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[Ex oFFACT OF PHOSSLORUS ALD POUASSIUM ON [Hs BOTANICLL
AITD CHaLICAL COMPOSILION, YL.LD, MlD PakSIST
OF ALFALFA AND CaRLLIN GRaSIaS QRO
IN COLBIuALTON

by Joseprh Nesl Pratt

The effect of phosphorus and zotassium on the
botanical and chemiecal corposition, yield, and persictence
of alfalfa when grown in sssocimstion with certsin grasses
was studied under field and greenhouse cnnditions, ‘Pield
plots establisbed in 1954 were used to study the persictence
of unfertilized alfalfa,

the botanical composition, yield, snd chemical com-

rosition of forage for the fourth harvest year, 1352, were

determined, Fi'ive =so0il profiles were sampled and analyzed

b

for reserve phosphorus and rotassium by horizons,

Fertilizer subtreatments recsulted in yield differences
which were hi:hly significant for all ei-ht cuttings cver
& four yesar period trom 1954 to 1953. 1The hichest amount
of alfalfa in the forage occurred in the treatment and
subtreatment receiving no fertilization at the tire of
estsblishment or as a8 topdressing. A csignificant nesative
correlation existed between the nercentsce of 21f21fa in

the forape and the emount of phosphorus in the soil,

e

Increased phosph«ate applications increased the amount of
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rhosphorus extracted from soil samples, but increased
potash applicetions resulted in little influence on the
amounts of potassium extracted from soil samples,

In the 1959 field experiment, significant differ-
ences in yileld existed as o result of five fertilizer
treatments applied in the fall of 1958. Only treatments
receiving the potash yvielded significantly higher amounts
of forage than the original check plots esteblished in
1954 and which were check plots in 1959.

4 tendency for decreased yileld witbh phosrhorus fer-
tilization and increased yield with potagh fertilization
was shown by alfalfa with a reverse tendency shown by
bromegrass. No radical chenge in the percentege cf
alfalfa in the forase during one growing season was
noticed as a result of fertilizer treatment.,

Phosphate fertilization increased the phosphorus
content while decreasing the potassium contert of both
alfalfa and bromegrass tissue,

Potash fertilization increased the yields of both
alfslfe and bromegrass. It caused little to ro change
in the ghosphorus content while increasing the potsssinm
content of both alfalfa and bromegzrass.

Removal of soil phosphorus was increased as a resvlt
of both phosphate and potash fertilization. Removal of
soil potassium was incressed by potash fertilization and

unchanged by phosphate fertilization.



doseph [leal Prott

In all three greenhouce experiments, striking
similarities of yield resulted from rhosghate and rjotash
fertilization, High levels of phosphate fertilization
increased the yields of grasses and had little influence
on the yields of alfalfa. High levels of potash fertiliza-
tion resulted in higher vields of alfalfa and lower yields
of grasses,

1the botanical composition of the 21falfa-bronegrass
association showed siynificant differences as a result of
both phosphate and potash fertilization, The lowest
amount of applied phoephate produced the hichest percentage
of alfalfa in the forare, with the highest arount of phros-

phate producing the lowest jercentage of glfalfa in the

|
e

foragce. Dotash fertilization incressed the percentase
of alfalf'a at low levels of added phosphate, but not at
hizh levels of added rhosphate,

lhe percentage of phosphorus snd rotassium in the
tissue of alralfa and the acscciated grass was increased
as the apulications of trese nutrients were increased,

In all three sreenhouse experiments, alfalfa ~on-
tained s hizher percentege of phosphorus in the tissue
than the grass grown in assaciation., the phosrhorus con-
tent of bromegrass was higher then the phosphorus content
of timothy and ryegrass.,

Negative agsociations were found in all three green-

house experiments between the percentave of elfalfa in the

forage and the rhosphorus content of the soil,



The persistence of alfalfa when grown with an
associated grass without ~hosphorus or zotessinm fertili-
zation was attributed to the cubsoil furnishing phoszhorus
in sufficient srount to enable 8lfalfa to compete with =
shallow rooted gresess ;lant., <The restricted growth of
grass, in turn, enabled the so0il to surply sufficient
rotassium to maint=in the alfalfq in sezocistion with »
grass. The riI of the surface and subsurface horizens nay
have rroved a disadvantare in phosphorus wotake by the

