
University of Massachusetts Amherst University of Massachusetts Amherst 

ScholarWorks@UMass Amherst ScholarWorks@UMass Amherst 

Masters Theses 1911 - February 2014 

1949 

The elimination of white clover (Trifolium repens) from turf with The elimination of white clover (Trifolium repens) from turf with 

particular reference to nitrogen levels. particular reference to nitrogen levels. 

Geoffrey S. Cornish 
University of Massachusetts Amherst 

Follow this and additional works at: https://scholarworks.umass.edu/theses 

Cornish, Geoffrey S., "The elimination of white clover (Trifolium repens) from turf with particular reference 
to nitrogen levels." (1949). Masters Theses 1911 - February 2014. 2823. 
Retrieved from https://scholarworks.umass.edu/theses/2823 

This thesis is brought to you for free and open access by ScholarWorks@UMass Amherst. It has been accepted for 
inclusion in Masters Theses 1911 - February 2014 by an authorized administrator of ScholarWorks@UMass 
Amherst. For more information, please contact scholarworks@library.umass.edu. 

https://scholarworks.umass.edu/
https://scholarworks.umass.edu/theses
https://scholarworks.umass.edu/theses?utm_source=scholarworks.umass.edu%2Ftheses%2F2823&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.umass.edu/theses/2823?utm_source=scholarworks.umass.edu%2Ftheses%2F2823&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@library.umass.edu




THE BLIHUtATIOK OF WHITE OIOTCH (TRITOLIOM EEPEHS) THOK TURF 
t , 

WITH PABTIGULAR BEFEBMCE TO HXTBOG22S LEVELS 

by 

- ' i /, / ) . 
Geoffrey S. Cornish 

:TTV - " 1 • ! , 
/v.< . 4 ' > 

Thesis submitted for degree.of Master of Science 

Department of Agronomy 

University of Massachusetts 

Amherst, Massachusetts 

1949 



\ 

TABLE OF OOHT1MS Page 

BYPRODUCT IOIT 
1 

REVIEW OF LITERATURE 3 

OwraX Factors Affecting the growth of White Clover 3 

Soil Preference 
Association of White Clover and Crass 
White Clover Tears 
Climate and Weather Oondltio&e 
Winter Injury 
Diseases and Insect Pests 

UtMi ot Management and Pert Ulnar Practice* 

Phralologlcal Oonelderatlong of Effect of Applied Bltrogen 
oa White Plerer Content of a Mired OloTer-graae Stand 

Effect on Symbiotic Fixation 
Effect on Light Relations 
Increase in Carbon Dioxide Content 
Mtrogen Absorption and Cation-Anion Relationship 
Blackman1 s Experiments and Hypotheses 

mi 

7 

12 

24 

BKHJa*trW ■ a& White OloTep...Coat.jSL *5 
sL & kssmMa& 
Xtteot ot a Single Aoalleatlon of a Mtrogenoue H&tarlal 28 

Bffeet of Three Application* of Sltrogenoae Haterlale at 32 
tee Week Intervale 

>. 

CONCLUSIONS AND RSCOMIIMDATIONS 35 

SUMMARY 37 

50 LITERATURE CITED 



IETKODUCTIOI 

Although white clover (Trifollum repene) 1» a desirable component 

of some fin# turf areas, it is an obnoxious weed on others, particu¬ 

larly on sports areas where trueness of texture is required. 

An outstanding example of its obnoxiousness is on golf putting 

greens where it destroys the trueness which is otherwise offered by 

an even sward of close-clipped, fine-textured, turf-forming grasses. 

Moreover, on golf fairways it does not provide as good a He for the 

ball as purs grass stands* 

Its presence in home lawns is a matter of taste, but it is some¬ 

times considered to present a ragged appearance in contrast to the grass 

blades, and its blossoms are unsightly. In children* s playgrounds it 

has a staining effect on clothing and on tennis courts it interferes 

with the bounce of the ball* 

On lawn areas where it is not desired, it frequently volunteers 

in abundance even though it has not been seeded, and the problem of its 

elimination exists. Sach year considerable money Is used attempting to 

destroy it, or if knowledge and money are not available, its presence 

is accepted with a consequent deterioration in the quality of the turf. 

Unfortunately, the value of herbicides to eradicate white clover 

is limltsd. The selective herbicide 2,4-D, although sometimes effective 

against this weed, has a tendency to destroy various bent grasses 

which constitute the basic species of many turf areas. The type of 

herbicide which was used prior to 2,4-B and which relied on a “burning* 

effect, usually injured the basic grasses when applied at rates sufficiently 



high to destroy the clover. 

This thesis reviews literature concerning the effect of management 

and fertiliser practices on the graes~clover ratio of turf. Particular 

attention is made to the depressive effect of nitrogen on white clover 

and to the physiological considerations that have been put forward to 

explain this phenomenon. 

With these considerations in mind, the problem of type and rate 

of nitrogen fertilisers most effective in eradicating clover was 

investigated, Bata and conclusions arising from the experiments are 

presented. 
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HE7IKW 07 LITERATURE 

General Faoto_rg Affooting the Growth of white Clover 

According to Hollowell (21) and Dodd (15), the species Trifollum 

repens has an extremely wide range of adaptation, The natural variation 

in whits clover strains had considerable to do with the wide natural 

distribution of this species and its persistence under a fairly wide 

range of environmental conditions. 

Hollowell (2l) stated that white clever Is the most tolerant of 

any of the clovers of adverse soil conditions. The old saying, *the 
s! 

harder and firmer the soil, the better for the clover-, is borne out in 

part by his statement to the effect that clay and loam soil, provided 

they remain sufficiently moist to keep the plant alive, are better suited 

to white clover than sandy soil, probably because of the droughty nature 

and lower mineral content of the latter. 

Dodd (15) found that white clover is not generally present in 

abundance in shallow upland soil types or on heavy types that dry out 

quickly. He observed that it is very partial to those types having an 

ability to maintain a good moisture content and has frequently been observed 

in abundance on lands too wet for many other crops. He stated that it is 

much more tolerant of an excess of water than a deficiency. Dodd con¬ 

cluded that a pH of 5*8 and a medium content of active calcium represent 

the economic minimum for the production of white clover in Ohio, with a 

pH above 6*0 believed to be more desirable. 

Garner and Damon (18) in reference to clover in fine turf, observed 

in their plots that white clover volunteered most freely In soils having 

a slightly acid reaction. 
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Cooper, Wilson and Barron (lb) concluded that quantity and quality 

of cations and anions in soil complexes nay he of wore importance than 

pE in determining a soil's suitability for growth of certain plants. 

In regard to white clover, they stated that it had a high fertility 

requirement and would grow equally well on soils of medium pH levels 

if they were well provided with certain elements. 

AmwpViUffl cJ<mr ^4 Gr&*n 

Beaumont (5) observed that clover encroaches on pasture grasses 

under certain fertilizer treatments without resort to seeding. 

Dodd (15) found that white clover suffers much more in both summer 

and winter when grown alone than when grown in association with grass. 

He noted that it occupied more area when grown with an open, coarse 

grass than with a tight, turf-forming grass. 

Brown (12) noted that clover was much less prevalent with turf¬ 

forming grasses such as bluegrasses and bents, than with species having 

more open stands. 

Hollowell (21) stated that white clover, as a profusely seeding 

perennial legume and a spreader by creeping stolons, normally grows 

in association with grass. Even when clover is seeded alone, grass 

soon encroaches and makes an excsllent growth, indicating that the 

presence of clover creates an ideal condition for grass growth. 

Ahlgren and Aamodt (l) made a series of field observations indi¬ 

cating that a number of species interactions occurred which could not 

be accounted for on the basis of differential response to light, tern- , * 

perature, moisture, fertilisation, and management. They observed that 

white clover and red clover were seldom found in dense, closely grased 

quack grass sod (Agrepyron repens) whereas altike clover appeared in 
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comparative abundance. They Concluded that there ie a possibility that 

harmful root interactions occur between various species of pasture 

grasses and legumes, and these Interactions are no doubt profoundly in* 

flueneed by environmental conditions. There is nothing in their work 

to indicate that harmful root interactions are present between white 

clover and any of the grasses used for high quality fine turf. 

Gooper, Wilson and Barron (14) envisaged a more or less definite 

succession of plant associations on pasture soils in cool moist regions 

reflecting different fertility levels. The first association is apt 

to be bluegrasses and white clover when the fertility level is high. As 
* 4 

the fertility level drops, the association becomes one of blue grasses, 

bent grass, red top, and white clover. As soil fertility is further 
« 

depleted, the association passes through the bent grass, sweet vernal, 

and poverty grass stage to a final weed and tree association. 

Wilt. C1.TT Tear. 
* 

Beaumont (5) observed that in so-called clover years, white clover 

appears abundantly in soils supplied with adequate plant nutrients and 

moisture, and In off years, it disappears from those same areas due to 

causes which are not understood* 

Hollowell (21) stated that white clover is not regular in its 

persistency of growth, occurring abundantly in some years, but diminishing 

in others to such an extent that it almost disappears. 

