu 11.0** 14.0** 7.0** 7.5** 7.4 8.9** 0.8 -0.3 2 0 
Pvi 14.5** 41.3** 13.3** 30.6** 3.0 5.0** 0.8 -0.3 2 1 

Aug./61 Aug./62 Aug./61 Aug./62 Aug./61 Aug./62 Aug. /61 Aug./62 Aug./61 Aug./62 

Ase -2.4 -17.0** 9.0* 5.2./, 10.0** 21.6** 0.5 0.1 0 -1 
Age -16.0** -9.5** ·-7 .8./, 10 .. 6** -1.8 15.4** o.s 1.3 1 1 
Snu 1.0 13.7** 6.0 2.4 1.5 6.9* 0.1 1.2 1 1 
Pvi o. 7 29.6** -2.8 30.6** 2.4 5.9** 1.4 1.4 0 0 

Ase - Andropogon scoparius * Significant at the .05 level 
Age - Andropogon Gerardi ** Significant at the .01 level 
Snu - Sorghastrum nutans ,t Significant at the .1 level 
Pvi - Panieum virgatum 

·~ 
\.0 
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the excellent C()ndition pasture (Table XII). But in June, 1962, the 

maximum and average he:i,ghts of ·these species were s:i,gnificaritly greate'J" 

at the .01 level on the excellent condition pasture. . These species were 

significantly greater in both maximum and average heights on the loamy 

prairie pasture in excellent condition in: July of both years, but in 

August of both years the maximum and aver,;itge heights were generally 

· greater in the poor condi tiori pasture. So:t:".ghastrum nutans and Panicl,.Ull 

virgatum were generally greater in both maximum and, average heights on 

the excellent cemdition pasture, and in July of bath years the'hei,g;hts 

were significant at the .01 level. 

Average measure11}ents of the grasses on the two study areas are in 

Appendix A, and the differences in growth of the grasses are in Figures 

15 and 16. 

Measurement data to determine differences in vigor of the same 

species on the leamy prairie pasture in high geed range condition (study 

area 4) and the loamy prairie pasture in low good range condition (study 

area 5) are shown in Table XIII. Average meas1+rements of the grasses on 

the two· study areas are in Appendix A. 

In general, the grass species in the pasture in low good range 

condition produced a slightly greater maximum height~ average height, and 

leaf length than the same species on the pasture in high good range condi

tion. D.ifferences in leaf width and number of leaves were about the same 

on both areas. 

The more vigorous growth on the low gaod condition pasture was again 

probably due to the density being lower than on the pastµre in high good 

condition. The grass species listed represented 60.2 per cent of the 

total composition on the low good condition pasture, while the same 

species made up 71.2 per cent of the composition on the high good pasture. 



Figure 15. Loamy prairie pasture in excellent 
condition on July 5, 1962, showing the vigor
ous growth of grasse s. Note the absence of 
£orbs. 

Fi gure 16. Loamy prairie pasture in poor range 
condition on August 3, 1962 . Forbs were very 
abundant in this pasture, and the density of 
desirable grasses was ve ry low. 
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TABLE XIII 

AVERAGE DIFFERENCES IN MEASUREMENTS FOR VIGOR OF GRASSES FOUND ON THE L©AMY PRAIRIE PASTURE IN HIGH GOOD 
CONDITION (STUDY AREA 4) AND THE LOAMY PRAIRIE PASTURE IN LOW GOOD CONDITION (STUDY AREA 5). 

FIGURES REPRESENT MEASUREMENTS OF STUDY AREA 4 SUBTRACTED FROM STUDY AREA 5 

S;eecies Max. Height (cm) Avg. HeiSiht (cm) Leaf Len~th (cm) Leaf Width (mm) No. Leaves 

June/61 June/62 June/61 June/62 June/61 June/62 June/61 Juri.e/62 June/61 June/62 

Ase 1 .• 0 4.9 16.4 4.5 -0.5 4.4 -0.6 -0.2 2 1 
Age 2.4 13.5 14. 7 7.6 l.3 7.9 -1.5 -0.3 0 -1 
Snu 8.5 13.0 14.3 8.2 11.0 10.5 o.o 1.0 l 0 
Pvi 9.8 16.4 22.3 10.9 1.8 6.6 -0.8 1.4 2 0 

July/61 July/62 July/61 July/62 July/61 July/62 July/61 July/62 July/61 July/62 

Ase -8.0 2.7 -5.2 1.4 2.3 3.6 o.o -0.2 0 0 
Age 6.0 7.8 8.3 3.5 2.0 6.2 o.o 0.6 0 -1 
Snu -3.4 -0.8 4.6 2.8 10.4 -0.7 0.6 o.o 0 0 
Pvi 24.7 21.1 1.4 1.0 -3.0 8.3 -1.5 0.5 0 0 

Aug./61 Aug. /62 Aug./61 Aug./62 Aug./61 Aug./62 Aug./61 Aug./62 Aug./61 Aug./62 

Ase 1.1 8.8 0.8 3.3 0.6 -2.2 -0.3 o.o --S l 
Age 2.5 12.7 4.4 5.6 10.5 9.4 0.7 1.2 -1 0 
Snu 1.5 3.3 9.9 0.1 8.3 -0.7 0.4 1.2 0 0 
Pvi 18.0 -1.2 15.8 -0.8 -1.8 -2.5 -0.0 -0.4 0 0 

Ase - Andropogon seoparius Not Significant 
Age - Andropogon . Gerardi 
Snu - Sorghastrum ~ns 
Pvi - Panicum virgatum 

/ 

V, 
Is.) 
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A slight increase in vigor is thus correlated wit:h a slight decrease in 

density. This result is more evidem.t in the two study areas discussed 

previously. 

Since se.orobolus asper was q\lite abundant (making up 25.3 per cent 

of the vegetative composition) in the low good condition pasture, it was 

measured separately to provide a compariscm with the desirable grasses 

that were measured. Without exception, s;eorobolus asper exhibited the 

g~atest average height of any of the grasses, and in general this species 

showed the g;reatest ma,cimum height, In July of 1961 and 1962, and in 

Augu&t of 1962, Panicum vfr&atum grew to a greater maximum height. The 

leaves of Sporobolus a~per were longer than those of the other grasses, 

an.din general this species produced as many or more leaves than did the 

other species. The leaves of Sporobolus asper were wider than those of 

Andropogon scoparius. 

Photos of the two areas showing the strt1cture of the vegetation are 

shown in Figures 17 and 18. 

Measurements of maximum height, average height, leaf length, leaf 

width and number of lE:!aves were made on the f:j. ve most predominant grasli:;es 

found on the claypan site (Table XIV). 

BuchloM dactyloides and Bouteloua i:;racilis were the most abundant 

species in this study area, together making up 80,2 per cent of the total 

composition. According to Weaver and Albertson (1956) these species are 

of :f;ar greater d:i:-ought resistance than most plains grasses. 

The average foliage height of Bquteleua gra.ci Hs exceeded that of 

Bu~hlog dactyloi~es throughout the summer months,and the numerous slender 

fruiting culms reached heights varying frqm 29.Q cm in July, 1961, to 53.0 

cm in August, 1962. On Buchlog dactyloides the fruiting culms va;ded from 

19.5 cm in July, 1961, to 23.8 cm in August, 1961. The leaves of Bouteloua 



Figure 17. Loamy prairie pasture in high good 
range condition on July 5, 196 2 . The "major 
four" in this study area represented 71.2 per 
cent of the composition . 