2rass.
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I. INTRODUCTION

Alfalfa-grass mixtures (especially bromegrass) have
been grown on considerable acreage in Michigan for several
yearse As early as 1943, alfalfa and smooth bromegrass had
proved their value in a mixture for both passturage and hay
purposes. Although there have been exceptions, the general
reports have indicated that compatible mixtures of grasses
and legumes are higher yielding than any single component
grown in a pure stand. Mixtures are more efficient than
pure legumes 1n the control of soil eroslion and in the
prevention of bloat in cattle.

Maintenance of the desired portion of alfalfa growing
in association with bromegrass has been a major problem in
Michigan as well as many other reglions. Increased compe-
tition from bromegrass, resulting from insufficient potash
fertilization, has often been cited as the cause for de-
creased alfalfa percentages in stands with time,

A study of the establishment and fertilization of
"legume-bromegrass hay at the University Farm showed that
plots receiving no fertilization contained a higher per=
centage of alfalfa at the end of a four year experiment

than plots fertilized with phosphorus and potassium (26),



The purpose of this study was to determine how phosphorus
and potassium fertilization affected the growth of the
alfalfa and bromegrass to provide an explanation for the
persistence of alfalfa in the alfalfa-grass assoclation.

It was hoped that the information obtained would make
possible a more efficient fertilization program for alfalfa=-

bromegrass hay fields and pastures,



IT. RzVIEW OF LITZRATURE

The growing of legumes and non-legumes together has
been an important factor in agriculture from the earliest
days, and an interesting historical review has been made
by Wilson (74).

Frequently the treatment that would be best for any
one of the component species of a mixture is not best for
the mixture as a whole. There is less basic information
on the responses of various forage species to management
when two or more are grown in association than on the
responses of individual species in pure stands.

One of the earliest workers to study the effect of
fertilizers on maintaining stands of alfalfa was Brown (7)
in Connecticute He reported that: (a) nitrogenous fer-
tilizers increased yields, but tended to increase the
grasses and weeds and reduce the percentage of alfalfa in
the stands, (b) carriers of phosphoric acid gave slightly
better stands of alfalfa than no fertilizer treatment, and
(¢) potash was very beneficial in mailntaining stands of
alfalfa. The experiment was conducted on a Gloucester
fine sandy loam, and all of the plots received lime,

Rich and 0dland (53), studying the effect of various
fertilizers on the botanical composition and yield of
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grass-legume hay, used a standard application of 20 pounds
of nitrogen, 80 pounds of phosphate, and 100 pounds of
potash per acre, Reducing the nitrogen or phosphorus had
no significant effect on either the yield or percentage of
legumes in the hay. Reducing potash applications from 100
to 50 pounds per acre lowered the proportion of legumes
from 50 to 39 per cent and the hay yield from 3,08 to 1463
tons per acre, A further reduction in potash to 25 pounds
resulted in less than two per cent legumes and a hay yleld
of only 1l.17 tons per acre,

Chiasson (13) found in Canada that applications of
nitrogen, phosphorus, and potassium to an area grazed and
unfertilized for over 30 years resulted in some immediate
and marked improvements in yield and botanical composition.
Phosphorus at rates up to 80 pounds per acre brought about
the most marked improvement, being responsible for highly
significant increases in yield. Phosphorus increased wild
white clover and useful grasses, and decreased weeds and
bare ground. Potassium up to 60 pounds per acre also gave
highly significant increases in yleld. Potassium had
little effect on the prevalence of species at first, but
by the fourth year had maintained white clover better than
phosphorus. The effect of nitrogen on botanical composition
was largely to decrease the percentage of white clover
with a corresponding increase in grasses,

Haskell (33) and Beaumont et al. (2) in Massachusetts

reported that the oclover and grass plots which received



high amounts of potassium showed a superior type of vege-
tation with respect to clovers.