Dodd (15) remarked that prevalence and absence of white clover 

from time to time suggested the idea to some of a more or less regular 

white clover cycle. As a result of experimental work in Ohio, he 

supported the theory that weather conditions rather than any natural 

cyole constitute the main cause for these fluctuations, and these 
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weather variations have no apparent regularity. According to Dodd, if fer¬ 

tiliser treatment, management, and water supply could be kept favorable, a 

fairly constant white clover content would be maintained regardless of the 

weather. 

Climate and leather Conditions 

Brown (12) stated that climatic conditions have been of less importance 

than fertilization or species of grass in the maintenance of stands of 

white clover in an experiment carried on over a three-year period. 

Dodd (15) contended that weather conditions are a major factor in the 

fluctuations of the white clover content of permanent grass areas. He found 

that an abnormally dry spring, summer, or fall, results in a rapid decline of 

white clover. During excessively dry seasons, the white clover disappears 

completely from many lawns and pasture fields. A study of precipitation, 

temperature, and white clover content points to precipitation as a major 

factor in white clover fluctuation. If for a total period of six weeks dur¬ 

ing late spring, summer or fall, the precipitation in each two-week period 

is less than one inch, clover is diminished. If precipitation Is less than 

one-half inch in each two-week period, clover may die out entirely. Tempera¬ 

ture and rate of evaporation are factors also since white clever disappeared 

with greater precipitation at one center in the state than another. At 

the center where the clover disappeared, the temperature for July and 

August was about 4° higher* 

Dodd (15) found that winter injury of clover was not & major depressing 

factor in any case studied in Ohio, where clover and grass were grown in 

association. Dry summers and falls, rather than winter weather, appear to 

have been the more serious depressing factor. When winter injury has oc¬ 

curred, it has been more evident if the pasture was closely grazed or 

clipped in the fall or when the clover has been growing alone rather than 

in association with grass. 



Disease and Insect Pests 

Dodd (15) observed diseases on white Glover in Ohio and considered 

them worthy of further consideration in regard to white clover fluctua¬ 

tions* Dodd also noted that white grubs did serious damage to white 

clover in some years in Ohio* The grub damage was particularly serious 

in the case of new seedlings of white clover which were just establish¬ 

ing themselves in the old sod, 

EFFECT OP MANAQ-MSHT MD FERTILIZES PRACTICES 

Sprague and Evaul (35) found that clover was controlled by appli¬ 

cations of soluble nitrogenous fertilizers in quantities sufficient 

for vigorous growth of grass when combined with regular close mowing. 

When the nitrogen was added solely in the form of slowly available 

organic material, such as bonemeal and alfalfa meal, clover was more 

plentiful than when adequate nitrogen was available. The applications 

of lime to acid soils without the addition of nitrogenous fertilizers 

stimulated clover but when nitrogen fertilizers were also applied, 

clover was not increased. They concluded that clover is favored by the 

use of fertilizers containing phosphates and potash and that liming 

is beneficial to the clover on acid soils. However, when readily 

available nitrogenous fertilizers are supplied in abundance with such 

treatment, the grasses present flourish and the abundance of white 

clover diminishes. 

Beaumont (5) working with pastures in Massachusetts from the view¬ 

point of encouraging clover found that on an alluvial boil»applications 

of basic slag and low grade sulphate of potash changed a pasture flora 

largely of bluets (Houstonia catrulea L) and poor grasses to one com¬ 

posed largely of white clover and good grasses. 



- 8 * 

Beaumont found in other experiments on an upland glacial till that 

it was possible to transform pasture flora consisting mainly of running 

cinquefoil (Potentilia canadensis It),haircap moss (Polytrichum communis I»), 

and some grasses and clover to flora consisting mainly of white clover, 

bent grasses, and Kentucky bluegrass. Beaumont stated that lime was 

the most effective single material in producing desirable changes in 

vegetation. Beaumont characterised desirable changes as the transi¬ 

tion from weeds and weedy grasses to a flora containing a large per¬ 

centage of white clover. Beaumont further stated that lime and potash 

were the most effective combination of two materials; but a combination 

of lime, potash, and phosphate produced the greatest change in vegetation. 

Beaumont noted that addition of nitrogen to the mineral treat¬ 

ments did not reduce the percentage of white clover in one experiment 

but there was some indication of a trend in that direction in another. 

He observed that with an abundant supply of the mineral elements cal¬ 

cium, phosphorus, and potash, nitrogen did not depress clover as much 

as if there was a limited supply of these elements. Potash generally 

encouraged the presence of white clover. 

Rich and O&land (29) reported on an experiment in which varying 

amounts of nitrogen, phosphoric acid, and potash were applied to study 

their effect on the species composition and yield of hay crops* Their 

standard applications were twenty pounds of nitrogen, eighty pounds of 

phosphoric acid, and one hundred pounds of potash per acre as a top¬ 

dressing* They found that reducing the nitrogen had no significant 

effect on either yield or percentage of legumes in hay, but reducing 

potash from one hundred to fifty pounds per acre lowered the proportion 

of legumes from fifty per cent to three per cent and further reduction 

in potash to twenty-five pounds resulted in less than two per cent legumes. 
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Blaser and Brady'*" conducted experiments designed to evaluate 

the effects of nitrogen and potassium fertilization on the productivity 

and botanical and chemical composition of ladlno clover and non-legumes 

whea grown in a mixture. Potassium fertilization stimulated growth 

of ladino clover hut did not directly affect growth of non-legumes. 

Nitrogen fertiliser increased growth of grasses and decreased growth 

of leguminous plants in a mixed association, Blaser and Brady attributed 

the effect of nitrogen on reducing the leguminous associate to compe¬ 

tition for potassium. They attributed the cycle of good and poor clover 

years in part to competition for this element. Soil nitrogen is increased 

during good clover years and hence grasses which start growth earlier 

In the following spring than clover are stimulated by an abundance of 

nitrogen. The leguminous associate with ita later start ie limited 

in its growth by the absence of potassium which has been utilised by 

the rapidly growing grasses. 

Brown (12) noted retarding effects of nitrogenous fertilizers on 

white clover in grassland. He attributed these effects chiefly to 

increased grata competition caused by the nitrogen. 

Brown stated that in grazed permanent pastures, very little clover 

was present without adding phosphorus. Pastures with complete mineral 

phosphorus, lime, and potash had the most clover. Omission of potassium 

had little effect on clover. In the case of a permanent meadow mowed 

in June for hay and grazed in late summer and fall, the addition of 

either potash or manure with superphosphate and limestone was very influ¬ 

ential in promoting larger amounts of clover. 

1 Blaser, E. I. and Brady, H, C. Nutrient Competition in Plant Association. 
Cornell University, 19&9 Unpublished data. 



Brown experimented with effects of minor elements on clover 

growing on a Charlton fine sandy loam* He noted no appreciable effects 

on white clover from the use of these elements. 

Using one inch height of cut as the standard of comparison, Brown 

found that lawn mowing to one-half inch for one season greatly decreased 
* 

both Ladino and Kent clover in Kentucky bluegrass-clover seedlngs, but 

Kent clover increased slightly under this management in a mixture with 

less bluegrass. 

Brown found that the amounts of volunteer white clover increased 

with height of cut when vegetation was moved during four years under 

four different methods of fertilizing Kentucky bluegrass and Bhode Island 

bent turf* The heights of cut were two, three, four, and five inches. 

fiobinson and Sprague (30), in a comprehensive experiment on clover 

populations in a Kentucky bluegrass sod, used the following treatments! 

1) two levels of soil moisture {natural rainfall with and without 
irrigation; 

2) two levels of nitrogen fertilization (no nitrogen and a very 
high level of forty pounds of nitrogen per acre from ammonium 
nitrate in early spring and after each clipping); 

3) four clipping treatments (clipping to one-half inch when four 
Inches high; clipping to one inch when four to five inches high; 
clipping to two inches when five inches high; clipping to one- 
half inch when three inches high in the early spring and there¬ 
after clipping to one inch when four to five inches high). 

Each plot was limed and fertilized with phosphate and potash. 

Eobinson and Sprague reported that on plots without nitrogen fer¬ 

tilization or irrigation, the clover clipping treatments (one-half inch 

to one lneh) resulted in excellent stands of clover, but clipping to a 

height ef two inches produced a more dense sod of grass with considerably 

less clover. 

They found high rates of nitrogen fertilization without irrigation 



- 11 

greatly decreased the stand of clover and clover was practically eliminated 

on plots clipped to two Inches* With the more severe clipping treat— 

meats, considerable amounts of clover were maintained even with heavy 

nitrogen fertilisation* 

On the irrigated plots, however, Robinson and Sprague found that 

\ 
clipping to one-half inch or one inch resulted in excellent stands of 

clover even on plots that received as much as 3^0 pounds of nitrogen f: 

per acre per year and fairly good stands of clover were maintained 

the two-inch height of clipping. 

Robinson and Sprague Concluded that clover populations are 
* r 

mined by ability of olover to compete with grass for space, light. 

m 
\ 

; \ v- ■ 

Em 
.V 

fl Sa - 
moisture, and nutrients. Changes in these factors or of such factor! 

as management practices, winter injury, severe drought, or disease 
Vw * 

epidemics may greatly change the botanical composition of a pasture. 