Figure 18. Loamy prair i e pasture in low good 
range condition on J uly 5, 1962. Note the 
presence of more forbs than in the above photo, 
the most conspi cuous forb being Vernonia 
Baldwinii. 
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Species 

Bda 
Bgr 
Cve 
Sas 
Spa 

Bda 
Bgr 
Cve 
$as 
Spa 

Bda 
:Sgr 
Cve 
Sas 
Spa 

Bda 
Bgr 
Cye 
Sas 
Spa 

Bda 
Bgr 
Cve 
Sas 
Spa 

Bda 
:Sgr 
Cve 
Sas 
SJ:?a 

' ' . 

Bda .. 

TABLE XIV 

MEASUREMENTS FOR VIGOR OF GRASSES ON THE CLAYPAN SITE FOR 
JUNE, JUl.,Y AND AUGUST Of' 1961 AND 1962 

Max. Height Avg. Height Leaf l,ength Leaf W~dth 
cm cm cm mm··.· .. 
• I 

J'1,1ne z 1961 .. 
16.0 9.0 7.3 1.7 
26.5 12.8 15.0 2.0 
16.5 8.0 8.9 3.3 
45.Q 22.0 21.3 3.0 
36.7 11,0 7,3 2.7 

Jul~z 1961 
19.S 12.0 11.6 2.0 
29,0 15. 5 . 17.0 

' 
2.7 

20.0 12.0 9.5 .4.0 
52.7 40.5 38.5 4.3 
55.0 16.0 8.5 3.0 

Aust 1961 
23.8 16.2 11. 7 2.0 
46,5 29.0 15,2 2.5 
24,0 1~.o 9.4 3.8 
78.4 62,2 43 • .5 4. 7 
60,2 17.3 8.4 3.3 

June 2 1962 
20.3 8.7 7.9 2.0 
24.3 17.0 12.9 2.1 
18.1 12.0 7.2 3.5 
57 .4 40.2 26.2 3.0 
51.0 18.9 6.7 2.7 

Juliz 1962 
21.3 11~5 . 8.6 2.0 
35.9 24.9 16.7 2.0 
27.0 16.2 9,4 3.3 
71.1 58,5 36.6 3.3 
68.5 22.5 10.4 2.9 

AUfi, ·1962 
22.7 17.8 U.3 2.0 
53.0 36.3 17.3 2,0 
32.4 19 .• 5 10.2 3.0 
89.5 70.7 47.4 4.6 
70.4 26.6 8.3 3.2 

Sas • 
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No. of 
Le.aves 

5 
4 
5 
5 
6 

5 
5 
8 
6 

10 

7 
7 
8 
7 
7 

5 
4 
6 
5 
5 

6 
5 
7 
7 
7 

7 
7 

10 
10 
11. 

B\lchlog dactiloides S:2oroboll,1s asJ:?er 
Bgr .. Boute loua graci lis Spa - Sch~donnardus Eani9ulatus 

:. • t 

Cve .. Chloris vertici11ata 
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gracilis, largely co-q.fine.d to the base of the plant, ranged in length 

from 12,9 to 17.3 cm and in width from 2.0 to 2.5 mm. The narrow leavei;; 

of Bt1chlo~ dactyloides occur mostly near the soil surface and ranged from 

7,3 ~o 11.7 cm in length and from 1.7 to 2.0 rrnn in width. The number of 

l~aves produced by these two species was generally the same. 

Sporobolus aspe:J;" was the taUest growin,g grass species on the c;laypan 

site. It reached a maximum height of 89.5 Ct'll and an average height of 

70.7 cm in Aug1,.1st, 1962. The leaves of this species were longer and wider 

than any of the other grasi,;es, but the number of leaves produced per plant 

was generally the same as the others. 

Chloris verticillata and Schedonna:rdµs paniculatus were other abun

dant species growing on the claypan site. The growth measurements of 

Chloris verti ci llata were generally the same as those of Buch lo~ dacty .. 

loides, the only significant differenc;e being that the leaves of c. 

verticillata were about twice as wide ai;; those of ]4 dactx:loides, 

Inflorescence ~roduction 

The maximum and average height of fruiting culms of the "major four" 

were measured in each of the loamy prairie study areas and the number of 

fruiting culms per plant and inflorescences per fruiting culm were 

counted. Seed production was not determined, since during both years of 

this study the,:re were no stands productive enough to wa1;rant coun,ting. 

This is not unusual in that dµring a nine .. year study throughout Kansas 

(1937,.,.1945) native bluestem prairies produced seed in only three of these 

years (Corneliµs, 1950). Distribution of rainfall may have· been the 

important factor here since critical periods are from four to six weeks 

before flowering until two weeks after flowering. 

It has been found that the numl;>er of fruiting culms was correlated 
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with vigor (Blaisdell and Pechanec, 1949). This factor? as well as 

maximum and average height of the fruiting culms, should provide pertinent 

information as to differences between the study areas. 

The maximum and average heights of the fruiting culms were less in 

1962 than in the previous year (Table XV). This can be correlated with 

forage production in that a marked decrease in procl.uction occurred between 

1961 and 1962 (Tables VI and IX) 0 Although the heights of the fruiting 

culms were less in 1962, the number of fruiting culms per plant and num,

ber of inflorescences per fruiting culm were generally greater in 1962 

than in the previous year. 

Sorghastrum nutans rated number one in maximum and average height· 

of fruiting culms, while Andropogon scoparius produced the most fruiting 

culms per plan~ and inflorescences per fruiting culm. Andrppogon Gerardi 

rated second in both of these categories. Sorghastrum nutans and Panicum 

virgatum produced one fruiting culm per plant and one inflorescence per 

fruiting culm on all of the study areas, 

The native grass meadow (study area 1) exhibited the most vigorous 

growth of the fruiting culms. It was found in this area that the fruit~ 

ing culms of Andropogon Gerardi grew an average of l 5/8 inches per day. 

Study area 2, in excellent range condition? showed the next most vigorous 

growth of fruiting culms (Table XV). 

Although in excellent :range condition, the annually mowed cemetery 

(study area 3) exhibited very low vigor as determined by fruiting culm 

growth and also fruiting culms per plant and inflorescences per fruiting 

culm. 

As for study area 4 (high good), study area 5 (low good), and study 

area 6 (poor), the general trend was toward an increase in fruiting culm 

height with a decrease in range condition. This was probably due to 



TABLE XV 

MEASUREMENTS FOR VIGOR SHOWING THE MAXIMUM AND AVERAGE HEIGHTS·OF THE PIANTS, 
.FRUITING CUIMS PFJR PLANT, AND INFLORESCENCES PER FRUITING CUIM 

Maximum Average Fruiting · Inflores- Maximum Average Fruiting 
Height ·· Height Cul ms cence.s Height Height Culms 

cm cm Per .Plant Per Fruit- cm cm Per Plant 
ing Culm 

1961 1962 1961 1962 1961 1962 1961 1962 1961 1962 1961 1962 1961 1962 

1 - Native ·Meadow 2 - Excel lent 
Ase 87.4 67.6 74.8 55.4 1 2 8 7 .<Jl.4 79.6 74. l 62.4 1 l 
Age 164.8 ll5.5 121.8 93.4 l 1 6 4 128.S 96.4 90.9 78.9 1 1 
Snu 168.3 129.1 120.2 97 .. 9 1 2 1 1 146.9 137.8 115.9 107.8 l 1 
Pvi 128.0 96.1 95.0 84 • .8 1 1 l 1 122.3 100.0 93 .. 8 70.8 1 l 

