
SO1E STUDIES ON THE CAUSES OF 

SOD-BINDING IN ALTA FESCUE 
FESTUCA EJATIOR VAR. ARUNDINACEA 

(SCEREB.) wm&. 

by 

A ThESIS 

submitted to 

OREGON STATE COLLEGE 

in partial fulfillment of 
the requirements for the 

degree of 

DOCTOR OF PHILOSOPHY 

June 1951 



APPROVED: 

Head of 1)epartment of Farm Crops 

In Charge of 11ajor 

Chairman of School Graduate Committee 

Dean of Graduate School 

Date thesis is presented September 2(, 19O 

Typed by Dorothy A. Bratz 



AC KNOWLFIGMENT 

The writer is deeply grateful to Dr. D. D. Hill, Head, 

Farm Crops Departiient, for his guidance and suggestione throughout 

the progress of the study and for valuable assistance in the 

preparation of the paper. 

lAany other people have given of their tune and knowledge 

and should receive due recognition--J. Ritehie Cowan, H. A. Sohoth, 

H. H. Rampton, Dr. R. E. Stephenson, and many others. 



TABLE OF COTE1ffS 

Page 

INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . . . . i 

REVIEV OF LITERATURE. . . . . . . . . . . . . . . . . . . . . . . 

Root Concentration Studies . . . . . . . . . . . . . . . . . Li. 

The Influence of Fertilizers and Lime on Grasa Seed Yieids . 6 

Effect of Mechanical Renovation on Seed Production . . . . . 8 

METHODSANDMÊTERIALS...................... 10 

Greenhouse Trials. . . . . . . . . . . . . . . , . . . . . . 10 

Root Studies in the Field. . . . . . . . . . . . . . . . . . 13 

FertìlizerExperiment8. . . . . . . . . .. . . . . . . . s iL1 

Stand Reduction Lxperimonts. . . . . . . . . . . . . . . . . 17 

EXPERILENTAL RESULTS. . . . . . . . . . . . . . . . . . . . . . . 20 

GreenhousoTrials... . ........ ... . .. ... . 20 

Root Studios inthe Field...... . . . s s . s 2Lj. 

Fertilizer Experimente . . . . . . . . . . . . . . . . s s s 28 

Stand Reduction fxperiments. . . . . . . . . . . . . . . . . 5]. 

DISCUSSION. . . . . . . . . . . . . . . . e . . . . . 59 

SUMMARYANDCONCLTJSIONS . . . . . . . . . .. . ..... . . . . 65 

LITERATURE CITED. . . . . . . . . . . . . . . . . . . . . . . . 69 

APPENDIX. . . . . . . 72 



SOME STIJDflS ON TR CAUSES OF SOD-BINDING IN ALTA FESCUE 

FESTUCA EL&TIOR ARTThDINCEA (SCJIREB.) wi. 

INTRODUCTION 

Alta fescue, a perennial, sod-foriu1u grass, is crown 

extensively in Oregon for seed production purposes. Total production 

in Oregon during 19L9 was 2,500,000 pounds of clean seed, with 

e&tiinttcs for the 1950 crop placed at L.,7OO,OOO pounds, according to 

the Bureau of Agricultural Economics. These figures indicato the 

increasing importance of Alta fescue as a seed crop in the state. 

Denand for seed of this pasture and hay crass is far in excess of the 

supply. A l9Li.9 survey of the nation's future requirements, conducted 

by the Production and Marketing Administration branch of the Bureau 

of Agricultural keonomios, indicated demand for seed in 1950 

would be approximately 9,301,000 pounth and, in 1960, would increase 

to 3O,0LB,000 pounds. 

The pattern of seed production of Alta fescue has been one 

of decreasing yields with increasing age of the stand. The first 

year of seed production is usually the highest, and applications of 

nitrogen-carrying fertilizers are not ordinarily recommended or made 

for this production year. The following year the seed yield is 

decreased considerably, especially where nitrogen is not applied. 

Yields may be expected to be reduced even further the third produc- 

tion year, and the fourth year are so low that the crop is no longer 

profitable to harvest. Similar decreases in yield occur where quite 

liberal amounts of nitrogen fertilizer have been applied, but the 

yields are maintained at higher levels for a longer time. 
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The stand is Baid to be "sod-bound" when the yields have 

dropped so low that harvesting is no longer profitable and usually 

occurs at the fourth or fifth year after seeding. The term sod- 

bound, which is applied also to other crops, is associated with a 

thickening of the 8tafld as a result of the plant spreading by means 

of rhizomes. Thinly planted stands of Alta fescue do not become sod- 

bound as rapidly as those seeded at heavier rates. Forage production 

as well as seed production is afected, although not to such a 

pronounced degree, and judicious use of nitrogen has resulted in 

rather satisfactory forage yields of Alta fescue for a number of 

years after secding. 

To date, no satisfactory explanation of the cause, or 

causes, of this condition associated with decreased yields of Alta 

fescue has been advanced. "Root-binding", a term often used in place 

of sod-binding, suggests an excessive concentration of roots in the 

soil, which in some manner prevents normal functioning of the plant, 

especially in reproduction. This study was initiated as an attempt 

to determine some of the factors that are responsible for the develop- 

ment of a sod-bound condition of Alta fescue. Because of the limited 

time available for a study of this ture, it was necessary to 

establish certain theories or hypotheses of the factors contributing 

to sod-binding and to test them on old stands which were producing 

unprofitable yields of seed. From the results of these tests it was 

hoped that certain of the basic factor8 contributing to sod-binding 

could be determined and indications of some of the desirable 

aronomic and fertilizer practices to be followed in the production 



of perennial ¿rass seed crops would be obtained. 
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RíVIEW OF LITiRATURE 

Root Concentration Studios 

Stevenson and White (27), in a study of the build-up of 

root fibre of three .:as8es, found that there was an annual increase 

in rout content of the first foot of the soil through the fifth year 

of growth. They found also that the increase in weight of roots 

produced was uniformly distributed within the top foot of soil. The 

grasses studied differed markedly in the length of life of the roots. 

Sprague (25) stated that fully half of the root system of two sod- 

forming grasses, Kentucky bluegrass and Colonial bentgrass, is 

generated each spring. Ho surmised that the accumulation of roots 

may hamper top growth by preventing rapid entrance of moisture to 

the soil. In a study of the seasonal growth of grass roots, Stuckey 

( 28) classified root systems as "annual" and "perennial", based on 

the length of life of the roots produced each year. In the case of 

the peren:iial root systems, few new roots were formed eích year, and 

those which were new arose from the nodes of the rhizomes or from the 

outermost edges of the crown of the plant. Banding of roots by 

Voaver and Zink (31),to determine length of life, revealed that a 

very small percentage of them died within a year after they were 

formed, and, in most species studied, many of the roots were still 

alive after three years. Examination of the rhizomes of Boutoloua 

ourtipendula by those workers showed that very few rhizomes die 

within the first three years of plant growth. Their general conclu- 

sionz were that there is considerable permanence of roots, and that 



losses anon:, the banded roots were often only two to eight per cent 

of the total number of living roots, 

ivana (11) reported results similar to those obtained by 

Weaver and Zink. Through a similar method of banding, he observed 

that roots lived for at least one year and in many cases in excess of 

two years in all plants studied. He concluded that seminal roots of 

Andropogon furcata seemed to approach, at least, the life span of the 

nodal roots. 

Various environmental factors are known to affect, or ai-e 

associated with, root development of certain grasses. Total root 

weights of creeping bentgrass in the upper ten inches of soil were 

several times as great in soil with a pH of 5.5 as in soils with 

reactions of pH 5.8 or above, according to results obtained by 

Sprague (25). He concluded that the roots produced in previous years 

had accumulated because the soil reaction was not favorable for their 

decay. He pointed out that low available phosphorus in soil occupied 

by an abundant root system probably was due to the greater absorption 

of the phosphorus. 

benedict (3) reported that the presence of dead bromegrass 

roots inhibited the growth and development of broinegrass plants. He 

suggested that a toxic substance produced by the growing or decom- 

posed roots was responsible for the sod-bound condition which occurs 

in this :rass. Myers and Aierson (20) concluded that there was no 

po8itive evidence to indicate that a toxic substance was produced by 

the bromograss, since 200 pounds per acre of' ammonium sulfate more than 

overcame any detrimental effect that the previous growth of broinegrass 



might have had on subsequent grass production. 

The Influence of Fertilizers and Lime on Grass Seed Yields 

Sod-bound, as well as newly-established, stands of grasses 

have been induced to produce increased yields from the use of various 

fertilizers. Spencer, et al. (2L.) found that nitrogen was the key 

element in stimulating seed yields of old Kentucky bluegrass sods. 

Highest yields were obtained at the 100-pound level of nitrogen. 

Phosphorus and potassium were somewhat effective, but not nearly as 

effective as nitrogen. Certain minor elements tended to depress 

yields in sorne cases when applied as top-dressings. Applications of 

500 pounds per acre of nitrate of soda to old sods of Bahia grass 

gave similar results as a 2,000-pound rate of a L4.-8-L. fertilizer, 

according to Burton (Li). These results indicate that phosphorus and 

potassium gave no response in seed production under the conditions 

tested. 

Pnderson (1) and Anderson, et al. (2) obtained large 

inorease in seed yields of bromegi-ass with applications up to 100 

pounds of nitrogen to the acre. Higher rates were less effective in 

stimulating yield. Addition of phosphate to the nitrogen applica- 

tions resulted in slight increases in yield. Anderson (i) concluded 

that the so-called sod-bound condition could be eorreted by the 

proper use of nitrogenous fertilizers. 

North and Odland (21) studied the influence of different 

fertilizer mixtures on the yield of Rhode Island Colonial bent seed. 

The yield of seed was influenced chiefly by the amount of nitrogen 
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applied, whereas phosphorus and potash had little effect. Liming had 

only a slight tendency to increase the yields. DeFrance and Odland 

(7) found that nitrogen was the principal element affecting 80$d 
and 

forage yields of Piper velvet bentgrasse Potash had no eflect on 

seed or forage yields, but phosphorus stimulated the production of 

both to some extent. Small increases in seed production occurred 

when one ton per acre of limestone was applied to the grass growing 

in soil with a pli of L.26. 

Significant increases in seed yields of red fescue wore 

obtained by Musser (19) through the use of nitrogen, phosphorus, and 

potassium. Each of the elements alone, or in any combination, 

increased yields over the check with only a single exception. 

A number of other workers have obtained increased yields of 

seed from various grasses through the application of fertilizers 

containing nitrogen (5, 10, 13, Ji4, 26). In general, the yields 

increased with increasing levels of nitrogen up to approximately 100 

pounds per acre. 

Murphy,et al. (18) found that nitrogen increased seed stalk 

formation of blue8tem and weeping lovegrass. Supplementing nitrogen 

with superphosphate increased the yield of little bluestein. They 

found also that a light application of nitrogen was not sufficient 

and that superphosphate alone might actually decrease seed stalk 

production. Evans (8) and Evans and Galdor (9) agree that, generally, 

seed yields may be increased by moderate applications of nitrogen and 

that phosphorus and potassium, either alone or with nitrogen, hava 

negligible effects upon yields of seed. Metealfe (17) found that 



phosphorus, when applied in conjunction with nitrogen, was respon- 

sible for increased seed yields of bromegrass only at the higher 

levels of nitrogen. Nitrogen was again very effective in stimulating 

seed yields of a perennial, sod-forming grass. 