Management practices particularly as they affect the carbohydrate re¬ 

serve of the grass are especially important. These workers observed 

that close clipping with ample time for recovery between clipping dates 
• 

was very effective in maintaining clover. 

Borsey (16) stated that applications of both nitrate of soda and 

" * 
if 

ammonium sulfate on & sward of grass increased yield of hay, but growth 

was not satisfactory since clover and other legumes were depressed and 

often eliminated, particularly by ammonium sulfate* 

Barnes (4) reported that the immediate effect of treatments of lime¬ 

stone and acid phosphate on worn out pasture in southeast Ohio was a 

marked increase in percentage of legumes. 

Dodd (15) noted in Ohio that if lime is not abundant in the surface 

soil, its application is necessary for a healthy development of white 

clover. He considers the need for phosphate a close second to lime and 
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noted some response to potassium on Ohio soils. He noted the usual 

effect of nitrogen fertiliser to he a reduction in white clover content 

of a sward. 

In hie experimental work in Ohio, Dodd observed that clipping to 

two inches every two weeks from April 17 to October 30 gave the 

greatest white clover content. He designated the content as 100, Then 
4 

by delaying the first clipping from April 17 to Kay 1# he found white 

clover reduced to 92 per cent of this figure. Delaying the first clip¬ 

ping until May 15 reduced the white clover area to 75 per cent. Clipping 

It at intervals of four weeks instead of two weeks reduced it to 24 per 

cent. Cutting at a height of one inch produced on the average only 83 

per cent as much white clover as cutting at two Inches and cutting at 

three inches produced 81 per cent as much as when cut at two inches. 

Clipping at one inch gave a very wide fluctuation. With very favorable 

white clover weather, wet and not too hot, close clipping had a tendency 

to increase white clover and reduce grass. With unfavorable weather, 

hot and dry, close clipping left clover more susceptible to Injury, It 

was apparent that clipping at one-inch intervals was detrimental, 

except under very favorable conditions* On the other hand, permitting 

excessive full growth reduced the clover content. 

..Sjpji.g.yff.mUp.Ba, „<?.£ on the White 

meet on Symbiotic Fixation 

The earliest theory made to account for the depressing effect of 

nitrogenous fertilizers on clover attributed the cause to the inhibiting 

effect of these materials on root nodule bacteria. 

Laurent (24) obtained experimental evidence indicating that nitrates 
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and some constituent® of plant sap form a combination which is toxic to 

the nodule organism. 

Kag®^ (26) forward a theory relating root invasion to the carbo¬ 

hydrates present In the plant sap. He considered that when the plant is 
4 

receiving nitrates, carbohydrates may be assimilated at once, so that 

plant saps with adequate nitrate supply would be low in carbohydrates. 

On the other hand, plants deficient in nitrogen would contain an excess 
* 

of carbohydrates circulating in the sap. In the latter ease, organic 

matter, especially carbohydrates secreted by plant roots, would be higher 
i 

and therefore attract more nodule bacteria. 

Strowd (36) also suggests that a sufficiently high concentration of 

nitrate could be attained in plant sap to injure invading nodule bacteria. 

Global (19) ha# offered the ingenious theory that since nitrogen is 

fixed in nodules as an organic compound it would experience greater diffi¬ 

culty in diffusing through cell walls than would a rapidly transferable 

ion like $0y This condition would result in an accumulation In nodules 

of products of fixation with the result that fixation of nitrogen would 

be impaired and development of nodules stopped. 

Hopkins, Wilson and Peterson (23) working with potassium nitrate on 

red clover plants in agar solution noted that the addition of nitrate 

nitrogen generally resulted in a decrease in number of nodules formed when 

concentrations exceeded 20 to 30 parts per million. Complete prevention 

of nodule formation was not affected by even the highest concentration of 

nitrate nitrogen used, vis., 160 parts per million, distribution and else 

of the nodule, however, were markedly affected by all the concentrations 

used. Additions of even small quantities of nitrate brought about forma¬ 

tion of scattered nodules, largely of the round type on secondary roots 



whereas normally the nodules are mostly of the long type and are found 

on the tap root near the crown. The else of the nodulee was decreased 

as the quantity of nitrogen was increased. All concentrations of nitrate 

nitrogen markedly decreased the fixation of free nitrogen. They noted 

that if the quantities of nitrate nitrogen added were insufficient for 

the needs of the plantv the deficit was made up by fixation of atmospheric 
4 

nitrogen. However, as soon as an excess of nitrogen was provided, the 

fixation process appeared to he completely expressed, even though nodulee 

were present. 

Hopkins and J*red (22) in experimental work with red clover on agar 

used potassium nitrate, ammonium sulfate, urea, aspar&gin, clover seed 

extract, and yeast extract as nitrogen sources. In a second part of this 

work, the same nitrogen compound# were used, but 0.5 per cent mannitol 

was also added. It was found that all nitrogen sources used decreased 

the else of the nodule formed and this effect became more in evidence ae 

the concentration of the nitrogen compound was increased. The nitrogen 

compounds were also found to affect the distribution of nodules on the 
4 

roots. In the untreated control, the nodules were situated for the most 

part in or near the tap roots. The greater number of these nodulee were 

of a fair sise and round in shape. A few were larger and longer. As com¬ 

pared with this condition in the presence of the nitrogen compounds, the 

nodules were principally on secondary roots and were almost exclusively 

round and small. The latter condition was attributed to later invasion 

of the roots by the organism owing to the presence of nitrogen compounds. 

In the series containing both nitrogen source and mannitol, it was found 

the nitrogen source no longer affected the distribution of nodules. In 
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these series the nodules were principally in the tap roots. Increasing 

concentration of the nitrogen compounds did, however, decrease the size 

of nodules formed. 

Hopkins and Fred put forward an hypothesis to support their findings. 

They stated that nitrogen compounds concerning the six used, are taken up 

by the plant, thus allowing the carbohydrates synthesized to be assimi- 
» 

la ted at once. Xf at any time nodule bacteria penetrate the roct hair, 

they are unable to produce nodules because of the low concentration of 

sugar in the plant sap. Thus nodules are not formed by the early 

Invaders. As a plant continues to grow it uses up some of the nitrogen 

source and no longer has a supply of nitrogen adequate to support its 
» 

growth at the incipient rats. Carbohydrates increase in the plant sap, 

and as this continues, a concentration is reached which enables the 

nodule bacteria penetrating the root hair at that time to proliferate 

and incite nodule formation. 

Allison (2) considered carbohydrate supply to be a primary factor 

in legume symbiosis. He stated that nodule bacteria enter roots at 

practically any carbohydrate ooneentratlon but good nodule development 

Is dependent upon a rather abundant carbohydrate supply in the roots. 

At a carbohydrate level sufficiently high to permit normal root growth, 

good nodule development takes place. Xf carbohydrates are supplied to 

roots an abnormally large development of roots and nodules with respect to 

tops may occur. He further stated that failure of nodules to develop 

abundantly in the presence of excess available nitrogen is due primarily 

to decreased carbohydrate simply in the roots. Under these conditions, 

the carbohydrate-nitrogen ratio is narrow and an unusually large percen¬ 

tage of the carbohydrate synthesized is used for top growth leaving less 

for growth of roots and nodules. Good nodule development takes place 
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only provided there is an adequate supply of carbohydrates for good 

root growth. 

Wilson (44,45) considered that the question as to whether or not 

free nitrogen can be assimilated in the presence of combined nitrogen 

could be answered by the effect of the combined nitrogen on the carbon- 

nitrogen balance in the host. It is probable that free nitrogen will 

be fixed even In presence of excess combined nitrogen, provided other 

conditions such as light and carbon dioxide stqsply are favorable for the 

maintenance of a carbon-nitrogen ratio sufficiently wide to permit 

fixation. Wilson's work emphasized the fact that a given environmental 

factor has a varying effect upon the individual phenomena of root in¬ 

vasion, nodule formation, nitrogen fixation, and host development. 

Wilson stated that normal symbiosis occurs only when all these processes 

are coordinated. 

Thornton (3?t38) observed that as the carbon-nitrogen ratio narrows 

under a restricted carbohydrate stq>ply, the host tissues are actually 

parasatlsed. He considers that true symbiosis exists only under condi¬ 

tions permitting readily available carbohydrates. The addition of car¬ 

bonaceous compounds to the soil such as sugar, alkaloids, and gluoosldes, 

stimulates nodulation and fixation just as increased carbon dioxide 

pressure does In low carbohydrate plants abundantly supplied with nitrogen, 

Thornton considers it justifiable to assume that the effect In both eases 

is achieved through a widening of the carbon-nitrogen ratio. 

Loehwing (25) stated that the carbon-nitrogen ratio concept does not 

explain all problems of nitrogen fixation, but it has been of prime 

Importance In reconciling many apparently contradictory responses, es¬ 

pecially in regard to carbonaceous and nitrogenous additions. 
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evidence put forward concerning the effect of applied nitrogen 

on symbiotic nitrogen fixation proves that applied nitrogen inhibit* 

fixation. 