3 - Cemetery 4 - High Good 
Ase 91. 7 78.8 77 .. 0 61.8 1 2 3 4 89.6 78.6 66.6 66.0 1 2 
Age 122.0 88.3 93.0 70.5 1 1 5 2 106.0 104.3 83.1 88.6 1 1 
Snu 125.0 lll.5 103.9 80.3 1 1 1 1 127.7 120.4 99.3 82 .. 8 1 1 
Pvi 100.0 82.8 73.0 57.7 1 1 l 1 104.9 81.1 86.0 63.0 1 1 

5 - Low Good 6 - Poor 
Ase 91.5 76.1 75.9 67.4 1 2 4 5 97.3 85.5 78.0 67.3 1 2 
Age 122.1 104.5 84.5 81.3 1 1 2 4 135.4 123.6 105.8 84.8 l 1 
Snu 132.2 121. 3 101.4 92 .. 5 1 l 1 1 137.8 113.4 105.8 88.3 1 l 
Pvi 102.0 100.3 81.4 76.0 1 1 1 1 100.0 92.7 81.0 62 .. 2 1 .1 

Ase - Andropogon scoparius 
Age - Andropogon Gerardi 
Snu - Sorghastrum nutans 
Pvi - Panicum virgatum 

Infl0res-
cences 

Per Fruit-
ing Culrn 

1961. 1962 

4 5 
4 5 
l 1 
1 1 

4 6 
4 5 
1 1 
1 1 

4 7 
4 3 
l l 
l 1 

Ul 
00 
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competition between plants of the same speoie·s being decreased as the 

stands became less dense. 

Vj&or of Forbs 

The dominant plants of the study areas were grasses, but forbs were 

qujte abundant and fo;rmed a conspicuous part of the vegetation. The 

following list includes the most important forb species which wi 11 be 

discussed somewhat in the orc;ler of their common occurrence throughout the 

study areas. The number in parentheses indicates the number of the study 

area on which the species occurred as one of the five most abundant forbs: 

Ambrosia psi lostachya (6) 
\' 

As·ter ericoides (5) -
Vernonia Baldwinii (4) 

Salvia azurea (3) 

Gutierrezia dracunculoides (3) 

Ambrosia l'silqstac
1
hxa was the most abundant fc;,rb on all study areas 

except the annually mowed cemetery (study are~ 3). It was found commonly, 

and often abundantly, in the high good and lower cond:i,tion areB.$. In June 

this species was at lec1.st 10 inches tal1 11 and in mid .. Aµgust when the last 

measurements were taken, it had at least doubled in height. In 1961 this 

species exhibited the most vigorous growth, as determined by maximum and 

average height, on study areas 1, 5, 6, 4, 2 and 7, respectively, In 1962 

the sequence was 2, 5, 4, 1, 6 and 7. There was no significant difference 

between the leaf length and leaf width of this species on the various study 

areas, but the general trend was toward a production of more leaves per 

plant as the areas decreased in range _condition. 

Aster ericoides also occurred throughout the study areas •. Although 

this species was present in the native grass meadow (study area 1), and 
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the pasture in low good range condition (study area 5), it did not rate 

as one of the five most abundant forbs, and thus was not measured on these 

two areas. in 1961 this species was most vigorous, as determined by maxi

mum and average height, on study areas 4, 2, 7, 6 and 3 respect;ively. In 

1962 the sequence was 2, 7, 4, 6 and 3. 

Vernonia Baldwinii was quite abundant on four of the seven study 

areas and was quite conspicuous by its tall, coarse growth forms. When 

measurements were first begun in June, this leafy perennial was already 

· at least 2 feet in height, and the mature plants, with great clusters of 

purple flowers which appeared after mid-summer, were 3 to 4 :l;eet tall 

when the last measurements were taken in mid-August. This species was 

in general most vigorous on the study area in low good range condition 

(study area 5) and the poor condition pasture (study area 6). 

Salvia azurea was another important forb throughout the study areas. 

Since it was one of the dominant forbs in three of the areas, it was 

measured. In August this species attained an average maximum height in 

excess of 3 feet on the native grass meadow and poor condition pasture, 

and about 2 feet on the low good condition pasture. The leaves of this 

plant doubled in number from June to August. 

Gutierrezia dracunculoides is generally no problem on well-managed 

pastures with vigorous stands of desirable grasses, but this species was 

important enough to measure growth rate on three of the study areas. It 

was quite abundant on the claypan site. 

In August the tough, woody stems of this annual reached a maximum 

height of 2~ feet on the high good condition pasture, and 2 feet on the 

claypan site. The leaves increased in number from about 40 in June to an 

indefinite number ranging anywhere from 800 to 1300 in August. 
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The forb composition on the annually mowed cemetery was quite 

different from those on the other study areas, as only Aster ericoides 

was feund commonly on the other areas. The measurements of farbs en the 

cemetery, as well as other.less important forbs found throughout the 

other study areas, are presented in Appendix B. 

Soi 1 Moi'sture · 

Water content of the soils in the various· study areas apparently 

played no significant role in this study since there appeared to be 

practically no moisture stress during either summer. If, however, soil 

moisture had been determined :for the month of May, there would s.urely 

have been a significant difference between the two summers. There was 

practically no rainfall during May, 1962, and this wou1d p·robably ac.count 

for the decrease in forage production in 1962. 

Moisture at all depths was generally more abundant in 1962 than in 

1961 (Table XVI) during the month of June. On the other hand, moisture 

centen-t of the soils was greater in 1961 than in 1962 during July. In 

fact, during a few days in July of 1962 the plants appeared to show moisp 

ture stress~ but this was only apparent for a short while in that two 

rains of over one inch fell <;luring the last we;ek of July. 

The per cent soil moisture during August was somewhat higher than 

either of the preceding months, and this was true for both summers. 

Soil moisture was generally greatest in the third foot of soil. 

The only exception to this was the pasture in po0r range cendition (study 

area 6). l'er cent moisture was also quite high in the second.foot of 

soil, and in sotllE;) cases was more moist than the three foot layer.. .In the 

poor cond:i.tion pasture the three foet layer exhibited the least water cen

tent, with the two foot layer being almos~ as d:i;:-y. In all study areas, 
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TABLE xvi 

SG!L M@tSTURE AT DIFFERENT DEPTHS FOR JUNE, JULY AND AUGUST 
FIGURES RePRESeNT AVERAGE P~R CENT 

o.;.6" 6-121' 12 .. 24·" 24 .. 36" 
Area 1961 1962 1961 1962 1961 1962 1961 1962 

Jun~ 

· 1 .. Meadow 15.4 ?5.7 20,1 21.5 23,3 25.6 25.4 26.5 
2-,Exce llent 25.4 23.7 18,6 24.7 19.4 26.2 21.4 22.7 
3 .. cemetery 20.3 20.8 19,3 22.2 18.7 22,5 23.7 21.8 
4 .. High Good 17.3 19.0 20.0 26, 1 24.8 26.2 27 .-6 23.2 
S .. Low Goo!:1 20.6 23.8 25,4 20.5 30.0 22.8 31.9 23.7 
6-Poor 20,8 21.4 17 .6 20,3 23.0 18. 2 21.2 13.9 
7-Claypan 13.2 13.6 14,3 i2.o 24.1 17.0 21.2 23.2 