Grantham (12) reconuiended the application of 300 pounds of 

superphosphate and 100 pounds of sulfate of anmonia per acre to 

Phalaris tuberosa. His observations indicated that the phosphorus 

was necessary to fill out the heads after the nitrogen had stimulated 

large plant ?ro-th. 

Effect of Mechanical Renovation on Seed Production 

Very little evidence has been presented as to the influence 

of the use of cultural equipment on seed production of established 

stands of perennial grasses. Granthan (12), in l94, recommended the 

summer renovation of sod-bound stands of Phalaris tuberosa with a 

mouldboard plow. If plowing is not possible, renovation may be 

accomplished With a spring-tooth harrow or other suitable implement 

before spring growth starts. Cultivation to imitate the action of a 

field cultivator with narrow teeth set about six inches apart was 

tried by Swallers and Stoa (29) on a 20-year old sod of bromegrass in 

North Dakota. Cultivation was accomplished in the early spring and 

the number of seed heads produced was decreased by this method in the 

year of treatment. The year following, however, striking responses 

were noted. A very 8harp increase in head formation over the check 

and other treated plots was noted. This residual effect carried over 

into the third year, but the increase over check was of a less order 



than the second year. 

Anderson, et al, (2) reported that 80fl16 farmers in eastern 

Kansas have obtained increased seed yields of brornegra8s by destroy- 

ing a portion of the stand. They surmised that the reduction in 

competition as well as the encourageient of the release of nutrients 

were responsible for the inoreased yields. They Dointed out, how- 

ever, that the danger of weed encroachment should discourage this 

practice in many instances. Double disking of broadcast plots of 

smooth bromegrass in Niohigan failed to increase seed yields during 

the treattient year, according to Churchill (5). Cultivation was 

accomplished in the early spring. 

Schoth and Rampton (22) obtained very striking increases 

in seed yield of Alta fescue through plow renovation of the sod- 

bound stand, The sod was turned under to a depth of four inches in 

the early fall and rolled to retain a smooth surface for the opera- 

tion of harvesting equipment. The following year the stand reestab- 

lished itself and very little seed was produced. The second year 

after renovation, however, as much as 1,100 pounds viere harvested 

from plots whioh had been yielding less than 100 pounds per acre. 

Nitrogen was applied in the fall following renovation and in the 

spring of the production year. 
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M1THODS AND ATERLALS 

Greenhouse Trials 

In order to test the effect on seed stalk formation of 

restricting the area in which roots are allowed to grow, a single 

plant of Alta fescue was dug from the field on February 12, 191j.9, 

divided into clones of equal size, and placed in pots of varying 

sizes (of. Figure 1). Genetic variability of the plant material was 

reduced to a minimum, since all plant cultures used in each of the 

greenhouse studies were derived from the same plant or gonotype. The 

Sizes used were !-, 6-, 9-, and 12-inch clay pots. They were arranged 

on the greenhouse bench in a split plot design, with harvest dates 

occupying the main pïos and pot sizes constituting the sub-plots. 

Supplemental light was applied to maintain a 12-hour photoperiod in 

an effort to stimulate formation of seed heads. The use of supple- 

mental light was discontinued on Api1 39, l9Li9. All seed stalks 

which had formed were removed 1ay 7, l9L.9, 51fl08 only a few of the 

clones had produced seed heads. All top growth was harvested on 

July 26, 19!9 (cf. Figure 2). The pots were then moved into a cooler 

set at 35° F., in which an 8-hour photoperiod was maintained for a 

period of ten days in an effort to induce flowering. They were then 

removed to the reenhouse and treated as before. Seed heads again 

failed to form satisfactorily. Top growth was removed again on 

December 28, 1914.9. The plants were moved outside on February 23, 1950 

to receive normal day length and temperatures, where seed stalk 

formation appeared to be normal. Seed heads were counted July 6, 1950 
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iIj. 

Fig. 1. Arrangement of pots of different sizes 
on the greenhouse bench, showing 
aniount of growth of one Alta fescue 
after cloning. Cloned February 12, 
l9!.9. Photographed March 12, 19L9. 

9" 6" Li." 

Fig. 2. Top growth produced by Alta fescue 
growing in different sized pots-- 
first harvest. (Note the platforms 
which were constructed to avoid 
excessive competition for light.) 
Cloned February 12, l9!.9. Photo- 
graphed July 11, 19t.9. 
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and the results analyzed ßtatl.atically according to Snedecor (2). 

A second experiment was conducted in the greenhouse to 

obtain eone evidence of the validity of the theory that lack of soil 

aeration may be a factor which contributes to the decreases in yield. 

Thirty-six 8-inch ciay pots were equally filled with a fertile field 

soil and half of them fitted with an aeration apparatus similar to 

that described by AacIntire and Vinterberg (16). Equal sized clones 

of a single plant of Alta fescue were placed in each pot. The pota, 

in 'vthioh the non-aerated plants were grown, were painted on the inside 

with nelted paraffin to reduce the amount of oxygen reaching the roots. 

Air was supplied the roots of the aerated plants by the use of a pmp 

and connecting hoses at three-day intervals for a period of fifteen 

minutes. In all other respects the plants were treated identically 

as those in the size of pot study previously described. The pots 

were again arranged in a split plot dosin, with aeration treatments 

constituting the main plots and harvest dates the sub-plots. 

Because plow renovation in the field, which temporarily 

restores seed yields to a satisfactory level, severs a large majority 

of the roots, the effect of root pruning on seed stalk formation was 

studied in a third experiment in the greenhouse. A single plant of 

Alta fescue was oloned in thirty-two 8-inch clay pot8 on August 9, 

i9J9, and the growing plants were kept well supplied with moisture 

and nutrients. Normal day length was maintained until November 9, 

at which time a 10-hour photoperiod was obtained by the use of 

artificial light. The 10-hour day length was maintained until 

December lO, at which time satisfactory induction of flowering was 
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noted to have oecurred. Supplemental light was inoreased on that date 

to a 114-hour day length in order to promote more active growth and 

development. Seed heads were harvested on February 10, 1950. The 

tops were clipped to a height of approximately one inch on the dato 

of harvest, 

Because of the large variation in the number of seed heads 

produced by the plants at this pro-treatment harvest, the plsnts viere 

divided into high and low ytelders and the factor of pro-treatment 

yield was incorporated into the design of the experiment. The 

arrangement resulted in a split plot design with pro-treatment 

harvests as the main plots, and root pruning treatments as the sub- 

plots. Two plants were placed in each sub-plot and treatments were 

aocomrlishod on February 22, 1950, as follows: (1) check, (2) half 

of the roots cut horizontally with a sharp hufe just below the 

crown of the plant, (3) all of the roots cut horizontally, and (ti.) 

lateral roots cut vertically in a circle approximately four inches 

in diameter around the plants and to a depth of four inches. Seed 

heads wore counted July 10, 1950, and the results analyzed 

statistically. 

Root Studiee in the Field 

The effects of age of stand and plow renovation on root 

content of the soil were studied in the stmmer of l9L8. Stands of 

Alta fescue, growing on sral1 experimental areas and varying accord- 

ing to age and renovation treatment, were sampled to a depth of three 

feet with an 16-inch "tile" shovel. Representativo one-foot layers 
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of soi]. were taken at three random 1ocation frofl each area, sm11 

soil sanp1es were collected from each layer for orgnie aatter deter- 

mination, and the roots were washed free of coil. Dry weights of 

the soil and roots together and of the roots alone wore obtained, 

The various 3tands of Alta fescue sampled were as follows (i) one- 

year old stand, uiwenovated; (2) two-year old stand, unrenovated; 

(3) 10-year old stand, unrenovated; (L1.) 10-year old stand, renovated 

once four years previously; (5) 10-year old stand, renovated once two 

years previously; (6) 10-year old stand, thinly seeded, unrenovatod; 

and (7) 3O-yar old stand, unrenovated. 

The soil samples taken from each of the various layers were 

analyzed for "humif led" organic matter content according to the method 

described by Yalk1ey (30). This was done to determine the relation- 

ship, if any, between age of stand, root content, and soil organic 

netter content, 

Fertilizer Experiments 

In order to test the hypothesis that sod-binding is simply 

a lack of a proper balance of nutrients in adequate quantities, s. 

number of fertilizer and lime trials were conducted on sod-bound 

stands of Alta fescue. 

The effects of nitrogen, phosphorus, and lime on seed yields 

were studied in an experiment begun in the fall of 19143 on a 5-year 

old solid stand of Alta fescue. The plots, 9 x 18 feet, were 

arranged in a randouized block design with four replications. Treat- 

monts consisted of 100 pounds of nitrogen (300 pounds of ammonium 
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nitrate), 22 pounds of phosphoric acid (500 pounds of reb1e super- 

phosphate), and two tons of ground limestone ap1ied singly and in 

all possible combinations. As a precaution against the possbi1ity 

that 100 pounds of nitron iight cause 1oding and thereby prevent 

phosphorus and lime from exhibiting their possible effects on seed 

production, an additional treatment employing all three materials, 

except thit only 50 pounds of nitrogen wore used, was added to make 

a total of nine treatments. Half of the nitrogen and phosphoric acid 

applied in the fall and half in the early spring. All of the 1ne 

was applied in the fall. The plots were reduced in aizo with a 

Gravelly tractor equipped with a mower prior to harvest to eliminate 

border effect. The resulting area, x 114 feet, was harvested by 

hand with a sickle on June 25, l9L9. All plots were mowed and the 

forage removed a few days after harvest. 

Seed yields were obtained again in 1950. The plots were 

treated in 1950 identically as in the previous year, oxcopt that the 

remaining forage was weighed green and moisture samples taken for 

deterrnmnation of total forage yields. Eaoh plot was sampled at 

flowering timo in 1950 to determine the effect of the nitrogen, 

phosphorus, and lime on phosphorus content of the aboveground parts. 

The method of analysis used was that of Kelley, et al. (15), slightly 

modified. (Selenium oxyohloride solution was prepared by dissolving 

1.2 grams in a liter of concentrated sulfuric acid instead of 2.14. 

grane per liter.) 

The influence of minor elements on seed yields was deter- 

mined in an experiment set out in the fall of 1914.6 on a 10-year old 



80d. ihe saxie experiiicnta1 design as that used for the experiment 

just described was used in this test 8mplOyin.g major e1ement, minor 

elements, 811(1 1iìe a the three individu1 treatments. The major 

elements treatnent oonsit'3d of 300 pounds f anmionium nitrate, 500 

pounds of 1;reh1 superphosphate, and L00 pounds of tiuriate of potash. 

9oron4, sulfur, eid magnesium for the minor elements treatment were 

8UWJHed from 20 pounds per acre of borax and 200 pornids of griesiuin 

sulfate. lAme was again &tplied at the rate of two tone per acre. 

A ninth treatment with major e1emexts, minor elements, and lime corn- 

bined s used, with the rate of nitrogen application again reduced 

to 150 pounds of asmionium nitrate. 

Two of the four replication were eliminated inadvertently 

in the sprin of 19I.9 so that only two repllcation8 were harvested 

in 191.i.9 ami 1950. 