The failure of a legume to produce nodule nitrogen in high nitrogen 

tolls afforda the legume difficulty In maintaining itaelf in competition 

with graaaea that hare a greater ability to absorb toil nitrogen. Thornton 

and Hlehol (39) statet 

*While non-nodulated legumes can absorb nitrogen 
directly they do not perform the process as 
efficiently as grasses and hence legumes are 
displaced when in competition on highly nitrogen 
fertilised soils. The effect of high nitrogen 
adjuncts in suppressing legumes inter-cropped 
with grass is a forcible illustration of the 
ease with which the definitely symbiotic inter¬ 
relation of grass and legumes can be upset and 
converted into serious competition.11 

Stimulation of the grass by nitrogenous fertilising results in in¬ 

creased shading of the white clover* 

Legumes are known to require relatively large amounts of manufactured 

food. Ylrtanen Is of the opinion that fixation entails a severe carbo¬ 

hydrate drain upon the legumes, an effect that correlates well with the 

known high photo synthetic efficiency of legumes over non-legume foliage 

(40f41fte). 

Increased shading of white clover exerts important physiological 

effects upon it* The lower photosynthetic rates and consequent decrease 

in manufactured foods brought about by lower light intensities and a 

change in its quality tend to weaken the clever plant to a point where 

It may no longer compete with the grass. 

Increased shading according to Shirley (32,33# 3**) influences the 

nitrogen metabolism of a plant. He stated that unless plants receive 
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enough light for rapid photosynthesis they accumulate hut cannot use 

nitrogen effectively, and, convoraely, if they do not receive sufficient 

nitrogen, they accumulate hut cannot utilise carbohydrates effectively* 

Apparently light intensity affects nitrogen metabolism only indirectly 

through its influence on carbohydrates* 

Fred, Wilson and W^rss (17) reported that soybeans growing in soil 

poor in nitrogen but Inoculated with root nodule bacteria appeared to 

suffer from nitrogen hunger if the light intensity Is high, This condi¬ 

tion could be relieved by lowering light intensity or applying nitrogen 

to the soil, These authors concluded that if plants are starved for 

nitrogen they are unable to make use of high light intensity and, on the 

other hand. If they are cultivated in low light intensity they are unable 

to respond by increased growth to a more generous nitrogen supply* 

Blackman and fempleman (11) found that generous applications of 

sulfate of ammonia and calcium nitrate depressed leaf production of fre¬ 

quently defoliated grass in 37 per cent and 63 per cent daylight. Accord¬ 

ing to these authors, the lower light intensity interfered with elabora¬ 

tion of protein and nitrates tended to accumulate in the plant tissue. 

The gain in protein as a result of fertilising under full daylight in¬ 

tensities results in a decrease in percentage of carbohydrates but at 

the lowest light intensities little effect on the carbohydrate level 

was brought about by the fertilizing. These writers ascribe the effects 

of light Intensity and nitrogen supply on leaf metabolism and leaf produc¬ 

tion In part to their indirect effects on metabolism. They stated that a 

shaded plant tends to use more of its organic food substance to produce 

leaf and stem tissue than root tissue* 

In a later work, Blackman (10) corroborated this hypothesis further. 

He reported that leaf production by Agrostls tenuis and Festuca rubra 
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subject to frequent defoliation was markedly increased by application of 

sulfate of ammonia or calc Iran nitrate provided the plants were exposed to 

full daylight, but if they were shaded, the same treatment depressed leaf 

production. 

Harrison (20) found that frequent defoliation of bluegrass (Poa pra— 

tens is) under comparatively low light conditions leads to exhaustion of 

carbohydrate reserves of rhixomes and root systems. However, with de¬ 

pletion of carbohydrates there was finally decreased production of blades 

and subsequently death of the plant. The sequence of events was greatly 

accelerated by a high nitrogen st$>ply, its absorption and elaboration being 

at the expense of stored carbohydrates in the underground organs. 
1 * 

While the foregoing experimental evidence is not directly related to 

white clover, the information can be applied in part to that species. A 

study of these experiments shows that under low light intensities, leaf 

production is depressed particularly in the presence of large amounts of 

soil nitrogen. It le the clover that is subjected to the shading in a 

stimulated turf. Therefore, the effect of shading on nitrogen metabolism 

of the clover plant is another factor to consider in studying the effect 

of nitrogen on the clover-grass ratio of a tuif. 

According to Meyer and Anderson (27) the carbon dioxide content of 

the stratum of atmosphere Immediately above the soil and in the sell 

atmosphere is greatly increased by application of nitrogenous fertilizer. 

Increase in content of carbon dioxide is brought about both by stimulation 

of soil bacteria and secondly by increased respiration of stimulated roots. 
; 

If carbon dioxide is the limiting factor in photosynthesis in the 

clover plant, the increase in this gas should encourage thie process. 
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However, it is probable that the shading of clover by grass tends to 

mates light the limiting factor in the case of the clover# On the other 

hand, the grass leaves are not subjected to similar shading and it is 

probable that their photosynthetic rate is increased as a result of the 

increased carbon dioxide content# Ho experimental data are available on 

this particular subject but the writer believes that this factor may 
♦ 

have some significance in the competition between grass and Glower* 

Increase in carbon dioxide content in the soil atmosphere results 

in a competition for soil oxygen according to Blackman (9). Cannon 

(13) stated that grass is better suited for this competition than is 

clover since legumes appear to have both a high oxygen requirement and 

a lower carbon dioxide tolerance, 

ffltrogen Absorption and Cation-Anion Relationship* 

Definite relationships exist between nitrogen absorption and cation 

and anion absorption within plants# This factor is of no small signi¬ 

ficance In the effect of nitrogen on the clover grass ratio. 

Parker and Truog (28) demonstrated that a relationship exists be¬ 

tween calcium and nitrogen content of plants. Therefore heavy applica¬ 

tions of nitrogen may reduce the intake of calcium. 

Amoft (3) found that the composition of barley plants is materially 

Influenced by the nitrogen source in the substrata* Plants receiving 

cationic nitrogen (ammonia nitrogen) had higher phosphorus but lower 

potassium, calcium, and magnesium content than those receiving anionic 

nitrogen (nitrate nitrogen). If little nitrate nitrogen was present, 

absorption of phosphorus, sulfur and chlorine were increased* 

Wallace, Toth and Bear (43) put forward the idea that induced cation 

and anion deficiencies are possible from the theory of cation and anion 
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competition. For example, magnetism deficiency can be induced from the 

application of large amounts of potassium and, likewise, phosphorus 

deficiency should be possible from an excess of nitrate nitrogen on 

other soluble anions. 

Shear, Crane and Kyers (31) hare glren a general statement concern¬ 

ing cation and anion relationships in plants as followst 

"Because of the fact that the cation-anion ratio within 
the leaf is a constant, it is evident that at any given 
concentration of anions, any increased accumulation of 
one or more of the cations must be accompanied by an 
equivalent decrease in one or more of the other cations* 
Conversely, at a given concentration of cations any in¬ 
creased accumulation of one or more anions must be 
accompanied by an equivalent decrease in one or more of 
the other anions." 

From the foregoing a summation absorption value of eat Ions and 

anions could be written roughly as follows: 

Ms+% , Constant 

or ♦ HgPo^- + so4““ + wy 

From this approximate summation value it can be seen that additions 

of ammonium ion to a soil might depress the absorption of calcium, mag¬ 

nesium, and potassium. It Is known that clover has a high requirement 

of these thrse elements, particularly potassium and it can therefore 

be Been that applications of a fertilizer containing the ammonium 

might adversely affect clover In turf* 

Similarly applications of nitrate nitrogen would affect the uptake 

of phosphorus* Clover also has a high requirement for this element* 

Application of the summation value Is significant in determining the 

grate-clover ratio of a turf* This theory correlates well with known 

esperimental evidence that many grasses thrive on soils lower in calcium, 

potassium, and phosphorus than is required by legumes* Moreover, HHj* 
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replaces 2C* from the soil complexes* An application of an ammonium salt 

therefore results in leaching of potassium from the root zone* 

gtotaan1.*. teterjaents and Hypotheses 

0* I. Blackman, working in Great Britain, carried out a number of 

experiments related to the effect of applied nitrogen on the clover-grass 

ratio of a turf* 

Blackman (6,7) first advanced the hypothesis that reduction of some 

species Including white clover by treatment with ammonium salts was due 

to a toxic action of the absorbed ammonium ions* He considered Trifolium 

repens in particular* The ammonium compounds by combining with the 

carbohydrates to form amide compounds would lead, if the uptake of such 

ions was rapid, to a condition where the depleted reserves would be In¬ 

sufficient for both replacement of leaf tissue removed by constant de¬ 

foliation and for maintaining the concentration of ammonium ions below 

aa injurious level* Blackman believed that if the total available carbo¬ 

hydrate supply could by some means be increased then the reduction of 

clover should to some extent be lessened! alternatively the same effect 

would be produced by lowering the rate of absorption of ammonium salts* 

Blackman agreed that the addition of sucrose to sulfate of ammonia 

should lead to a slower rate of reduction of clover since absorption of 

sucrose with ammonium ions should reduce the drain on the carbohydrate 

reserve* Blackman bore in mind that the uptake of nitrogen might be 

greatly reduced in the presence of sucrose, for such a source of carbon 

might lead to a large increase in soil microflora, and in consequence 

to a considerable secondary utilization of the added nitrogen. 
* 

Having put forward this hypothesis, Blackman published results of a 

series of experiments in a later paper (8)* He found that using sucrose 



alone gave no appreciable effect, From this be concluded that the uptake 

of nitrogen by plant# wag not greatly reduced by addition of sucrose. 