July 

l~Meadow 13.0 24.7 17 .o 17,1 23.l 19.6 24.5 21.2 
2-Exce llent 13.9 18.6 18.6 19,4 27.2 25.4 23.5 19.5 
3 .. Cemetery 14.5 16.6 14.9 13.0 19.8 23.1 27,1 22.5 
4-High Good 15.2 15,l 18.4 17,6 24.0 22.0 27.4 24.2 
S .. Low Good 14.4 15.1 16.3 15.2 24.7 17.5 20.~ 22.0 
6 ... Poor 16.8 21.6 20.0 20.8 21.s 16,8 19.8 7.2 
7 ... Claypan 14.2 13.4 · 17.9 12.9 25.4 19.0 21.6 25.1 

August 

1-Meadow 18. 7 19.7 21.0 22.0 25.2 24.1 25.o 23.l 
2-Exce l lent 21.0 22.9 22.0 23.1 26,0 24.0 26.1 25.2 
3-Cemetery 23.2 16.0 25.4 16.5 24.4 ,19.5 29.l 22.0 
4-High Coed 17.6 18.7 20.9 23.1 24.8 26.0 27.5 23.8 
5 .. Low Good 20.2 16.0 22.2 15.0 24.9 16.3 20.5 21.0 
6-Poor 20~2 15.8 26.0 19.3 26.6 21,0 25.2 18.6 
7-Claypan 12.5 8.0 23.1 12.6 23.2 . 18.5 21.0 24.8 
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the qrst and second six inches of soil showed approximately the same 

water content. Only in the native grass meadow did these two layers vary 

to any degree. 

The first foot of soil was driest in the claypan site. The moisture 

oontent of the first six inches was generally between 5 and ·10 per cent, 

while the water content of the sec(;md six inches t1;1nded te fluctuate 

between 10 and 15 per cent. Once beyond the clay layer, the soil was 

quite moist. 



CHAPTER VU 

DISCUSSION AND SUMMARY 

This study was conducted pn Adams' Ranch, a 33,000 ac:i;-e tract of 

land located in the northern part of Osage County, Oklahoma. During 

normal rainfall years the native vegetation in excellent condition will 

eas:i,ly support a cow and her calf year-long on ten acres. The only 

supplemental feed necessary is protein during winter. 

As the name Osage Hills impUes, this is a hilly, rolling region, 

and native grass is the vegetation best suited for these rough lands~ 

Andropogon scoparius, A. Gerardi, Sorghastrum nutans and Panicum virgatum 

are the four most important grass species that dominate the·regic;,n, often ., 
making up 70-90 pel;' cent of the total vegetative composition on a well-

managed loamy prairie site. 

The soils of the region have developed f:rom limestone and clay shales 

of the Lower Permian and Upper Pennsyivanian Age. The loamy prai.r.ie site 

is the most important in the ,!:'J.rea and is characterized by a .. fertile., -deep 

upland soil. This soU is nearly black, highly granular, permits go0d 

roat penetration, but .moist\lre penetration is slow. The slow permeabUity 

of the soils, as weU as the rolling topography with many steep winding. 

:ravines, makes difficult the cultivation of :forage crops. Clayp.an soils 

also exist over much o:f; the region and were of concern in this.study. 

The study was designed tp. determine :l;oJ;'age product:ion, vegetative 

compesition and plant vigor on seven different areas of bluestem rangeland. 
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The study areas were selected on basis of :range condition. Vegetative 

composition differed on ea.ch area due to variations in past grazing use. 

Six of the areas were on t;he·loamy prairie range site and were 

comparable in climate and topography. The seventh study area, the claypan 

site, was studie<;i separately. Vegetative coniposition, basal density, 

forage praduction, plant:: vigor and so;i.l moisture were determined for each 

study area. 

Vegetative composition was used to determine the range condition of 

the vario1,J,s study areas as outlined by the Soil Conservation Service guide 

to range condition classifj.cation. The vegetatien on study areas l, 2 and 

3 was predominantly made up ef climax plants, but on areas 4, 5 and 6 the 

climax. grasses were less abundant due to increased grazing, and the areas 

had regressed to a lower range condition class. 

Species composfrion appeared to be a more impo;i;"tant criteria in 

determining condition than basal density. In some cases basal density 

was fo\lnd to increase as regression from high range condition occurred. 

This wa.s·often dependent upon the species involved in the secondary 

succession. The basal density on the poor condition pasture 'Was as high 

as the pasture in high good condition and was greater than the pasture in 

low good condition. This was due to the increase of secondary species 

such as :BuchloM dactyloides &nd Bouteloua gracilis, which are low~growing, 

turf .. forming grasses usually giving high basal density values. 

Yields of 4000 t0 5000 pounds of dry matter per acre per season were 

produced on the excellent range condition aieas, and yields ;near 3000 

pounds 'Were common on the other study areas. !f forage pradu.ction is to 
I 

be used as one of the criteria for determining range condition, the spe-

cies ma.king up this production must be c0nsidered. For example, the p00r 
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condition pasture J?roduced just as much total forage pel;!' acre in 1962 as 

did the excellent condition pasture, but the species making up the produc

tion were entirely different. The major forage producers in the excellent 

condition pasture were Andropogon Gerardi,~ Scoparius, Sorghastrum 

nutans and Panicum virgatum, while the major forage producers in the poor 

condition pasture were Buchlo~ dactyloides, Bouteloua gracilis, Bothrio

chloa saccharoides and Andropogon scoparius. Forbs and annual grasses 

also contributed greatly to the production in the poor condition pasture. 

Species making up the major portion of the composition in an area 

were found to not necessarily contribute the most to forage production. 

Due to its larger growth form, A~dropogon Gerardi generally produced more 

fo!,'age per acre than~ scopar:i,us even though the per cent composition of 

A. Gerardi was somewhat less. 

Variation in yield between 1961 and 1962 may have been due chiefly 

to '1'ariations in the amount of rainfall which fell during the month of 

May. There were only 1.86 inches of rainfall during May, 1962, and the 

forage production for that year was below 1961 when rainfall for May 

amounted to 5.66 inches. 

A trend showing an increase in fruiting culm height with a decrease 

in range condition indicates that height of fruiting culms is not posi

tively correlated with range condition. The fruiting culms produced by 

grasses on the poor condition pasture grew to a greater height than those 

on the excellent condition pastures. This was probably due to competition 

between plants of the same species being decreased as the stands became 

less dense. Leaf growth measurements, however, showed that height of leaf 

growth was one of the most consistent indicators of plant vigor. Statis~ 

tical analysis showed that maxim~ and average heights of, leaf growth were 
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significantly greater for plants in the excellent condition pasture as 

compared to the poor condition pasture. .Leaf width and number of leaves, 

however, were shown not to be correlated with vigor. 

Results concerning forage production and vigor of plants on the 

native meadow and the cemetery indicate that date of mowing may have some 

influence on these factors. The native meadow is usu~) ly mowed sometime 

during the last week of June or the first week of July. The cemetery is 

usually mowed the last of August or first of September, and this has been 

the common practice for many years. In both study years the native meadow 

produced twice as much forage as the cemetel;'y. Removal of top growth late 

in the growing season appears to be effective in reducing the plant's 

ability to prod.uce forage the fellowing year. Since S0re;hastrum nutans 

is the latest maturing grass of the "major four," late mowing may be less 

detrimental to this species than the others. The per cent compesition of 

Sorghastrum nutans was higher in the cemetery than in the native meadow. 