Jackson et al. (34) found that on well limed and
phosphated soils in Wisconsin 500 pounds of muriate of
potash increased the total legumes from practically none
to 50 to 70 per cent. Originally, 250 pounds of muriate
of potash maintained alfalfa at only 10 per cent of the
forage.

Parsons et ale (49) conducted field studies on Ladino
clover, orchardgrass, smooth bromegrass and timothy in
Ohio. Each specie was planted in a pure stand. By the
third orop year, Ladino clover comprised less than five
per cent of the vegetation on the plots receiving low
amounts of potash,

Stivers and Ohlrogge (61) found that the stand maine
tenance of alfalfa was closely related to both potassium
fertilization and potassium content of alfalfa on two soil
types in Indiena. The higher rates of potassium fertili=-
zation maintained stands better than the lower rates.
There was no relationship between stand maintainence and
phosphorus fertilization or phosphorus content,

Dodd (18) reported that lime, phosphate, and weather
were the major factors responsible for the fluctuation in
the white clover content of permanent sod areas in Ohio,

Sears (56) in New Zealand found that without dung

and urine, grass-clover mixtures were dominated by clovers,



but where dung and urine were returned to the soll, the
grasses were dominant, He also found that superphosphate
gave respanses in growth only on the mixture not receiving
dung and urine,

Wang et als, (7%) obtained results which they said
left no question but that high levels of lime and available
phosphorus and potassium markedly promote winter=survival
of alfalfa in Wisconsin.

Determining the effect of different fertilizer
levels on the yield, persistence, and chemical composition
of alfalfa, Gerwig and Ahlgren (30) found in Wisconsin
that potassium was the most important factor in maintaining
high yields and persistence of an alfalfa stand. Potassium
deficiency decreased the stand by as much as 80 per cent
on the plots not receiving potassium, They found that
nitrogen applications resulted in lower yields, reduced
stands, and increased weedse. Phosphorus fertilization
was found to have no significant beneficial effect.

Brown and Munsell (9) made a study in Connecticut of
clovers in permanent grasslands as influenced by fertili=
zations They found that 30 to 40 pounds of nitrogen
annually, even with lime, phosphorus, and potassium, in=-
creased the growth of grasses and depressed clover stands,
and that omission, as well as large applications of phos=
phorus, depressed clover first,

In a study of the influence of association upon the
forage yield of legume-grass mixtures, McCloud and Mott (42)



found that bromegrass was higher yielding for the first
two years, but that alfalfa led in the third year. The
shift was apparently caused by a depletion of soil nitrogen
favoring legume productione

In grass~legume associations, interspecific com-
petition for nutrients 1s apparently a considerable factor
in determining legume production. Blackman (5) showed
that nitrogen fertilizers added to grass=clover assoclia-
tions may lead to marked suppression of the clover, due
to the effects on nodule formation and increased competition
from the grasses which are greatly stimulated,

The avallable nitrogen has a remarkable effect on
the grasseclover balance. Although frequently explained
by increased competition for light by nitrogen treated
grasses, there is evidence to suggest a direct increase
in nutrient competition. Mouat and Walker (44) studied
the competition for nutrients between three grass species
and white clover for phosphorus and potassium. Nitrogen
application was shown to increase competition for nutrients
by gresses 1in oclover association without postulating an
indirect mechanism acting through competition for light.

Willoughby (73) determined earlier that under approp=
riate conditions, grass development may be considerably
reduced by competition for nitrogen by the associated
clover,

Walker et ale (69) reported that grasses take up 95

per cent of the mineral nitrogen utilized by a grass~



clover association.s Hence, an increase in the supply of
combined nitrogen will thus automatically intensify the
competition offered by grasses for other nrutrients.