He found that ap application of gulf ate of ammonia led to greater 

reduction in the population of Trifolium repens than did an application 

of nitrate of soda, calcium nitrate, and urea given at equivalent nitro¬ 

gen rates. But adding sucrose at ten pounds per thousand square feet 

/With each application of sulfate of ammonia reduced the clover content 

at a slower rate than did sulfate of ammonia alone, Sicroee added to 

either calcium nitrate or nitrate of soda had little effect on their 

action* 

With these results Blackman concluded that his hypothesis explained 

the mechanism whereby clover was reduced and grass stimulated by ammonium 

salts. 

However, some years later, Blackman (9) took cognizance of the fact 

that the reduction might be a question of the competition for light, the 

taller growing grasses shading the clover. It seemed likely to Blackman 

that at low light intensities, at a low rate of photosynthesis, the effect 

of applications of ammonium compounds would be much more pronounced. 

Accordingly, he carried out a series of experiments on decreasing light 

intensities alone and on decreasing Xl^it intensities with ammonium 

sulfate. 

He found that decreasing light intensities without addition of fer¬ 

tilisers reduced the amount of clover markedly, whereas the effect of 

additional nitrogen was less pronounced with decreasing H^it intensities. 

On the basis of these experiments Blackman concluded that the de¬ 

crease in clover content brought about by shading is a direct effect on 

clover. On the other hand, reduction in clover associated with additional 

nitrogen Is primarily due to competition. The intensity of this competitinn 



ia linked with the act lye growth of grasses, and is therefore greatest 
■ • i« 

under conditions where light intensity is not limiting their growth. Com¬ 

petition for nitrogen plays a part since with a high external concentre- 

tion of inorganic nitrogen, nitrogen fixation will “be at a minimum. 

In this same paper Blackman Concludes that the greater reduction In 

clover brought about by ammonium nitrogen as against nitrate nitrogen 

can In no way be associated with a direot toxic effect of absorbed am¬ 

monium ions. Bather the depression of white clover by any nitrogenous 

manuring is necessarily related to the presence of grasses since clover 

does not absorb nitrogen as readily as do some grasses. 

E3CP35R IJI2H 

The review of literature shows that adjustments of cultural manage¬ 

ment practices, including watering, height of cut, and fertiliser treat¬ 

ment, can be effected in such a way that in a mixed turf, grasses are 

favored and white clover is depressed. 

Since height of cut and supplementary irrigation on a sward of turf 

are more or less predetermined, it is suggested that the most practical 

means of depressing white clover is by fertilizer treatments, Ixperi- 

mental evidence has shown that periodic applications of nitrogenous fer¬ 

tilizers to closely cut or grazed turf reduee white clover. Therefore, 

three experiments were conducted to determine the types and rates of 

nitrogenous fertilizer most effective in eradicating clover from a turf. 

Materials used were sulfate of ammonia (20.5$ nitrogen), nitrate of soda 

(16$ nitrogen), castor pomace (6$ nitrogen, 1.5$ phosphoric acid and 1.5$ 

potash), and urea in the form of “aramon* (42$ nitrogen). 

A complete 5-8-7 fertilizer was also used in one of these experi¬ 

ments. This same fertilizer was used for the general application. Its 

nitrogen source was ammonlacal, its phosphoric acid being derived from 
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superphoeph&be, and its potassium oxide from potassium sulfate, 1 per *-• 

cent, and muriate of potash, 6 per cent, fhe fertilizer contained 2 per 

cent magnesium oxide. 

Effect of nitrogenous Materials on the White Glover Content of a Lawn Area 

In 1948, ml area of campus lawn with a heavy white clover content 

was selected and divided into plots each two feet by two feet, as shown 

in figure X* 

The soil tyoe was a sandy loam with a pH of 6.0, medium high nit- 

rogen and magnesium, medium phosphoric acid, low calcium, and low potash 

content. 

The lawn was mowed once a week at a height of cut varying from one 

to one-half inch. It received no irrigation beyond normal rainfall and 

no fertilizer treatments other than those applied in the experiment. 

Bate of nitrogenous materials used in pounds of nitrogen per 

thousand square feet were: 

2, 1 and 0.2 Sulfate of ammonia 
Kitrate of soda 
Castor pomace 
Uramon 

1.6, 0.8 and 0.l6 
I.8/O.96 and 0.24 
2.10, 1.05 and 0.21 

Check plots were retained. The experiment was conducted in quad¬ 

ruplicate. 

Applications of the materials were made on July 1, and repeated 

on July 20. Estimates of the amounts of clever present were made on 

July 1, July 17, and August 16, by comparing each plot to a standard 

check plot. Ifumerieal counts were not made because the object of the 

experiment was merely to determine whether it was feasible to reduce 

clover in a turf by application of nitrogen. This was in the nature of 

a preliminary experiment. 

BmbUi 

Complete data are shown in Table I. 
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Control Plots: With the exception of one plot which showed a slight 

decrease in white clover, these plots showed no change oyer the period 

of the experiment. 

Sulfate of Ammonia: Two of the plots receiving this material at the 

rate of two pounds of nitrogen per one thousand square feet per appli¬ 

cation showed an appreciable decrease and two, a slight decrease in 

white clover content after the two applications. 

One of the plots receiving sulfate of ammonia at the rate of 

one pound per thousand square feet per application showed an appreciable 

decrease and three, a slight decrease in white clover content after two 

applications. 

Nitrate of Soda: Three of the plots at the rate of 1.6 pounds of nitro¬ 

gen per one thousand square feet per application showed no change after 

two applications, while the fourth showed a slight decrease. 

The four plots receiving nitrate of soda at the rate of 0.8 pounds 

of nitrogen per thousand square feet per application showed an increase 

in the amount of clover presents two, a slight decreases and one, no 

change. 

Three of the plots receiving castor pomace at the rate of 0.96 

pounds of nitrogen per application showed no change after two applica¬ 

tions and one a slight decrease In clover content. 

Two of the plots at the rate of 0.24 pounds of nitrogen per one 

thousand square feet per application showed no ohange in the clover con¬ 

tent, while one showed a slight increase and one a slight decrease. 

Uramont One of the plots receiving uramon at the rate of 2,10 pounds 

per one thousand square feet per application showed an appreciable decrease 



r.f ter tv/o applies.t Ions, while the other three &t this rate showed no 

tegl» 

fwo of the plots receiving this fertiliser at 1.05 pounds per 

thousand square feet showed an appreciable decrease and two showed no 

change in the white clover content* 

fhe four plots receiving 0.24 pounds of nitrogen in this form after 

two applications showed no change. 

rnscvmm 
»• 

While no absolute conclusions are drawn fro© this experiment, the 

results do Indicate that it is feasible to reduce clover in a turf by the 

use of two applications of sulfate of aaronia at the rate of two pounds 

of nitrogen per thousand square feet. Although clover was reduced it was 

not eradicated completely by these applications. There is ease indie*- 
9 

tlon that other inorganic fertilisers, if applied at heavier rates, tend 

to depress clover. 

la June 1948, wooden flats were planted with a mixture of Astoria 

Colonial Bent (Agroetis tenuis) and white clover at the rate of four 

pounds and 0.5 pounds per thousand square feet respectively. 

A sandy loam soil was used with a pH of 5»3» One-half the flats 

were limed at the rate of one hundred pounds of ground dolomltlc lime¬ 

stone (20$ KgO, 30$ CaO) per thousand square feet. 

A 5-3-7 complete fertiliser was used as a pro-seeding fertiliser 

on all flats at the rate of ten pounds per thousand square feet. 

After germination of seed, each flat was maintained at one-half 

Inch height of cut and the moisture content was retained at approximately 

field capacity. 
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same nitrogenous fertilizer at the same rate as the first ex¬ 

periment was used# 'The experiment vat conducted in duplicate with six 

control flats* 

A count was made of the clover leaves in an equal area of each flat 

prior to applying the fertiliser materials. Twenty-one days after appli¬ 

cation of the fertiliser material these sections were recounted* Ho 

further application of materials was made, but twenty-eight days after 
9 

thleg or forty-nine days from the date the fertilisers were first applied, 

the sections wars again counted to see if clover was reappearing* 

leeultf 

Complete data are shown in Table XX* 

Sulfate of Ammoniai 

Twenty-one days after a single application at the rate of two pounds 

of nitrogen per thousand square feet, the content of clover was reduced 

markedly on both the limed and unlimed plots to an average content of 
* 

1*5 per cent of the original. But forty-nine days after the application, 

the clover had returned close to its original level In two of the limed 

flats and two of the unllmed flats* On the third limed and the third un¬ 

lived flats some recovery was noted* 

Twenty-one days after a single application of this fertiliser at one 

pound per thousand square feet, two of the limed flats showed redaction 

in clover leaves to a content less than 45 per cent of the original and 

the third a reduction to 6$ per cent. Forty-nine days after the applica¬ 

tion, the olover content in the third flat had returned almost to its 

original level, while on those flats that had shows a significant reduc¬ 

tion, recovery almost to the original level was noted In one, while in 
r 

the other there was little change* 
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Twenty-one days after the one-pound application to the unlimed flats, 

two of the flats showed reduction to 51 per cent and 66 per cent of 

original respectively while in the third, there was little change, the 

content being 86 per cent of original. After forty-nine days, the 

clover in one of the flats that had shown a decrease originally had con- 

tinued to decrease while in the others there was little change. The 

clover content in the flat that had shown little original reduction had 

increased above its original level after forty-nine days. 

