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This ecological and taxonomie study was made to obtaia 
infrrnation relative to the root habits and. vegetative char- 
aoteristic of certain bent grasses in the Pacific i'Torthwest. 

The bent grasses of economic importance in western Ore- 
gon were selected. for study in this project. Those stiidied 
were, Seaaide bent (ros pustr), Colonial bent 

tenuis) , astoria bent teniis var astocictna) , 

land bent ( tenuis ore'onensis), I1vet bent (. canina), 
Reito2 Spiie Reato5 (. at). 

An ecological study was nade of the root development at 
various stages of growth on Wilianiette clay loam soil. The 

root relations of the selected bent grasses were studied at 
the following periods or stages of growth: germination, first 
foliate leaf stage (3 weeks), second to third foliate leaf 
stage (a weeks), fourth foliate leaf stage (9 weeks), fifth 
to sixth foliate leaf stage (13 weeks), 36 week period, and 
after 75 weeks of growth... 

After considerable experimentation the writer developed 
and adopted the steel cylinder method of root study. Steel 
cylinders were constructed varying in size from six to thirty 
inches in diameter, and from six to forty-eight inches in 
length With advanced stages of plant growth the correspond- 
ingly larger cylinders were used The cylinder was placed 
over the selected plant and then by digging about the cylin- 
der and carefully slipping it dov'm, the soil column and plant 
were finally encased.. Next the steel cylinder containing the 
soil column and selected plant was hoisted from the hole and 
placed in a wooden tank. If the soil. was dry, the column vas 
allowed to soak fror six to tv:entyfour hours before the 
cylinder was raised to a three degfee angle and the clams 
removed. The soiL was carefully washd . from the lov'er hon zon 
upward, until all o the soil was washed away leaving tiie 
entire root system matted in the bottoni Of the cylinder.. 
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The mat of roots was then suspended in a tank of water and. 
individual plants were carefully untangled and. separated. 
The roots were then transferred to a shallow wooden tank coated 
with black laccjuer paint inside, and having a metric scale 
printed on the bottom. The roots were arranged and floated 
to their natural position. ihen the roots were in position, 
they were measured. and charted to scale on coordinate drawing 
paper and. photorapied by focusing a camera downward from 
directly above the root system in the black floating-tank. 

re consecutive periods of root study at the various stages 
of growth revealed that the root systems of the respective bent 
grasses became well established. during the first few months of 
develordent. In general characteristics and. manner and direc- 
tion of growth the root systems of all the grasses were very 
similar in the early stages in vigor and depth of jenetration. 
At later stage they differed mainly in their vegetative means 
of reproduction. The vegstative cover per unit of area and the 
lateral extent of the roots was greatest in the species possess- 
ing vegetative means of spreadng. 

The main zone of root concentration in all the observed 
species was in the upper 12 to 15 inches of the soil profile. 
Such grasses are highly compatible in grass :ixtures with 
legumes and deeply rooted. bunch grasses. 

In zones of compaction i.e. tillage pan, the roots tended. 
to be twisted and. crooked with an enlared. root cap. If the 
compaction was too intense, the roots did not penetrate through 
the zone. The roots grew vigorously and. branched. profusely 
with an increased. number of roots of the first order per linear 
inch in the subìorizons having a high percentage of availabis 
phosphorus and. other nutrients. Root development was least 
in a zone of low 1i1osihorus content. 

The intense taxonomie study made in this investigation, 
describes and. illustrates the vegetative and. inflorescence 
characteristics of each species. ach species was studied in 
d.etail as to the taxonomic relations of the culai, sheath, blade, 
ligule, caryopsis, inflorescence, spikelet, glumes, florets, and. 

the vegetative means of reproduction. 

In the identification of these closely related. species and 
strains of bent grasses it was found that a combination of dis- 
tinguishing factors was required. The outstanding characteristics 
found for field identification of these species were the ligule, 
blade, vegetative ueans of reproduction, and. the manner and. form 
of growth of the culm and inflorescence. In the laboratory, the 

contrasting characteristics of the lemma, palea, caryojDsis, and 
the callus were used in identifying the seed of the closely rda- 
ted species and varieties of bent grasses. Since several of these 
grasses hae a strong market demand, and. since each has its own 
field of use, positive identification in the field. and laboratory 
is very important in certification procedure. 
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AN ECOLOGICAL AND TAXONOMIC STUDY 
OF THE ROOT DEVELQMENT AND THE VEGETAT IVE CHARACTERS 

OF CERTAIN ECONOMIC BENT GSSLS, ÀRCSTL3 SPECIES 

INTRODUCT ION 

mis investigation is a study of both the root 

relations and the above-ground vegetative charact3rs of 

certain bent grasses of the genera Arostideae as they 

occur in western Oregon. 

A knowledge of both the below-ground and the over- 

ground parts o a plant is necessary for a thorough 

understanding of that plant as to it identification1 

responses, and xroper economic uses.. For many seasons, 

investigators have consistently observed thht plant 

competition first takes place between root systems and 

that the development and. characteristics of the vegeta- 

tive growth above-ground is closely related to and. 

affected by the nature' extent, vigor and distribution 

of the root systems. The plant as a whole is a biological 

unit, and a study of the above-ground parts alone will 

not provide the worker with a clear conception of the 

plants behavior or possibilities. 

Investigators have dealt mainly with the Lore con- 

spicuous above-ground plant parts and consequently the 

less accessible below-ground parts have received less 
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attention. The knowiede of root systems has been 

rather meager and. inaccurate for many decades, and even 

today the information is still inadequate. 

Previous to this experiment, no root investigations 

have been made upon these specific 'cent grasses in the 

Pacific Northwest. These bent grasses are of economic 

importance in western Oregon (Plate I) where most of 

the certified and. other fine bent grass seed produced 

and used in the United States is grown. Information 

regarding the vegetative characters and root develop- 

ment of these bent grasses is necessary for their iden- 

tification. The knowledge is even ì[Iore valuable in 

adapting them to their proper uses for tarf, forage, 

and soil conservation purposes in the northwest and 

other sections of the United States. 

ECONOìIC LiFORTANCE AND USE OF iOOT DEVELOPMENT DATA 

A knowledge of root relations is of practical and 

scientific value to the agronomist, botanist, forester, 

conservationist, farmer, or any individual associated with 

problems of economic lant production. 

Many problems in range management and improvement 

may be solved by a knowledge of root relations. Root 

habits are related to and. associated. with the basis of 

land. classification for agricultural, forestry, and 
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grazing purposes, because root deeloprnent is influenced 

by climatic, moisture, and soil relations. The estab- 

lishment and maintenance of vegetative cover under range 

conditions depends upon the root characters of the plants 

used. 

To the forester, a thorough knowledge of root rela- 

tians is of significance in the selection of sites for 

afforestation and reforestation. Douglas fir and Pon- 

derosa pine, for exanple, because of early germination 

and immediate deep rooting during the early part of the 

season, are able to establish themselves on dry, warm 

slopes where shallow-rooted and slower growing trees, 

such as spruce and hemlock may fail. 

The experienced tiller of the soil knows of the 

relation of the various methods of cultivation to root 

development. A practical knowledge of root character- 

istics would possibly lead to increased jields by 

effecting changes in depth of plowing, preparation of 

seedbed, time and rate of seeding, and the manner of 

subsequent cultivations. 

Crop rotation jraotices should be planned with 

special attention to root relations. For example, it is 

practical to rotate shallow, densely-rooted crops with 

plants having deep, spreading root systems thereby 

improving soil fertility, structure, and aeration. 



The question of what grasses to include in a mix- 

ture for a pasture on logged-off and. burned-over land 

is of major importance in western Oregon The compat- 

ibility of plants in a mixture is closely related to the 

character and extent of the root systems. Sod-forming 

grasses or grasses that spread vegetatively by rhizomes 

and stolons appear to be superior to other grasses in 

establishing cover on the mountain logged-off range 

areas of western Oregon. 

In selecting the proper grasses to grow on level 

surfaces and for checking drifting soils and sand, for 

controlling all types of erosion, the soil conserva- 

tionist demands grasses vjlth a root system that will 

bind the soil. The erosion specialist is interested 

in grasses that are highly productive of organic 

matter in the form of root and residues. 

A knowledge of root systems is of paramount impor- 

tance in the application of fertilizers. There is a 

salient need for increased study of the response of 

native plants to nutrients and of the time of greatest 

nutrient absorption as related to time, depth, rate, and 

manner of fertilizer application. 



In the selection and introduction of winter hardy 

and drouth-resistänt plants, the plant breeder is con- 

cerned in part with the root characteristics. Root 

structure and di3tribution may serve as a criterion in 

exemDlifing why some plants are niore resistant than 

others to injury from drought, heaving, trampling, 

temperature, and to certain diseases and insects. 

REVIEW OF LITERTURE RELJrIN TO ROOT DEVELOPMENT 
AND VEG-ETiTIVE STUDIES 

Weaver (68) states that the general root charac- 

teristics are as distinctive and marked as the aerial 

vegetative parts; although the characteristics may be 

greatly modified when subjected to different enviDn- 

mental conditions, the species will retain the charac- 

teristics ecu1iar to the plant in its normal habitat. 

Investigators of various regions with decidedly different 

climatic and soil conditions report root characteristics 

that vary considerably from other investigations for the 

respective species. 

Durñ the last three decades, root investigations 

have attracted. scientific and practical interest. 
Since 

1880, studies have been made as to the general distribu 

tion of the roots of cultivated and native crops, and 

the perfecting of root study methods and technique, by 
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the following workers: Goff (13) and Beckwith (3), 

1883 to 1888; Hays (17), 1883 to 1894; King (30), 1893 

to 1894 ' ; Headden (19), 1896; Georeson and Payne (11), 

1897; Ten Eyck (56), 1899, 1900 to Ï9O4; Cottreil (7), 

1902; Sheppard (53), 1905; Shuize (51), 1906;. Rotmistrov 

(45), 1907 to 1909; Miller (37), 1916; Weaver (67), 1915 

to 1924; Collings and Warner (6), 1927; Lee (34), 1926; 

Amy and Johnson (2), 1928; Gursky (15), 1928 to 1929; 

Krassovsky (32), 1929; Roxas and Vi11an (47), 1950; 

Laird (33), 1930; Farris (9), 1934; West (78), 1934; 

Sperry (54), 1935, and Iviaximow and Kruzilin (36) in 1936. 

In general, the investigations of the distribution 
of root systems in the soil have been undertaken to study 

the relation of the roots to the water supply of the soil 
and to determine the effect of cultivation upon the roots. 

Kiesselbacli and Lyness (29) of the University of 

Nebraska have completed some of the riost recent work 

relative to the effects of cu1tivationurcots. In the 

cultivation of corn they found that considerable range 

in cultivation may be practiced without affecting the 

yield. During an eleven-year period, shallow, medium, 

deep and close cultivation yielded respectively 32.9, 

34.0, 35.2 and 34.5 bushels per acre. The shallow cultiv- 
ation was 4 inches in depth and 9 inches from the plant. 

Deep cultivation was 6 inches in depth and 9 inches from 
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the plant, and doce cultivation was 5 inches deep and 

7 inches from the plant. Pruning the roots 6 inches in 

death and 7 inches from the plant reduced the grain 

yield 12 per cent, and pruning the roots at a distance 

of 4 inches from the plant and 6 inches deep lowered the 

yield 20 per cent. 

Through numerous observations of root systems in 

Nebraska, South Dakota, Kansas and Colorado, eaver (68) 

concludes that the longest and most deeply penetrating 

roots are found where there is considerable rainfall, 

and on a deep soil type that has a relatively low water 

table and permeable soil structure and texture, allow- 

ing excellent absorption 0±' moisture.. ihe working or 

average depth to which most of the roots penetrdte is 

of more importance than the maximum penetration, accord- 

ing to Weavers 

Cannon (5) studied the root systems of 50 or more 

annuals and perennials growing on the desert in Arizona. 

His investigations showed that the annuals rarely pene- 

trated. the soil more than 6 to 8 inches, and that the 

greatest root development was in the upper 2 to 3 inches. 

Cannon observed that the depth óf penetration depended 

upon the depth to which the rains moistened the soil. 



The amount of rainfall and thickness of stand are 

two factors determining the lateral extent, according 

to Miller (33). The less the rainfall, the greater is 

the lateral extent of the roots. A Plant growing free 

of competition will extend its root farther laterally 

than one that is closely surrounded by plants, 

The depth to which the roots of plants absorb water 

and nutrients is a somewhat controversial matter. Recent 

work has led. investigators to doubt the accuracy of 

statements that are found in earlier literature concerP- 

ing the depth to which plants absorb moisture and nutri- 

ents Russel (48) states that "only the upper 6 or 8 

inches of the soil is suited to lant life and the sub- 

soil plays only an indirect part in plant nutrition.)t 

Miller found, in growing corn and sorghurns on f all- 

irrigated land under seasonal conditions in which rain- 

fall penetrated the surface mulch little or not all, 

that tie moisture content of the soil became depleted 

as the roots penetrated downward.. de stated that the 

roots had drawn heavily on tue tOistuie supply to a 

dept of 6 feet. Crist and Weaver (8) found that barley 

plants absorbed nutrients in large amounts at every 

level. They found that the absorption of nutrients at 

levels below the surface foot materially affects Zhe 

quantity and quality of the yield and the additive 
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effect of a nutrient salt in the lower levels is not 

lost, even when the surface foot is abundantly supplied 

vith the same nutrients. Kiesselbach, Anderson and 

Russel (23) in Nebraska, found that alfalfa depleted the 

moisture to a depth of 25 feet, and that the restoration 

of this moisture in the subsoil is practically impossible 

except under very favorable conditions. In a recent 

root study Aldrich, Work, and Lewis (1) report that pear 

trees extract approximately 34 per cent of their moisture 

from the top foot of the soil, 28 per cent from the 

second foot and 22 per cent from the third foot or 84 

per cent of the total moisture used comes from the upper 

3 feet of soil. 