Even though the plants in the cemetery exhibited very low vigor, a decline 

in plant vigor was not accompanied by a decrease in range condition, 

Water content of the soils during June, July and August of both 

summers apparently played no significant role in this study s.ince. there 

appeared to be practically no moisture stress during either summer. If 

soil moisture had been determined for the month of May, however, there 

probably would have been a significant difference between the two years. 
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APPENDIX A 

MEASUREMENTS OF GRASSES ON STUDY AREAS FOR ~HE SUMMERS OF 1961 AND 1962 

Max. Height Avg. Height Leaf Length Leaf Width . No. Leave!'i 
Species cm cm cm mm 

St\Jdy Area 1 .. Native Meadow 
June, 1961 

Ase 60.0 35 .• 3 27.3 2.3 5 
Age 71.3 43.0 32.0 7 .4 6 
Snu 78.0 44.0 37.2 7.4 4 
fvi 81.5 46.0 34.0 9.5 5 

July, 1961 
Ase 83.5 62.5 45.0 4.0 6 
Age 94.0 74~7 42,0 7 .4 8 
Snu 85.8 65.0 40.0 6.3 5 
Pvi 109.0 79.0 43.4 9.0 6 

Aµgust, 1961 
Ase 86.2 65.4 42.0 3.4 10 
Age 138.5 82.0 57.6 9.0 11 
Snu 100.3 77.5 55,0 10.2 7 
Pvi 127·.0 95 •. 4 44.2 8,4 7 

June, 1962 
Ase 56.9 47.8 32,6 2.2 5 
Age 86.8 70.5 33.8 5.8 6 
Snu 74.0 60.0 39.3 6.7 5 
Pvi 86.1 61.2 40.5 7.0 5 

·July, 1962 
Ase 64.7 57.2 35.6 2.4 6 
Age 90.4 78.4 47.8 6.4 7 
Snu 76.3 63.3 41.4 7.1 6 
];>vi 90.8 69.1 38.6 7 .4 -6 

August, 1962 
Asq 77.3 58.7 37.3 3.0 7 
Age 114. 7 83. 7 48.5 7.0 9 
Snu 89.0 68.2 46.9 7.5 8 
l'vi 96.1 84.8 39.1 9.3 6 

Ase - Andropogon scopariµs 
Age .. Andropo~on Gerardi 
Snu ~ Sorshastrum nutans 
Pvi - Panicum vi'.l'.'~atum 
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.. 
Max. Height Avg. Height Leaf Length L1=af. Width No. Leaves 

Species cm cm cm ml'!l 

Study Area 2 - Excellent 
June, 1961 

Ase 45.0 27 .o 20.0 2.5 5 
Age 45.7 26.0 24.0 7.0 7 
Snu 55.7 38.0 32.0 8.5 4 
Pvi 63.8 33.0 28.5 9.3 5 

July, 1961 
Ase 59.3 46.7 26.7 2.7 5 
Age 76.0 58.7 33.3 8.3 7 
Snu 68.0 51.0 35.0 9.3 7 
Pvi 83.7 64.3 35.0 10.0 7 

August, 1961 
Ase 83.3 60.7 33.0 4.0 8 
Age 123.0 53.6 38.2 7.5 8 
Snu 89.0 64.0 35.0 9.4 7 
Pvi 100.0 70,8 33.0 9.9 7 

June, 1962 
Ase 57.1 44.3 24.5 2.2 5 
Age 59,8 49.6 30.1 5.5 5 
Sm,1 ~9.8 49.7 34.7 6.8 4 
Pvi 79 .8 67~1 40.1 7.8 4 

July, 1962 
Ase 66.2 55.6 35.7 2.6 6 
Age 74.3 60.0 38.6 6.2 7 
Snu 74.7 54.9 42.8 8.0 6 
Pvi 103.6 76.7 34.0 7.9 7 

August, 1962 
Ase 76.8 64.8 41.9 3.2 8 
Age 103.2 68.0 48.2 7.7 10 
Snu 94.3 67.0 43.7 9.2 8 
Pvi 122. 3 93.8 38.3 10.9 7 

Study Area 3 - Cemetery 
June, 1961 

Ase 47.5 31.0 23.3 2.0 5 
Age 56.0 36.5 23.0 6.0 6 
Snu 59.8 30.3 28.8 8.0 4 
Pvi 58.5 39.Q 24.0 9.0 5 

July, 1961 
Ase 56.3 44.7 27.Q 2.0 5 
Age 64.6 49.6 30.6 6.6 7 
Snu 70.3 58.0 38.0 8.5 5 
Pvi 75.0 55.6 31.3 8.0 6 
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Max. flei~ht A,vg. Be:ight Leaf Length Leaf Wfdt:h No~ Leaves 
S2ecies cm cm cm nun 0 

Study Area 3 - Cemetery (Cont.) 
August, 1961 

Ase 87.0 53,8 33.0 3.3 7 
Age 128.S 5 7. 2 45.0 7.6 7 
Srtu 98.4 63.0 38.6 9.0 7 
Pvi 91.8 66.8 32.8 9.3 8 

June, 1962 
Ase 39.9 30.6 21.8 2.2 5 
Age 56.7 38.5 23.0 5.8 5 
Snu 51.8 39.7 22.2 6.0 4 
Pvi 45.9 32.4 19,9 6.5 5 

July, 1962 
Ase 50,4 44.7 24, l 2.8 6 
Age 60.3 45.7 27.3 6.0 8 
Snu 59.6 47.2 32.8 6.6 6 
Pvi 63.2 46.6 23,9 6.5 6 

August, 1962 
Ase 62.5 46.7 26.6 3.1 7 
Age 95.6 51.8 32,8 6.0 9 
Snu 74.8 54.9 36.5 7.7 8 
Pvi 82 .8 57.7 28.7 7.2 8 

Study Area 4 .,. High Good 
June, 1961 

Ase 60.0 30.3 28.7 3.0 4 
Age 60.8 33.3 31.0 7 .o 6 
Snu 54.7 35,5 29.7 8.7 4 
Pvi 63.0 32.3 31.3 8,3 4 

July, 1961 
Ase 77 .o 58.9 33,3 3.0 6 
Ag~ 61.0 42,7 32.0 7,0 7 
Snu 74.0 54.0 38.0 9.0 5 
Pvi 68.0 55.0 38.0 10.3 6 

August, 1961 
Ase 85.5 67.0 35.4 3.4 13 
Age 97.5 60.8 35.6 6.3 9 
Snu 78.5 56,3 40.0 8.2 7 
Pvi 84.0 60. 7 33.0 8.0 8 

June, 1962 
Ase 50.2 40.1 23.6 2.4 4 
Age 50,3 40.2 21.9 5.4 6 
Snu 51.8 39,3 25,0 6.2 4 
Pvi 57.2 42,5 26.1 5.9 5 
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Max. Reight Avg. Height Leaf Length·· Leaf Wiclth No. Leav~s 
Speei12s cm cm cm 

Study A~ea 4 - High Good (Cont.) 