In the limed and unlimed flats that received an application of sulfate 

of ammonia at the rate of 0.20 pounds of nitrogen per thousand square 

feet|there was no significant change after twenty-one days. After forty* 

nine days there was still no marked change except that the clover in 

one of the unlimed flats had decreased markedly to $1 per cent of original. 

Nitrate of sodas 

The three limed and three unlimed flats receiving an application at 

the rate of 1.6 pounds of nitrogen per thousand square feet, showed a 

reduction in clover content after twenty-one days to a content averaging 

63 per cent of the original. After forty-nine days, all of these flats 

showed recovery except one of the unlimed flats which had a slight fur¬ 

ther reduction. The clover in one of the limed flats had increased above 

Its original level. 

Two of the limed flats receiving an application of this fertilizer 

at the rate of 0,80 pounds of nitrogen per thousand square feet showed 

some reduction after twenty*one days to 66 per cent and ?0 per cent of 

original respectively. On all the other flats, limed or unlimed, treated 

at this rate, there was very little change after twenty-one days. After 

forty-nine days both flats that showed an original reduction had recovered 

somewhat to over 75 per cent of the original. In the remaining flats 



there was little change. 

Xa the lined or unlimed flats that had received ah application of 

nitrate of soda at the rate of 0.16 pounds of nitrogen per thousand 

square feet, there was no significant change after twenty*one or 

forty-nine days. 
. j 

2IMon- 

On both lined and unllned flat*, there was a slight reduction in 

clover to an average of 80 per cent of the original twenty-one days 

after an application of the material at 2,10 pounds of nitrogen per 

thousand square feet. After 1.05 pounds of nitrogen per thousand equare 

feet in this form clover was also reduced after 21 days to an average 

of 80 per cent of the original content in the limed and unlimed flats. 

At the lowest rate of application there was no significant change 

in clover content. 

Pastor Pomace ? 

A slight increase in clover to a content averaging 105 per cent 

of the original was noted on those flats receiving an application of 

this material at 1.8 pounds of nitrogen per thousand square feet. Medium 

or light rates showed little effeet in either decreasing or diminishing 

the clover content. 

DISCUSSIOU 
/ H 

These results show that a single application of sulfate of ammonia 

at the rate of two pounds of nitrogen per thousand square feet or at 

half that rate tends to depress white clover but the legume recovers 

rapidly, There wae no marked difference in behavior of the clover 

either in depression or recovery between limed and unlimed flate. 
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After the heavy application of nitrate of soda some reduction in 

clover was noted, hut recovery was rapid# At medium and lower rates 

there was very little change brought about in clover content* After 

heavy and medium applications of uramon there was a decrease but this 

was too slight to be of practical la^ortance. 

Castor pomace at the heaviest rate showed a tendency to encourage 

clover slightly with medium and light rates showing little effect. 
% 

It was concluded that the rates used of all these fertilizers 

were either too low to reduce the clover stiffieiently or that it is 

necessary to repeat the application to permanently depress the legume. 

MISS* SL ?hre« Application* of KUrogonom Mat.rlalg at two Waek Int»rral« 

Prom the previous experiment it appeared likely that more than 

one application is necessary to eradicate clover permanently. 

Clay bulb pots were seeded in May 1949 with a mixture of Astoria 

Colonial Bent and White Clover at the rate of two pounds and 0.5 

pounds per thousand square feet respectively. Prior to seeding, 

ground limestone at 50 pounds and a complete fertilizer at 

twenty pounds per thousand square feet were applied to each pot* 

Bites of nitrogenous materials used In pounds of nitrogen per 

thousand square feet were; 

Mltrate of soda 

Uramon 

Castor pomace 

Sulfate of ammonia 4.0, 2.0 and 1.0 

4.0, 2.0 and 1.0 

4.2, 2.1 and 1.05 

4.2, 2.1 and 1.05 

Complete 5**8-7 fertilizer 4.0 
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Applications of materials at these rates were made on July 1, 

July 14 and August 1. 

On July 23, all pots were limed and on August 4, all pots receired 

an application of muriate of potash, These materials were applied at 

a rate of 50 pounds and two pounds per thousand square feet respectively. 

The moisture content of the pots was retained at approximately field 

capacity and the grass was cut to one-half inch. 

Measurements of clover content were made by direct count of the 

leaves, (bunts were made on June 28, July 12, July 25, August 11, and 

September 8. The purpose of the count made on September 8 was to ascer¬ 

tain the degree of recovery in the clover. 

Resultsi 

Complete data are shown in Table XXX. 

Sulfate of ammonias 

Three applications of this material at four pounds of nitrogen per 

thousand square feet almost completely eradicated the legume and four 

weeks later there was very little recovery by the clover. 

Jfter three applications of the material at a rate equivalent to 

two pounds of nitrogen per thousand square feet, the clover content de¬ 

creased in two eases by ?0 per cent and 55 per cent respectively of 

original. In the third instance the clover decreased only 26 per cent. 

There was little recovery in the clover four weeks later in these three 

pots. 

At a rate equivalent to one pound of nitrogen per t housand square 

feet, three applications of this material did not markedly decrease the 

clover content. The decrease averaged 13 per cent. This reduction was 

no greater than in the controls. 



Nitrate of soda: 

Three applications of this material at a rate equivalent to four 

pounds of nitrogen per thousand square feet decreased clover content 

markedly in all three instances« The average reduction was 92 per cent. 

There was practically no recovery in these pots. 

At the rate of two pounds of nitrogen per thousand square feet 

there was a marked reduction in clover in one instance by 90 per cent but 

in the other two pots the reduction was slight, being only 25 per cent and 

30 per cent respectively. In the pots where reduction was noted there 

was no recovery. 

At the rate of one pound of nitrogen per thousand square feet the 

reduction in clover was approximately the same as the controls. 

Castor Pomace: 

Three applications of this material at a rate equivalent to 4.2 

pounds of nitrogen per thousand square feet reduced the clover Just over 

50 per cent in two cases but in the third pot there was an Increase of 

12.5 per cent. 

The same number of applications at a rate equivalent to 2.1 pounds 

of nitrogen per thousand square feet reduced the clover in one Instance 

by 58 per cent but in the other two pots the reduction was approximately 

the same as in the controls. The clover recovered rapidly in all three 

Instances. 

At a rate equivalent to 1.05 pounds of nitrogen per thousand square 

feet, there was a marked increase in ©lover by P®r ** °n® the 

pots and slight increases of 4 per cent and 10 per cent in the other two* 

Hramons 

Three applications of this material at a rate equivalent to 4.2 pounds 

of nitrogen per thousand square feet reduced the clover markedly in all 



thrte Instance® with no recovery apparent by the last counting. The 

average decrease in these three pots was 83 per cent* 

^.t the rate of 2,1 pounds of nitrogen the legume was reduced 

markedly in two instances by 90 per cent and 94 per cent respectively 

and In the third by 39 per cent with no recovery apparent in any of 

the pots. 

At a rate equivalent to 1,05 pounds of nitrogen the clover was 

reduced by 60 per cent in one case, by 35 per cent in another, and only 

by 6 per cent in the third. 

Complete fertilizer (analysis 5-8-7) 

At a rate equivalent to four pounds of nitrogen per thousand 

square feet, clover was reduced markedly by an average amount of 90 

per cent in all three instances with no apparent recovery by the date 

of the last ccunt. 

Discussion 

Three applications of sulfate of ammonia, nitrate of soda, and urea 

at the heavy and medium rates were effective in reducing clover content. 

Likewise the complete 5-8-7 fertilizer at the rate used was effective. 

The organic fertilizer, castor pomace, was not nearly so effective. 

Recovery after three applications of the inorganic fertilizers 

was not marked. 

The results indicate that at least three applications of Inorganic 

materials at two week intervals are necessary to permanently reduce 
c- 

clover. Rate of application must be two to four times the normal 

application of one pound of nitrogen per thousand square feet. 