The rate of root growth is correlated with the 

environment. The rate of root elongation exceeds one- 

half îflch per day in many grasses. Weaver (71) states 

that the roots of the primary system of wheat have been 

found to grow at this rate for a period of 70 days. l-le 

also observed that the main vertical roots of corn some- 

times penetrate at the remarkable rate of 2 to 2.5 inches 

per day during a period of 3 to 4 weeks. Jiinman (31) 

found that the axium penetration of the plum, peach, 

and apricot for a period of 2 weeks was 3.2, 3.4, and 4.5 

feet respectively. 1-leinicke (20) reported that the amount 
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of growth of the roots of apples is relatively small 

during the dormant season compared to the several weelcs 

preceding leaf fall. 

The reaction of roots to varying amounts of mois- 

turc has been studied from three viewpoints: (A) direc- 

tion of root growth, (B) lateral extent and depth of 

penetration, and (C) relative weight of roots and tops. 

Roots respond to moisture changes and tend to be posi- 

tive in their reaction as they turn from a lower to a 

higher moisture content. Hooker (24) noted positive 

hydrotropic reactions of roots of Lupinus albus under 

moist conditions (O to 100 per cent saturation). The 

roots of most plants will not penetrate a layer of dry 

soil in order to reach a supply of moisture. Shantz 

(52) states that ordinary farm crops will not penetrate 

much beyond the length of the root cap in a soil reduced 

to the wilting coefficient.- 

The relative weight of roots to tops in relation to 

moisture was observed by Tucker and von Seelhorst (62) 

in a study of oats on soils of varying moisture-holding 

capacities. They found that the weight of the aerial 

parts increased in both grain and straw with the rising 

water content of the soil. Kiesselbacli (27) concluded 

from studies with corn on soil of varying percentages of 

moisture that the root development varies inversely as 
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the soil-water content, and that plants which have their 

early growth in a relatively dry soil may be able to 

withstand drought better on account of having a greater 

surface exposed to the soil particles. Root development 

is limited when the soil is water-logged 

Many investigators have studied the effects of the 

idnd and amount of nutrients upon the relative weight of 

roots and tops, the direction of root penetration, and 

the number of roots. Von Seelhorst (64) in experiments 

detenining the effect of fertilizers on the nurither of 

roots of spring wheat, rye, peas, flax7 beans, beets, 

potatoes, and barley, noted that the nunber of roots 

increased as a result of ferti1ization Sayre (49) 

observed that the roots of beans, cabbage, and tomatoes 

coming in contact with fertilizers developed an unusual 

number of fine fibrous roots. Weaver, Jean, and Grist 

(70) investigating the absorption of nitrates by roots 

found that where roots come in contact with a fertilized 

layer of soil, the roots develop much more abundantly, 

and branch profusely. They observed that such a fertil- 

ized layer retarded normal penetration into the soil 

below. The application of fertilizers increases the 

weight of roots but the weight of tops generally increases 

more under such conditions, hence the ratio of the dry 
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weight of tops to the dry weight of roots is generally 

higher in a fertile than in an infertile soil. Turner 

(63) found an increased ratio of tops to roots in barley 

and corn as the nitrate concentration of the solution 

was increased. 

In relation to the oxygen sup4y and root growths 

ihil1er (3e) states that aeration of the soil is benefi- 

ojal to the plants in an indirect way, since an adequate 

supply of oxygen is necessary for proper functioning 

of the bacteria that transform the various materials 

of the soil into a form in which they can be absorbed 

and utilized by the plants. lie states that the main 

benefits derived from cultivation are (A) conservation 

of oisture by increasing its reception and retention, 

(B) eradication of weeds, (C) the correction of the 

physical structure of the soil, and (D) the adequate 

aeration of the soil. 

In reviewing the literature pertaining to vegetative 

studies of grasses, one finds several contributions of 

importance during recent years. Hitchcock (23) has 

identified and illustrated th vegetative characteristics 

of grasses in Montana in his recent p tiblication. Keim, 

Beadle, and. Frolick (26) present a vegetative key rj the 

prairie hay grasses of Nebraska in their bulletin. In 
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eastern Canadas Nowosad, Swales, and Dore (42) identified 

and keyed certain native and. pasture grasses. Hitchcock 

(22) identified and. classified. the grasses of the United 

States in his manual of the grasses. Other agrostologists 

have vegetatively keyed and identified the grasses peon- 

liar to their regions. 

THE INVESTIGATION 

This ecological and taxonomic study was made to 

obtain information about the root habits and vegeta- 

tive characterisLics of the economic bent grasses. Such 

information is of salient value, because practically 

nothing is Iiown of tue root relations of the grasses 

studied The study of the vegetative characters will 

be a guide to the identification of these closely 

related species. 

The root relation and vegetative character inves- 

tigation was established in the fall of 1937. The bent 

grasses of importance in western Oregon are included 

in the project. The bent grasses studied in this exper- 

iment are Astoria bent (grostis tenuis var. to'na, 

a creeping foxn of Colonial bent; Seaside bent, (rostt& 

ustrs, a genuine creeping bent; ]ighland bent 

(r2is tenuis var. oneisis) another creeping 
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forni of Colonial bent; Colonial bent, (rostis tenuis) 

a non-creeping form of bent grass; Red top (Agrostis 

alba) and Spike red top (rostis exata). 

This investigation does not complete the study of 

root development o± the bent grasses. The author fully 

realizesthat it is only a part of the many studies that 

can be made and hopes that it may point the way to fur- 

ther research. The investigator suggests that subsequent 

studies on root development and responses of these 

grasses b made on various SOLi types, and in relation 

to depth and rate of fertilizer applications, time and 

rate of seeding, and. under such cu1tural effects as 

cultivation, clipping, burning, pasturing, and irrigation. 

CLIMATI O FACTORS DURIi PERIOD OF STUDY 

The development and responses of vegetation are 

affected by climatic factors. The following weather data 

are of significant interest and. are necessarily a part 

of the record. 

Table Ipresents the temperature and rainfall data 

during the period that the various stages of growth of 

the bent grasses were observed. In October, 1937, when 

the grass plots iere planted, the rainfall was only 

0.32 inches below the normal mean, although during 



Table I 
*Ternperature and Rainfall Conditions During Period of Study 

(October 193? - April 1939) 

Month 
Min. 

Temperature 

Max. 
Current 
Mean 

. 

Normal 
Mean 

Rainfall 

Current Normal 
Remarks 

193? 
October 3? 79 58.6 53.3 2.59 2.91 Orass plots planted Oct.25 

First frost November 30. 
November 30 65 49.4 45,3 9.'?l 6.92 Excessive rainfall. 

Eight days 32° F. or less. 
December 29 60 43.4 40.5 11.17 6.63 Excessive rainfall. 

1938 
Jañy 27 55 40.9 39.2 4.03 6.54 

February 27 64 43.4 42.1 6.33 5.32 

March 30 70 46.8 45.9 7.42 4.19 

April 32 7? 53.6 50.6 1.51 2.43 

May 36 91 58,9 55.5 .64 1.69 

June 39 93 64.2 60.8 .08 1.15 

July 45 104 70.4 65.9 .17 .33 

August 44 89 65.4 66.1 Tr. .45 

First killing frost, li 
days 320 F. or lees. 

4 days with temperature Òf 
320 F. or less. 

3 days with temperature of 
320 F. or less. 

2 days with temperature of 
320 F. or less. 

Rainfall below normal. 
High wind velocity. 

Temp. exceeded 93° F. 10 
consecutive days, Max. 
temp. 104e F., July 21. 

Rainfall below normal. 

* U. 5. Dept. Agr. Weather Bureau. Climatological Data, Oregon Section. 



Table I (Con.) 
*Temperature and Rainfall Conditions During Period of $tudy 

(October 1937 - April 1939) 

- Temperature Rainfall 
Month Current Normal Remarks 

Min. Max. Mean Mean Current Normal 

September 45 91 66.4 60.7 1.35 .99 

October 34 79 55.2 53.4 2.92 2.9]. 

November 23 57 43.4 41.5 4.1.0 6.92 

December 

1939 
January 

February 

March 

21 63 43.2 40.5 3.49 6.63 

First killing frost 
Nov. 12. 10 days with 
temp. of 32° F. ories 

11 days with temp.of 
320 For less. 

29 57 42.9 39.3 3.92 6.54 

27 55 40.8 42.0 3.60 5.02 Last killing frost b;2ø 

30 75 48.9 46.0 2.44 4.19 

* U. 8. Dept. Agr. Weather Bureau, Climatological Data, Oregon Section. 

H 
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November and December the rainfall was excessive. The 

current mean rainfall was 2.79 and 4.54 inches above 

the normal mean in November and Decenber, respectively. 

However, it is of significance to note that the current 

rainfall mean for every aonth from April, 1938, to March, 

1939, is below the normal mean, with the exception of 

October. 

The drought period of the spring and summer seasons 

of 1938 undoubtedly affected the growth of the grasses 

studied. The rainfall during these consecutive droughty 

months of tile growing season was 3.65 inches below the 

normal rainfall. In a region of winter rainfall, this 

abnormality of rainfall during the crop growing season 

is especially important. The current rainfall from 

October, 1937, to April, 1939, (total period of study) 

was 65.47 inches, which was .29 inches below normal. 

The total current rainfall for the growing season of 

1938 (February 16 to November 11) was 24.52 inches, which 

was 3.76 inches below the normal rainfall. 

The first killing frost of the winter of 1937-38. 

was January 5, 1938. During November, December (1937) 

January, February, March, and April (1938) there were 

1, 9, 11, 4, 3, and 2 days, respectively, with tempera- 

tures of 32 degrees Fahrenheit or less. There were 
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eight consecutive days (January 3 to 10) with minimum 

tem±eratures of 31 degrees Fahrenheit or less. The 

last killing frost of the winter was February 16, 1938. 

The first killing frost of the second year of study 

occurred November 12, 1938. In November, Deceber (1938), 

January, February, and iiarch (1939) , the total number of 

days with temperatures of 32 degrees Fahrenheit or less 

were 10, 11, 8, 13, and 3, respectively. The last killing 

frost of the winter of 1938-39 was February 20, 1939. 

Twenty-eight degrees Fahrenheit was considered a killing 

frost. 

The sumer of 1938 was droughty and the wind velocity 

and current mean temperatures were above normal. The 

maximum temperature of the summer was 104 degrees Fahren- 

heit on July 21. From July 13 to ly 23 (10 days), the 

daily temperature exceeded 93 degrees Fahrenheit which 

is rather unusual in the 7il1aniette Valley. The current 

mean tenperature (Table I) was above the norxn1 mean tern- 

perature from October, 1937 (beginning of study) to 

arch, l9o9 (comletion of the study), with the exception 

of August (1938). The rainfall of the winter and spring 

months of 1938-39 was substantially below normal. 

The climatic factors of the period of study formed 

somewhat adverse groving conditions for the vegetation as 

compared with normal years. 
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PRIMENTAL PROCEDURE 

Selection of Soil Type 

ííl1arnette clay loam was selected as the soil type 

for the root study plots. This soil type represents one 

of the most extensive and best agricultirai soils of the 

old valley filling group 

A representative area of this soil trpe was selected 

for the grass plots on the Oregon State Agricultural 

Experiment Station at Granger in northern Benton County. 

This area of land had been in general farm crops until 

the spring season of 1932. The labd was then summer 

the fall planted 

to rye-grass plots. In the spring of 1936, the rye-grass 

plots were plowed and sowed to Proso :illet Winter 

peas and. barley were planted in the fall of 1936. The 

following spring (l937) the winter peas and barley were 

plowed under as a reen manure crop and the land was 

summer fallowed. until fall when the bent grass plots of 

this experiment were planted by H. H. Rampton. 

Soil Analysis Procedure 

A chemical and physical analysis was made of the 

soil type because the general behavior of roots in the 

soil as stated by iiller (38) is the resultant of the 
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influence of many factors, the uost important of which 

are moisture, nutrients, oxygen supply, teaperature, 

physical texture of the soil, light, and. gravity 

The soil structure was studied in detail by digging 

a trench and exposing the profile in entirety to a depth 

of five feet. Each horizon and subhorizon was closely 

observed in the structure study. Structure relati9n- 

ships, such as amount of non-capillary pore space, 

pressne of clay and. tillage pans arid resistance to 

pulverization were noted. The apparent specific gravity, 

porosity, noncapillary pore space and. capillary pore 

space was accurately determined cy the rim. method and 

analysis of uoisture relationships of field samples in 

the labortory. 

The soil texture and. colloidal content was determined 

by echanical analysis of each soil horizon using the 

methods developed by Bouyoucos (4). 

Walkley's (65) method was used in determining the 

organic matter content, and the available piosphoroLLs 

was determined by the ruog (61) method. 

The degree of acidity was obtained and checked by 

both the colorometric and glass electrode methods. 
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Seedbed Preparation

The green manure crop of winter peas and barley was

plowed under to a depth of seven inches in the spring of

1937 and then the land was continuously disced and har

rowed during the stammer to control the weeds. By fall,

the land was mellowed into an ideal condition. Since

the grass was fall planted, the soil was not packed very

firmly, but left loose and cloddy*

Plot Dimensions

The grass plots were planted in two types of ranges.

One range consisted of rows and the other of solid

rectangular blocks, with a total of thirty-eight plots

in each respective range. In the range with the plots in

row form, the rows were sixteen feet long and four feet

apart. The solid rectangular plots replicated in the

other range were five feet wide and sixteen feet long

with a distance of three feet between the plots. The

width of the alley between the ranges was five feet.

Seeding

The plantings were made October 25, 1957. The

following species and varieties were seeded at the rate

of 12 pounds per acre: Seaside bent, Colonial bent,

Astoria bent, Highland bent, Velvet bent, Redtop and

Spike Redtop. The seed was broadcasted by hand and



covered 1iht1y with a garden rake. 