1ifferent rates of nitrogen applications were employed in 

a study to determine the upper limit that should be applied to a sod- 

bound stand of Alta fescue. There was o indication from the first 

year re8ultS of the previously described fertilizer trials that 100 

pounds of nitro.en is the aximum that may be applied safely. The 

experiment as conducted on a 10-year old stand which had failed to 

produce profitable yields of seed for the last seven years. Rates of 

0, 65, 130, 195, and 260 pounds per acre of nitrogen were surface 

applied to 10-foot square plots. Blanket applications of two tone of 

lime and 750 pounds of treble superphosphate were made to the 

cperimental area in the fall of l9L9. One-third of the nitrogen was 

applied in the fall and two-thirds in the early spring. The oxperiinmt 
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was designed as a Latin square because of suspected gradients in soil 

fertility. 

Because first year results of the nitrogsn3 phosphorus, and 

lime experiment indicated that phosphorus nay have coinG influenco on 

seed yields, a rate of phosphorus test was initiated in tha fall of 

19L9 on a 10-year old sod. Phosphorus levels of 0, 225, L50, and 675 

pound$ per acre of phosphoric acid were surface applied in the fall. 

Uniform applications of two tons of linie and 150 pounds of arnonium 

nitrate were made in the fall and 150 pounds of aiironiurn nitrato in 

the spring. Forage yields, as well as seed yields, were obtained 

end sanpies were taken for phosphorus content determinations. 

A similar trial was conducted to determine tho effect of 

varying rates of lime applications on seed yields of a 10-year old, 

sod-bound stand of Alta fescue growing in soil with an average pH of 

5.6. Lime was surface applied in the fall of 1Ç49 at rates of 0, 2, 

14, and 6 tons por acre. Uniform applications of 500 pounds of treble 

superphosphate and 150 pounds of ammonium nitrate were made in the 

fall and 150 pounds of auronium nitrate in the spring. The area was 

seriously infested with velvet grass, Holcue lanatus, which probably 

reduced the yields sonewhat. The experimental design was a Latin 

square with plots measuring 10 feet by 10 feet. 

Stand Reduction Experiments 

Seed yields of Alta fescue in rows have been almost 

consistently higher than in solid stands. Plow renovation, which is 

a means of reducing the stand, has resulted in increased yields of 
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seed iii western Oregon, according to work done by Schoth and Rampton 

( 22). In order to determine the influence on seed production of 

reduoing solid stands to rows, two oxprmnients were started in the 

spring of 19)49 on a 10-year old stand of Alta fescue. In the first, 

stand reduction was accomplished with a garden rototiller, which 

effectively killed the plants in strips two feet in width and 

thoroughly mixed them with the soil. Rototilling, the treatment for 

half of the plots, was accomplished lengthwise of the plote which 

were 10 feet by 12 feet in size. Narrow strips approximately one 

foot in width were left between the rototilled sections within each 

plot. The result was similar to an established stand in 3-foot rows. 

The other half of the plots were left undisturbed. Rototilling was 

accomplished on April 2, 19b9 and repeated i Lay ]1. to eliminate wets. 

The following year rototilled plots were re-treated to maintain the 

stands in rows one foot in width. No fertilizer was applied in l9L.9, 

but in the early spring of 1950, a surface application of 300 pounds 

of ammonium nitrate was made to the entire experiment. 

As has been mentioned before, one of the factors suggested 

as a contributing cause of sod-binding is that of lack of soil aera- 

tion. In order to eliminate this factor and at the same time reduce 

the stand, chemical herbicides at varying rates per acre were sprayed 

on strips, two feet in width, of early spring growth of Alta fescue. 

Different rates per acre were used to determine those rates necessary 

to obtain effective kill of the plants. The materials used were TCA 

(triohioracetate) at 00, 160, and 2L10 pounds of parent acid per acre; 

IPO (isopropyl-N-phenyl carbamato) in oil at rates of 5 and 10 pounds 
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per acre; 600 pounds per acre of Shell D.D.; and 320 pounds of Amuiate 

(ammonium sulfamate). A rototilling treatment was included for 

comparison with this method of stand reduction. The plots, 

9 x 15 feet, were arranged in a randomized block design with four 

replications. 

Two of the replications wore re-treated in the spring of 

1950, because of the ineffective kill obtained and the regrowth 

which had occurred within the sprayed areas. In this way, the rda- 

tive merits of reducin?. the stand and that of maintaining the stand 

in a reduced condition could be determined. Two-hundred pounds per 

acre of arrronium sulfate were ap:lied to the entire experiment on 

April 30, 19Lj9, and auimonium nitrate at the rate of 175 pounds per 

acre was broadcast over the area on March 31, 1950. Seed yields were 

obtained as in the fertilizer trials. 
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EX.FERIJENTAL RESULTS 

Greenhouse Tr1a1 

Pliotoperiods of both eight and twelve hour8 duration 

failed to stimulate seed stalk formation of Alta fescue in the green- 

house, Combining cool temperatures with an 8-hour day length also 

failed to induce flowering. For these rasons the first and second 

harvests of the experiment, designed to test the effect of size of 

pot in which plants are grown on seed stalk formation, were ehm- 

mated. Observations wore made of the root growth attained at the 

Beheduled harvest &tes, however, and root and top yields determined 

( cf. Figures 3 end 4). Table 1 shows that there was an increase in 

total root weights during the second period of growth in all pots 

except the )-inoh size, while top growth remained approximately the 

same. The selection of a 10-hour photoperiod resulted in normal 

flowering, and seed head counts revealed that the plants growing in 

larger pots produced more than those in the smaller pots. Although 

comparisons between successive inoreses in pot size were not 

significant, except between the 4-inch and 6-inch sizes, Tables 2 

and 3 indicate that true differences did exist. (Yherever praotioable 

the data from all experiments are presented in the Appendix in the 

uncondensed form.) 

The same environment was maintained for the aeration study 

as for the pot size experiment. Consequently, seed head numbers 

were not obtained until the third scheduled harvest, which revealed 
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ì___ 

12" 9" 6" 
Fig. 3. Relative root growth of Alta fescue 

in pots of various sizes at the first 
harvest. Same pots as those shown in 
Figure 2. Photographed July 27, 191i.9. 

6" 9" 12" 
Fig. Li.. Same material as that shown in 

Figure 3 above, except that soil had 
not been wa8hed from the roots. 
Photographed July 27, 191.9. 



Table 1. Effect of size of pot on total root weight in grains, total top 
weight in grains, and root-top ratio of Alta fescuG during two 
growth periods. (Avergee of three replieations) 

Size of pot First harvest Second harvest 
Roots Tops R Roote Tops 

- 
7T 

ij-inoh 51.IL 13.8 3.73 )4.5 13.5 3.08 

6-inch 68.7 23.2 2.77 107,3 20,9 5.16 

9-inch 160.9 LS.6 3.27 2L9.2 b3.3 5.89 

12-inoh 231.5 6L.8 ¿i.39 !39. 63.6 7.07 

ro 
ro 
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Table 2. Effect of size of pot on number of 8eed 
heads produced by Alta fescue, third har- 
vest. (Averages of three replications) 

Size of pot Number of seed headc 

b-inch 22.3 
6-inch 31.0 
9-inch 37.0 
12-inch L.0.7 

Differences required for significance at .05 7.56 
.01 11.L5 

Table 3. Analysis of variance of number of seed 
heads produced by Alta fescue growing in 
pots of varying sizes, third harvest. 

Source of variation Degrees of Mean square 
freedom 

Replications 2 b5.75 
Sizes 3 192.31** 
Error 6 

Total 11 

**F value exceeds 1 per cent level of significance 
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that aeration of roots of Alta fescue did not result in the formation 

of mors seed heads than oocurred under conditions of somewbat 

depleted oxygen content of the soil atmosphere. The averages of the 

five paired comparisons are given in Table 14, wl.th the arlysi8 of 

variance shown in Table 5. Root and top yields were not obtained in 

this experiment. 

The root pruning experiment in the greenhouse, designed 

to contribute evidence of the effect of cutting of old roots on seed 

stalk formation, showed that neither pre-treatment harvest nor root 

pruning treatment had any effect on the number of seed stalks pro- 

duoed by Alta fescue. The results are given in Tables 6 and 7. 

Root Studies in the Field 

The amount of underground parts of Alta fescue varied 

according to the depth of sampling. ispecially as this true when 

the first foot is compared with the second and third foot layer8. 

This indicated that the majority of the roots, including rhizomes, 

are contained in the top acre foot of soil, as would be expected. 

Table 8 presents the average amount of underground parts pr acre 

foot of soil that were obtained in this study. There were no 

measurable differences between the various ages of stands, although 

the averages indicate that there might have been a gradual build-up 

of underground material from the first to the tenth year of growth. 

The significance of the interaction between ages of stands and depths 

of sampling shows that the relationship between the amounts at the 

various depths and the age of stand was not constant within all of 
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Table !.. Average number of seed heads produced by 
Alta fescue growing in pots as affected by 
aeration treatment, third harvest (Aver- 
ages of five replications) 

Treatment Number of seed heads 

Aerated 
Non-aerated 36.6 

Table 5. Analysis of variance of number of seed 
heads produced by Alta fescue as affected 
by aeration treatment, third harvest. 

Source of variation Degrees of Mean square 
freedom 

Replications 1. 169.15 
Treatments 1 176.130 

Error 
13. 113li.65 

Total 9 
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Table 6. Average number of seed stalks produced by 
Alta fescue as influenced by 
treatment and previous seed 
(two replications) 

root pruning 
stalk formation 

Treatment Pro-treatment yield Av. 
Bigh Low 

Noue 36.8 36.8 36.8 

of roots cut horizontally 36.5 36.2 36.4 

All of roots out horizontally 36.0 28.0 32.0 

Lateral roots cut vertically 33.5 33.2 33.4 

Average 35.7 33.6 

Table 7. Analysis of variance of number of seed 
stalks produced by Alta fescue as influenced 
by root pruning treatment and pro-treat- 
ment yield 

Source of variation Degrees of Moan square 
freedom 

Replications 
Pro-treatment yields 
Replications x pro-treatment (Error a) 
Treatments 
Replications x treatments (Error b) 
Within plots 

1 1.53 
I 42.78 
1 5.28 

3 70.36 

9 82.03 
16 57.314 

Total 31 
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Table 8. Average tons per acre foot of soil of under- 
ground parts of Alta fescue as affected by 
age of stand, depth of sampling, and renova- 
tion treatment (three replications) 

Age of stand and renovation treatment Depth of sampling 
0'-l' l'-2' 2'-3' 

Av. 

1 year, unrenovated 6.62 1.32 .23 2.72 
2 years, unrenovated 9.90 .88 .57 3.78 
10 years, unrenovated 114.27 3.80 .50 6.19 
10 yrs, renovated once 14 yre. before 16.58 .68 .50 5.92 
10 yra, renovated once 2 yrs. before 12.814 1.63 .80 5.09 
lo yrs, thinly seeded, unrenovatod 16.91 1.37 .67 6.31 
30 years, unrenovated 9.80 1.63 .30 3.91 

Average 12.142 1.62 .51 

Differences required for significance between 
means of depths of sampling at .05 L1. 2L1. 