CONCLUSIONS AND RRCONJOTDATIONS 

The experimental evidence from greenhouse data indicates that 

white clover can be eradicated from, a turf in several weeks by periodic 
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application* of nitrogenous fertilisers* 

Inorganic fertilisers are 3far more effectIts In eradicating or re¬ 

ducing clorer than the one organic fertiliser need la these experiments* 

Of the Inorganics used, sulfate of *oniu appears to be the most 

effectIts* 

It was found by qualitative experiments on near-by golf courses that 

similar applications could bs made under field conditions to putting 

greens* 
i> p 

It must be noted* however* that there are many danger* In over- 

stimulating a turf by nitrogen sad complications that may arise fro® 

its use are equally as serious ms the presence of clover* The following 

reccsDsendatIons are made with this in mind* These recommendations for 

the most part apply to United turf areas such as putting greens* the 

treatment being too expensive for larger areas* 

In early spring* the area should receive a normal fertilising treat¬ 

ment but If the clover content Is high or on the increase, no fertilisers 

other than nitrogenous materials should be applied for the balance of the 

season* 

Around mid-Hoy* the heavily infested areas should be aerated in order 

to relieve compaction* Three applications of nitrogen should then be 

applied in the inorganic form at two-week intervale* 

The rate of application for most conditions should not exceed three 

pound* of nitrogen per thousand square feet and should not be less than 

two pounds* The fertiliser may be applied in dry or spray fore but serious 

damage will result to the tusf If the material is not watered in care¬ 

fully and thoroughly* Throughout the season, the turf grower must be 

prepared for more then usual fwi?u* attacks mi his stimulated turf* 
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Concurrently with the nitrogen treatments, the general watering 

program should be checked because over-watering will encourage the legume. 

Under most circumstances, the three applications will eradicate the 

clover. If they do not, a fourth application may be made, but after four 

applications, the treatments should be discontinued even if not success— 

ful. 

Tor at least six weeks after treatment, no further fertilizer appli¬ 

cation should be made, but thereafter the turf grower may return to a 
* 

normal fertilizing program. In the event that sulfate of ammonia is used, 

the treated areas should be limed in late autumn. 

SCHNAHT 

In order to compile the factors which influence the content of white 

clover in a turf, literature concerning its habits of growth and experi¬ 

mental work conducted in relation to management and fertilizer practices 

were reviewed. 

The species Trlfollus repens Is persistent under a wide range of 

environmental conditions. 

Generally, clay and loam soils with adequate moisture are better 

suited to white clover than are light soils. It is not generally present 

in abundance on shallow upland soil types or on heavy soils that dry out 

quickly. The species is much more tolerant of an excess of water than of 

a deficiency. 

The optimum pH for its growth is believed to be above 6.0, but this 

varies with the quantity and quality of mineral elements present in the 

soil. White clover has been noted to volunteer most freely in soils with 

a slightly acid reaction. 

As a profusely-seeding and creeping perennial, white clover normally 



grow# in association with grass. It volunteers freely and stands can be 

obtained In grass without resort to seeding, 

A more or less definite succession of plant associations on pasture 

soils at different fertility levels has been envisaged. White clover is 

present in an association dependent on high fertility levels. 

In so-called clover years, white clover is present in abundance while 

In other years it is much less abundant, 

The maintenance of a high level of water appears to favor clover. 

This factor may largely offset the depressing effect of nitrogen fertili¬ 

zers and excessive long and short cutting. 

A number of hypotheses are reviewed In regard to the depression of 

white clover as a result of nitrogenous fertilizing. Although there seems 

to be no single reason for the depressing effect of nitrogenous fertili¬ 

zer on clover in a turf, a number of conditions are evaluated ae con¬ 

tributing factors. Some probable reasons are listed as followsi 

X, Applied nitrogen inhibits nitrogen fixation. In the competition 

that follows for soil nitrogen, grass is favored. 

2. Hltrogen stimulation of a turf results ins 

a. decreased photosynthesis in the white clover due to 

increased shading by the grasses; 

b* under low light intensities such as the clover is sub¬ 

jected to, leaf production is depressed particularly 

in the preeence of large amounts of soil nitrogen; 

e. increased carbon dioxide of the atmosphere probably 

increases photosynthesis in the unshaded grass blade 

but has little effect on shaded clover, 

d. increased carbon dioxide of the eoll atmosphere results 
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In competition for soil oxygen, another competition in 

which the grace is favored. 
4 

3. Ammonium nitrogen absorption lowers the intake of potassium, 

i 

calcium, and magnesium. Nitrate nitrogen absorption lowers phosphorus 

intake. These elements are all required in relatively large amounts by 

white clover and therefore it is probable that a deficiency factor has 

been induced. 

4. Competition for potassium between the grass and clover results 

from stimulation of the grass. 

The type and rate of nitrogen fertilizer most effective in eliminating 

clover was investigated experimentally. It was found that three inorganic 

fertilizers, sulfate of ammonia, uramon, and nitrate of soda, applied 

three times at a rate of two to four pounds of nitrogen per thousand 

square feet per application, were effective in reducing clover under 

greenhouse conditions. A fourth fertilizer, an organic nitrogen source, 

castor pomace, was not nearly so effective. A complete 5*8-7 fertilizer 

applied at the rate of four pounds of nitrogen did eliminate clover. 

Qualitative experiments on near-by golf courses showed that similar 

applications could be made under field conditions to putting greens. 

Hecommendations based on conclusions reached are made. 



i o
 

-3- 
♦ 

TABLE I 
j. • 

Estimated Amounts of White Clover Present in a Lawn Under Different Treatments 

i 

Plot 
So. 

nitrogenous 
Material 

Nitrogen Applied 
in each applica¬ 
tion lbs./lOOO 

Estimated Clover Present Change During 
Treatment 

• Application 
July 1 and 20 July 1 July 17 August 16 

1 Castor Pomace 1.8 light medium medium increase 

2 Uramon 2,1 heavy heavy heavy none 

3 nitrate/soda 1.6 heavy heavy heavy none 

4 Sulfate/ammonia 2,0 medium light light appreciable decrease 

5 Castor Pomace 0.24 medium medium medium none 

6 Uramon 0,21 heavy heavy heavy none 

7 Hitrate/soda 0.16 heavy heavy heavy none 

8 Check 0, heavy heavy heavy none 

9 Castor Pomace 0.96 medium medium medium none 

10 Uramon 1,05 heavy heavy heavy none 

11 Nitrate/soda 0.80 heavy heavy heavy none 

12 Sulfate/ammonia 0,20 heavy heavy heavy none 

13 Sulfate/ammonia 0*20 heavy medium medium slight decrease 

14 Castor Pomace 1.8 medium heavy medium no change 

15 Uramon 2.10 heavy heavy heavy no change 

16 Sulfate/ammonia 1.0 heavy medium medium slight decrease 

17 Sulfate/ammonia 0.20 heavy heavy heavy none 

18 Castor Pomace 0.24 heavy heavy heavy none 

19 Check 0. heavy heavy heavy none 

20 Nitrate/soda 1.6 heavy medium medium slight decrease 
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Plot Hltrogenou« Nitrogen Applied Estimated Clover Present Change during 
No. Material in each anolica- Treatment 
_tioiUWlQQO_ 

Application July 1 July 17 August 16 
July 1 and 20_I 

21 Sulfate/ammonia 1.0 heavy 

22 Castor Pomace 0,96 heavy 

23 Uramon 0.21 medium 

24 Nitrate/soda 0.16 heavy 

25 Nitrate/soda 1.6 medium 

25 Sulfate /ammonia 2.0 heavy 

27 Uramon 1.05 heavy 

28 Nitrate/soda 0.80 medium 

29 Nitrate/soda 0.16 heavy 

30 Check 0. heavy 

31 Castor Pomace 1.8 heavy 

32 Uramon 2.1 medium 

33 Nitrate/soda 0.80 heavy 

34 Sulfate/ammonia 0.20 medium 

35 Castor Pomace O.Zk heavy 

36 Uramon 0.21 Us** 

37 Uramon 2.10 heavy 

38 Sulfate /ammonia 1.0 heavy 

39 Castor Pomace 0.96 heavy 

40 Uramon 1.05 heavy 

41 Check 0.0 heavy 

42 Nitrate/soda 1.6 medium 

medium medium slight decreaee 

heavy heavy none 

medium medium none 

medium medium slight decrease 

light medium none 

light light appreciable decrease 

medium light appreciable decrease 

medium 
4 

medium none 

heavy heavy none 

medium medium slight decrease 

medium medium slight decrease 

medium medium none 

heavy heavy none 

medium medium none 

heavy medium slight decrease 

light light none 

light light appreciable decrease 

medium light appreciable decrease 

medium medium slight decrease 

medium light appreciable decrease 

heavy heavy none 

medium medium none 

X 
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Plot 
Ho. 