Taxonomie Procedure: 

The points of separation used in identifying these 

bent grasses ar based on both vegetative and floral 

organs.. In the field detail observations were made on 

the form and manner of growth of the cuims, inflorescence, 

and .ueans of vegetative reproduction. The arrangement 

of the leaves in the bud-shoot, the vernation, was 

examined by a lens upon cutting the shoot across immedi- 

ately below the ligule of the outermost leaf. The sheath 

characteristics sucu as color, type of edges, venatlon, 

pubescence and others were observed. The collar being 

a raeristematic band or growth zone between the blade and 

the sheath was examined as to color, pubescence, size, 

and other factors. The ligule, a tongue-like outgrowth 

at the junction of the blade and sheath, clasping the 

culm or bud-shoot was closely noted. The length, texture, 

color, margins, and surface of the ligule was observed. 

The nature 0±' liules, if present, serves as one of the 

most useful cnaracters in the identification of grasses. 

The blade characteristics such as color, width,, length, 

shape, tip, margins, folding, pubescence, and form of 

growth from the cuim were noted. The characteristics 

of the inflorescence observed were color, size, form of 
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rowth and. the 1en?th and an1e 0±' branches from the 

rachis, In tue laboratory, the spikelet, glumes, floret, 

and caryopsis were studied in detail.. The outer 1umes 

were observed as to size, color, texture, and ubesoence. 

The shape, color, texture, and size of the fiorets were 

studied. Such characteristics of the lemma as shape, 

color, texture, margins, venation, and presence of awns 

were observed. The size, texture, shape, and apex 

characteristics were determined relative to the palca. 

The presence or absence and character of callus hairs 

and the size and shape of the callus were noted. The 

caryopsis was closely observed as to size, shape, color, 

and the size and shape of the embryo and hilum. 

In identifying closely related species and varieties 

of bent grasses, it is often necessary to use several 

or a combination of the vegetative and floral character- 

istics. Both the vegetative and floral organs of the 

bent grasses of this investigation are illustrated and 

described in tIis experimental results. 

ni1 and Method of Root Observation 

The literature.reveals that previous investigators 

in root studies have used several methods which have 

proven quite crude and unsatisfactory for this study. 

The method that one adopts is more or less correlated 
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with the soil typo, objectives, vegetation trpe, and funds 

aai1ab1e. The following list is a survey of previous 

methods used by early and contemporary root investigators: 

1. Direct Washing Method. 

One of the earliest methods of observing root 

development was by the simple method. of washing the root 

systems directly from the ground. Hale (16) as early as 

1727, made a study of the root systems of some crop plants 

by this crude method. Subsequent investigators did not 

use this exceedinLly long and awkward procedure. 

2. Trench-washing System 

The trench-washing systsm was developed by Schubart 

(50) in 1855. The method was used by Morrow and Hunt 

(40), Goff (13) and. other workers. The procedure consisted 

of digging a trench beside the 2iant or plants to he studi- 

ed, and then carefully washing out the root systems dir- 

ectly from a vertical wall. Through this procedure the 

investigator was able to determine the extent of penetra- 

tion and to obtain the bulk of the root system of soae 

economic agricultural plants. The Sehubart method is 

not adapted to a quantitative study of the root systems 

but does develop opjortunities for a study of the root 

reactions and qualities of the root systems 



3. Vlater Culture and Soil Containers Method 

The "Water Culture and Soil Containers Method" was 

used. by Nobbe (41) in studying the effects of different 

mineral salts upon the structure and deve1opiient of root 

systems.. 

Nobbe used large glass cylinders filled with soil 

mixtures to overcome the difficulty of observing the 

root systems grown in natural undisturbed soil. The 

seedlinwere grown in water cultures and then trams- 

planted to the cylinders at various stages of develop- 

ment.. The root systems were then liberated and observed 

by soaking in water and freeing them by hand. 

By using various types of soil containers and 

washing the roots with water or, by using water cultures, 

investigators have been able to obtain the whole root 

systems very easily without damage. Obviously this 

method is quick, easy and cheap, but the artificial 

observations are only of theoretical value, because the 

root development does not exemplify the normal extent, 

form, habits, and responses of plants when grown under 

natural conditions.. 

The "Water Culture and Soil Containers Methodt has 

been used by numerous men. Hoveler (25), and Frank (10) 

used vessels filled with various soils in studying peas, 
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beans, and corn. Tucker and von Seelhorst (62) observed 

the root developrent of oats grown in zinc cans contain- 

ing forty pounds of soil. Von Seelhorst and Frec1nann 

made an extensive study of the root systems of wheat, 

oats, and, barley grown entirely in pots. 

4. Hellriegelts Steel linder Method 

Heliriegel (21) in 1883 used steel cylinders to 

study root systems in the open fields. The cylinders 

were approximately 400 square centimeters in cross sec- 

tion and varied in length according to the depth of root 

penetration of the plant under study. 

The steel cylinder is driven into the ground and 

then the soil is removed froi around the cyiinder. The 

base of the soil colJiDn is then examined inside the cyl- 

Inder to note the number of root stubs present. Other 

workers have also used this method which is adaptable 

only to a study of depth of penetration and possibly 

lateral spread. 

5. Steel-frame Washing Method 

As describei by Pavlychenko (43) this nthod was 

devised by Hays (17). Steel frames are constructed of 

water pipe one inch in diaueter. At intervals of every 

two to three inches, wire netting was fastened across 

the frame to rovide support for the roots. The frame 

was then set in the ground and filled with sifted soil. 
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Corn was planted in the center of the frame structure. 

At various stases of growth, the fraues were excavated 

and the loose soil was carefully 'ashed av/ay. The root 

system was then observed as it w.s left hanging over 

the wire netting inside the steel frame. 

6. Soil-prism Washing Iethod 

iüngts (SO) method involves some of the principles 

of Hay's "Steel-frame ashing Method.tI The procedure 

differs in that the plants were established in undis- 

turbed soil and. grown under normal field conditions. 

At various stages of development, a prism one foot 

thick and as deep as the study required was dug, and rein- 

forced by a steel or wooden frame, similar to Hay's frame. 

The wire netting was stretched over the four vertical 

walls to keep the soil column from breaking. Thin rods 

were substituted for the wire netting 0± Hay's frame. 

The loOse surface soil was removed and replaced by plaster 
of Paris in order to fix the top growth in a permanent 

Position. By careful working the soil was gradually 

removed downward from the upper part of the column. 

Finally the root systems were free of soil and hung 

suspended from the plaster of Paris and were held in 

position by the fine rods. 



29 

?avlyciìenko points out sever1 disadvantages of 

this muddy, slow method. Many of the fine root branches 

are broken and. lost. The r'isins were too narrow and 

represented only a cross section through the root system. 

Sheperd (53), OEoff and Ten Eyck have made root studies 

with this method. 

7. Concrete-c onìartment Wash ng Method 

Schulze (51) was able to obtain the whole root sys- 

tern by constructing separate compartments, each 24 x 24 

x 80 inches in size. Three of the walls were constructed 

of cement, and the fourth side faced the center of the 

room. The open side vas closed by two metal plates. 

The inner plate was perforated with fine holes 3/8 inches 

in diameter, and the outer plate was water-tight. Each 

comartment was pc eked with sifted soil. Various agri- 

cultural crops were planted in each division. At various 

stages of development the rootsystems were studied by 

washing the soilwith a fine stream of water through 

the perforatec. plate. The solid plate was removed 

before the operation began. 

8. Nail and Needle Brush Washing Method 

The Nail and Needle Brush Washing Method was intro- 

duced by Rotmistroff (45) and modified by Maschkaupt (35) 

and Spirhanzl (55). The true distribution of the roots 
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is revealed after the soil is removed. Rotmistroff made 

a box only one inch wide, but twenty-eight inches long 

and sixty inches deep. TiliG box vías packed with sifted 

soil and placed in the rourd, 

Plants were studied at various stages of development. 

Vihen the box was excavated, one side board was replaced 

with a zinc plate filled víith one-inch nails to form a 

sort of nail brush. The loose soil was washed off with 

a fine stream of water, and the roots were held in place 

by the nails of the ¿inc plate. similar method was 

used by Maschkaupt (35) for plants grown in the field. 
He used a board filled with long needles for a brush. 

The board brush was forced against the vertical wall 

of a trench dug along one side of the selected plants. 

A large steel plate was forced into the ground at the 

desired distance in front of the needle brush. Masch- 

kaupt washed the roots by Rotmistroff's method. 

Spirhanzl constructed a nail brush of crossed 

slats instead of a solid board. Nails were driven wher- 

ever the slats crossed He ran water against the wall 

face to be washed between the crossed slats. After a 

thorough trial this method was discarded as unsatisfac- 

tory. 
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9. Observation it Method 

Fotmistroff (.4) deve1oed the "Observation Fit 

Liethod for root study. On one side of the root study 

plot a trench t;enty-seven feet long, three feet wide 

and four feet deep was dug. In the vertical wall of 

the pit horizontal holes two inches high, four inches 

wide and eight inches deep were made6 The holes were 

spaced tenty inches apart horizont11y and four inches 

apart vertically. The root penetration was observed 

through the ho1os. The holes were plugged with wooden 

blocks to keep them from drying out. A thick sheet 

of asbetos was placed over the vertical wall of the 

trench and in addition the pit was protected by a thick 

mat of straw and boards. 

To observe the root system, the protection was 

removed. Lateral spread of the roots was studied by 

thg1ng vertical holes at definite intervals. It is 

distinctly Possible to study vertic1 extent an d lateral 

spread of the roots by this method. 

1Q The Direct Tracing Method 

By directly tracing the root systems with a sharp- 

pointes. instrument, Headden (19) in 1896 was able to 

examine the penetration and foimi of six-year-old. alfalfa 
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roots. The small fine roots are broken and lost by this 

method. Ho:iever, the general f penetration, and 

lateral spread may be studied by this method. 

11. Weaver's Trench Tracing Method 

Weaver (73) adapted the tracing method by digging 

trenches about three feet wide and twelve feet long 

and six feet deep beside the root study plot. Then the 

roots were excavated by a hand pick until the whole 

root system was exposed. This improved method is used 

by many investigators. The author used the Weaver 

method in a previous study of the root development of 

upla native grasses in the sand hills of Nebraska.. 

12. The Soil-block Washing Iiethod 

Pavlychenko (43) developed the tSoil-block Washing 

ethod" to meet several recuirements. He wanted, first, 

to extricate the entire root system under ordinary field 

conditions on all types of soils; second, to remove large 

quantities of earth from the blocks in a brief period and 

to study several plants at a time; and third, to study 

root systems of various species growing in competition. 

By excavating a block of soil containing the selected 

plant, the root system was isolated. and encased by blocks 

varying from 14 x 14 x 14 inches to 40 x 40 x 70 inches 

in dimension. The size of ftae depended upon the stage 
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of development, soil type, moisture, and other factors. 

After the soil block was encased, it was lifted by means 

of a block and tackle. Then the soil block was placea 

in a tank and allowed to soak for several hours to increase 

the ease of washing. Washing was done with great care 

by means of a special nozzle. The soil was washed away 

from the lower soi]. horizon upward. The worker made a 

careful report of the root system. After the root system 

was entirely washed free, ït was placed in a specially 

devised black tank where the roots were arranged to 

their normal position and then analyzed and photograhed 

The Steel Qlinder Washi Method Used. in 

This Investigation 

The Steel Cylinder Washing method was adapted and 

used. by the author in the root development studies of 

this investigation. The iethod involves the principles 

and modifications of the methods used by Pavlychenko 

(43):, Weaver (73>, and Gibson (12). 

Under climatic and soil conditions of western 

Oren, Weaverts method was not applicable. In general, 

these soils are difficult to separte from the root 

system because of the high clay content as it affects 

the soil tenacity and plasticity. en the soils become 

dry the cementing characteristics of these soils high in 
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clay make it especially difficult to obtain the fine 

roots above the first order. The soil profile often 

breaks vertically duo to columnar structure in the 

sub-horizons, resulting in broken and damaged roots. 

T1e humid coastal climate of western Oregon with 

the maximum precipitation in the fall, winter, and 

spring E1onths, makes it very inconvenient and difficult 

to use the Weaver trench tracing method. The trench 

becomes filled with water, and during the rainy season 

the water table rises considerably above the maximum root 

penetrat ion. 

experimentation a nthod was worked 

out that was successfully adaptable to the soil and 

climatic factors. Steel cylinders were constructed, 

varying in size from six inches to thirty inches in diam- 

eter and from six inches to forty-eight inches in lengths 

With increased stages of plant development the correspond- 

ingly larger cylinders were used. 

The cylinder was placed over the selected plant 

(Plate II). By digging about the cylinder (Plate III) 

and carefully sliping it down the soil column was finally 

encased. Then the steel cylinder plus the soil column 

was hoisted from the hole and placed in a wooden tank. 

If the soil was dry, the column was allowed to soak from 



Fig. A. Setting the cylinder over the selected plant. 

Fig. B. 

L-. - 

.y i--- 
Digging and driving the cylinder down around 
the plant and root system. 
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Fig. A. The whole plant and soil column is fully 
encased. 

Fig. B. Hoisting and transporting the soil column 
to the washing-tank. 



six to twenty-four hours before washing. The soaking 

loosens the soil which tends to become less tenacious, 

losing its structure and. allowing the roots to be freed 

easily. After soaking for several hours, the cylinder 

wasraised to a two to three degree angle in the tank and 

the clamps were loosened, allowing the cylinder to open 

longitudinally. At first the cylinder was opened only 

a few inches, to insure against the breaking of the soil 

òolumn and damaging of the roots. The soil was carefully 

washed from the lower horizon upward (Plate Iv) by a fine 

stream of water from a special finely perforated nozzle. 

The nozzle was set four to six inches above the 

column and gently moved back and forth with an intensity 

or pressure slightly in excess of normal rainfall. The 

washing process was continued until all of the soil was 

removed from the roots. The time required to wash the 

soi]. from the roots varied from two to twenty-four hours, 

depending upon the stage of development, size of the 

cylinder and the soil type. When the soil was removed, 

the roots remained in the bottom of the cylinder matted 

together. Next, the roots were suspended in a tank of 

water and untangled frein their naturally interwoven 

position which the washing process ad accentuated. 