.01. 7.02 

Table 9. Analysis of variance of tons per acre foot 
of soil of underground parts of Alta fescue 
as affected by age of stand, renovation 
and depth of sampling 

Source of variation Degrees of Mean square 
freedom 

Replications 2 5.0196 
Stands 6 17.5366 
Depths 2 908.98714** 
Replications z stands 12 
Replications x depths 14 10.14830* 
Stands x depths (Error b) 12 ]14.8557** 
Replications x stands z depths (Error a) 2t4 3.1275 

Total 62 

*F value exceeds 5 por cent level of significance 
**F valuo exceeds i per cent level of significance 
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the etands. Analysis of variance of the results is prezerited in 

Table 9. 

Age of stand influenced. the amount of organic matter 

present in the various layers of soil, as shown in Tables 10 and U. 

Differences between depths were significant at the 5 per cent level 

in all stands. In general, the per cent of organic matter content 

was increased as the age of the stand increased. The soil from the 

10-year stand, which had been renovated once four years previously, 

did not contain as much organic matter as the other stands of that 

age, probably because cultivation and subsequent applications of 

nitrogen resulted in the breakdown and utilization of the organic 

matter. 

F ertilizer xperimont8 

A preliminary analysis of variance of the seed yields 

obtained in 19L.9 of the nitrogen, phosphorus, and lime trial revealed 

that there were true differences between the pounds per acre pro- 

duoed under the mi-loue treatments. Averages for each treatment are 

presented in Table 12. A more complote analysis of variance, Table 

13, was made to separate the treatment effect into individual degrees 

of freedom. This breakdown necessitated the removal from the 

analysis of the combined nitrogen-phosphorus-lime treatment, which 

had received only half the nitrogen application given other plots. 

(This same procedure was followed throughout this experiment and the 

minor element study.) Nitrogen was found to be the most important 

material in stimulating seed yields in 19L.9 (cf. Figure 5). 



Table 10. Effect of age of stand, renovation, and 
depth of sampling on per cent organic 
matter in soil in which Alta :'escue has 
been growing (three replications) 

Age of stand and renovation treatment Depth of sampling 
0'-1'I2' 2_3T 

Av. 

1 year, unrenovated !i..49 2.36 1.09 2.65 
2 years, unrenovated 14.15 2.29 .70 2.38 
10 years, unrenovated li..89 2.39 .75 2.68 
10 yra, renovated once 4 yrs. before 2.97 1.39 .45 1.61 
10 yrs, renovated once 2 yrs. before 4.78 2.39 1.13 2.77 
10 yrs., thinly seeded, unrenovated 4.82 2.40 1.79 3.00 
30 years, uLnrenovated 5.22 2.48 .89 2.86 

Average 4.47 2.2L. .97 

Differences required for signifioanoe between means of: 

P 
.05 .01 

Av. age of stand and treatment effect .61 .85 
Av. depth of sampling effect .40 .56 

Table li. Analysis of variance of soil organic matter 
content as affeoted by age of stand, renova- 
tion, and depth of sampling 

Source of variation Degrees of Mean square 

- 
freedom 

Replications 2 .3082 
Stands 6 1.9386* 
Depths 2 66.00l6ii* 
Replications z stands 12 .2075 
Replications x depths 14. .1188 
Stands x depths (Error b) 12 .3l78** 
Replications x stands x depths (Error a) 24 .0955 

Total 62 

**F value exceeds the 1 per cent level of signifioanoe 



Table 12. Average seed yields of Alta fescue as 
influenced by nitrogen, phosphorus, and 
lime applications, l9L1.9 (four replications) 

Treatment Pounds per acre 

None 14.0 

100 lbs. N 181 
100 lbs. N plUs 225 lbs. P205 180 

loo lbs. N plus 225 lbs. P205 plus 2 tone lime 253 
225 lbs. P2°5 19 

225 lbs. POç plus 2 tons lime 30 

loo lbs. N plus 2 tons lime 167 
2 tons lime 28 
50 lbs. N plus 225 lbs. P205 plus 2 tons lime 109 

Table 13. Analysis of variance of seed yields of 
Alta fescue as influenced by 
of nitrogen, phosphorus, and 
(eight treatments) 

applications 
lime, 1914.9 

Source of variation Degrees of Mean square 

- - 
freedom 

Replications 3 3,5i.8.71 
Treatments 7 34,271.48** 

N (nitrogen) 1 220,780.13** 

P (phosphorus) 1 2,145.13 
L (limo) 1 1,624.50 
N x P 1 5,565.12 
N x L 1 1,860.50 
PxL 1 5,9O.50 
NxPxL i 1,9814.50 

Error 21 2,6144.40 

Total 31 

*4F value exceeds the 1 per cent level of significance 



Fig. 5. View of a portion of the nitrogen, 
phosphorus, and lime experiment, 
showing the comparative effect of 
nitrogen on seed yield of Alta fescue. 
Left - 225# phosphoric acid; right - 
225# phosphoric acid plus lOOt nitrogen. 
Photographed June 25, 191.i9. 

Fig. 6. Seme experiment as above. Left - 
lOOt nitrogen plus 225# phosphoric 
acid plus 2 tons lime; right - 225# 
phosphoric acid. Photographed 
June 25, 19L,.9. 
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Neither phosphorus nor lime had any measurable effect, whether applied 

singly or in combination with any other material. Average yield of 

the combined nitrogen-phosphorus-lime treatments, however, was 

sufficiently higher than all other treatment yields that the possible 

effects of phosphorus and linie could not be ruled out entirely 

(cf. Figure 6). 

Similar results were obtained in 1950, as shown in Tables 

1)4. øiid 15, except that the over-all seed production was higher than 

in l9!9. Plots on which lime had been applied both years were found 

to produce significantly more seed in 1950 than where no lime 

applications were made. The addition of phosphorus to the nitrogen 

ap)1ications resulted in increased yields of seed (Table 16), and 

the average seed yield after all three materials were applied both 

years 'was greater than all other treatment averages. 

Seed yields, presented in Table 17, for both 19L1.9 and 1950 

were combined in one analysis to measure the year effect and the 

average effect of the fertilizer and lime applications. They show 

significant increases for the second year as well as an interaction 

between years and treatments. This is an indication that there was 

a carry-over effect of sorno of the treatments, which caused them to 

react differently than others in 1950. Probably there was a cuinu- 

lative effect of the surface applications of phosphorus and lime. 

Neither phosphorus nor lime applications, nor the treatment interac- 

tions were significant from the standpoint of the two-year results. 

Nitrogen applications, however, continued to be the major factor 

responsible for increased seed yields. Comparison of the LOO pound 
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Table ]J.. Average seed yields of Alta fescue, as 

influenced by nitrogen, phosphorus, and 

lime applications, 1950 (four replications) 

Treabnent Pounds per acre 

None 
100 lbs. N 
100 lbs. N plus 225 lbs. 
100 lus. N plus 225 lbs. 

225 lbs. P205 

P205 

25 plus 2 tons limo 

225 lbs. P20j plus 2 tons lime 
100 lbs. N plus 2 tons lime 

2 tons lime 
50 lbs. N plus 225 lbs. P205 plus 2 tons lime 

29 

238 
352 
14.01 

23 
58 

272 

1L1.o 

Table 15. Ans.lysis of variance of seed yields of 
Alta fescue as influenced by applications 

of nitrogen, phosphorus, and lime, 1950 
(eight treatments) 

Source of variation Degrees of Jean square 

freedom 

Replications 3 3,1.02.03 

Treatments 7 96,198.32** 

N (nitrogen) i 603,625.78 
P (pho8phorus) 1. 28,860.03 

L (lime) i 10,476.28* 

N z P (Error b) 1 29,829.03** 

NxL 1 258.78 
PxL i 318.78 

NxPxL i 19.51i. 

Replications x Treatments (Error a) 21 1,909.70 

Total 31 

*F value exceeds the 5 per cent level of significance 
**F value exceeds the 1 per cent level of significance 



Table 16. Average seed yields per acre of Alta 
fescue from all treatments, with and 

without nitrogen and with and without 
phosphorus, 1950 (average of eight 

plot yields) 

Phosphorus Nitrogen 
Without With 

Without 142 255 

With 14 376 

Differences required for significance at .05 1.5 

.01 62 
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Table 17. Analysis of variance of seed yields of 
Alta fescue as influenced by applica- 

tions of nitrogen, phosphorus, and lime, 
l9L.9 and 1950 (eight treatments) 

Source of variation Degrees of !ean square 
freedom 

Replications 3 

Years 3. 

Treatments 7 

N (nitrogen) 
P (phosphorus) 

L (lime) 
Wz P 
Nx L 
PxL 
N z P z L 

Replications z years 3 

Replications z treatments 21 

Years x treatments (Error b) 7 

Replications z years z treatments 21 

Total 63 

1 

I 

i 

3. 

1 

i 

i 

3,15Z1.02 
70,026.39* 

121 ,26L.. o6** 

777,262. 6o** 

23,370.77 
10,176.77 
30,581 25 
l,752.L3 
Li., 50)4.76 

1,200.06 
3,796.73 
2, 5L9.86 
9,3)48. 57** 

1,956.62 

*F value exceeds the 5 per cent level of significance 
**F value exceeds the 1 per cent level of significance 



nitrogen rate with the 50 pound rate, by the use of the T-test, 

revealed that the lower rate of nitrogen wa not sufficient for 

rn&ximum seed productïon. No lodging occurred at the higher nitrogen 

level. 

The forage remaining on the plots after the 1950 }mrvest of 

the nitrogen, phosphorus, and lime trial was mowed, weighed, and 

samples were taken for determination of moisture content and total 

phosphorus content. Average forage yields for the nine treatments 

are presented in Table 18. Nitrogen, phosphorus, and lime applications 

all increased forage yields, as showi in Table 19. Confidence inter- 

vals were calculated for the yield averages where each of t: 

individual materials had been apr. lied. Nitrogen was found to be 

moat effective in stimulating forage production, while phosphorus 

and lime were about equally effective. The response from phosphorus 

and lime was noted only where they were applied in conjunction with 

nitrogen. The lower nitrogen rate again was not sufficient for 

rrximum forage yield. 

The percentage of phosphorus in the aboveground parts of 

Alta fescue from the nitrogen, phosphorus, and lime trial was 

determined. Aplications of both limo and phosphorus were 

responsible for increases in per cent cf elemental phosphorus in 

the plant, with phosphorus showing more effect than the limo. The 

relative influence of the two is shown in Table 22. Averages of 

all treatments apear in rable 20, with the accompanying analysis of 

variance given In Table 2l Iitrogen appeared to have decreased the 

phosphorus content. 