nitrogenous 
Material 

Hltrogen applied 
in each application 
lbs./1000 

Estimated Clover Present Change during 
Treatment 

Application 
July 1 & 20 July 1 July 17 August 16 

43 Sulfate/ammonia 2.0 heavy medium medium Slight decrease 

44 Castor Pomace 1.8 heavy medium medium Slight decrease 

45 Uramon 0.21 heavy heavy heavy none 

46 Hltrate/soda o.l6 heavy heavy heavy none 

47 Sulfate/ammonia 0.20 heavy heavy heavy none 

46 Castor Pomace 

o
' light light meditaa slight increase 

49 Uramon 1.05 medium light medium none 

50 Hltrate/soda 0..80 heavy heavy heavy none 

51 Sulfate/ammonia 1.0 heavy medium medium slight decrease 

52 Castor Pomace 0.96 light light ii£»t none 
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Effect of a Single application of nitrogenous Material on the White Oliver 
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Plot Lime 
Treatment 

nitrogenous ISaterial Lbs. £itro- 
gen-1000 8<t/ft 

X lime sulfate of ammonia 2.0 109 48 44 93 i 55 

2 unlimed « « B 2.0 127 38 30 121 95 

3 limed ■ « II 2.6 165 79 48 128 77 

* unlimed B 2.0 170 90 53 154 < ?0 

5 limed » 1 » 2.0 170 97 57 122 68 

$ unlimed i • » 2.0 183 67 36 96 52 

7 limed n «i II 1.0 180 70 38 108 60 

8 unlimed it t fl 1.0 105 90 86 133 127 

9 limed « n II 1.0 106 48 44 96 41 

10 unlimed 11 » • 1.0 191 102 51 105 52 

11 limed * » 
* 1.0 145 94 65 133 91 

12 unlimed K B M 1*0 103 68 66 41 40 

13 limed « « 0.2 48 55 115 47 100 

14 unllmed n a 1 0.2 74 78 105 78 105 

15 limed * 0 M 0.2 87 72 83 88 100 

16 . unlimed ft « II 0.2 125 132 106 128 102 

17 limed a « « 0*2 94 98 104 104 110 

18 unlimed w a II 0.8 136 132 96 70 51 

19 limed nitrate of soda 1.6 53 34 64 40 75 

20 unlimed nitrate of soda 1.6 120 46 38 92 76 



Plot Liao 
Treatment 

* h 4 * 

T&BLB II 

nitrogenous 
Material 

Lbs, Kitro- 
gen/1000 sq. ft. 
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1 W 
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21 limed nitrate of soda 1.6 115 84 73 98 85 

22 unlimed 
n n « 

1.6 161 111 70 169 105 

23 limed 
« n m 

1.6 200 144 72 130 65 

24 unlimed 
• « 11 1.6 185 108 58 122 66 

25 limed 
• R R 0.8 233 160 70 178 76 

26 unlimed 
« a » 

0.8 295 256 87 230 80 

27 limed 
K 

l 
r n 0.8 177 117 66 148 83 

28 unlimed 
R R 0.8 148 145 99 132 90 

29 limed 
R R R 0.8 116 124 101 122 106 

30 unlimed 
• R R 0.8 158 159 100 124 78 

'/* > 
limed 

N R H 0.16 121 132 109 88 73 

32 unlimed 
« R R 0.16 106 100 94 41 38 

33 limed 
• M R 

0.16 75 81 108 58 78 

34 unlimed 
• R R 

0.I6 70 62 88 64 90 

35 limed 
M R 

0.16 84 87 103 89 105 

36 unlimed 
• R R 

0.16 77 85 110 93 120 

37 limed uramon 2.10 157 137 87 162 103 

38 unlimed 
n 

2.10 172 135 80 145 85 

39 limed 
11 2.10 85 29 34 49 57 

ko unlimed 
* 2.10 / ; 160 140 87 177 110 

41 limed 
• * 

2.10 109 106 97 123 113 

42 
R 2.10 86 84 98 73 86 



TABLE II 

Piet Line 
Ho* Treatment 

nitrogenous Lbs, Hitro- 
Katerlal gen/1000 sq, ft, 

£ I 
si 
H U O 4» 

4» 
0 

g 

rtf 
CM cd 

»s 
*1 flft c‘ •4 W H 

© 4* jj S£ Hj 
!• rl «♦» 

g s 
H 4» JP u 

o g*S © 

ft I & *8 

o *3 o •§ 

43 • limed ur&mon 1.05 61 57 93 55 91 

44 unlimed it 1.05 51 56 109 48 94 

45 limed s 1.05 99 95 96 111 112 

46 unlimed N 1.05 67 34 50 40 60 

47 limed N 1.05 140 96 68 120 85 

48 unlisted II 1.05 116 78 67 76 65 

49 limed • o.5 122 120 98 112 92 

50 unlimed II o.5 122 75 61 83 68 

51 limed H o.5 131 135 102 149 113 

52 unlimed n o.5 85 77 90 63 74 

53 limed t» o.5 86 140 163 132 150 

54 unlimed ft 0.5 78 84 108 93 120 

55 limed castor pomace 1.8 92 112 121 130 141 

56 unli&ed * n 1.8 89 94 105 102 114 

57 limed » ii 1.8 48 49 100 63 131 

53 unlimed • a 1.8 92 84 91 108 U7 

59 limed ii ft 1.8 58 54 93 92 160 

60 unlimed n n 1.8 83 103 124 94 113 

6l limed e n 0.98 101 83 82 110 no 

62 unlimed ii a 0.96 190 166 8? 168 88 

63 limed « ii 0.96 106 112 106 102 96 

64 unlisted • « 0.96 40 32 80 64 160 
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* Plot 
Ho. 

Lime 
Treatment 

nitrogenous 
Material 

I*bs* Hitro- 
gen/1000 sq.. ft. 

65 Hoed castor pomace 0.96 120 122 101 165 1 .40 

66 unlimed 
n « 

0.96 146 126 86 142 98 

67 limed 
M * 0.24 225 210 93 238 106 

68 unllmed * ii 0.24 130 136 104 109 84 

69 limed it n 0.24 74 78 103 92 124 

70 unlimed It H 0.24 75 79 105 82 102 

n limed ft n 0.24 70 68 97 43 61 

72 unlisted 
ft H 0.24 35 48 137 42 120 

73 limed check 0. 71 78 109 63 89 

74 unllmed 
if o* 89 no 123 132 148 

75 limed 
* 0. 160 148 92 112 70 

76 unllmed 
n 

0. 156 178 114 184 118 

77 limed 
ii 0. 158 138 87 120 76 

78 unllmed 
ii 0. 18? 152 81 148 80 
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TABLE III 

Effect of Three Applications of a nitrogenous Material 

Piet nitrogenous Material 

* r4 
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8 <3 & v* © d«H p «H 

1 Sulfate of Ammonia 4 200 210 35 0 100 0 0 

2 
• U‘ » 

H R M 2 180 170 75 55 70 80 10 

3 ARM 1 200 1*0 150 175 125 165 -10 

4 « « s 4 170 100 15 15 91 20 5 

5 M B B 2 200 165 85 90 55 50 -40 

6 BBS 1 170 125 130 135 20 185 50 

7 B « B 4 1*5 135 25 20 86 25 5 

8 DBS 2 170 115 120 125 26 115 -10 

9 B B B 1 120 100 no 130 8 1*5 15 

10 Kitrate of Soda 4 150 65 15 10 93 10 0 

11 B B B 2 1*5 170 130 100 25 90 -20 

12 B B B 1 no 105 95 96 13.5 85 -10 

13 B B B 4 140 120 *5 10 93 5 -5 

14 B B B 2 200 95 35 20 90 5 -15 

15 B B B 1 130 no 85 95 27 100 5 

16 B B B 4 200 115 40 25 87.5 40 15 

17 
B B B 2 185 1*5 150 130 30 175 *5 

18 B B B 1 1*5 130 125 115 21 120 5 

19 Castor Pomace 4.2 100 95 *0 45 55 85 40 

20 B B 2.1 190 135 80 80 58 95 15 
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TABLE III 

Plot Mtrogenous Material 4, 
H © 
& P* Q* «3 >' • _# 

Xi ^ r-t 
JL q * cr * « ttHH 
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21 Castor Pomace 1.05 130 120 150 145 •10 155 10 

22 M tt 4.2 200 205 220 225 -12.5 210 -15 

23 m # 2.1 185 125 160 150 19 200 50 

24 tt tt 1*05 85 110 140 150 •76 140 •10 

\ ' ■■ 25 tt s' 4.2 135 120 60 65 51 45 •20 

26 s s 2.1 200 170 165 150 25 195 45 

27 tt tt 1.05 130 120 135 135 *4 145 10 

28 Uramon 4.2 165 135 50 40 75 10 -30 

29 «i 2.1 90 100 20 5 94 0 •5 

30 « 1.05 75 65 55 30 60 50 20 

31 « 4.2 70 70 10 10 85 0 •10 

32 n 2.1 140 145 105 85 39 45 •40 

33 n 1.05 80 90 85 75 6 55 •20 

3* <i 4.2 130 100 30 15 88 10 *5 

35 
n 2.1 200 105 30 20 90 5 -15 

36 H 1.05 200 185 150 130 35 110 •20 

37 Check 0. 135 155 165 150 •11 125 -25 

38 i» 
o* 135 145 145 120 H 120 0 

39 
« 0. 135 l6o 135 120 11 115 -5 

40 N 0. 130 155 130 120 8 105 •15 
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TABLE ; cn 

Plot nitrogenous Material 
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41 Cheek 0 150 120 130 115 23 105 -10 

42 
ii 

0 195 185 160 155 20.5 155 0 

43 
0 

0 200 160 150 160 20 180 20 

44 HTf 

m 
0 100 90 80 75 12.5 105 30 

45 
« 0 180 180 145 140 22 155 15 

49 * 0 no 100 90 120 -9 125 5 

50 
« 0 165 145 145 150 3 195 45 

46 Complete 5-8-7 4 75 50 30 20 73 25 5 

47 
• a 4 120 75 25 0 100 0 0 

43 a a 4 90 20 5 5 94 5 0 

t 

{ 
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