MeLean (43) found that plants grown under variable
nitrogen levels produced increased top growth with higher
nitrogen levels than plants with low nitrogen levels,.
However, root growth did not increase in proportion to
top growthe Contents of phosphorus and potassium were
generally decreased with greater nitrogen content of the
medium,

The use of nitrogen fertilizer on grasse-legume
meadows and pastures has received considerable attention
from research workers in recent years. There have been
several studies of the effect of fertilizer nitrogen on
the botanical composition using clover as the legume,
Ridgman et ales (54) in England obtained increases in the
grass portion of an alfalfa=orchardgrass association using
as much as 60 pounds of nitrogen per acre with no change
in the alfalfa portion of the matter. Lewis (40) ob-
tained total forage increases with nitrogen, but grasses
increased at the expense of legumes. Rouse et al, (55)
in Colorado found an increase in grass and a reduction of
cloverss In a study by Sprague and Garber (59), nitrogen
fertilization stimulated the grass to such an extent that
Ladino clover wag almost entirely crowded out.

In a study of nitrogen fertilization of alfalfa=-

grass mixtures on a Wooster silt loam soil in Ohio,
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Parsons (48) found thet nitrogen fertilizer of an alfalfa-
orchardgrass sod produced more hay but increased the grass
at the expense of the alfalfa, However, the ylelds end
botanical compositions of alfalfa-bromegrass and alfalfa-
timothy sods were not affected by nitrogen.

Carter and Foth (12) found that nitrogen fertiliza-
tion increased yields of alfalfa in the greenhouse, but
did not increase yields of alfalfa in the field when
applied either at time of establishment or to established
stands in Michigane.

How atmospheric nitrogen, symbiotically fixed by
legumes, becomes available to associated plants hess been
investigateds It 1s rerarkable how few experiments have
demonstrated any increase in nitrogen uptake by the non-
legumes during the period of vegetative growth of the
legumes, A remarkable exception has been Virtanen's and
von Hausen's (68) poteculture trials, Virtanen and von
Hausen (67) attributed this benefit‘from legumes to the
excretion of nitrogenous compounds from the legume rootse
Wilson and Burton (75), and Wilson and Wyss (76) have
confirmed Virtanen's and von‘Hausen's (68) findings that
direct excretion of nitrogen by legumes does occur, with
& consequent increase in nitrogen uptake by the non=
legumes. Subsequently, these workers (75, 76) confirmed
that temperature, shade, and length of day affected

excretion of nitrogen, and Strong and Trumble (62) also
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found that shading may induce nitrogen excretion by
legumes. Wilson (74) advanced a hypothesis that the
beneficial effect is due to the sloughing-off of the
roots and nodules. Black (L) concluded that the grasses
may obtain nitrogen from legumes by both processes,
namely, the excretion and sloughing-off, Walker and
associates (70) held the opinion that the transference of
nitrogen from the legumes to the grasses should probably
increase as the proportion of legumes in the mixture
increasess They concluded that: (a) in some cases,
clovers seemed to transfer to grasses half the nitrogen
fixed, in a form readily absorbed by grasses, (b) in a
high producing association, almost all of the nitrogen
under certain conditions could be contributed by the
clovers, and (c¢) management should be directed toward a
high production from clovers, which in turn should lead
to high production from grasses if given the correct
species and management.

Ramage (51) concluded that alfalfa-grass mixtures
grown on Duchess and associated soll types in New Jersey
without added nitrogen and adequately fertilized with
phosphorus and potassium will produce yields of forage
about equivalent to the yields of pure grass fertilized
with 150 to 200 pounds of nitrogen per acre.

Blaser and Brady (6) conducted experiments in New

York to ascertain the effects of nitrogen and potassium



11

fertilization on the productivity and botanical and
chemical compositions of Ladino clover and non=legumes
when grown in a mixture. They found that potassium
fertilization stimulated the growth of Ladino clover,

but did not directly affect the productivity of the none
leguminous plants in the association, and that nitrogen
fertilization increased the growth of grasses and decreased
the growth of the leguminous plants in a mixed associa=-
tione

Vandecaveye and Baker (66) reported that the general
effect of mixed phosphorus and potassium fertilizer was
to increase the amount of clover in mixed grass haye. The
chemical composition of alfalfa at harvest stage was less
influenced by fertilization than was the chemiéal com=
position of grasses,

Forage yields of alfalfa and legume-grass mixtures
were higher the first year after heavy initial broadcast
application of phosphorus than after smaller broadcast or
topdress applications according to Terman et al. (63} in
Kentuckye In the following years, yields after the
initiel application only became progressively poorer, as
compared to ylelds after smaller annual topdressings.