This as a slow and tedious process, recjUiiflg careful 

technique. 
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When the plants were separated, the roots were trans- 

ferred to a shallow wooden tank coated with black lacquer 

paint inside, and having a metric scale printed on the 

bottom. The roots were arranged and allowed to float 

into their natural form.. Usually the roots would auto- 

matically float to their normal form of penetration the 

first few hours after washing. After the roots were in 

position they were charted to scale on coordinate draw- 

ing paper. By means of a small metric rule and calipers, 

the number, length and diameter of the main roots and 

fine roots of the first, second, and thfrd order per 

linear inch were chared. The order of successive branch- 

ing of lateral from the main root was designated as first, 

second, third, etc. The maximum penetration and lateral 

spread were noted. When it was difficult to obtain the 

normal penetration and form of growth, a trench was dug 

in the field, and the approximate form of growth was traced 

and then mapped on coordinate paper. 

Some of the root systems were photographed by focus- 

ing a camera downward from directly above the root system 

in the black floating-tank, The author charted the root 

systems by the method described in the preceding paragraph 

because of experience in the methods and reduced expense. 
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Each root observation of the various species was 

duplicated four to six times, in order to increase the 

experimental accuracy. 
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XPERIiENTAL RESULTS 

The Physical and Chenical Properties of the Soil Type 
On ih1ch the Root Investigations 1ere IJade 

:i:. eneral JJescriotiòn of the Willamette Soil Series 

rIhe soils of the 7il1a inette series constitute the 

maor area of the general-purpose agricultural lands in 

the Willamette Valley of western Oregon. The Jtillamette 

soil series are alluvial in origin. This series bas 

developed under a humi coastal climate, characterized 

by moist winter seasons and dry sunmer seasons. 

The topography is flat to gently undulating with 

short steep slopes leading to major streams. Minor 

streams afford excellent surface drainage. 

The surface soils of the Willamette soils are brown 

to rich brown, becomng somewhat grayish brown when dry. 

The subsoils are light brown or yellowish brown in color 

and are moderately compact but well drained. Some of the 

colloidal clay has been carried down into the subsoil, 

making the layer somewhat more compact. and heavier in 

texture. Tie underlying substratum is more friable, is 

of a yellow-broan color, and hs a higher sand. content 

with less colloidal clay according to Torgerson (59). 
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II. Vi11amette Clay Loam 

General Description: 

The surface soil of Vi11amette clay 1oan to a depth 

ranging from 14 to 18 inches usually consists of rich- 

brown or brown smooth silty clay loam. The upper subsoil 

layer, normally extending to a depth of 26 to 28 inches, 

consists of light brown or grayish-brown, :iioderately 

compact, granular heavy clay loam or siltj clay loam, and 

is often ott1ed in laces with gray and vith iron stains. 
The lov:er subsoil, which extends to a depth of 50 to 60 

inches, consists of light-brown moderately compact 

silty clay loa.:, in places having a yellow or rich-brown 

coor and often mottled. The deeper parent material is 

rather friable. 
Jilamette clay loa :t is aaapted to the production 

of cereals, corn, grasses, various1egumes, vegetables, 

and orchards. Grains and. legumes are the principal crops 

produced in the normal farm cropping system. 

iorizon Description: 

The chemical analysis of the horizons of the soil 

type upon which the root study plots were located is sum- 

:iarized in 'fable V. Table IV shows the results of the 

structure, porosity, and aeration analysis s determined 

by the rira method. Trie mechanical analysis, fine material, 

and colloidal content is presented in Tables II and III, 
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Table II 

1Lechanical Analysis of Willamette Clay Loam Soil 
on W'ni ch the Root Development Studi es Were Made 

Percentage 
Horizon 

Sand. Silt Clay 

A1 

Qtt to 71t 19Q 470 34.0 

A 
2 

3ft to l5 17.0 45.8 36.2 

161 to 26" 15.6 53.7 30.7 

27 to 39" 14.8 51.6 33.6 

C 

40" -- 20.0 52.4 27.6 



Table III 

Fine Material Content of Willamette Clay Loam Soil 
on Which the Root Development Studies ere Made 

Total Fractionation of Fine Silt and clay 
Fine silt Coirse 

Horizon and clay Fine silt Colloid Colloid 
(0.02 (0.02- (0.007- (0.002 mm. 
--down) 0.007 mm.) 0.002 mm.) --dovin) 

A1 

0" to 7" 50.2 23.9 13.6 12.7 

A2 

8" to 15" 54.2 24.9 13.8 15.5 

B1 

16" to 26" 55.6 26.3 13.6 15.7 

B2 

27" to 39" 50.6 24.3 11.6 14.7 

C 

40" -- 43.2 20.9 12.6 9.7 
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Table IV 

$tructure, Porosity, and Aeration Analysis 
of Willarnette Clay Loam Soil 

on Which the Root Development Studies Were Made 

Prcentae ________________ .. . x ... .. j... .. .. -. , orjzon Moisture Aparent Porosity Capillary Non- 
and Specific Pore capillary 

Depth Gravity Space Pore Space 
ja e ra 

A1 
oit to 2" 25.6 1.34 49.5 358 136 
39 to 28.4 1.30 50.5 37GO 13.5 
5" to 8' 27.6 1.33 49.8 36.8 13.0 

9fl to 11" 24.7 1.37 38.5 33.6 14.7. 
12" to 14h1 26..9 1.29 51.5 34.7 16.8 
l5 to 17$t 26.3 1.35 49.4 35.5 13.9 

l8tt to 20' 28..? 1.36 49.0 39.0 10.0 
2ltt to 23t 32.4 1.27 54.4 41.1 11.3 
24 to 25' 31.8 1.23 53.9 39.1 14.8 

32 
27" to 29 32.0 L.30 51.0 41.6 9.4 
30 to 32f' 34..2 1.25 53.1 42.7 10.4 
33t to 35 26.4 1.33 50.5 34..0 16.5 



Table V 

Chemical Properties of Willamette Clay Loam Soil 
on Which the Root Development Studies Were Made 

Horizon 
Available 
P1iosphoru.s Acd9y 

(ter cent.) (p .p 

Al 

O" to 7" 3e084 219.2 5.4 

A2 

3" to 15" 1.904 148.8 5.7 

Bl 

16" to 26" 1.360 164.4 5.6 

IB2 

27" to 39" 0.952 111.6 6.0 

40" - 0.408 137.7 6.4 
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respectively. The fo1ioving detail horizon de scripti on 

of Willamette clay loam was made from field observations 

and tne laboratory analysis: 

A1--The depth of this horizon, being O to 7 inches, 

represented. the cultivated depth. It consisted of a uni- 

forai broan color. The natural structure was mellow and 

friable , with a slight tendency for compaction in the 

lower part, which was apparently the beginning of the 

tillage pan. The percentage of porosity and capillary 

pore space (Table IV) was fairly high. The percentage of 

organic matter (Table V) was 3O4 and the available 
2l9.2 parts per million. The pH as tested 

by the glass electrode method was b.4. 

A2--The A2 horizon was 8 to 15 inches in depth and 

the color remained uniformly brown from the Ai to the A2 

horizon. In the upper part between 8 to 10 inches, there 

vías a distinct tillage ran. The soil in this area was 

very compact and tenaea to break with cubical iractures. 

rfhe percentage of porosity and capillary pore space was 

less. The non-capillary pore space was somewhat greater. 

The soil horizon tended to become mellow and friable below 

the tillage pan with an increase in porosity and capillary 

pore space. The organic natter content and phosphorus 

content decreased from A1 to A2 horizon. The degree of 

acidity decreased from Al to A2 horizon. (Table V). 
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B1--The color of B1 horizon waich ranged from 16 to 

26 inches in depth was somevIiat lighter in color varying 

from brown to yellow-brown. The structure tended to be 

more compact, with increased crushing resistance. The 

iorosity and capillary pore space *as greater and the 

non-capillary pore space was less as compared vth A2 hor- 

izon. Slight mottling in the lower part of this horizon 

indicated fair aeration. There was a gradual decrease of 

organic matter and degree of acidity from A2 to B1 ior- 

izon. (Table cj). 

B2--The B2 horizon ranged in depth from 27 to 39 

inches. The color was somewhat lighter, varying from 
brown to yellow, with distinct mottling indicative of 

excellent aeration. The structure was less compact, with 

decreased crushing resistance. The porosity and capillary 

pore space (STable IV) ranged approximately the same as 

in the i horizon. The organic matter and available 

phosphorus decreased in comparison with the a1 hörizon. 

C--The C horizon being 39 inches (plus) in depth was 

light brovn in color with distinct increased wottling. 

Iron mottling was very evident. The structure was fair 
with a tendency for coupaction. The pE was 6.4, represent- 

ing a gradual decrease in acidity from the upper to the 

lower horizons. Likewise, the organic matter gradually 



decreases from the upper to the lower hOrizOflS. The parts 

per million of available phosphorus tended to decrease 

with depth. 

In summarizing tue characteristics of this soil 

type, it would seem that all factors are highly favorable 

for normal grass root penetration and development. The 

structure, nutrient content, moistu relationships, 

aeration, and physical texture are excellent for plant 

growth. 
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Vegetative Characteristics and, Root Develojment 
of Bent Grasses Studied 

Seaside Bent - rostis palustris Huds. 

conoa2 Iotance: 

Seaside bent (Agrostis palustris, formerly called 

maritima Lam..) is grown abundantly in the tidal basins 

of Coos, Douglas, Lane and Lincoln Counties of western 

Oregon and in Kiarnath County in eastern Oregon. It is 

found growing in the iarshes along the coast from 

British Columbia to California and Newfoundland to 

Maryland. Agrostis tris has been introduced in 

many sections of south central Canada, the Great Lakes 

states and in some of the southern states, mainly New 

iexico and Arizona. 

Seaside bent is a desirable lawn and turf grass 

because of its stron stoloniferous habit, 2rostrate 

Iorrn, and fine vegetative characteristics. An objection 

to its use in lawns and turfs is that the color fades 

to a light yellow-green during the moist winter onths 

of the northwest. This grass is adapted to low, moist 

and marshy soil types and is quite tolerant to salinity. 

Seaside bent is an important ingredient of grass mixtures 

for low, moist, and somewhat saline soils of both eastern 
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and western Oregon, because it rapidly forms vegetative 

cover. Dairy farmers along the coast use this grass for 

pasture and forage purposes. Since 1927, the bent grass 
growers of the Coos, Siuslaw, and Klamath regions in 

Oregon have produced the major portion of the certified 

Seaside bent grass for the commercial market. 

ietat ive Characteristics: 

Seaside bent is a prostrate, low-growing perennial 

grass, having numerous long stolons that spread along 

the ground surface, branching and rooting profusely at 

tue nodes. (Plate V). The cuims range in length from 

2 to 12 cm. The leaves are rolled in the bud and the 

blades are 1.5 to 4 wide, 3 to 10 long, erect, 

flat, tapering, distinctly ridged on the upper surface, 

slightly keeled on the lower surface, scabrous on the 

margins and surface , and light to medium green in color. 

The sheath is glabrous, not keeled or compressed, paie 

green to urp1ish in color, shorter than or equal to 

the internodes of the vegetative shoot in length, and 

split with hyaline margins. The collar is distinct, 

oblique, glabrous, and pale green in color. uric1es are 

absent. The ligule is membranous, thin, 1.5 to 4 mm. 

in length (similar to Redtop), rounded to obtuse, finely 

lacerate-toothed, entire or split. The panicle is from 
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Plate V.. Seaside Bent Grass (9!i ris. Plant 
X Nat., ligule x 10, spikelet, floret, and 
caryopsis x 30. 



2 to ô cm. in length, and of a condensed form, opening 

at blooming season and then closing for the remainder 

of the season. The seeds are Ïanceolate to elliptical 

in shape. The lemmas have a slight luster, usually 

lighter in color than Redtop, five-veined apex predo 

mating, occasionally jossea short awn above the middle 

midvein commonly exerted at the apex, back usually keeled 

above callus, and commonly angled or constricted in twaisttt 

like manner above the callus. The palca is sometimes 

short and broad, the usual longer paJea forms are taper- 

ing, witb the apex being obtuse, rounded or entire. The 

callus hairs are very short and appressed. The callus 

has a tuok_ontl appearance. The hilum i short-linear 

and sometimes is broad, forming a wedge-like shape. 

The root observations of Seaside bent and the res- 

pective bent grasses studied e.t various stages of growth 

were made on the row plots. 

The first root observation of Seaside bent grass 

was made ten days after seeding on November 3, 1937. The 

plumule sheath was hyaline-like and colorless. The 

plumule grew directly toward the soil surface (Plate XIII). 

It grew several times faster than the hyaline-like radicle. 

The radicle tended to grow downward and was frolifically 
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covered with fine hair-like rootlets. 
The seòond observation was made after 21 days of 

growth at the first o1iate leaf stage on November 14, 

1937. An average of three main roots of the secondar'y 

root system had formed at the crown, ranging in length 

from i to 4 en'. (Plate xIV). These roots grew almost 

semi-horizontal to the soil surface. The radicle tended 
to grow directly downward to a maximum penetration of 

43 inches. The primary root system had fewer roots of 

the first order per linear inch in oomparison with the 

secondary root system. 

When t1e plants had com1eted 42 days of growth, the 

third observation was made at the third foliate leaf 

stage on December 5, 193? (Plate XV). There was an 

average of 5 to ô main roots of the secondary root system 

arising from the crown. They varied from 3 to 15 cm. in 

length, with a maximum penetration of 5.4 inches and a 

maxium lateral spread of 1.5 to 2.0 inches from the 

crown (Table VI). rfiie main branches of the secondary 

root system had 8 to 10 lateral branches of the first 

order per linear inch, and varying in length from 1 to 

4 n. The primary root system peitrated directly 

downward to a Iflajinum depth of 5.8 inches. 



Table VI 

ROOT DEVELOPMENT OF $EASIDE BENT GRS5 (Agrostis palustris) 

:1st foliate:2nd to 3rd:4th foliate:5th to 6th:36 weeks:'?5 weeks 
Observations : leal' : foliate : leaf : foliate : of : of 

stage :jepf stage: stage :leaf stage: growth : growth 

Age at time of Study 21 days 

Maximum Depth of 
Penetration 4.3 In. 