Table 18. Average forage yields of Alta fescue, as 

influenced by applications of nitrogen, 

phosphorus, and liste, 1950 (four replications) 

Treatment Tons per acre 

None 
100 1b8. N 
100 lbs. N plus 225 lbs. P205 
100 lbs. N plus 225 lbs. P05 plus 2 tons lime 

225 lbs. 25 
225 lbs. P205 plus 2 tons lime 

100 lbs. N plus 2 tons lime 
2 tons lime 
50 lbs. N plus 225 lbs. P205 plus 2 tons lime 

.76 

3.11 

3 82 

3.8I 
.814 

1.17 
3.83 

.97 
2.714 
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Table 19. Analysis of variance of forage yields of 

Alta fescue as influenced by applications 
of nitrogen, phosphorus, aid lime, 1950 

(eight treatments) 

Source of variation Degrees of Mean square 
freedom 

Repiloations 3 .3012* 

Treatments 7 8.6925** 

N (nitrogen) 1 58.9155** 

P (phosphorus) 1 .5050* 

L (lime) 1 .806L.** 

NxP 1 .0968 

NxL 1 .0191 

PxL 1 .1771 

NxPxL i .3279 

Error 21 .0960 

Total 31 

*F value exceeds the 5 per cent level of significance 
**F valuo exceeds the 1 per cent level of significance 



Table 20. Effect of applications of nitrogen, 
phosphorus, and lime on phosphorus con- 

tent of the abovegrounû parts of Alta 
fescue, 1950 (four replications) 

Treatuent Per cent P 

Nono .204 

loo lbs. N .165 

100 lbs. N plus 225 lbs. PO5 .215 

100 lbs. N plus 225 lbs. P205 plus 2 tons lime .208 

225 lbs. .289 

225 lbs. P205 plus 2 tons lime .258 

lOO lbs. N plus 2 tons lime .181 

2 tons lime .24 
50 lbs. N plus 225 lbs. P205 plus 2 tons lime .215 

Table 21. Analysis of variance of phosphorus con- 
tent of Alta fescue as affected by 
applications of nitrogen, phosphorus, 
lime, 1950 (eight treatments) 

and 

Source of variation Degrees of Mean square 
freedom 

Replications 3 .001959** 

Treatments 7 
N (nitrogen) 1 .023113 
P (phosphorus) 1 .017113 
L (lime) 1 .000028 
NxP 1 .000527 
N x L 1 .000050 
P x L (Error b) i .003612** 

NxPxL 1 .0007014. 

Replications x treatments (Error a) 21 .000307 

Total 31 

**F value exceeds the 1 per cent level of significance 



Table 22. Phosphorus content (in per cent P) of 
Alta fescue from all treaaonts, with 
and without phosphorus and with and 
without lime, 1950 (average of eight 
plot yields) 

Lime Phosphorus 
thout With 

Without 
With 

.181i .252 

.208 .252 

Differences required for significance at .05 .020 

.01 .030 



Total forage yields and per cent phoophorus determinations 

were used to oa1cu1atc the total amount of phosphorus present in the 

forage from the nitrogen phosphorus, and lime experiment. Tables 23, 

2)4, 25, and 26 show that nitrogen was the most important material 

affecting total uptake of phosphorus, probably because of the more 

abundant growth following nitrogen applications. When phosphorus was 

added to nitrogen there was ai even greater amount of total phosphorus 

found in the forage. Limo applications resulted in approximately the 

same responso as that noted from phosphorus, but no additive effect 

occurred vthere they were applied together. These results indicate 

that lime aided in making more phosphorus available in the soil, 

which had an initial pH of approximately 5.0, to the same extent as 

did additions of the phosphate fertilizer. 

Soil samples were taken from each plot of the nitrogen, 

phosphorus, and lime trial in the summer of l9!.9 to test the effect 

of the applications on pH of the top two inches of' soil. Lime had 

been applied in the previous fall, while nitrogen and phosphorus bad 

been applied both fall and spring. No very definite ehanges in pff 

of the top two inches of soil wore found. Differences due to lime 

applications, however, approached significance at the 5 per cent 

levol. Averages of the pff deterdnations are shown in Table 27, 

with the accompanying analysis of variance given in Table 23. 

Tablee 29 and 30 indicate that the application of minor 

elements did not affect seed production of Alta fescue in l9L.9 arid 

1950. Seed yields were increased considerably by fertilizers 

containing nitrogen, phosphorus, and potassium, which were applied 
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Table 23. Effect of applications of nitrogen, 
phosphorus, and lime on average pounds 

per acre of elemental phosphorus in the 

aboveground parts of Alta fescue, 1950 

(four replications) 

Treatment Pounds per acre 

None 3.03 

100 lbs. N 10.22 

100 lbs. N plus 225 lbs. P205 16.140 

100 lbs. N plus 225 lbs. P205 plus 2 tons lime 15.90 

225 lbs. P205 14.81 

225 lbs. P205 plus 2 tons lime 5.814 

100 lbs. N plus 2 tons lime 13.63 

2 tons lime 
50 lbs. N plus 225 lbs. P205 plus 2 tons lime 11.72 

Table 2t4.. Analysis of variance of total phosphorus 
in forage of Alta fescue as influenced 
by nitrogen, phosphorus, and lime appli- 
cations, 1950 (eight treatments) 

Source of variation 

- 
bogress of 
freedom 

Moan square 

Replications 3 3.11 
Treatments 7 120.085* 

N (nitrogen) 1 730.10 
P (phosphorus) i 65.18 
L (lime) 1. 15.47 
N x P (Error b) 1 12,914*5 

NxL i .21 

PxL 1 10.18* 

NxPxL 1 6.45 
Replications x treatments (Error a) 21 2.02 

Total 31 

'F value exceeds the 5 per cent level of signifioanoe 
**F value exceeds the 1 per cent level of significance 



Table 25. Pounds per acre of phosphorus in forage 

of Alta fescue from all treatments, with 
and without phosphorus and with and 
without nitrogen, 1950 (average of 

eight plots) 

Nitrogen Phosphorus 
Without With 

Without 3.71i. 12.02 

With 5.32 16.05 

Differences required for significance at .05 i.6L1. 

.01 2.38 

Table 26. Pounds per acre of phosphorus in forage 

of Alta fescue from all treatments, with 
and without phosphorus and with and 
without lime, 1950 (average of 
eight plot.$) 

Lime Phosphorus 
Vdthout With 

Without 6.62 9.14 
WIth 10.61 10.87 

Differences required for significance at .05 i.6L. 

.0]. 2.38 



Li.3 

Table 27. Average pH determinations of the top two 

inches of soil as influenced by nitrogen, 

phosphorus, and lime applications, l9L.9 

(four replications) 

Treatment Soi]. pli 

None 5.0 

loo lbs. N 5.0 

loo lbs. N plus 225 lbs. P205 
100 lbs. N plus 225 lbs. P205 p1u8 2 tons lime 5.0 

225 lbs. P205 14.8 

225 lbs. P205 plus 2 tons lime 5.2 

100 lbs. N plus 2 tons lime 5.2 

2 tons lime 5.2 

50 lbs. N plus 225 lbs. P205 plus 2 tons lime 5.14 

Table 28. Analysis of variance of the soil pli as 

influenced by applications of nitrogen, 

phosphorus, and lime, 19149 (sight 

treatments) 

Source of Variation Degrees of L.oan square 

freedom 

Replications 3 .1371** 

Treatments 7 .0827** 

N (nitrogen) i .0050 

P (phosphorus) 1 .1013 

L (lime) 1 .3613 

NxP 1 .0000 

NxL 1 .0200 

PxL 1 .0112 

N x P z L (Error b) 1 .0300* 

Repliontions x treatments (Error a) 21 .0118 

Total 31 

*F value exceeds the 5 per cent level of signifioanoe 
**F value exceeds the 1 per cent level of significance 
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Table 29. Effect of applioations of major elements, 

minor elements, and lime on average seed 

yields of Alta fescue, 19149 and 1950 

(two replications) 

Treatments Years Av. 

1949 1950 

None 12 38 25 

Lime 33 36 314. 

Lime plus major 209 306 257 

Major 221 274 2L17 

Lime plus minor 37 45 14 

Minor 22 32 27 

Major plus minor 190 298 2144 

Lime plus major plus minor 198 338 268 

Lime plus major plus minor ( N) 73 128 100 

Average 110 166 

Table 30. Analysis of variance of 800d yields of 

Alta fescue as influenced by applications of 

major elements, minor elements, and lime, 

1949 and 1950 (eight treatments) 

Source of variation Degrees of Mean square 
freedom 

Replications 1 990.13 

Years 1 214,531.13 

Treatments 7 56,798.20** 

Major i 395,5.10** 
Minor 1 128 10 

Lime 1 l,5.13 
Major X minor 1 .53 
Iajor z limo 1 55.15 

Minor x lime 1 142.00 

Major x minor x lime 1 60.47 

Repiloations x years i .12 

Replications x treatments 7 3,050.62 

Years z treatments 7 2,801.20 

Error 7 4,839.05 

Total 31 

**F value exceeds the 1 per cent level of signifioanoe 
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the, rnjor elementa treatment. (A description of the treatni9nta in 

this experiment is presented on page 16). The yields from the major 

elements plots were comparable to those obtained where nitrogen and 

phosphorus had been applied in trials reported elsewhere in this paper. 

Lime applications were ineffective in stimulating seed produotion, 

possibly because the initial pli of the soil was approximately 5.7. 

Fifty pounds of nitrogen did not produce as much seed as the 100 

pound rate. 

During the suimner of 1949 samples of soil were taken from 

the plots of the major elements, minor elements, and limo trial for 

determination of possible pli differences resulting from the fertilizer 

and lime applications. None of the treatments had any measurable 

effect on the soil reaction of the top two inches of soil. The 

average initial pli of the soil was 5.7, which probably accounts for 

the ineffectiveness of the lime. The only differences were found to 

be between replications. (See Tables 31 and 32.) 

Relatively high yields of seed of Alta fescue were obtained 

from the higher nitrogen levels ii, the rate of nitrogen application 

experiment. No fertflizer applications had been made during the 

seven years previous to those applied in this study, arid a rather 

heavy appilcation of treble superphosphate--750 pounds per acre--was 

made to the entire experimental area in the fall. In addition, two 

tone of lime per acre were applied in the fall of 1949. Maximum 

seed yields, which averaged 691 pounds per acre, were not obtained 

until 195 pounds of nitrogen had been applied. Nitrogen at the 

rate of 260 pounds resulted in approximately the sane yield as was 



Table 31. Effect of applications of major elements, 
minor elements, and limo on average pli 

of the top two inches of soil, 19)49 

(four replioations) 

Treatments Soil pli 

None 5.7 
Lime 5.9 
Line plus major 5.6 

Major 5.6 

Lime plus minor 5.6 

Minor 5.li. 

Major plus minor 5.14. 

Lime plus major plus minor 5,6 

Lime plus major plus minor ( N) 5.7 

Table 32. Analysis of variance of the soil pH as 
influenced by applications of major 
e1ement, minor elements, and limo, l9L9 
(nine treatments) 

Source of variation Degrees of Mean square 
freedom 

Replications 3 .170* 

Treatments 8 .102 

Error 24 .068 

Total 35 

*F value exceeds the 5 per cent level of si&nifioanoe 
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obtaiaed at the 195 pound rate. The averages and analysis of variance 

are presented in Tableu 33 and 3L.. 

Different ratos of app1ieation of treble superphosphate 

failed to affect the seed yields of Alta fescue, as revealed by an 

examination of Tables 35 and 36. The average seed yield obtained 

from each rata increased tth tho rate of phosphorus application, 

but was not enough to be significant. It seens logical that where 

no nitrogeii had been applied for a period of seven years there would 

be quite a build-up of undsoomposed organic residue. The addition 

of 100 pounds of nitrogen undoubtedly resulted in decomposition of a 

considerable part of those residues, thereby releasing plant nutrients 

in substantial quantities. This liberation could be a factor contrib- 

uting to the failure of the added phosphorus to influence seed yields 

in this experiment. 