Time of application affected ylelds much more than method
of application or source of phosphorus.

Brown (8) found that smaller, frequent applications

of muriate of potash were much more effective in maintaining
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the stands and yields of a Ladino clover-orchardgrass
seeding than larger, less frequent applications,

Doll et ale (19) reported a yield response from
phosphorus, but not from potassium, Also, there was no
movement of phosphorus below three inches, nor potassium
below 8ix inches in the soil.

In an alfalfa-bromegrass meadow where the fertilizer
was broadcasted, the bromegrass obtained a greater per=-
centage of its phosphorus from the fertillizer than did
the alfalfa, according to Lawton et ale (39). However,
at three and six inch depths, the alfalfa absorbed two
to three times as much phosphorus as did the bromegrass,

Hanway et ale. (32) topdressed alfalfa=timothy
meadows with phosphorus and potassium fertilizers on a
soil very low in these nutrients. They found competition
between these species for both phosphorus and potassium,
with alfalfa being the more dominant competitor for
phosphorus and timothy more dominant for potassium, There
was very efficient recovery of phosphorus and as much as
100 per cent recovery of potassium from several treat-
ments,

Differences in ability of plant species to use
potassium from the soll have long been observed, Drake
et al. (21L) contributed this ability largely to the
cation~exchange capacity of the plant root and the valence

of the cation, Cation-exchange capacity of roots of the
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dicotyledonovs rlants investigeted were roughly dcuble
the vslue for rionocotyledons, IEKence, they clesimed that
in grass-legume assoriations at low levels cf soil potas-
sium, becsuse of the lower excharsge carpacity of the ront
surface, gcrasses were =2ble to obtein rmuch more potesecinm
than legumes, which eveptuslly reduce the yields and
longevity of leguwe stands,

Gray et al, (31) in lLassachusetts studied the

cowpetition for rotesssium when Ladino clover was grcwn

elone and in association with each of three grasces.
Their objective was to cxplain the dlisappearance of legurmes
from pasture wixes as a result of plsnt competition for
potassium, The relative conpetibility for potaessium was
smooth brouserrass (best), Kentucky bluegrass (intermediczte),
and bentgrass (poorest), 7They found that meintaining an
adequate potasciunm supply for Ladino clover when in
association with bentgrass was almost 1mpossible,

Througch ¢reanhouse and laboretory investipgation,
Brown and Zouse (1C) determined that the persistence of
2lover in white clover-Iallisgrass aecociations con Cumter
clay in alabars wes hichly dependent on potash =2nd mipor
elewent fertilization, ‘Whey re-orted that Dellis-rases
had a greater ability than white elover to aticorb zetuc-
sium frou the coil, either as a result of sreater coil
cover~g¢e by ity fibrous root system or teczuse it ig atle

Lo ubgorb potassiuw: frow enarces thut are legs =vgilable

to clover,
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Gray et al. (31) studied the relative uptake of
potassium by Ladino clover, smooth bromegraess, Kentucky
bluegrass, and bentgrass when grown separately. They
found that potassium uptake by plant species at low
levels of soil potassium was closely correlated with root
cation-exchange capacity.,

Fried (27) compared certain plant species as to
their feeding power for both monocaleium phosphate and
rock phosphates The species differed in their ability to
absorb phosphorus from basic calcium phosphates. The
phosphorus of rock phosphate was more available to legumes
than to grasses. IFe suggested that the differences among
species in their capacity to absorb phosphorus from basic
calcium phosphate were due not only to differences in
root size and extensiveness but also to differences in
species-source interactions.

Seay and Weeks (58) reported that topdressed phos=-
pbhorus was taken up by alfalfa even in the winter or
dormant season.