Ase 
Age 
Snu 
Pvi 

Ase 
Age 
Snu 
Pvi 

Ase 
Age 
Snu 
Pvi · 
Sas 

Ase 
Age 
Snu 
Pvi 
Sas 

Ase 
Age 
Snu 
Pvi 
Sas 

Ase 
Age 
Snu 
Pvi 
Sas 

Ase 
Age 
Snu 
Pvi 
Sas 

58.3 
66.6 
72;4 
71.5 

76.9 
92.4 
81.3 

104.9 

61.0 
63.2 
63.2 
72.8 
80.2 

69.0 
67 .o 
70.6 
92.7 
89.4 

86~6 
100~0 
80.0 

102.0 
104.0 . 

55.l 
63.8 
64.8 
73.6 
n.5 

61.0 
74.4 
71.6 
92.6 
91.2 

Sas~ Spo~obolus asper 

July, 1962 
50.3 
53.7 
49.9 
55.Q 

August, 
57.3 
62,4 
59.2 
81.1 

1962 

31. 7 
33.4 
34.4 
26.7 

34.3 
40.3 
43.7 
35.5 

Study Area 5·,., Low Goqd 
June, 1961 

46.7 
48.0 
49.8 
54,6 
56.3 

July, 
53.7 
51.0 
58.6 
56.4 
59.8 

Augµst, 
67.8 
65.2 
66.2 
76.5 
83.1 

June, 
44.6 
47.8 
47.5 
53.4 
57.2 

\ July, 
.n. 7 
57.2 
52. 7 . 
62.0 
72.0 

1961 

28.2 
32.3 
40.7 
33.1 
43.4 

35.6 
34.0 
48.4 
35.0 
49.3 

1961 
36.0 
46,1 
48.3 
31.2 
60.3 

1962 

1962 

28.0 
29,8 
35.5 
32.7 
46.8 

35.3 
39.6 
33.7 
35.0 
45,3 

mm 

3.1 
5.7 
7.2 
6.9 

3.1 
5.8 
7.6 
9.0 

2.4 
5.5 
8.7 
7.5 
4.0 

3.0 
7.0 
9.6 
8.8 
4.0 

3.1 
7.0 
8.6 
8.0 
4.1 

2.2 
5.1 
7.2 
7.3 
4.1 

2.9 
6.3 
7.2 
7 .4 
4.4 

5 
7 
5 
6 

8 
9 
7 . 
7 

6 
6 
5 
6· 
5 

6 
7 
5 
6 
6 

8 
8 
7 
8 
8 

5 
5 
4 
5 
6 

5 . 
6 
5 
6 
7 
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Ma~. He\ght · · Avg. Height , Leaf Length Leaf Wi-dth No, Leaves 
Spei::ies. cm cm cm mm 

Study Area 5.- Low Good (Cc;mt.) 
August, 1962 

Ase 85,7 60.6 32.1 3.1 9 
Age - 105 .1 68.0 49.7 7.0 9 
Snu 84,6 59.3 43.0 8.8 ~7 
Pvi -103.7 80,3 33.0 8.6 7 
Sas 100.3 81.4 53.4 4.2 9 

Study Area 6 .. PoQr 
June, 1961 

Ase 47.0 39,0 22,5 3.6 4 
Ag~ 51.5 33.0 24.6 6.3 7 
Snu 50.8 28.5 24.3 8.3 4 
.Pvi 5'9. 5 43.5 19.3 9,0 5 

J\lly, 1961 
Ase 44.3 32.9 25.Q 3.7 6 
Age 65.0 46.0 30.3 7 .o 10 
Sm,1 57.0 44.0 27.6 8.5 5 
Pvi 69.2 .51, 0 32.0 9.2 5 

August, 1961 
Ase . 85. 7 51. 7 23.0 3.5 8 
Age 139.0 61.4 40.0 7.0 7 
Snu 88.0 58,0 33.5 9.3 6 
Pvi 99.3 73.6 30.6 8.5 7 

June, 1962 
Ase 41.0 33.1 23.5 2.8 4 
Age 42.8 33.5 21.3 5.9 6 
Snu 52.1 35.3 25.7 7.1 5 
Pvi 51.4 36.4 24.3 7.4 5 

July, 1962 
Ase 56,3 48.9 27.4 3.2 5 
Age 70.6 50.2 33,9 6.4 8 
Snu 60, 7 47.4 33.9 8.3 6 
Pvi 62.3 46.1 29,0 8.2 6 

Augl,lst, 1962 
Ase 93.8 59.6 20.3 3.1 9 
Age ll2. 7 57.4 32.8 6,4 9 
Snu 80,6 64.6 36.8 8.0 7 
l'vi 92.7 62.2 32.4 9.5 7 
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Max~ Height: 'Avg~ Height Leaf· Length Leaf Width No. Leaves 
Species ·cm cm cm nun 

Study .Area 6 - Poor 
June, 1961 

Sas 48.0 25.0 24.3 3.0 5 
Bda 18.0 9.7 11. 7 2.0 4 
Bsa 65.0 51.0 10.5 6.3 7 
Bgr 27,0 15.0 16.0 2.0 4 
Cve 17.3 10.0 7.3 3.3 6 

July, 1961 
Sas. 71. 7 42.0 28.0 3.0 5 
Bda 22.0 10.5 12.0 2.0 6 
Bsa 86.7 42.S 14.7 6.5 11 
Bgr 32.0 18.7 20.3 2.0 6 
Cve 17.7 11.0 8.0 4.1 11 

August, 1961 
Sas 96,6 76,6 55.6 3.4 7 
Bda 31.6 25.6 14.6 2.0 7 
Bsa 106,5 64,6 12.5 6,0 13 
Bgr 73.4 38.6 20.0 2.4 7 
Cve 38.5 20.4 11. 7 3.5 8 

June, 1962 
Sas 51L4 45.6 30.2 2.6 5 
Bd~ 20.8 12.0 10.3 1.6 4 
Bsa 68.7 32.3 13.9 6.3 5 
Bgr 32.3 19.7 12.6 2.0 4 
Cve 24.9 13 .5 11.1 3.3 5 

July, 1962 
Sas 71.8 63.3 43.6 4.6 8 
Bda 29.9 16.3 11.9 2.0 6 
Bsa 90.3 45.2 14.8 5.3 7 
:Bgr 38.5 27.8 17.7 2.2 6 
Cve 32,3 18.1 11.4 3.6 8 

August, 1962 
Sas 99.5 82.4 59.1 3.6 9 
Bda 33.0 20.2 12.4 2.0 7 
Bsa 113.8 73.6 13.1 6.1 9 
Bgr 75.7 40.5 18.3 2.0 6 
Cve 44.4 29.0 12.3 3.8 8 

Sas ~ Sporobolus as;eer 
Bda - Buch log dactiloides 
Bsa ... Bothriochloa saccharoides 
Bgr - Bouteloua gracilis 
Cve - Chloris verticillata 
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APPENDIX B 

MEASUREMENTS OF FQRBS ON STUDY AREAS FOR THE SUMMERS OF 1961 AND l9Q2 

Max. Height Avg. Height Leaf Length Leaf WidtJ.,. No. Leaves 
Species cm cm am 

Study Area 1 - Native Meadow 

Aps 
Pte 
Vba 
Saz 

Aps 
Pte 
Vba 
Saz 

Aps 
Pte*'I'<" 
Vba 
Saz 

Aps 
Pte 
Vba 
Saz 

Aps 
Pte 
Vba 
Saz 

Aps 
Pte** 
Vba 
Saz 

39.0 
· 65.0 

45.0 
53.7 

63.5 
67.Q 

102.0 
67.0 

75,7 
--,-. 