Lime applications did not influence the seed yield of Alta 

fescue in the rate of lime experiment conducted on a soil with a pH 

of approximately 5.6. A "blanket" ap4ioation of 500 pounds per acre 

of treble superphosphate was made in the fall, which may have 

"masked" the possible effect of the lime on phosphate availability 

in the soil. The results of this experiment and that on rate of 

phosphorus tend further to bear out the previously mentioned theory 

that ilias and phosphorus applications seem to react similarly in 

their effect on availability of soil phosphorus arid, hence, seed 

production of Alta fescue. The results of the rate of lime test 

aro given in Tables 37 and 38. 



1.8 

Table 33. Effect of different rates of nitrogen 
applications on average seed yields of 
Alta fescue, 1950 (5 x 5 Latin square) 

Pounds per acre of nitrogen Pounds per acre 

o 8L 

65 273 

130 537 
195 691 
260 670 

Differences required for significance at .05 109 

.01 153 

Table 3L. Analysis of variance of seed yields of 
Alta fescue as affected by different 
rates of nitrogen, 1950 

Source of variation Degrees of Mean square 
freedom 

Rows 7,li.01.114 

Columns 4 28,026.)4i* 

Rates 4 31ß 833. 
Error 12 6,230.87 

Total 2J4 

*F value exceeds the 5 per cent level of significance 
**F value exceeds the i per cent level of significance 
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Table 35. Effect of different rates of phosphorus 
applications on pounds per acre of seed 

produoed by Alta fescue, 1950 

(l.i x !. Latin square) 

Pounds of phosphoric acid Pounds J)er acre 

None 397 
225 513 

)450 515 
675 558 

Table 36. Analysis of variance of seed yields of 
Alta fescue as influenced by different 
rates of phosphorus application, 1950 

Source of variation Degrees of Litean square 
freedom 

Rows 3 22,1411.06 

Colu2nns 3 51,6L.1.O6 

Ratee 3 18,989.90 
Error 6 12,755.56 

Total 15 



Table 37. Average yields of seed of Alta fescue 
influenced by different rates of lime 

applications, 1950 (14 x 14 Latin square) 

Tons of lime applied Pounds per acre 

0 250 

2 3114 

14 2149 

6 307 

Table 38. Analysis of variance of seed yields of 
Alta fescue, as influenced by different 
rates of lime applications, 1950 

Source of variation Degrees of Mean square 
freedom 

Rows 3 30,225 

Columns 3 6,034 

Rates 3 5,033 

Error 5* 5,743 

Total 1)4 

*Degrees of freedom for error reduced one because of necessity 

of calculating missing plot value. 
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Stand Reduction Experiments 

The effect of etand reduction of Alta fescue on seed 

production was studied in two experimitents in which the reduction 

in stand was accomplished by mechanical and chemical means. 

(cf. Figures 7 and 8) Blanket applications of nitrogen were made 

in the early spring to both of the triais, but no phosphorus or 

lime was applied. 

Seed yields of Alta fescue were almost trebled by 

reduction of the stand with a garden rototiller. The eight paired 

comparisons were calculated as randomized blocks. Averae yields 

obtained are presented in Table 39. The analysis of variance, 

Table LEO, shows that the difference between the two treatments, 

rototilled and not rototilled, was significant at the i per cent 

level. The average yield from the rototilled plots was 271.pounds 

per acre, while the non-rototilled plots produced 96 pounds. 

These yields are somewhat under those obtained where phosphorus has 

been applied in conjunction with nitrogen. 

stand reduction with chemicals produced outstanding 

increases in seed yields of Alta fescue, especially when the 

materials were applied to tho area only in the previous year. The 

application of the herbicides during both years, the seed production 

year and the previous year, appeared to have a residual effect which 

prevented normal growth and development of the aboveground portion 

of the plant. Highest seed yields were obtained from the plots in 

which the stand was moat effectively reduced (of. Figures 9 and lo). 



Fig. 7. Check plot of the chemical stand 
reduction trial. (Compare with Figure 

8 below.) Photographed July 27, 19L1.9. 

Fig. 8. Stand reduction of Alta fescue with a 
garden rototiller after only one 
treatment. (Compare with Figure 7 
above.) Photographed July 27, 191j.9. 

52 



53 

Table 39. Effect of rototilling on average seed yields 
of Alta fescue, 1950 (eight roplication2) 

Treatment Seed yield 

None 96 

Rototilled 271 

Differences required for significance at .05 6L. 

.01 95 

Table )0. Analysis of variance of seed yields of 

Alta fescue, as influenced by rototilling 
treatment, 1950 

Source of variation Degrees of Mean square 
freedom 

Replications 7 2,ti.76.82 

Treatments 1 122,150.25** 

Error 7 2,9714.25 

Total 15 

**F valuo significant at the 1 per cent level 



Fig. 9. Stand reduction of Alta fescue with a 

single application of 160 pounds per 
acre of trichioracetate, Photographed 
July 27, 19L49. 

Fig. 10. Reduction in stand of Alta fescue 
when treated only once with 10 pounds 
IPC in oil. Photographed July 27, 19b9. 

54 
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Where only tho to growth was destroyed and not the entïre plant the 

ylolds were considerably lower. Trich1oractato at the two higheat 

rates, 1.60 and 2LO pounds per acre of the parent acid, waa the moat 

e.ffe&ive agent in stand reduction and in 3timulatïon of seed 

production. All treatments produced more aeod than the check, 

ino1udin rooti11ing, when only treated once. Seed yields were 

much lower when the plots were treated both years than when treatment 

wus accomplished only once. Rototilli.ng significantly inoreaaed the 

yield over the check and the treatment employing Shell D.D., hut s 

not as effective as the higher rates of trichioracetate. The results 

aro found in Tables J and 142. 

The reaults of all of the field experiments wore brought 

together in Table 143, which affords comparison the 

responses obtained from the various trials. The standard error of 

a difference for each experiment was computed. The average yields fr 

each treatment, within each experiment, were compared with the yield 

of the chock by obtaining the difference between the cheek and the 

treatment concerned, and were entered in the correct frequency distri- 

bution with class centres plus or minus 1, plus or minus 2, etc. 

standard deviations any from the check. In each case, the class 

is the check and takes in one-half of the standard deviation on 

either side of zero. 

The chemical stand reduction trial, where treatment was 

accomplished only once, shows the largest deviation from the check, 

followed closely by the rate of nitrogen and the nitrogen, phosphorus, 

and limo experiments for 1950. Varying the rates of lime ath 



Table 4. Effect of chemicals and rototilling and 

number of times treated on pounds per 

acre of seed produced by Alta fescue, 

1950 (two replications) 

Treaiment Times 

Once 

treated 
Twice 

Av. 

TCA - 80 pounds per acre ).414.7 352 399 

PCA - 160 pounds per acre 7)42 571 656 

PCA - 2L0 pounds per acre 805 523 66L. 

IPC - 5 pounds per acre )400 155 277 

IPC - 10 pounds per acre 141113 1)48 298 

Shell D.D. - 600 pounds per acre 178 1114. 1)46 

Ainaate - 320 pounds per acre )438 83 260 

None 68 90 78 

Rototilled 337 293 315 

Average )4Oo 214.7 

Differences required for significance at .05 133 

.01 180 

Table 142. Analysis of variance of seed yields of 

Alta fescue as influenced by reduction 
of stand with chemicals and rototiller 
and number of times treated, 1950 

Source of variation Degrees of Mean square 
freedom 

Replications 3 92,289.00** 

Once vs. twice 1 262,)485.14L1** 

Error a 2 )4,)439.22 

Treatments 8 163,631.)43** 

Replications x treatments (Error b) 214. 7,63)4.60 

Total 35 

**F valuo exceeds the i per cent level of significance 



Table 143. Frequency distributions of the results of the various seed yield trials, 
as measured by the number of 8tafldard deviations (in pounds per acre) 
above and below the check 

Experiment C lasa centres of plus or minus 1 to 20 times the standard error Number of 

of a difference treatments 
-1 0 1. 2 3 45 f, 7 8 91011121314151617181920 

N,P,L-l949 13 1 3 1 9 

N,P,L-1950 22 1 2 1 1 9 
N, P, L - Average 14 1 2 1 1 9 

Major, minor, lime 3 1 1 3 1 9 
Rate of nitrogen 1 1 1 2 5 
Rate of phosphorus 1 2 1 14 

Rate of lime 2 2 14 

Rototilling 1 1 2 

Chemioale - once 1 1 1 1 3 1 1 9 
Chemicals - twice 3 2 1 1 2 9 
Chemicals - average 1 1 1 2 1 1 2 9 
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phosphorus showod the least response. The results of the other 

studies were found to be at various relative positions between the 

two extremes. 
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DISCUSSION 

Alta fsscue apparently is specific in itz envirorinental 

requirement8 for induction of flowering. Both eight aud twelve 

hours of photoperiod were not eonducive to formation of reproductive 

shoots in the greenhouse. Low temperature (35° F.) plua a day lexgth 

of eight hours was not the correct cotnbination of envirounenta1 

factors. A photoperiod of 10 hours duration appeared to be neoessary 

for satisfaotory transition of the vegetative shoot to the roproduo- 

tive phase. A period of low temperatures was not required for normal 

flowering of the materia]. used in th9 root pruning experiment. A 

growing plant, which was relatively lormant due to lack of moieture, 

was obtained from the field in Augit and :lowered profusely with- 

out any cold treatment. Undoubtedly there are factors other than 

temperature and photoperiod whioh affect primordial development and 

transition to the reproductive stage. Whitesides (32) found that a 

number of factors--age of stand, fall burning of residues, tempera- 

ture, and certain fertilizer applications--were associated with the 

transition of vegetative shoots to flowering shoots. The chango 

occurred as early as February 1 under certain field conditions. 

The resulta of the root study in the field strongly suggest 

that there is some correlation between maximum root content and 

development of the sod-bound condition, although the relationship 

xy not be one of cause and effect. It is unfortunate that there 

were not more stands of different ages on the same soil type to 

measure the correlation more accurately. there the initial phosphorus 



content of the soil borders on deficienoy, it is very possible that 

the tying up of the available phosphorus in the roots and rhizomes of 

the plant is of some importance in the decline in seed yTelds of 

perennial grasses. The pruning of roots of plants growing in pots, 

however, failed to increase the number of seed stalks produced, 

even though substantial quantities of nitrogen for decomposition of 

the severed roots and normal growth of the plants were applied 

periodically. The pruned roots were only one year of age, however, 

which may account for the lack of response. 

The results of the fertiliser trials conducted on sod- 

bound stands of Alta fescue indicate that nitrogen is the element 

most often limiting for seed production of perennial grasses. This 

is concurred in by numerous other workers. It seew safe to assume 

that where no nitrogen fertiliser has been applied there will be 

less of it available to the plants as the stands become older. Much 

of the nitrogen is taken up by the plants and remains in the living 

and dead parts of the plant until conditions are favorable for the 

decomposition of the residues. The seme can be said for the other 

essential plant nutrients. 