Chin et ale (14) reported that the uptake of phos=-
phorus by alfalfa from monocalcium phosphate on Minnesota
solls in greenhouse studies was increased by lime appli=-
cation.

Finn et al. (24) found that rock phosphate resulted
in higher yields of alfalfa hay and roots on three pode

zolized soils of eastern Canada than did superphosphate.
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Lime did not greatly reduce the effect of rock phosphate
except on one soil when the pH was raised to 8.0,

MacLean and Cook (41) reported that the greatest
uptake of phosphorus and highest phosphorus content of
alfalfa plants occurred at a pH of about 7.5, Also,
the ylelds were elther similar to or higher than at any
lower pHe

Thorp and Hobbs (65) applied lime to some acid
soils from the south-central part of Kansas., Both phos=~
phorus and potassium upteke were increased by lime appli-
cations.

A linear relation was found by Seay et ale (57) to
exist between the percentage of potassium contained in
alfalfa and the logarithm of the number of pounds or
exchangeable potassium per acre in the soll on which the
crop was grown. Lawton and Tesar (38) found that potas=~
sium absorption by both slfalfa and bromegrass was sig-
nificantly increased as applied potassium increased in
greenhouse treatments,.

Attoe and Truog (1) in Wisconsin found the yields
of alfalfa and clover hay to be significantly correlated
with the levels of available phosphorus and potassium in
the soil.

A prediction when legume hays will respond to added
fertilizer, according to Lawton et al. (37), can be

benefited by rapid soil tests, They found general relation
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between response to fertilizers and the amount of phos-
phorus and potassium extracted by the rapid tests,

Nelson and MacGregor (45) reported that significant
yleld increases of alfalfa were associated with high
potassium content and to a lesser degree with high phos-
phorus content of the plant. Soil samples from the top
slx inches showed almost no correlation between the
phosphorus and potassium in the soll and that found in the
alfalfa plantse.

Cutting management is an important factor influencing
productivity and maintenance of stands of grasses and
legumes. The ultimate in management assures the continued
survival of the seeded species in desirable proportion
and the most effective production possible,

Gervais (29) studied the chemical composition of
Ladino clover grown alone and in mixture with grasses as
influenced by cutting treatments. He found that: (a)
bromegrass had a higher content of phosphorus and potassium
than timothy, (b) the height at cutting failed to modify
the chemical composition of the grasses, and (¢) in both
forage fractions, the phosphorus and potassium content
were higher with four or six cuttings than with two
cuttings.

As early as 1897, Crozier (16) showed that hay cut

every seven days yielded much less than hay cut only once

during the season. Ellett and Carrier (23) reported that
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the total yield of hay varied inversely with the number
of times it was cut. This has been reported by Nowosad
and Stevenson (47)e

In a study of the stage of cutting of grasses, using
pure species alone, Bird (3) found that bromegrass was
the highest yielding of the group of four grasses which
included bromegrass, timothy, red-top and Kentucky blue-
grass.

Burger et ale (11) reported that smooth bromegrass
was less persistent than tall fescue when in mixture with
legumes and there was a higher percentage of legumes and
more weed encroachment in the bromegrass-legume mixture,

Kalton and Wilsie (35) studied the effect of six
bromegrass varieties sown broadcast with ranger alfalfa,
They evaluated the forage yield and mixture composition
for a four year period and found no difference in the
yield of two cuttings per year among the varieties. They
also found no difference in yield or composition due to
the rate of alfalfa seeded.

In a study of the productivity and botanical com-
position of Ladino clover grown alone and in mixture with
timothy and smooth bromegrass, Gervais (28) found that:
(a) the mixtures yielded more clover but less grass and
total production when cut four times than when cut twice,
and (b) the mixed swards contained the most clover when

cut four times and the least when cut only twice. Because
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of the slow establishment of bromegrass, it produced a
small amount of grass the first year in comparison with
timothy, but outyielded timothy the second year.

Comstock and Law (15) reported that grass speciles
were better able to compete with alfalfa when frequently
clipped than when the clipping was less severe,

In a study of the effect of cutting treatments on
the yield, botanical composition and chemical constituents
of an alfalfa-bromegrass mixture, Dotzenko and Ahlgren (20)
reported that weed growth was generally greater under the
treatments receiving earlier cuttings.