99,3 
108. 3 

29.9 
68.3 
73.9 
40.5 

36.3 
75.5 
96.4 
72.3 

52.4 

104.7 
109.9 

Aps • Amb~osia psilostachya 
Vba - Vernonia Baldwinii 

* Leaflet 
** Past maturity 

June, 1961 
30.0 6.5 
43.0 2.1 
32.0 9.8 
38,7 8.0 

July, 
52.0 
57 .o 
71.0 
44.0 

August, 1961 

8.4 
2.3 
9.0 
7.4 

59.0 6.3 

76.0 8.8 
73.5 6.2 

June, 1962 
21.6 4.6 
51,4 3.2 
32.3 5.8 
27.3 4.9 

July, 1962 
28.0 6.5 
56.8 3.2 
75.2 9.3 
53.0 9.9 

August, 1962 
36.0 6.3 

., ...... 
83,9 11.7 
71.9 8.3 

31.0 
5,0* 

32.3 
12.7 

36.0 
5.3* 

27 •. o 
12.7 

38.1 

30.8 
6.0 

24.4 
30.5 
20.0 
7.2 

37.5 
35.8 
36.7 
12.3 

Pte - Psoralea tenuiflora 
Sa? - Salvia azurea 

13 
Indef. 

20 
40 

27 
Indef. 

46 
46 

72 
... .,.. 
46 
58 

12 
. .Inde.f. 

18 
27 

78 
In:def. 

59 
111. 

120 

89 
· 84 
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Max. Height Avg. Height Leaf Length. Leaf Width No. Leaves 
Speoies cm cm cm nun 

Study Area 2 - Excellent 
Ji,m,e, 1961 

Aps 27.3 20.3 7.0 32.3 15 
Aer; . 36.0 28.5 2.7 2.0 41 
Keu 45.0 38,0 4.3 14.5 26 
Gdr 41. 7 27.3 3.0 4,0 40 

July, 1961 
Aps 40.7 31.0 5.1 22.7 30 
Aer 39.0 30.0 2.3 2.0 743 
Keu 5LO 34,5 5.0 15.3 37 
Gdr 48.0 34.0 3.8 3.9 86 

August, 1961 
Aps 49.7 37. 3 5.8 33.3 59 
Aer 54.0 28.8 1,7 2.2 Indef. 
Keu 67,8 49.7 3.7 12.8 110 
Gdr 74.0 41.3 2.8 1.5 1200 

June, 1962 
Aps 36.2 23.5 5.7 30~4 15 
Aer 46.4 33.4 3.0 2.4. Indef. 
Keu 46.0 35.1 3.7 11.6 32 
Gdr 34, l 22.7 2.7 3.2 25 

. July, 1962 
Aps 50.6 37.3 6.1 30.4 36 
Aer 52.7 36.4 2.0 2.3 Indef. 
Keu 62.1 43.7 5.0 15.1 47 
Gdr 54.0 41.5 3.5 2.5 131 

August, 1962 
Aps 58.3 · 42 .2 6.5 31. 7 98 
Aer 57.4 40.6 3.1 2.7 Indef. 
Keu 65.5 52.3 4.9 19.2 127 
Gdr 70.4 50.7 3.8 2.9 Indef. 

Study Area 3 - Cemetery 
June, 1961 

Smi 35.6 27.3 7.9 10.0 27 
Cgr 44.0 32.3 7.2 13.0 10 
Aer 29.0 23.5 2.6 2.0 480 
Eco 85.0 54.6 3.0 11.5 74 
Ala 46.5 41,3 4,3 9.5 17 

Aer - Aster ericoides Ke1,1 • Kuhnia eupatorioides 
Gdr - Gutierre:iia dracunculoioe~ Smi - Solidago missouriensis 
Cgr ~ Coieopsis grandifl6ra 

.• 

Eco .. Euphorbia coroll.ata 
Ala - Achillea lariulosa · 
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Max • Height Avg. Height Leaf Length Leaf Wiath Ne, Leaves 
S!ecies 

. , 
cm cm cm nnn 

· I I 

Study Area 3 - Cemetery (Cent.) 
July, 1961 

S~i 5'8.5 37.0 7.5 10.5 30 
Cgr 4;2.0 33.0 4. l 20.5 15 
Aer 34.0 23.6 2.0 2.0 .520 
Eco 93.0 n.o 2.8 5.3 s-6 
Ala s,o.o 44.0 3.6 10.7 21 .· 

August, 1961 
Sm;i. 7'2. 5 57.5 7.0 7.6 48 
Cgr 40.0 34.0 s.o 40.0 28 
Aer 40.0 30.6 3.0 2.0. Indef. 
Eco 101.5 76.0 2.6 7.3 48 
Ala 51.6 44.0 ... --* ---* ---* 

J1,1ne, 1962 
Smi 33.0 22.5 7.4 8.5 J.5 -

Cgr 36.8 24.3 5.0 33.8 18 
Aer Z7.0 18.6 2.7 2.6 Inde.f. 
Eco 6.5.4 41.6 3.1 7.6 60 
Ala 40.9 13.1 11.8 13.2 4 

July, 1962 
Sm;i. 49.1 26,2 5.1 8.5 23 
Cgr 40.2 27.4 6.3 33.8 27 
Aer 31.2 20.8 2.8 2.5 Indef. 
Eco 75.3 57.5 3.4 6.8 60 
Ala . 40. 7 15.8 13.5 19.2 6' 

August, 1962 
Smi 57.8 31.3 7.2 10.5 29 
Cgr 42.8 28.4 5.2 34.0 35 
Aer 43.2 27.9 2.5 2.3 Indef. 
Eco 87.2 70.3 3.3 8.1 62 
Ala 41.4 17.6 14.2 16.0 5 

Study Area 4 - High Good 
Jun.e, 1961 

,Aps 30.7 22.s 6,6 40.8 16 
Rhu 23,0 16.5 4.0 13.5 25 
Vba 60.5 40.3 8.2 24.3 30 
Gdr 33.0 23.5 3,5 3.7 36 
Aer .36.5 27.3 3.0 2.3 Indef • 

Rhu .. RueUia humi lis 

* Leaves gone 
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Max. Height ,Avg,; Hei$hf Leaf Length Leaf Widfh No. Leaves 
Species cm ·~ cm mm 

.Aps 
Rhu 
V~a 
Gdr 
Aer 

Aps 
Rhu 
Vba. 
Gdr 
Aer 

Aps 
. Rhu 

Vba 
Gd?; 
Aer 

Aps 
Rhu 
Vba 
Gdr 
Aer 

Aps 
Rhu 
Vba 
Gdr 
Aer 

Aps 
Vba 
Alu 
Saz 
Pte 

~: 
Alu 
Saz 
Pte 

iii" 