The annual removal of seed and forage contributes further 

to the deficiencies which develop Within the soil. Thus it appears 

that one of the important factors contributing to the lowering of 

the seed yields as the age of the stand progresses, even though 

relatively large amounts of nitrogen are added yearly, is lack of 

available phosphorus and possibly other nutrient elements. Surface 

applications of lime and phosphorus have been relatively ineffective 



because penetration of the materials is very shallow. Evidence to 

support this contention was obtained by comparing the effectiveness 

of lime and phosphorus applications on seed yields in l9L9 with the 

results obtained from the sanie plots in 1950. It should be reinem- 

bered that these trials were conducted on old stands to which little 

nitrogen had been applied in recent year8, according to information 

available. If the soil had been receiving annual applications of 

nitrogen, there is a strong possibility that the results from the 

rate of phosphorus trial would have been much more positive and con- 

clusive. Especially would this have been true, had no lime been 

applied as a blanket addition to the area, because lime and phos- 

phorus appeared to react similarly in their effect on seed produc- 

tion, Application of either apparently satisfied the plant's 

requirements for available phosphorus. 

The results of the renovation enperixrtents are especially 

significant in arriving at a probable solution to the sod-binding 

problem. Destruction of a portion of the stand, plus the addition 

of nitrogen, undoubtedly released considerable quantities of 

nutrients from the destroyed plant material. The nutrients were 

made available throughout the area of effective absorption because 

of the decomposition of the rhisomes near the surface of the soil 

and of the roots distributed throughout the various soil layers. 

vith these facts in mind, it is logical to conclude that sod-bind- 

ing is purely a nutritional problem. And it ny well be. 

Experimental results thus far obtained, however, indicate that seed 



yields cannot be maintained solely through the use of fertilizers. 

The results of Schoth and hampton (22) prove conclusively that the 

application of nitrogen alone is not the answer. 

There is another possible explanation for the outstanding 

responses in seed yields obtained through stand reduotion, although 

no conclusive evidence of its validity has been obtained from this 

study. Iíembers of the grass fatily characteristically produce but 

one shoot from each node. Rapid spreading of the plants, through 

vegetative reproduction, during the first two or three years 

following seeding, makes available a sufficiently large number of 

nodes on the rhizomes from which aerial atoms may arise, As the 

stand thickens each year fewer rhizomes develop from the crown, a 

fact which has been determined through field observation. There 

seems to be some degree of permanence of the rhizomes, much the same 

as that found in the roots. Thinly seeded stands of Alta fescue 

invariably produce more seed than those planted at heavier rates, 

especially after the first seed production year. In other words, 

sod-binding seems to be more a function of density of stand than of 

age of stand. This fact lends more credence to the theory that main- 

tenanco of yield is somewhat dependent upon the annual formation of 

rhiz ornes. 

The abnormally high rate of nitrogen application required 

for maximum seed production of Alta fescue was rather surprising 

from the standpoint of the results obtained by other workers. 

thereas a 100-pound rate has been sufficient in most of the prev- 

iously reported instances, 195 pounds were required to obtain top 
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yields where no nitrogen had been applied during recent yearB. The 

increase over the next lowest rate, 130 pounds per acre of nitrogen, 

was significant at the i por cent level, arid there wae very little 

evidence of lodging. The explanation may very well lie with the 

large amount of undecomposed residues which had accumulated over the 

Seven-year period. It seems logical to reconirnend, therefore, that 

sorne nitrogen be applied in the fall to start decomposition and to 

stimulate primordial development, which begins in the late fall. 

Fertilizers containing both ammonia and nitrate nitrogen should be 

utilized wherever practicable, in order to extend the time of avail- 

ability of nitrogen over a longer period of time. 

The agent which moat effectively reduced the stand, 

trichioracetato, resulted in the highest seed yields obtained in 

the chemical renovation trial. The herbicidal action of TCA is 

affected to a large extent through the soil, rather than through 

direct contact with the loaves, which may account for its efficiency 

in reduction of the stand. The strip of growing plants was narrower 

than that left by any other agent and this narrow strip produced the 

most seed. Row plantings of Alta fescue in Oregon, as well as some 

other grasses, usually yield about double solid seedings. Cultiva- 

tion of the row seedings is accomplished primarily to control weeds; 

however, there may be an additional beneficial effect because of the 

resultant pruning of the plants. This is borno out by the fact that 

yields are higher where the strips of grass aro maintained at a 

width of approximately six inches rather than where they are allowed 

to become wider. If the area becomes wider there is apparently some 



sod-binding occurring in the conter of the row. 

The over-all results of this study indicate to the writer 

that sod-binding of Alta fecuo may be caused by a lack of a balance 

of plant nutrients in sufficient quantities, combined with the failure 

of the plants to produce enough new rhizomes from which primordia may 

develop. The factors which influence the transition of the vegetative 

shoot to the flowering stage, however, must not be overlooked. On 

soils near neutrality deep placement of pho8phorus, which would 

undoubtedly result in some degree of mechanical renovation, with 

suitable applications of nitrogen may be the answer to the problem as 

it exists in western Oregon. iTore experimental work is undoubtedly 

necessary to determine all of the factors pertinent to the problem. 

One approach may be to establish uniform stands on similar soil typee 

at yearly intervals and then follow the development of the condition, 

using the stands of different ages for comparative studies and the 

younger stands for further testing of the results obtained in previous 

years. The results of this study undoubtedly would have been more 

conclusive had it not been for the lack of uniform stands on similar 

soil types, which is often the case where stands have not been 

established for the express purpose of working on a previously 

determined problem. 
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SU1MPRY AND C0!LUSI0NS 

A number of root, fertilizer, and stand reduction studies 

were conducted in 191.8, l9L9, and 1950 on "sod-bound" stands of Alta 

fescue to test selected theories of the possible causes of sod-binding 

of this valuable hay and pasture grass. Greenhouse trials were con- 

ducted to determine the influence of root environments and treatments 

on the development of the condition. 

Limiting the space available for root development, by grow'- 

Ing planta in pots of various sizes, did not affect significantly 

the number of seed heads produced. Root and top yields and root-top 

ratios were influenced, however, and root development proceeded at a 

faster rato than did top growth. 

Aeration ol' plants growing in pots had no effect on the 

number of seed heads produced. 

Root concentration studies in the field indicated that there 

was a gradual increase in root content of the soil up to approximately 

ten years after seeding. Plow renovation did not decrease total root 

weights in all cases. 

The possibility that failure of the plants to produce new 

roots each year for effective absorption of water and nutrients is a 

factor contributing to the decreases in yield was studied in the 

greenhouse. Pruning of one-year old roots failed to affect the 

number of seed heads produced. 

Soil organic matter increased progressively with the age of 

the stand. Renovation and subsequent applications of nitrogen 



apparently reduced the organic xxmtter content considerably. 

Nitrogen 'was found to be the key fertilizer element in the 

stimulation of seed production of Alta fescue. Once the nitrogen 

requirements of the plants were met, ap:lications of phosphorus and 

lime to the sod-bound stands were effective in increasing seed yields. 

Limo reacted much the same as phosphorus, suggesting its desirable 

influence on phosphate availability in acid soils. There was an 

apparent cumulativo effect of the lime and phosphorus applications, 

indicating that penetration into the soil is a major factor in 

efficiency of these materials. Minor elements-boron, sulfur, and 

magnesium--did not influence seed production to any measurable 

degree. 

iaximuxn seed yields of 691 pounds per acre from a 10-year 

old solid stand were not obtained until 195 pounds of nitrogen had 

been applied. No lodging occurred at that rate. Increasing the 

application to 260 pounds, however, resulted in excessive lodging 

and a consequent reduction in seed yield from that of the 195-pound 

rate. 

Varying the rate of phosphate applications did not affect 

seed yields, vthen "blanket" applications of 500 pounds of ammonium 

nitrate and two tons of lime were made to a 10-year old stand. The 

same result was obtained with different rates of lime, after 100 

pounds of nitrogen and 225 pounds of phosphoric acid had been applied. 

Nitrogen, phosphorus, and lime applications all increased 

forage yields, with nitrogen the most effective and phosphorus and 

lime to a lesser extent. Nitrogen decreased the per cent of phosphorus 
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in the forage, however, while phosphorus and lime applioatiOn8 

significantly increased the percentage. Nitrogen was the most 

important material affecting total uptake of phosphorus, probably 

because of the more abundant growth following nitrogen applications. 

tjO tons of lime, surface applied, failed to increase the 

pli of the top two inches of soil, although the difference approached 

significance at the 5 per cent level, when applied to a soil with 

an initial pff of 5.0. When applied to a soil with a reaction of 

5.7 no indications of change in pli were noted. 

Reduction of a solid stand to rows with a garden roto- 

tiller almost trebled the seed yield. The check plots averaged 96 

pounds, while the rototilled plots produced an average of 271 pounds 

por acre. All plots were treated uniformly with a spring application 

of 300 pounds per acre of amnonium nitrate. 

In order to eliminate the possible effects of aeration of 

the soil in the field on seed production and at the same timo reduce 

the stand, various herbicides were utilized at different rates per 

acre. In general, the treatment which most effectively reduced the 

stand resulted in the largest 8e$d yields. Seed production was 

increased from 68 pounds, the yield of the chock plots, to 805 pounds 

by a single application of 2Li.0 pounds of trichloracetate. All other 

stand reduction treatments caused significant increases in yield. 

Re-treatment of the plots in the spring of the production year 

decreased significantly the yields from those which were treated in 

the previous spring only. Ammonit nitrate at the rate of 175 pounds 

per acre was applied uniformly to the experimental area in the spring 



of 1950. 

The theory Is advanced that sod-binding of Alta fescue Is 

due to the lack of a proper balance of available nutrients, combined 

with the failure of the plants to produce enough new rhizomes from 

which prirnordia may develop. Factors which influence transition of 

the vegetative shoots to the flowering stage may have some bearing 

ori the problem. 
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Appendix Table 1. Effect of size of pot on number of seed 
heads produced by Alta fescue, 1950 

Size of Pot Replication Av. 

L-inoh 22 28 17 223 
6-inch 26 31 36 31.0 

9-inch 33 14.1 37 37.0 

12-inch 36 14j. 142 L0.7 

Appendix Table 2. Effect of aeration of roots of Alta fescue 

on number of seed heads produced, 1950 

Treatment tian Av. 

Aerated 29 39 31 56 70 145.0 

Unaerated 36 39 35 3L. 39 36.6 
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Appendix Table 3. Effect of root pruning on seed head 
formation of Alta fescue plants growing 
in pots, 1950 (Average of two plants for 
each treatment) 

Treatment Pro-treatment Yield Replication Av. 

None High 35.0 38.5 36.8 
Half of roots cut 

horizontally High 31.5 14.1.5 36.5 
All of roots out 

horizontally High 14.2.0 30.0 36.0 
Lateral roots cut 

vertically High !i.0.0 27.0 33.5 

None Low 38.0 35.5 36.8 
Half of roots cut 

horizontally Low 30.5 142.0 36.2 
All of roots out 

horizontally Low 33.0 23.0 28.0 
Lateral roots out 

vertically Low 21..5 142.0 33.2 
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Appendix Table 4. Tons per aore foot of underground parts of 

Alta fescue as affected by ago of stand, 

renovation, and depth of sampling, l9L.8 

Age of Treatment Depth of Replication Av. 