The results of Sprague and Garber (59) indicate
that the time of removal of the first crop in the spring
was an lmportant factor in determining the persistence of
Ladino clover. Removal of the first and subsequent crops
when eight to ten inches in height provided good ylelds
and maintained the clover better than later cuttings.

Nowosad and Stevenson (47), Newell and Keim (46),
Koonce (36), and Rather and Harrison (52) have reported
that more frequent cutting of alfalfa-grass mixtures
favors the grass component as compared to cutting at the
hay stage. Tesar and Ahlgren (64) conducted an experiment
to determine the effect of two heights and three frequen-
cies of cutting on the production and continued survival
of Ladino clover grown alone and with smooth bromegrass,

timothy, or orchardgrass. They reported that the percentage
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of surface area of soil occupied by Ladino clover was
higher on the plots given the less severe cutting treat-
ments than on plots given the more severe cutting treat-
ments.

In a study of growth responses of alfalfa end Sudan-
grass in relation to cutting practice and soil moisture,
Dennis et ale (17) found that the yield was assoclated
directly with the cutting interval. The more frequently

plants were cut, the less productive they were.



III. METHODS AND MATERIALS

Field Experiments

Established field plots on the University Farm were
used 1in an experiment to study the persistence of unfere
tilized alfalfa. The experiment was established in 1954
to study the effect of phosphate and potash fertilizer on
the yield and stand maintenance of alfalfa~bromegrass hay
(26).

A split-plot randomized block experimental design of
the original experiment consisted of seven fertilizer
treatments applied when the alfalfa-bromegrass was seeded,
and six fertilizer subtreatments applied to the established
standse Eight pounds of Montana Grimm alfalfa and three
pounds of Canadian bromegrass per acre were seeded with a
standard grain drill without presswheels. The plots had
been limed according to soil test., Oats was used as the
companion crope.

In the spring of 1958, a definite change in the
botanical composition of the forage was noticed. The
plots which received no fertilizer at the time of estab-
lishment contained a larger percentage of alfalfa than
the plots which received fertilizer. The same tendency

had been observed at the end of a four year harvest period

20
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in another experiment adjacently located, As a result of
these observations, this study was inltiated to try to
explain the effect of phosphorus and potassium on the
growth of alfalfa and bromegrass when grown in association.

Just prior to harvest in June 1958, field estimates
were made of the percentage of alfalfa. Forage samples,
weighing approximately 1,000 grams, were collected for
hand separation and determination of the botanical come
position in the laboratory. They were sub=-divided into
four subsamples and the components in each were estimated,
At first, the components were weighed, but as skill in
estimating the percentages was obtained, only an occasional
sample was weighed to check accuracye Later the samples
were ground in a Wiley mill in preparation for chemical
analysis. Total forage yields were taken from areas of
7 by 4LO feet and samples weighing approximately 1,000
grams were taken for determining the moisture content of
the haye.

Samples of the top eight inches of scill were taken
from all plots of main trestments 1, 6, and 7, and analyzed
for reserve phosphorus and potassium and pH. These treat=-
ments represented the range of the percentage of alfalfa
in the forage.

It was believed that information of the levels and
location of nutrients in the soil might indicate a reason

why alfalfa persisted without fertilization, Therefore,
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five soll profiles were samzled =#nd ansalyzed for reserve
phosphorus and zotassium by horizons.