Average Lateral Extent 1.2 In. 

Average Working Depth 

No. of Main &ots of 
Secondary Root 
System 3 

Vegetative Habits -- 

42 days 63 days 126 days 252 days 525 days 

5.8 in. 

1.5 to 
2.0 In. 

2-3 in. 

Ï 

6.2 In. 

1.5 in. 

3-4 in 

8 

1.4 ft. 2.2 ft. 2.6 ft. 

4-8 In. 6-10 in. 8.-12 in. 

8-10 in. 10-12 In. 12-15 in. 

10-12 12 14-15 

-- stolons stolons 

01 
(n 
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As :i.n the other lent rass root studies, the fourth 

observation was completed. after 63 days of growth at the 

fourth fo1ite leaf stage on December 26, 1937 (Plate XVI). 

Liany of the crowns were bisecting, having an average of 

eijh nhai.n roots of the secondary root systeme These 

roots varied in length from 3 to 18 cm. and. tended to 

penetrate semi-vertically to a maximum depth of 5.3 inches 

with a maximum lateral spread of 1.5 inches. The primary 

root system was continuing to grow in many observed plants 

with a maximum penetration of 6.2 inches. 

The fifth root observation was made after 126 days 

of growth at the fifth to sxtii foliate leaf stage on 

February 27, 1938. The crown was continuing to divide 

and. many had formed stolons which had rooted at the first 
node (Plate XVII). The roots at these nodes penetrated 

to a depth of 3 to 4 inches. There were approximately 

lo to 12 main branches of the secondary root system 

arising from the crown, coinared with an average of 8 in 

the previous observation. The maximum penetration of the 

secondary root system oÍ' eside bent at this stage of 

develojm cnt was 1.4 feet with a maximum lateral spread 

of 4 to 8 inches. There was an average of 6 to 8 lateral 

roots of the first order 13Cl' linear inch on the main roots. 

The average lengah of these roots of the first order was 
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i to 21 mm. Many of these roots of the first order had 

branched to the second order. The main concentration 

of the root system was in the upper 8 to 10 inches of the 

soil profile of the Willamette clay loam. 

The sixth root observation was made after 252 days 

of growth on July 3, 1938. The plants were in the pie- 

bloom stage of development4 The crowns were still 
dividing. In many cases stolons were growing vigorously, 

having rooted at the first and second nodes. The roots 

from the nodes aenetrated to a depth of 4 to 5 inches. 

There were approximately 12 main branches arising from 

the crown at this stage of growth (Plate XVIII). The 

average diameter of the main roots was 0.2 mm. The maxi- 

mum penetration was 2.2 feet and the maximum lateral 
spread was 6 to 10 inches. There were approximately 7 

to 9 roots of the first order per linear inch, varying 

in length from i to 20 mm. on the main roots.. The main 

working depth of the root system was in the upper 10 

to 12 inches of the soil horizon. In zones of compaction, 

such as the tillage pan, the roots tended to be crooked 

and twisted. At certain regions the roots were tended 

to be crooked and twisted. At certain regions the roots 

were ìrofuse1y branched. Perhaps this was due to an 

accumulation of soil nutrients. 
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The last root observation was completed after 525 

days of growth on April 1, 1939. At this stage of 

grovith, the plants Jere spreading vigorously by sto1ons 
vary1n from J. to 15 ciii. in len2th.. The stolons had 

rooted. at the third and fourth nodes in rLany observed 

plants. The average number of roots arising from these 

nodal plants were 4 to 5 with a maxiurn penetration of 

g inches. There were approxirrately 14 to 15 main roots 
of the root system arising from the crown (Plate XIX). 

The maxi:ium penetration of the root system was 2.5 fèet 
and the maxirrum lateral extent was 8 to 12 inches. The 

main zone of root concentration of this fine-featured, 
grayish root system of Seaside bent was in the upper 

12 to 15 inches of the soil profile. 
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co1oniaI Bent - Arostis tenuis Sibth. 

cono! Ll2Oance: 

In northeastern Unit.ed. States, Colonial bent is 

cultivated for lawns and. pastures. It has extensively 

escaped cultivation and tiecoìe well established in this 

area according to Hitchcock (22). This grass occurs from 

Newfoundland to Laryland, Virginia, and Michigai. In wee- 

tern United States, it is found from British Columbia 

to California. Evidently Colonial bent is not native in 

Aerica It has been referred to as A. eapillaris L., 

a distinct species of Europe, and called Rhode Island 

bent. Colonial bent is often referred to as A. vulgaris 

iith. In Oregon the :uajor production of certified 

Colonial bent grass is in Benton and Linti Counties. Some 

of the commercial forms of Colonial bent are called 

Prince Edward Island, Brown Top, New Zealand, and Rhode 

Island Colonial bent (all non-creeping forms). Two 

creeping varieties of colonial bent are Astoria bent 

tenuis var. astoriana) and Highland bent ( enui 

var. oregonensis). 

Vegetative Characteristics: 

Colonial bent grows erect and is tufted, with slender 

culnis, usually 15 to 45 cm. in length (Plate VI). The 

leaves are illed. in the bud, and. the blades are usually 
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Plate VI Colonial Bent Grass (is tenu) Plant 
x Tat., ligule x 10, spikeiet,floret, and 
earyopsis x 30 
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4 to 10 crn. long, i to 3 mm. wide, gradually tapering, 

slightly twisted, and medium to dark green in color. 

The sheath is round, glabrous, light to :ìediuni green in 

color, with hyaline margins. The collar is distinct 

and glabrous. Auricles are not present. The ligule is 

membranous, thin, i to 2. mm. long, and round to obtuse 

in shape. The panicle is gener&1y 5 to 10 cm. long, 

open, delicate (lacey appearance) with spikelets uncrowded. 

The seed is the smallest of the commercial bents with 

the exception of A. canina. The lemma is generally 

ovate-lanceolate in shape, with a triangular to acuminate 

apex, is dull in color (appears silvery in bul) and is 

sometimes pubescent. The callus-hairs are generally long 

and copious. The palca is very thin, often adherently 

obscured, and the apex is variously notched. The hilum 

varies in length from short-obong to narrow-linear. The 

caryopsis tapers somewhat to the apex and is of a 

brown color. 

Root Development: 

The first root observation of Colonial bent was made 

at germination, 10 days after planting, on November 3, 1937. 

The plumule sheath was hyaline-like and. colorless, except 

with sorne green coloration at the extreme tip. The 

plumule tended to grow directly toward the soil surface, 
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growing and. elongating 6 to 8 times faster than the 

radiale (Plate XIII). The radicle, as in the other 

secies studied, grew directly downward and was Irofusely 

covered with fine hair-like roots. 

The second root study was made after 2]. days of 

growth at the first foliate leaf stage on November 14, 

1937.. The secondary root system had formed at the crown. 

There was an average of 2 main roots of the secondary 

root system (P1ate)V). They ranged from 1.5 to 3 cm. 

in length. The primary root system continued to grow 

directly downward to a maximun penetration of 4..2 inches. 

After six weeks or 42 days of growth, the third 

root observ.:tjon was completed at the third foliate 

leaf stage on December 5, 1937. In many plants, the 

crown had bisected. There was an average of 5 main roots 

arising from the crown, varying in length from 3 to 9 

cm. (Plate XV). The maximum penetration of the secondary 

root system was 3.1 inches, and the maximum lateral 

sDread 'as 1.4 inches. There were 7 to 9 roots of the 

first order per linear inch on the main roots of the 

secondary root system. These lateral roots of the 

first order varied in length from i to 20 mm. The primary 

root system was still growing on many of the plants 

observed. The maximum penetration of the primary root 

system was 5.4 inches. There were about 4 to S lateral 



roots of the first order ier linear inch on the main 

primary root. 

The forth root observation was made after 6 days 

of growth at the fourth foliate leaf stage on December 26, 

1937. There were 6 to 7 main roots of the secondary root 

system arising from the crown in comparison with 4 to 5 

at the pvious 42 day observation. The length of the 

main roots of the secondary root system ranged from 4 to 

16 cm. The maximum penetration of the secondary root 

system was 5.9 inches and the maximum lateral penetra- 

tion was l5 inches. The maximum penetration of the 

primary root system was 6 inches. The primary root 

system had ceased to grow on many of the plants observed. 

The fifth root observation of Colonial bent was 

made after 126 days of growth. This observ& tien was made 

at the fifth to sixth foliate leaf stage on February 2?, 

1938. The crom was continuing to divide. There was 

an average of 7 tO 8 main roots of the secondary root 

system arising from the crown, varying in length from 

4 to 32 cm. The maximum penetration.of the secondary 

root system was 1.5 feet and the maximum lateral spread 

was 6 to 8 inches. There were 7 o 8 roots of the first 

order per linear inch on the secondary root system. These 

lateral roots varied in length from i to 25 mm. idany of 

the roots of the first order were branched to the second 



Table VII 

ROOT DEVELOPMENT OF COLONIAL BENT GRASS (Agrostis tenuis) 

ist :2nd to 3rd:4th foliate: 5th to 6tIs: 75 weeks 
Observations : foliate : foliate : leaf : foliate : of : of 

:leaf stage:leaf stage: stage ;ieaf stage: growth : growth 

Age at time of Study 21 days 

Maximum Depth of 
Penetration 4.2 in. 

Average Lateral 
Extent 1.1 in. 

Average Working Depth -- 

No, of Main Roots of 
Secondary Root 
System 2 

Vegetative Habits -- 

42 days 63 days 126 days 252 days 525 days 

5.4 in. 6 in. 

1.4 in. 1.5 in. 

1-2.5 in. 2-5 in. 

5 6-? 

1.5 ft. 

6-8 in. 

8-lo in. 

7-8 

2.7 ft. 2.8 ft. 

6-8 in. 6-8 in. 

12-16 in. 12-18 in. 

12-13 15-16 

(J 



order4 The main working depth of the root system was 

in the upper 8 to 13 inches of the soil profile. 

The sixth root observation of Colonial bent was 

made after 252 days of growth on July 3, 1938 (Plate XVIII). 

The plants were in the p-bloom stage of development 

£here were 12 to 13 main roots of the secondary root 

system arising from the crown. The maximum penetration 

of the root system was 2..? feet with a maximum lateral 

spread of 6 to 8 inches. There was an avera ge of 7 to 8 

roots of the first order per linear inch on the main 

roots.. These lateral roots of the first der varied in 

1eth from i to 28 mm.. Many of the roots of the first 

order were branched to the second order. The average 

diameter of the zain roots was 0.3 mm.. The main working 

depth of the root system was in the upper 12 to 16 inches 

of the. soil profile. 

The last root observation of root. development of 

Colonial bent was made after 525 days of growth (April 1, 

1939).. In manner of growth, the crown was tufted with an 

average of 15 to 16 main roots. These roots penetrated to 

a maximum depth of 2.8 feet and a lateral extent of 6 to 

inches (Plate xIX). They teied to penetrate directly 

downward. The main feeding zone of the root system at 

this stage of development was in the upper 12 to 18 inches 

of the root system. 



Astoria Bent - rotis tenuis ver. astoriana 

Econo!ic ortance: 

Astoria bent is a creepin' from of Colonial bent 

grass. It was found rovin native in fairly pure stands 

along the coastal area of Clatsop County in Oregon. This 

bent spreads vigorously by r ' dzomes and stolons. Astoria 

bent is used extonsively for lawns, golf greens, and pas- 

ture purposes in western Oregon, and is being introduced 

throughout the United States.. It is adapted to :noist 

and ¡foderately moist and rather acid soil conditions. 

Vegetative Cheracteristi 

Astoria bent spreads vegetatively by rhizomes and 

stolons, with slender cuims growing semi-erect, usually 

15 to 50 cm. in length (Plate VII). The leaves are 

rolled in the bud. The blades are usually 5 to 10 cm. 

long, and i to 3 mm. wide, gradually tapering and slightly 

twisted, and medium to dark green in color. Auricles 

are absent. The ligule is membranous, thin, 1 to 2.5 mm. 

in length, round to obtuse in shape, finely toothed and 

often split. The panicle varies in length from b to 12 

orLi. sith an ouen, delicats forni.. The seed is sLi1ar to 

Colonial bent except that it is more variable in size. 

ucn of tne seea is larger and more robust. Tac lemma 

is generally ovate-lanceolate in shape, often with a coiled 
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Plate VII. Astoria Bent rass (ostis tenuls var. 
astoriana). Plant x Nat., ligule x lo, 
spikelet, floret, and caryopsis x 30. 
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awn rising from the base, The callus hairs are long and 

copious. The callus is variable in size and shape, tend- 

ing to be small. The palea is thin and variously notched, 

varying in leníth. The caryopsis is coarser than Colonial 

bent, lighter in color, with a coarser hilum. 

Deve lo ornent: 

The first root observation was made lO days after 

planting on rovember 3, 1937. The plumule aswhite and 

hyaline-like with some chlorophyll at the tip; it tendec.i 

to grow directly ierpendicular to the soil surface, 

elongating at a very rapid rate under normal moisture 

and temperature relations. The chlorophyll intensity 

increased with age of the plumule and especially when it 

neared the surface and light The radicle emerged later 

arid at a slower growth rate as compared with the plumule. 

The radicle was prolifically covered with fine hair-like 

lateral rootlets. The growth rate and vigor of the plumule 

and radicle of Astoria bent at germination were slower 

than the other bent grasses studied. 

The second observation was made alter 21 days at the 

first foliate leaf stage (November 14, 1937). In a few 

cases, secondary roots were just foing at the crown; 

however, Astoria bent was still less vigorous than the 

other bents at this stage. The radicle or primary root 

system was still growing with a maximum penetration of 



34 inches (Plate XIV). 