·43.3 
24,0 
92.0 
48.3 
47. 7 

48.3 
26.3 
98.5 
66.0 
50.0 

31,4 
15.s 
67.1 
39.7 
34.6 

41.6 
21.1 
19.5 
56.4 
40.9 

49,5 
22.s 
86.6 
76.6 
46.7 

42.3 
s:2.8 
51.6 
31.0 
64.2 

54.6 
106.0 
61.0 
52,0 
73. 7 

S,tudy Area 4 ., Hi:gh Good (Cont.) 
July, 1961 

34.3 5.7 
20,3 4.6 
so.o 6.7 
34.5 3.5 
32.5 4.0 

August, 1961 
38.6 6.3 
19.5 4.0 
60.0 9.0 
s1.o 3.o 
40.0 2,1 

i J"1ne, 1962 
19~8 5.7 
9.2 3.7 

42.3 7.4 
26.4 4.5 
22.2 2.4 

July,_ 1962 
31.7 5.0 
13~0 4.Q 
58.6 8,6 
37.5 3.6 
26.1 2.5 

August, 1962 
38.Q 5.9 
13.9 3.3 
67.l 7,8 
49.3 4.2 
33.2 3.2 

Study Area 5 - Low Geod 
June, 1961 

33.2 6,1 
48.0 6.5 
42.3 5,1 
20.2 5.8 
45.6 3.0 

July, 1961 
40.4 8.0 
56.5 7.3 
46.0 s.s 
33.7 6,8 
53.0 2.0 

Alu - Artemisia ludeviciana 

29,0 
13,0 
26.3 
4,0 
3.Q 

33.3 
18.6 
36.3 
. 3.0 
·2.0 

26.2 
12.s 
2;2. 7 
4. 7 
2.3 

25.6 
12.0 
29.6 
3.1 
2.3 

31.6 
9.6 

31.6 
3.3 
2.5 

23.3 
21.0 
20,0 
10.6 
4.8 

38.0 
27,5 
26.3 
11.5 
5.7 

28 
29 
41 

100 
Indef. 

69 
20 
43 

(mo 
Incl'ef. 

14 
12 
30 
3.9 

Indef. 

30 
15 
41 

131 
Inc;lef. 

68 
. 18 
45 

750 
Inc;lef. 

·18 
30 
50 
40 

Inl;ief. 

35 
42" 

168 
54 

574 
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Max. Height Avg. Height Leaf Length Leaf Width No •. te·ave$ 
Specie~ . cm cm ~m mm 

Study Area 5 - Low Good (Cont.) 
August, i961 

Aps 64.0 45.0 6.3 26.3 136 
Vba 111.5 67.5 7.7 22.3 54 
Alu 75.o 52.5 6.3 26.0 Inde.f. 
Saz 55.0 38.3 6,3 14.8 76 
Pte 65.3 56.0 2.4 31.6 Indef. 

June, 1962 
Aps 31.9 19.9 5.0 22.4 16 
Vba 86.4 43.9 7.8 26.9 38 
Alu 52.2 34.4 6.0 33.4 49 
Saz 33.2 23.9 4. 7 10.0 29 
Pte 57.2 4Z.6 3.1 32.6 lndef. 

July, 1962 
Aps 40.7 27.4 6.8 35.2 45 
Vba 98.6 63.1 8.4 . 32, 2 60 
Alu 62.0 48.8 6.0 48.8 230 
Saz 54.6 37 .o 6.1 10.3 39 
Pte 62.8 50.4 2.1 27.7 Indef. 

August, 1962 
Aps 52.9 40.9 6.6 37.2 101 
Vqa 105.1 73.4 9.9 33.Q 64 
Alu 66.l 51,5 6.0 36.0 Indef. 
Saz 63. 7 43.8 7.1 10.3 49 
Pte'>'r ..... --- -~~ ...... 

Study A~ea 6 - Poor 
June, 1961 

Aps 33.0 26.0 7.0 38.0 19 
Alu 43.6 35.6 5.6 33.5 50 
Vba 62.6 47.3 5.0 20.0 40 
Saz 37,0 23.6 6,0 11.0 34 

July, 1961 
Aps 45.0 33.0 8,0 40,8 22 
Alu 57.0 36.2 6.2 35,0 67 
Vba 91.0 55.7 8.0 24.7 42 
Saz 63.0 33,0 7.0 7.4 45 

August, 1961 
Aps 64.6 50.0 6.0 28.3 113 
Alu 64.0 47.0 5.0 24~6 Indef. 
Vba 112.3 80.0 10.0 21.5 49 
Saz 103.0 53,0 5.4 7,3 70 

* Past maturity 
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Ma~. Height Avg. Height Leaf Length .· Leaf Width No. Leave-$ 
s;eec;i.es cm cm cm mm 
·. I I 

Study Area 6 - Poor (C<mt.) 
June, 1962 

Aps 30.7 21.0 5,4 23.Q 23 
Alu 47.5 31.3 6.1 37.6 24 
Vba 80,0 44.7 8.3 22.7 34 
Saz 37 .o 28.3 4.2 8,8 29 
Aer 36.9 17.9 5.t 3.5 Indef. 
Keu 59.8 31.1 3.4 11.0 46 

July, 1962 
Aps 34.0 27 .4 7,4 38.8 68 
Alu 53.5 36.l 5.8 27,6 Indef. 
Vba 89.7 64.9 8.9 29.5 62 
Saz 50.2 35.2 7.8 8.2 46 
Aer 39.8 27.2 3.8 2.9 Indef. 
Keu 69,3 53.0 4.8 16.0 Indef. 

August, 1962 
Aps 44.2 35.2 6.0 30.4 85 
Alu '61. 3 44,5 5.7 20.0 Indef. 
Vba 95.9 67.0 11.0 39.4 73 
Saz 86.4 · 51.5 7.4 11.1 64 
Aer 45.9 33.0 2.5 2.3 Indef. 
Keu 83.6 60.0 3.6 11.6 Indef •• 

Study Area 7 - Claypan 
June, . 1961 

Aps 31.0 22.0 7 .4 39.6 15 
Lpu 36.0 25.0 3.6 2.0 99 
Ala 34.6 26.3 3,0 5.5 16 
Aer ~1.0 19.8 2.0 2.0 480 

July, 1961 
Aps :31.4 22.7 7.5 40.0 46 
Lpu 52.0 32.4 4.7 2.4 124 
Ala 39.7 28.0 2.7 6.2 22 
Aer 41.4 22.0 2.2 2.2 520 

August, 1961 
Aps 34.0 27,0 6.0 31.0 ·85 
Lpu 60.0 41.0 7,0 3.0 137 
Ala 40,0 29.0 .. - .. '>\' ....... * .... -'ff 
Aer 40.5 32.3 1.5 2.0 Indef. 

Lpu - Liatris punctata 

* Leaves gone 



83 

Max~ Height Avg. Height; Lea£ Lensth . Leaf Width No, Leaves 
s:eecies cm Grti cm mm 

'' ; .: .. 
St:udy area .7 .. Claypan (Cont,) 

June, 1962 
Ap13 24.9 18.6 s.o 21.4 14 
Lpu 34.8 24.9 5.4 2.3 101 
Ala 22 .1 · 9.0 5.9 9.3 4 
Aer 36.7 22.7 3.3 2.8 Inc!ef. 
Gdr 30,5 20~8 2.1 3.4 4l 

July, 1962 
Ap::; J6.3 27.1 5.a 28.2 31 
Lpu 54,0 36,2 4.8 2.2 ll9 
Ala 38.5 11, 7 10,4 13,3 5 
Aer: 46,l 31.2 2,4 2.2 Indef, 
t;;dr 50,0 35.4 3.4 2.6 220 

August, 1962 
Ap::; 45.3 35.7 6.0 31.0 78 
Lpu 63,1 45.1 5.1 1.8 160 
Ala 36.4 1,5.q 11.4 11.8 5 
Aer 51,0 38.4 2.2 2.0 !nde:e. 
Gd,:- 57.8 45.8 3,3 2.7 Ind~(. 
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