Stand Sampling 2 3 

One year None O'-l' 7.13 9.60 3.13 6.62 

l'-2' 1.20 2.145 .30 1.32 

2'-3' .20 .10 .70 .23 

Two years None D'-l' 114.60 11.00 14.10 9.90 

l'-2' 1.00 .75 .90 .88 

2'-3' .140 .70 .60 .57 

Ten years None 0,-l' 16.146 11.93 ]1.143 114.27 

l'-2' 1.40 1.90 8.10 3.80 

2'-3' .140 .140 .70 .50 

Ten years Renovated 4 yrs. 0'-l' 19.57 114.67 15.50 16.58 

l'-2' 1.30 .30 .145 .68 

2'-3' .30 .90 .30 .50 

Ten years Renovated 2 rs. 0'-l' 12.03 114.77 11.73 12.814 

l'-2' 2.20 2.00 .70 1.63 

2'-3' 1.00 .140 1.00 .80 

Ten years Thin seeding 0,-1' 15.73 16.50 18.50 16.91 

l'-2' 1.30 1.20 1.60 1.37 

2'-3' .60 .60 .80 .67 

30 years None 0'-l' 13.140 10.60 5.40 9.80 
l'-2' .80 1.70 2.40 1.63 

2'-3' .40 .10 .140 .30 
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Appendix Table 5. Effect of age of stand, renovation, and. 

depth of sampling of Alta fescue on per 

cent of soil organic matter, l9L8 

Age of 
Stand 

Treatment Depth of 
Sampling 

Replication 
i 2 3 

Av. 

One year None O'-l' L..iO 5.19 L..l8 

l'-2' 2.72 2.28 2.08 2.36 

2'-3' 1.02 1.02 1.22 1.09 

Two years None 0'l' Lj.Li.5 ).j.60 3.80 

l'-2' 2.21 2.32 2.3L. 2.29 

2'-3' .68 .Je .95 .70 

Ten years None 0,-l' 5.21 L..86 !.6O 
l'-2' 2.62 2.L.B 2.08 2.39 

2'-3' .88 .88 .L.8 .75 

Ten years Renovated 14. yrs. 0'-l' 2.97 2.58 3.37 2.97 
l'-2' l.81i. 1.12 1.22 1.39 

2'-3' .514 .48 .314 

Ten years Renovated 2 yrs. O'-l' 4.65 4.814 4.86 4.78 
l'-2' 2.214 2.52 2.42 2.39 

2'-3' 1.02 1.36 1.02 1.13 

Ten years Thin seeding 0'-l' 4.38 5.22 4.85 4.82 
l'-2' 2.78 2.11k 2.28 2.40 
2'-3' 3.06 1.36 .95 1.79 

30 years None O'-l' 5.20 5.48 4.97 5.22 
l'-2' 2.55 2.55 2.314. 2.48 
2'-3' 1.09 .75 .82 .89 
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Appendix Table 6. Effect of nitrogen, phosphorus, and lime on 

pounds per acre of seed of Alta fescue, 1949 

Treatment Replioation Av. 

None 39 5]. 40 32 40 

loo lbs. N 104 177 301 114 18]. 

100 lbs. N plus 225 lbs. P205 81 188 236 217 180 

100 lbs. N plus 225 lbs. P205 
plus 2 tons limo 275 223 180 33Lj. 253 

225 lbs. P205 11 21.4 2L. 17 19 

225 lbs. P05 plus 2 tons lime 9 51 21 37 30 

100 lbs. N plus 2 tons lime 135 121 273 3)40 167 

2 tons lime 39 27 23 23 28 

50 lbs, N plus 225 lbs. P205 
plus 2 tons lime iÌ.o 93 88 3.16 109 

Appendix Table 7. Effect of nitrogen, phosphorus, and lime 
on pounds per acre of Alta fescue seed, 1950 

Treatment Replication Av. 

None 20 19 38 38 29 

100 lbs. N 311 198 314 130 238 

100 lbs, N plus 225 lbs. P205 416 311 361 318 352 

loo lbs. N plus 225 lbs. P205 
plus 2 tone lime 369 335 45 451 401 

225 lbs. P05 20 26 29 17 23 

225 lbs. P0 plus 2 tons lime 61 81 !4 47 58 

100 lbs. N plus 2 tons lime 329 2L.5 285 230 272 

2 tons limo 56 85 37 40 
50 lbs. N plus 225 lbs. P205 

plus 2 tons lime 99 178 195 87 3140 
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Appendix Table 6. Effect of nitrogen, phosphorus, and lime 

on tons per acre of air dry forage pro- 

duced by Alta fescue, 1950 

Treatment Av. 

None .75 1.10 .56 .62 .76 

loo lbs. N 2.L.3 3.14.8 5.57 2,96 3.11 

100 lbs. N plus 225 lbs. P205 3.75 3.81 1..00 3.73 3.82 

100 lbs, N plus 225 lbs. 

plus 2 tons lime 4.38 3.89 3.314. 3.714. 3.814. 

225 lbs. P205 .86 1.19 .70 .63 

225 lbs. P205 plus 2 tons lime i.1414. 1.43 1.10 .70 1.17 

100 lbs. N plus 2 tons lime 4.11 4.10 3.48 3.62 3.83 

2 tons lime 1.46 1.08 .59 .76 .97 

50 lbs. N plus 225 lbs. P205 

plus 2 tons lime 2.80 2.66 5.28 2.2L. 2.74 



Appendix Table 9. Effect of nitrogen, phosphorus, aii1 lime 

on phosphorus content of .ï1ta fescue 
forage, 1950 (Per cent P 

Treatment Replication Av. 

-I 2 3 14 

None .185 .190 .220 .220 .2O1.. 

100 lbs. N .165 .165 .150 .180 .165 

100 lbs. N plus 225 lbs. P205 .180 .220 .200 .260 .215 

100 lbs. N plus 225 lbs. P205 
plus 2 tons lime .200 .215 .210 .205 .208 

225 lbs. P05 .290 .265 .300 .300 .239 

225 iba. P205 plus 2 tons lime .210 .2L10 .290 .290 .258 

100 lbs. N plus 2 tons lime .170 .175 .180 .200 .18]. 

2 tons lime .225 .210 .250 .250 .231. 

50 lbs. N plus 225 lbs. P205 
plus 2 tons lime .200 .230 .200 .230 .215 
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Appendix Table 10. Effeot of nitrogen, phosphorus, and lime 

on total uptake of phosphorus in above- 

ground parts of Alta fescue, 1950 

(Pounds P per acre) 

Treatment Replioation8 Av. 

None 2.76 Lt.19 2.I,.6 2.71 3.03 

100 lbs. N 8.01 11.50 10.71 10.65 10.22 

100 lbs. N plus 225 lbs. P205 13.50 16.75 15.98 19.38 16.40 

100 iba. N plus 225 lbs. P205 
plus 2 tons lime 17.53 16.71 14.01 i5.3L. 15.90 

225 lbs. P205 4.97 6.28 4.19 3.80 4.81 

225 lbs. P205 plus 2 tons line 6.04 6.89 6.36 4.07 5.8)4. 

100 lbs. N plus 2 tons line 13.99 ]1.35 12.52 1.4.46 13.83 

2 tons ilias 6.56 4.52 2.94 3.50 4.46 

50 lbs, N plus 225 lbs. P205 
plus 2 tons lime 11.22 12.23 13.20 10.30 11.72 



Appendix Table 11. Effect of nitrogen, phosphorus, and lime 
on pR of top two inches of soil, 1949 

Treatment Replication Av. 

ione 4.8 5.1 5.1 5.2 5.0 

100 lbs. N 4.9 4.9 5.2 4.9 5.0 

100 lbs. N plus 225 lbs. P205 4.8 4.7 5.1 5.1 4.9 
loo lbs. N plus 225 lbs. P05 

pluø 2 tons lime 4.8 5.0 5.1 5.2 5.0 

225 lbs. p205 4.6 4.7 4.8 5.1 4.8 

225 lbs. P205 plus 2 tons lime 5.1 5.1 5.4 5.2 5.2 

100 lbs. N plus 2 tons lime 5.1 5.1 5.3 5.3 5.2 

2 tons lime 5.2 5.0 5.2 5.3 5.2 

50 lbs. N plus 225 lbs. P205 
plus 2 tons lime 6.0 5.0 5.2 5.3 5.4 



Appendix Table 12. Effect of major elements, minor elements, 

and lime on seed yields of Alta fescue, 

191j.9 (Pounds per acre) 

Treatment* Replication 
1 2 

Av. 

None 10 1)4 12 

Lime 33 28 33 

Lime plus major 27).i. 31414 209 

Major 236 206 22]. 

Lime plus minor 5)4 20 37 

Minor 18 26 22 

Major plus minor 202 178 190 

Lime plus major plus minor 13)4 262 196 

Lime plus major plus minor ( N) 88 58 73 

*See page 16 for description of treatments. 

Appendix Table 13. Effect of major elements, minor elements, 
and lime on seed yields of Alta fescue, 

1950 (Pounds por acre) 

Treatment* Replication 
1 2 

Av. 

None 146 30 38 

Lime 14)4. 27 36 

Lime plus major )17 29)4 306 

Major 222 325 27)4 

Lime plus minor 149 40 145 

Minor 14 23 32 

Major plus minor 373 22)4 298 

Lime plus major plus minor 310 357 338 

Lime plus major plus minor ( N) 157 99 126 

*See pago 16 for description of treatments. 
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Appendix Table 114. Jffect of major elements, minor elemente, 
and lime on pH of top two inches of 
soil, 19149 

Treatment* 

1 

Replications 

3 14 

Av. 

None 5.7 5.5 5.9 5.7 5.7 
Lime .6 5.14 6.3 6.3 5.9 
Linie plus major 5.3 5.2 6.1 5.7 5.6 
Major 5.2 6.2 5.6 5.3 5.6 
Linie plus minor 5.5 5.7 5.6 5.8 
Minor 5.2 5.14 5.5 5.6 5.14 

Major plue minor 5.14. 5.3 5.2 5.5 5.14 

Linie plus major plus minor 5.14 5.5 5.6 5.7 
Lime plus major plus minor ( N) 5.7 5.5 5.7 5.8 5.7 

*See page 16 for description of treatments. 



Appendix Table 15. Effect of renovation with a rototiller on seed yields of Alta fescue, 

1950 (Pounds per acre) 

Treabnent Replioation AV. 

1 2 3 14 5 6 7 

Rototilled 2ti14 268 298 1406 226 232 218 316 271 

Not rototilled 66 132 130 80 714 914 1114 82 96 



Appendix Table 16. Effect of stand reduction with chemicals 

and rototiller on seed yields of Alta 

fescue when treatment accomplished in 

previous year only (Pounds per acre) 

Treatment Replication 
1 2 

Av. 

80 lbs. TCA 152 14142 14147 

160 lbs. TCA 80]. 683 7142 

2L0 lbs, PCA 826 781j. 805 

5 lbs. IPC in oil 396 403 400 

10 lbs. IPC in oil 431 4614. 1448 

600 lbs. Shell D.D. 208 148 178 

320 lbs. Animate 466 409 438 

None 51 8Li. 68 

Rototil led 149 255 337 

Appendix Table 17. Effect of stand reduction with chemicals 

and rototiller on seed yields of Alta 

fescue when treatment accomplished in pre- 

vious year and harvest year (Pounds per acre) 

Treatment Replioation 
i 2 

Av. 

80 lbs. TCA 422 281 352 

160 lbs. TCA 597 514.5 571 

214.0 lbs. TCA 494 552 523 

5 lbs. IPC 140 169 155 

10 lbs. IPC 140 157 148 

600 lbs. Shell D.D. 1314. 94 1114 

320 lbs. .Ammate 100 66 83 

None 45 1314. 90 

Rototilled 2014. 382 293 