The third. root observation was made after 42 days 

of growth at the third foliate leaf stage (December 5, 

1937). The secondary root system had. an average of 4 

to 5 main roots arising from the crown, varing in length 

from 4 to 10 cm., with a maximum penetration of 3 inches 

and a thaximurn lateral penetration of 1.5 inches from the 

crown (Plate XV). These roots tended to ienetrate 
almost vertically. There were approximately 10 to 12 

lateral roots of the first order per linear inch on the 

main secondary roots. The average length of these IateraÏ 
rootiots was 1.5 to 2 min.. The primary root in many 

cases was still growing with a maximum, vertical penetra- 

tion 5.9 inches, having fewer lateral roots per linear 
inch in comparison with the secondary main roots. 

After 63 days of growth, the fourth root observation 

was made at the fourth foliate leaf stage (December 26, 

1937). There were approximately 6 main secondary roots 

arising from the c'own, varying in length from 3 to 12 

cm., ar1 tending to penetrate semi-vertically. The 

maximum penetration was 53 inches and the maximm lateral 
penetration from the crown equaled 1.9 inches (Plate XVI). 

At this observation, many of the crowns were beginning 

to bisect or divide, with an increaselin the number of 
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secondary roots. The rrxinium penetration of the primary 

root was 6.1 inches. Many of the primary root systems 

of the plants observed had died at this stage. 

The fifth observation was made after 126 days of 

growth at the fifth to sixth foliate leaf stags on 

February 27, 1938. The crowns were continuiJtg to bisect. 
Some of the crowns had divided 4 to 6 times, with an 

average of 10 to 12 main roots of the secondary system 

arising from it. The maxilfium lenetration of the root 

system was 23 inches, with a inaimum lateral spread 

of 12 to 13 inches (Plate XVII). There were 5 to 6 roots 

of the first order per linear inch, varying in length 

from 2 to S cm. Many of the roots of the first der 

were branched to the second order. The roots of the 

second order varied in length from i to 3 mm. The main 

working depth of the root system of Astoria bent tended 

to be in the upper 8 to 12 inches of the soil horizon. 

The root system was of a gray to brown color, with fine 

root characteristics, common to all of the bent grasses. 

The sixth root observation wa made after 252 days 

of growth on July 3, 1938. The Lants were 8 to 15 

inches high, and in the pre-hlooin stage. There were 

about lo to 12 main roots of the secondary root system 

arising from the òrown and varying in length from 3 to 



Table VIII 

ROOT DEVELOPMENT OF ASTORIA BENT GRA.SS (Agrostl.s tenuis var. astoriana) 

: fir :2nd to 3rd:4th foliate:5th 36 weeks: 75 weei 
Observations : foliate : foliate : leaf : foliate : of : of 

:leafsge:lef stage: stae :leaf stage: groth_growth 

Age at time of Study 21 days 

Maximum Depth of 
Penetration 3.1 in. 

Average Lateral 
Extent 1.5 in. 

Average Working Depth -- 

No. of Main Roots of 
Secondary Root 

42 days 63 days 126 days 252 days 525 days 

5.9 in. 6.1 in. 23 in. 2.7 ft. 3 ft. 

1.5 in. 1.9 in. 12-13 in. 12 in. S-12 in. 

2-3 in. 3-4 tri. 8-12 tri. 12-15 in. 12-15 in. 

System 1-2 4-5 6 10-12 10-12 12-14 

Vegetative Habits -- -- -- -- -- Rhizomes 
Stolons 

H 
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36 inches. A few plants had formed rhizomes and stolons. 
The maximum penetration of the root system of Astoria 

bent was 2.7 feet, and the maximum lateral spread was 

8 to 12 inches from the crown (Plate XVIII). The average 

diameter of the main roots was 0.3 to 0.5 mm., with 6 

to 8 lateral roots of the first order per linear inch. 

The lateral roots of the first order varied in length from 

2 to 10 cm. There was a greater number of fine lateral 
roots per linear inch in the upper ô to 10 inches of the 

root penetration. Many of the lateral roots of the first 
order were branched to the second order. The roots of 

the second order varied in lenth from 0.5 to 18 mm. At 

certain depths and intervals, the root system was branched 

more profusely, probably because of a greater concentra- 

tian of soil nutrients at these regions. The roots tended 

to be : twisted and crooked in regions of intense soil 
compaction, such as the tillage pan. At this stage of 

development the main working depth of the root system 

was in the upper 12 to 15 inches of the soil horizon. 

The seventh and final root observation of 525 days 

rowth was made on April 1, 1939. Astoria bent was spread- 

ing vegetatively by both rhizomes and stolons. In many 

observed. cases, they had rooted at the third and fourth 

nodes with an average of 4 to 5 main roots arising from 



the node and penetrating o a depth of 8 

(Plate XIX). From ths crown, there were 

roots, reaching a maximum depth of 3 fee 

extent of 8 to 12 inches. The main zone 

tration was in the upper 12 to 15 inches 

profile. 
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to 12 inches 

12 to 14 main 

t and a lateral 

of root concen- 

of the soil 
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Highland Bent - grostis tenui.s var. oregonensis 

Econo Inportanqe : 

Highland bent is a creeping form 0±' Colonial bent. 

It is found growing native in relatively pure stands in 

western Oregon, especially in the Jillamette Valley. It 

is adajted to soil tyoes of medium to high elevations 

with moderately dry soil. Hi thland bent is used. for 

meadow, pasture, fQrage, and turf purposes. It is an 

i::portant ingredient for asture and range mixtures for 

seedings on logged-off and burned-over forest land of 

western Oregon. Highland bent is an excellent grass for 

lawns, playgrounds, athletic fields and putting greens 

because of its strong rhi omic habits and green, non- 

fading color throughout the year in the northwest Pre- 

caution should be used in planting Highland bent adjacent 

to gardens where it ì.ay escape into the cultivated area. 

Vegetative Characteristics: 

Hiiland bent usually grows erect with robust culms, 

ranging in height from 15 to 60 cm. (Plate VIII). It 

spreads vegetatively by strong rhizomes. The leaves are 

rolled in the bud. The blades are usually 4 to 10 cm. 

long, and 1 to 3 nm. wide, gradually tapering, and of a 

medium to dark green color. The slath is glabrous, 
round and light to Luedium green in color. The collar 
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Plate VIII. High3.and Bent Grass (Agrostis tenuis var, 
oregçnensis). Plant x Nat., ligule x 10, 
spikelet, Í'ioret, and caryopsis x 30. 



is 1abrous and. distinct. uricies ae absent. The 

ligule is membranous; thin, i to .5 nmi. 1on, round to 

obtuse in shape, finely toothed and often split. The 

paniole varies from to lb cm. in 1enth, with an open 

pyramidal form. The branches arise at a smaller angI 

from the rachis as compared to Redtop. The seeds of 

Highla. bent are long and, slender, and tapering to Lhe 

ends. The apex of the lemma is commonly truncate, with 

veins often exerted (usually 3) and tend to be twisted 

or folded. The lemma is constricted above the callus. 

The callus hairs are few and small. The palea is 

slightly shorter than the caryopsis, slender and stiff- 

like in form, with a deep V-shaed apical notch. The 

caryopsis is spindle-shaped, dark in color, with a 

short linear hilum. 

Root Development: 

The first vot observation of Eiighland bent was 

made November 3, 1937, 10 days after planting. The 

plim'riule sheath was hyaline-like and coiorless, with the 

exception of some green coloration or chlorophyll in the 

extreme tij. The plumule tended to g row directly upward, 

(Plate XIII). The chlorophyll intensity and color of the 

lurnuie increased with age and especially when the plumule 

neared the soil surface. The plumule was 6 to 8 times 

longer than the radicle. The radicle tended to grow 
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directly downward and 2ossessed many fine hair-like 

branches. 

After 21 days of growth1 the second observa- 

tion v'as made at the first foliate leaf stsge on 

November 14, 1937. An average of 3 secondary roots had 

formed at the crown (Plate XIV). They varied in length 

from 2 to 8 cm., tending to grow almost norizontally. 

There nere S to 10 roots of the first order per linear 

inch on the secondary main roots. Tue radìcle or primary 

root tended to grow dirct1y downward to a maximum 

penetration of 3.9 inches. The primary root had fewer 

lateral roots of the first order per linear inch in corn- 

parisonwiththe secondary isain roots. 

The third root study was made after 42 days of growth 

at the third foliate leaf stage on ecernber 5, 1937. The 

crown had bisected with an average of five main roots 

of the secondary root system and ranging in length from 

ô to 12 cm. (Plate XV). The maximum penetration of the 

secondary root system was 5.1 inches (Table IX) and the 

maximum lateral spread from the crown was 1.5 inches. 

The secondary root system tended to ow semi-vertically. 

There was an average of B to 10 roots of the first order 

per linear inch on the main roots of the secondary root 

system. These roots of the first order varied in length 



Table IX 

ROOT DEVELOPNT OF HIGHND BENT GSS (Agros.tis tenuis var. oregpnensis) 

ist :2nd to 3rd:4Ïh foliate:5th to 6th: 36 weeks: 75 weeks 
Observations : foliate : foliate : leaf : foliate : of : of 

:].eaf stage:leaf ,stage: stage :leaf stage: growth : growth 

Age at time of Study 21 days 

Maximum Depth of 
Penetration 3.9 in. 

Average Lateral 
Extent 1.2 in. 

Average Working Depth 

No. of Main Roots of 
Secondary Root 
System 3 

Vegetative Habits -- 

42 days 63 days 126 days 252 days 525 days 

6.2 in. 6.3 in. 1.7 ft. 3.0 ft. 3.4 ft. 

1.5 in. 1.8 in. 8-10 in. 10-14 in. 10-15 in. 

3-4 in. 4-5 in 8-10 in. 14-18 in. 14-18 in. 

6 8-10 10-12 12-14 14-16 

-- -- -- -- Fthjzomeø 
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from 3 to lo mm. The radicle or primary root system tended 

to crow directly downward to a maximum penetration of 

62 inches at this stage of development. The pri.ary 

root system had fewer roots of the first order in 

comparison with the secondary root system. 

The fourth root observation was made after 63 days 

of growth at the fourth foliate leaf stage on December 26, 

1937. There was an average 8 to 10 main roots of the 

secondary root system arising from the crown and they 

varied in length from 3 to 14 cm. (Plate XVi). The 

maximum penetration of the roots of the secondary root 

system was 5.1 inches and the maximum lateral spread 

was 1.3 inches There were 8 to 10 lateral roots of 

trie first order per linear inch on the main roots of 

the secondary root system. These lateral roots of the 

first order Varied in length from 2 to 20mm. The primary 

root system tended to grow directly downward to a maxi 

mum penetration of 6.3 inches. In many plants, the 

primary root system had aied. 

The fifth observation vas made after 126 days of 

growth at the fifth to sixth foliate leaf stage on 

February 27, 1938. Tile crowns were continuing to bisect 

or divide with an average of 10 to 12 main roots of the 

secondary root system (Plate XVII). These root varied 
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in 1enth from.3 to 8 cm., with a maximum penetration 

of 1.? feet and, a IuaXÍILÌUJ lateral spread. of to 10 

inches from the crown. The working depth of the root 

system was in the upper 8 to 10 inches of the soil. 
The sixth root observation was made after 252 days 

of growth on July 3, 1938. The plants were 14 to lò inches 

high and in the pre-bloom stage. The crowns were contin- 

uing to divide; however, no rhizomes were evident. There 

were 12 to 14 main roots of the secondary root system 

arising from the crown (Plate XVIII). The maximum pene- 

tration of the root system was 30 feet. With the excep- 

tion of Redtop, this was the deepest root penetration 

observed at this stage of dévelopment. The maximum lat- 
eral 1enetratìon was 10 to14 inches. About b to 10 

lateral roots of the first order occurred per linear inch 

on the main roots. These lateral roots varied in length 

from 2 to 25 mm. Some of the roots of the first order 

were branched. to the second order. The average diameter 

of the main roots was .4 to 5 mm. The average working 

depth or concentration of the roots was in the upper 14 

to 16 inches. 

The final or seventh root observation was made after 

525 days of growth on April 1, 1939. Hi1and bent was 

spreading vigorously by rhizomes at this st. ge, rooting 

to the third and fourth nodes. There were 14 to 15 main 
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roots arising from the crown, extending to a maximum 

depth of 3.4 feet, and a lateral extent of 10 to 14 inches 

(Plate XIX). Tiie root system tended to penetraté directly 

downward. With the exception of Redtop, Highland bent 

possessed the Lost vigorous roots of the bent grasses 

studied. The main feeding zone of the root system was 

in the upper 14 to 18 inches. 
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Velvet Bent - Arostis canina L. 

Ec o ortance: 
Velvet bent was introduced into the United States 

from Europe, but is ossib1y native northaard. in North 

America. This grass i found crowing in meadows and 

oen land from Newfoundland to uebec, and southward in 
the United Stats to iichi'an and Maryland. Velvet bent 

has been introduced along the Pacific Coast region in 
western 7ashingtcn, Oregon and northern California. 

This fine-leaved, low-growing bent is often used 

for choice putting greens because of the deep green 
non-fading leaf color. 
Vegetative Characteristics: 

Velvet bent grows quite erect with culrns tufted and 

ranking fro'rn 25 to 50 cm. in height (Plate IX). The leaves 
are rolled in the bud, and the blades are short and 

nrrow, usually 3 to 6 cm. long and not more than 2 min. 

wide, gradually tapering, and of a medium to dark green 
color. The siath is round, glabrous, light to medium 

green in color, veins fairly distinct, and margins hya- 

line. The collar is distinct, glabrous and light green 

in color. Auricles are absent. The ligule is membranous 

in textui i to 3 1am. in length, round to obtuse, finely 
toothed, and often split. The panicle is loose and 
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Plate IX, Velvet Bent Grass (rost1s canina) Plant 
x Nat., ligule x lOE, spikelet, and fl9ret 
x30. 



spreading, to IO cm. in 1ength The seed is the. smallest 
01 the commercial bents1 and is readily identified. The 

lemma is more or less elliptical and. finely roughened 

(sugary appearance). The midvein is terminated and often 

produced as an awn near the middle. In commercial threshéd 

samples the awn is absent.. The lemma is rarely 3 or 5 

veined. The basal hairs are mostly short and compressed 

The callus is small in size. The ialea is a minute 

scale, often adherently obscured, apparently never wanting, 

about equal to the hilum in length, with an obtuse apex. 

The caryopsis is light colored and very soft, with 

fluid-like contents evident when pressed. 

Ro et. lo ment: 

The first root development observation of Velvet 

bent was made 10 days after seeding on November 3, 1937. 

As noted in some of the other bent grasses observed, tha 

plumule sheath was colorless and hyaline-like, with a 

tinge of chlorojhyll in the extreme tip. The plumule 

tended to grow directly upward to the soil surface. In 

comparison with the radicle, the pluiaule elongated. at 

a rate 7 to 8 tiiies greater. The radicle extended 

directly downward and was profusely covered with fino 

hair-like lateral rootlets (Pl.at.e XIII). 
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After a period of 21 d.ays the second observation was 

coinoleted at the first Í'oliate leaf stage on November 

1937. The secondary root system had. formed at the crown 

with an averaze of 2 main roots, ranging in.lengtli from 

i to 2.5 cm The primary root system continued to grow 

downward to a maximum penetration of 3.4 inches. The 

roots of the secondary root system tended to grow semi- 

horizontally to the surface.. There were fewer lateral 
roots of the first orde±' per linear inch on the priary 
root system in comparison with the secondary root system. 

ìhen the plants had completed 42 days of grovith, the 

third root study was made at the third foliate leaf stage 

(December 5, 1937) . It was noted that many of the crowns 

had bisected with an average of 4 main roots of the 

secondary root system. The main roots ranged in length 

from 2 to cm. with a maximum penetration of 2.3 inches 

and a maximum lateral spread of l. inches (Plate XV). 

There wer b to 9 lateral roots of the first order per 

linear inch on. the main roots of the secondary root 

system, The priniary root system in many cases was con- 

tinuing to grow to a maximum depth of 3.8 inches. 

The fourth root observation was completed. at the 

fourth foliate leaf stage after 63 days of growth on 

December 26, l937 The number of main roots of the sec- 
ondary root System had increased in relation to previous 
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observations. There were to 6 main branches of the 

secondary root system. The maximum penetration of the 

secondary root system at this stage was 49 inches, and 

the maximum lateral spread was 1.4 inches (Table X). 

The maximum penetration of the primary root system was 

5.6 inches. 

when the plants had reached the fifth to sixth foli- 

ate leaf stage after 126 days of growth, the fifth root 

study was made (February 27, 1938).. The crov ns were 

dividing with an average of 7 to 8 main roots of the 

secondary root system. The naximum penetration of the 

secondary root system was 1.3 feet and the maximum lat- 
eral spread was 4 to S inches. The main working depth 

of the root system was in the upper 8 inches of the soil 

profile. There ere 8 to 10 lateral roots of the first 

order per linear inch on the main roots. They varied in 

length from I to 18 iam. There was a general tendency, 

as in the other bent grass root systems observed, toward 

an increased number of lateral roots of the first order 
per linear inch in the upper part of the iot system. 

The sixth root observation was after 252 days of 

plant growth on July 3, 1938. The plants were in the 

pre-bloom stage. There were 10 to 12 main roots of the 

secondary root system and they had penetrated to á 



Table X 

ROOT DEVELOPMENT 0F VELVET BENT G1AS5 (Agroatia canina) 

: 1st :2nd to 3rd:4th foliate:5th to 6th: 36 weeka: 75 weeks 
Observations : foliate : foliate : leaf : foliate : of : of 

:leaf ataRe:leaf stage: stage :leaf stage: growth : growth 

Age at time of Study 21 days 

Maximum Depth of 
Penetration 3.4 in. 

Average Lateral 
Extent i in. 

Average Working Depth -- 

No. of Main Roots of 
Secondary Root 
System 2 

Vegetative Habits -- 

42 days 63 days 126 days 252 days 525 days 

3.8 in. 

1.5 in. 

2-3 in. 

4 

5.6 In. 

1.4 In. 

3-4 in. 

5-6 

1.3 ft. 

4-5 in. 

8 in. 

7-8 

2.3 ft. 2.5 ft. 

6-7 in. 5-6 in. 

12-14 In. 12-15 in. 

10-12 14-15 



maximum depth of 2.3 feet, with a maximum lateral spread 

of: 6 to 7 inches. The :reatest concentration of roots was 

in the upper 12 to 14 inches. These lateral branches 

per linear inch nibered 8 to 10, ranging in length from 

i to 20 mm. The average diameter of the main roots was 

0.2 mm. 

After a period of 75 weeks of growth, the final 

root observation of Velvet bent was maade. The crown 

continued to be tufted, with an average number of 14 to 

15 main roots of the secondary root system arising from 

it (Plate XIX). The nximum depth of penetration was 2.5 

feet. The maximum lateral spread was 5 to 6 inches. The 

root system tended to grow directly downward, and was 

the finest of the bent grasses studied. The main feeding 

zone of the root system was in the uper 12 to 15 inches. 
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Redtop - gostis alba L. 

Economic orta: 

Red top is commonly rown for meadows, pastures, and 

lawns in eastern Oregon and throughout the cooler regions 

of the United States where it has extensively escaped 

cultivation. It is of major importance for forage and 

pasture purposes over most of the corn belt. The palata- 

bility of the hay is low unless cut early. Redtop is 

adapted to low, moist, poorly drained soils. 

.Agrostologists believe that Fedtop is not native 

in America. i i lis form teids to take on the aspect of 

- 
stolonifera, when growing under conditions without 

cultivation. Redtop usually grows more erect with robust 

culms as compared ith A. stolonifera. ihe name palu- 

stris is often erroneously applied to species of A. alba in 

the literature ana also in identification of the seed. 

Vegetative Characteristics: 

The cuims grov/ erect, and in height from O5 

to 1.5 meters, with the base erect or decumbent, having 

stron' creeping rhizomes, 1 to 2 mm. in diameter (Plate X). 

The leaves are rolled in the bud, and the blades are 2 

to 6 mm. wide, 5 to 15 cm. long, flat, gradually tapering, 

slightly twisted, veins forming distinct ridges on upper 

surface, midvein distinct on lower surface, margins 
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Plate X. Redtop (Agrostis a]Lba). Plant x Nat., ligule 
x IO, spikelet, floret, and caryopsis x 3Q 
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finely barbed, and light to riedium rreen in color. The 

sheath is round, 1abrous, white to urp1e below ground, 

veins distinct, and margins are hyaline. The collar is 

prominent, glabrous, continuous and light reen in color. 

Arrides are absent. The ligule is mernbrnous, varying 

from i to 5 mm. in length; rounded to acute, lacerate, 

erase or split in shape; and often retrorse-hairy on the 

baei. The panicle is pyramidal-oblong in form, varying 

from 12 to C) cm. in length, reddish in color, and with 

branches almost perpendicular to the 3.XjS when in full 

b1oom, and ranging from 1 :m. to 3.5 cm. in length. The 

seed is the largest oom red with the other bent grasses. 

The callus iairs mai b e short or erect and long or 

long and. spreading, and are often wEnting. The shape 

of the seed is lanceolate and conmìanly acutely elliptical. 

The lemma isgenerë3lyìrounded, 3-4-s veined, angle above 

callus, terminated midvein common, rarely projedting 

as an awn, if so, never twisted or geniculate. The lemaia 

has a lustrous or hard-like" appearance. The palea is 

usually tapering, the apex variously notched according to 

its width, rarely rounded, approximately as long or longer 

than the grain, and either free or wrink1ed The palea 

is often folded in various forms. Thes is generally 
oblong in shape, of a comparatively dark-reddish color, 

with a long-linear hilurn. 



92 

Root Deve1npt: 
The root activities of Redtop were first observed 

lo days after seeding on November 3, 1937. The plumule 

sheath was colorless and hyaline-like. The plumule tended 

to grow directly to the soil surf ce, and at a rate 6 to 

B ti.e faster than the radicle (Plate XIII). The radicle, 

prolifically covered with fine hair-like rootlets, tended 

to grow directly downward. 

After a period of 21 days, the second observation 

was completed (November 14, 1937). The plants were at 

the first foliate leaf stege. The secondary root system 

had formed at the crown with an average of 3 main roots 

varying in length from 2 to 6 cm. and with a tendency 

to grow semi-horizontal. rho maximum penetration of the 

primary root system was 4 inches. There were fewer roots 

of the first order per linear inch on the prilTiary root 

system in comparison with the secondary root system. 

When the plants had reached the third foliate leaf 

stage after a period of 42 days, the third observation 

was made. There ias an average number of 5 main roots 

of secondary root system. They ranged in length from 

3 to 15 cm., with a maximum penetration of 5.3 inches 

and a lateral extent of i to 1.6 ìnches. Thre were 

approximately 8 roots of the first order per linear inch 
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on the main roots. These roots of the first order 

varied in length from i to 5 mm. Some were branched 

to the second order. The irimary root system penetrated 

directly downward to a maximum depth of 6.1 inches. 

After a period of 63 days the 4ants were at the 

fourth foliate leaf stage. Many of the crowns of Redtop 

were bisecting, having an average of 7 to 8 main branches 

of the secondary root system. The roots of the secondary 

system varied in length from 4 to 18 cm., with a tendency 

to penetrate semi-vertically to a maximum of 6.7 inches 

(Plate XVI). The iteral extent was approximately 1.7 

inches. On many observed plants, the primary root 

system was continuing to grow, reaching a maximum penetra- 

tion of 6.2 inches. 

The fifth root observation was made after 126 days 

of growth. At this period, the plants were in the fifth 

to sixth foliate leaf stage (February 27, l93) . The 

crown was continuing to divide. There were approximately 

12 main roots of the secondary root system compared with 

s of ti'ìe previous observation. The roots of the secondary 

root system at this stage varied in length from 2 to 55 

cm., with a maximum penetration of 1.7 feet, and a lateral 

extent of 6 to B inches. There were 
6 to 9 roots of the 

first order per linear inch on the main roots, with an 



Table XI 

ROOT DEVELOPMENT 0F REDTOP (Agrostis alba) 

-- : ist :2nd to 3rd:4th foliate:5th to 6th: 36 weeks: 75 weeks 
Observations : foliate : foliate : leaf : foliate : of : of 

:lepf staeleaf stage: stage :leaf stage: growth : growth 

Age at time of Study 21 days 42 days 63 days 126 days 252 days 525 days 

Maximuni Depth of 
Penetration 4 in. 6.1 in. 6.7 in. 1.7 ft. 3 ft. 3.5 ft. 

Average Lateral 
Extent 1.5 in. 1.5 in. i.? in. 6-8 in. 6-9 in. 8-10 in. 

Average forking Depth -_ 3-4.5 in. 4-5 in. 10-12 in. 14-16 in. 14-16 in. 

No. of Main Roots of 
Secondary Root 
System 3 5 7-8 12 14-15 16-17 

Vegetative Habits -- -- -- -- Rhizomes Rhizomes 

tJ) 



increased number in the upper part of the root system. 

The main feeding zone of the root system w.s in the upper 

10 to 12 inches of the Willamette clay loam soil. 

The plants were in the pre-bloom stage after 252 days 

of growth (July , 1938),, then the sixth root study was 

comp1eted. At this period, the crowns were continuing 

to divide, and the rhizomes were beginning to sprout 

from the crown. There were 14 to 15 main branches of the 

secondary root system at this stage. The maximum penetra- 

tion of the root system was 3 feet and the lateral extent 

was ô to 9 inches. The average diameter of the main roots 

was O5 to 0.6 mm On the main roots, there was an average 

of 6 to 8 lateral roots of the first order per linear 

inch. In the upper part of the root system, there was 

a tendency toward an increased number of lateral roots 

per linear inch. The main working depth of the root sys- 

tem was in the upper 14 to 16 inches of the soil profile. 

After a period of 525 days the final root observati on 

was made on April 1, 1939. Vigorous rhizomes were evident 

at the rown. In many observed plants, the rhizomes had 

rooted at the second and third nodes. There was an average 

of 16 to 17 main roots of the gray secondary root system 

(Plate XIX). The maximum penetration of the root system 

was 3.5 feet, and the maximum lateral extent was 8 to 10 



inches. The root system tended to crow 

and was s1iht1y coarser in appearance 

root systems of the other tent grasses. 

Mas fl the upper 14 to 16 inci s. 

directly downward, 

3ompared with the 

Tìe feeding zone 



9? 

Spike Redtop rostis exarata Trin. 

Economic 

Spike Redtop is often referred to as Western bent. 

It is found growing in low, moist to oderate1y dry dey- 

ations from Alaska, through British Columbia, Washington, 

Oregon, California, and Mexico. Titîs bent occurs in 

western Nebraska and northward to Alberta. 

In Oregon, Spike Redtop or 7estern bent is considered 

a weed under the certification rules for bent grasses. 

The reuïrernents for blue tag bent grass seed state that 

not more than O.5 per cent of Western bent is permissible. 

TITis bent grass is of no commercial iJ!portance. 

gtatiye Characteristics: 

S4ke Redtop grows erect with cuims ranging from 

20 toJ120 cm. in height. (Plate XI). It is mostly tufted. 

The leaves are rolled. in the bud and the blades are 

flat, 4 to 8 Cfl1. long and 1 to c mm. wide. Tie sheath 

is round., smooth or somewhat scabrous, and. of a light to 

medium green color. The collar is distinct and o a 

light green color. Auriclos are absent. The ligule is 

thin, i to 4 mm. long, round to obtuse, finely toothed 

and often split. The panicle is narrow (Plate XI) from 

somewhat open to close and spikelike, often interrupted, 

varying in length from 1 to 12 cm. The lemma is long and 
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Plate XI Spike Redtop Fig. A. Agrostis exarat, 
Fige B. var monolepis. Plant x Nat. spikelet, 
and fioretx 30. 
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narrow, tapering from the base to the tip, ana. generally 

folded cornletely over the palea and caryop3is. The 

apex of the lenuna is niostly triangular to acuminate. 

The lemma is awnless. The callus is boat-shaped and 

the callus hairs are short and compressed. The palea is 

very short, only about the lengtn of the hilum and gener 

ally enfolded beneath the overlapping lemma. The apex 

of the palea is mostly obtuse.. 

rostis exarata var. monoleDis (Torr.)kiitchc. d1f 

fers from A. exarata in that the 1anicle is more slender, 

and often interrupted. The lemma of this variety is dis- 

tincty awned compared with the awniess lemnia of A. exarata. 

Root Develoent: 
Tiie root system of Spike Redtop was observed after 

525 days of growth. The tufted crown had an verage of 12 

main roots of the secondary root system. The root system 

penetrated to a maximum depth of 2.3 feet and extended 

laterally 5 to 7 inches from the crown (Plate XII). 

There was an averae of 7 to 8 lateral roots of the first 
order er linear inch arising from the main roots. These 

lateral roots varied in length from I to 24 nm.. Some 

were branched to the second and third order. The main 

working depth of the root system was in the upper Sto 

lO inches. 



Plate XII. Root system of S)ike Redtop (Agrostis exarata) 
after 525 days of growth. 
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Plate XIII. ?1rst rootobßex'vation at germinatton., (Left to right) Seaside, . o 
. Agtorta, Htg1and, Colontal, Velvet ent graAaes, and Redtop. 

- 

\_ - 



Plate XIV 5eoondrootobaervation (21 days) at the fIrst roliate leaf stage. 
(Left to right) Seaside, Astoria, Highland, Colonial, Velvet bent 
grassea, and Redtop. 



Plate XV. ThiDd z'oot observation (42 dan) at the seoond to third foliate leaf stage. (Left to rigbt) Seaside, Astoria, H'ighland, Colonial, Velvet bent grasses, and Redtop. 



stage. (Left to right) 5eaøid,'Astoria, Highland, Colonial, 
Velvet bent grasses, and Redtop. 

e-4. 



Plate XVII. Fifth root oberation (126 days) at the fifth to sixth foliate leaf stage. (Left to' right) Seaside, Astoria, Highland, Colonial, Velvet bent grasses, and. Rodtop. o 
(J! 
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Plate XVL1U Sixth root observation after 252 daya of growth. (Left to right) 
Seaside,Ástoria, Highland, Coloiüal, -Velvet bent grasses, and. 
Redtop. 

o 



PlateXIX. $evànth root observation after 525 days of growth. (Left to right) .8easide, Astoria, Highland, Colonial, Velvet bent grasses, and Redtop. C- 



Coniparison o Root Characteristics 
of the Bent Grasses Studied 

Table XI resents a comparison of the root char- 

acteristics of the bent crasses after 525 days of growth. 

The root systems of these closely related species and 

varieties tended to be very similar in general charac- 

teristics. The root characteristics were proportional 

throughout the consecutive period of root study as indic- 

ated. by the plates illustrating the root systems at 

various stages of devlopment 

The main zone of root concentration on the Willamette 

clay loam soil was in the upper 12 to 18 inches. The 

working depth of the root systems of Spike Redtop, Velvet, 

Seaside, and Astoria bent grasses, respectively, was shallow 

compared with the other grasses. In the order of maximum 

penetration they ranked. as follows: Redtop, 3.5 ft.; 

Highland bent, 3.4 ft.; Astoria, 3 ft.; Colonial bent, 

2.8 ft.; Seaside bent, 2.5 ft.; Velvetbent, 2..5 ft.; 

and Spike Redtop, 2.3 ft. The grasses that spread by 

vegetative means, for example, Highland, Seaside, Astoria 

bent grasses, ahd Redtop tended to have the greatest lateral 

spread of roots. The number of main roots of the secondary 

root system was about the saine in the respective grasses, 

with the exception of a lower nuniber in Spike Redtop. 



Table XII 

Comparison of Root Development of Bent Grasses After 525 Days of Growth 

:Max. :Ave. :Ave. :Ave.No.of:Ave.Da. :Ave.No.of:Length of:Vegetatii 
:Depth :Lateral:WorkingUv1n Boots:of main:Lateral :Lateral :Reprodue- 

Species :ofpene-:Extent :Depth :of5econd-:Roots :Roots of :Roots of :tive 
:tration: : :ary Root : :1st Order:lst Order:Habits 
: : : :Systeni : :per ]inJn. : : 

Seaside 
Bent 2.5 ft. 8-12m. 12-15m. 14-15 0.2 mm. 7-9 l-20 mm. BtOlOfl8. 

Colonial Bunch 
Bent 2.8 6-8 12-18 15-16 0.3 7-8 l-28 expansion. 

Astoria Rhizomes, 
Bent 3.0 8-12 12-15 12-14 0.4 6-10 0.5-13 stolons. 

Highland 
Bent 3.4 10-15 14-18 14-15 0.5 8-10 2-25 Rhizomes. 

Velvet Bunch 
Bent 2.5 5-6 12-15 14-15 0.2 8-10 1-18 expansion. 

Redtop 3.5 8-10 14-16 16-1? 0.5-0.6 6-8 1-30 Rhizomes. 
8pike Bunch 
Redtop 2.3 5-? 8-10 12 0.3 7-8 1-24 expansion, 

(limited). 

to 
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Redto and. Highland bent haJ. the most coarse and. vigorous 

root systems. The average diameter of the IlAaln roots of' 

Redtop and Highland bent was O. mm. Roots of' Velvet 

ana. Seaside bent rasses showed the smallest diameter. 

The number oflateral roots of the first order per linear 

inch was about the same in all of the grasses studied. 

Toard the upper part of the root systems the num1er tended 

to increase per linear inch. he grasses differed in 

their means of vegetative reprQduction; for example, Sea- 

side bent spreads by stolons; Astoria and Highland bents, 

rhizoes and stolons; Colonial and Velvet bents, bunch 

expansion; Redtop, rhizomes; and Spike Redtop, by 

bunch expansion on a limited scale. 



DI$CUSSIO 

The purpose 01' this study of the root development 

and the vegetative characters of certain bent grasses 

was to obtain information leading to the solution of 

agronomie problems rtaining to tile economic production, 

use, and identification of these grasses. Such knowledge 

is of paramount imDortance to the farmer, agronomist, 

forester, and conservationist in the selection of proper 

grasses for mixtures and the control of erosion. 

The root study sites of this investigation were 

not selected at random, but with special reference to soil 

type, slope, vegetative cover, density, and climatic 

relations. Plots planted for root study should be' 

prepared and planted similar to ordinary commercial 

seedings and conditions. The dimensions ol' the plots 

of cultivated and non-cultivated treatment should be of 

a size large enough to allow normal plant growth. The 

seedings should be made at the standard rates recommended 

for such localities. joot investigators will agree that 

it is much more difficult to isolate the root systems 

of plants growing in a dense cover, in comparison with 

obtaining root systems of isolated plants. The roots are 

more typical of field conditions when grown at standard 

planting rates. Seedings made in this manner a1so 
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afford. a ßreater number of plants to work with in case 

of experimental erïor or accident. 

nder cultural conditiofl .. s, the plots should be 

free of foreign 1ants, as the roots become interrelated 

with lants studied, and ïuake the root observations 

difficult and confusing. In root studies of 2lant grOW 

ing under native or norual conditions the vegetative 

cover or plant population should not be disturbed, as 

plant competition affects the root characteristics. 

After considerable experimentation the autbor 

further developed the Steel Cylinder Washing Lethodt' for 

the root development study. eaver's "Trench Tracing 

Method" was tried, but it was not apiicable under the 

involved soil and climatic conditions of this region. 

Root observations were iiade of Seaside bent, 

Coloniai tent, Astoria bent, highland bent, Velvet 

bent, Redtop, and Spike Redtop at. the following stages 

of development: germination, first foliate leaf, 

second to third foliate leaf, fourth foliate leaf, 

fifth to sixth foliate leaf, 36 weeks, and. 75 weeks of 

growth. Throughout the consecutive stages of growth, 

the root development tended to be proportional in all. the 

observed. sjcies. uring the first few observations 

Astoria bent did not develop as rapidly as some of the 

other species. In general characteristics, manner, and 
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extent of growth, the root systems of all of the grasses 

tended. to be very simiiar 

The study of root relations at various stages of 

deve1oment revealed that the root systems of ali the 

grasses were well established durirì the first few months 

of 8rowth, consequently this ind.icates the advantage of 

fall over spring seeding. When the root systems are well 

established, the plants are abib to withstand vegetative 

competition and the long dry summers common in the 

Willamette Valley. 

The main feeding zone or region of root concentra- 

tion in all thé observed species tended to be in the 

upper 12 to 15 inches of the soil profile. The bent 

grasses possessing vegetative means of reproduction such 

as stolons and rhizomes; namely, Seaside bent (stolons), 

Astoria and Hihland bents (rhizomes and stolons), and 

Redtop (rhizomes) in general were able to increase the 

vegetative cover more rapidly ier unit of area, and with 

a greater concentration of roots per unit of soil volume 

than grasses without such vegetative mmeans of reproduc- 

tion. In the control of erosion, and increasing of soil 

organiQ matter such sod-forming grasses have merit. The 

root characteristics of these grasses with tue working 

depth in the upper 12 to 15 inches of the soil profile 

wou1 appear to be highly compatible in grass mixtures 



with legumes and deeper rooted hunch grasses for pas- 

tures, meadows, and logged-off areas. This is borne out 

by observations made on such plantings elsewhere. 

The root systems 0±' Seaside bent and Spike Redtop, 

which are adapted to low, moist, and alkaline soli condi- 

tions, were shallow with the nain zone of root concentra- 

;ion in the upper 10 inches. Astoria bent, a grass 

adapted to low and intermediate moisture relationships, 

had a root system intermediate in. depth of penetration 
and lateral extent in comparison with the others. 

Such grasses as Redtop and Highland bent, which are found. 

growing under intermediate to dry climatic conditions, 

possessed root systems with a greater maximum penetration. 

In addition to the root development investigations, 

a detailed taxonomie study was made of the vegetative and 

inflorescence characteristics of each species and variety. 

Each grass was studied in detail as to the taxonomic 

relations of the cuim, sheath, blade, ligule, collar, 

lemma, palea, caryopsis, inflorescence, spikelet, glnes, 
florete, and.. the vegetative means of reproduction. 

It was found that a combination of distinguishing 

factors us required to identify many of these closely 

related species and strains of bent grasses. The out- 

standing characteristics used for field identification 
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were the 1iu1e, blade, vegetative means of reproduötion, 

and. the manner and. form of growth of the cuim and. 

inflorescence. In the liboratory, the seed was Identi- 

fled by a combination of the outstanding characteristics 

of the lemma, paloa, caryopsis, and. callus. Since several 

of these grasses enjoy a strong market demand and siee 
each has its own field of use, ositive identification 

in the field and laboratory are very important in certi- 

fication jrocedure. 



S UARY 

1. An ecological study was ¿iade on th root 

development of Seaside bent, rostis pa1uss, 

Colonial bent, A tenuis, Astoria bent, ijS Var. 

astoriana, Highland bent, A. tenuis var. orgonens, 

Velvet bent, canina, Red.top, A. alba, and Spike 

Redtop, exarata at the folloviin stages of develop- 

ment: er:ination, first foliate leaf, second to third 

foliate leaf, fourth foliate leaf, fifth to sixth 

foliate loaf, 35 weeks, and 75 weeks of growth. 

2. After considerable experimentation, the "Steel 

Cylinder Washing Method which is adaptable to the soil 

relations and environmental conditions of a humid climate 

was further developed. 

3. The consecutive periods of root study at the 

various stages of growth vealed that the root systems 

of the respective species of bent grasses v:ere rapidly 

established during the first few months of development. 

This indicates the advantage of fall over spring seedings 

in the iillamette Valley. 

4 The root systems of the respective species of 

bent grasses were very similar in their general charac- 

teristics and manner and. direction of growth particularly 
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during the earlier stages of the experiment. At later 

stages differences in vigor, vegetative means of increas- 

ing stand density, and depth of root penetration became 

apparents 

5. The vegetative cover per unit of area and the 

lateral extent of roots was greatest in the species 

possessing rhizomes and stoLons Sod-forming grasses 

of this type are of very great importance, in grass 

mixtures for pastures and range seedings,, and for fine 

turf purposes. 

6. The main zone of root concentration in all the 

observed species tended to be in the upper 12 to 15 

inches of the soil profile. Such grasses are highly 

compatible in grass mixtures with legumes and deeply 

rooted bunch grasses. 

7. In the order of maximum penetration, the grasses 

ranked as follows: edtop, 3.5 feet; Highland bent, 

.4 feet; Astoria bent, 3 feet; Colonial bent, 2.8 feet; 

3easide bent, 2.5 feet.; Velvet bent 2.5 feet; and Spike 

Redtop, 2.3 feet... 

3. In zones of compaction, i.e. the tillage pan, 

the roots tended to be twisted and. crooked. with an 

enlarged root cap.. If the compaction was too intense, 
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thG rOOtS did not penetrate through the zone. The 

roots grew vigorously an branched irofse1y with an 

increased number of lateral roots of the first order 

per linear inch in the subhorizons having a high percen- 

tge of availble phosphorus and other nutrients. The 

converse was true in the zones of low phosphorus content. 

9. The intensive taxonomie study made in this 

investigation:deseribes and illustrates the vegetative 
and inflorescence characteristics of each species. Each 

species was studied in detail as to the taxonomie rda- 

tions of the cuim, sheath, blade, ligule, collar, iemaa, 

IJalea, caryopsis, inflorescence, spikelet, glumes, florets, 
and the vegetative means of repro'duction. 

lO. In the identification of these closely related 
species and strains of bent grasses, it was found that 

a combination of distinguishing factors was required. 

The outstanding characteristics found for field identi- 

fication of these species were the ligule, blade, vegeta- 

Uve means of reproduction (rhizomes and stolons), and 

the manner and form of growth of the cuim and inflores- 

cenee. In the laboratorr, the seed was identified by a 

combination of the outstanding characteristics of the 
lemma, palea, caryopsis, and callus. 
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