In the fall of 1958, the fourth hsrvest yesr, the
originel experimental design was =ltered., Ihe srlit-plot
design corsisting of seven main treatwents end six sub-
treatoents was changed to s randomized btlock desicn

~

consisting of seven main treatments, The zlots which had
received subtrestment fertilization prior to 1952 received
the fertilization of the main treatmertes in the fall of
1958, 71he fertilizers were aprlied 2< a topdressing inr
the fgll., 1he treatwents are civen in Tatle 1,

1L.2LL l.-EBroedcast fertilizer trestients applied to the
established field experiment in the f=211 cf 1958

Pounds P205 Pounds I,0
original treatment? per acre per acre
1. 0-0-0 Checx Check
2. L0-120-00 LO 0
3, 20-120-60 200 0
Lo 0-120-00 0 30
5¢ 40-120-60 0 150
6. ©0-120-60 120 a0
7. 60-2L0-120 Check Check

’3 A v, Lo}
Pounds of !, ;205 and X,0 per acre, regnectively,
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Just prior to harvest in 1959, field estimstes were
made of the percentage of alfalfa in the forage. The
total forage ylelds were taken for each plot, and ssmples
of approximately 1,000 grams were collected to determine
the air-dry moisture content of the hay. The samples
were later ground in a Wiley mill, oven dried, and enalyzed
for phosphorus and potassium.

A composite sampgle of the top eight inches of surface
soil was taken from each plot at harvest time, 1959. The
pH was determined with a glass electrode and reserve
phosphorus and potessium were determined using 0,13 N HCl
as the extracting solution,

The experiment was located on the University Farm
at Forest and Harrison Roads in East Lansing, Michigan,
The area includes a wide range of soil types from a well
drained Brant loamy sand to a poorly drained Brookston
clay loam.

Brant loamy sand is a light-colored, medium to
slightly acid, well to moderately-well drained soil which
developed on calcareous sands, gravels, and loamy sands,
over calcareous loam to silty clay loam materiels.

Dryden sandy loam is a moderately-well dreined,
fairly 1light colored, Gray-Brown Podzolic soil developed
on a calcareous sandy loam till. f%he subsoll texture
ranges from sandy clsy loam to loame Dryden is the

moderately-well drained member of the catena which includes
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the imperfectly drained Locke and poorly drained Rarry
series.

Conover loam is an imperfectly drained, moderately
dark-colored Gray-Brown Podzolic soil which developed on
highly calcareous loam till, It is slightly to medium
acid throughout the solum and has a mottled clay loam
subsoil,

Macomb fine sandy loam is an imperfectly drained
soil which developed on gravelly loam and sandy loam
materials overlying loam to clay loam calcareous till.
The subsoil is a mottled sandy clay loam.

Barry sandy loam is a slightly acid to neutral,
naturally poorly to very poorly drained soil developed
on calcareous sandy loam till,.

Brookston clay loam is a naturally poorly drained,
dark-colored Humic Gley soil which developed on calcareous
loam till. Brookston 1s the poorly drained member of the
catena which includes the well drained Miami, the mod-
erately-well drained Celina, and the imperfectly drained

Conover,

Greenhouse Experiments

Three greenhouse experiments were initiated in the
fall of 1958 to determine the influence of phosphorus and
potassium fertilizer on the persistence of alfalfa when

grown with different grasses.
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The soil used for all three experiments was a
Conover loam with a pE of 7.0, which was collected from
an area adjacent to the field experiment. A brief
description of this soil has been given earlier, The
soil was dried, screened, weighed, mixed with fertilizer,
and placed into four-gallon containers which had been
lined with polyethylene bags., Grass and alfalfa seeds
were planted in alternating semicircles near the outer
edge of the pot,

The grass in association with elfalfa and the levels
of phosphorus and potassium for the respective experiments
are given in Table 2., Each pot received both phosphorus
and potassium fertilization.

TABLE 2e.~-Grasses associated with alfalfa, and rates of
phosphorus and potassium applied in three greenhouse

experiments
Expe 1 Exp. 2 Expe 3

Grass associated Perennial

with alfalfa Bromegrass ryegrass Timothy
Levels of phosphorus 50, 100, 50, 400, 50, 400,

(pounds per acre) 200, 400 800 800
Levels of potassium 25, 50, 25, 200, 25, 200,

(pounds per acre) 100, 200 400 400
Number of treatments 16 9 9
Replications IA 4 3

A few days after emerging, the plants were thinned

to twelve alfalfa and twelve grass plants per pot. During



26

the course of the experiment the pots were weighed period=-
ically and water was added to bring the soils to a uniform
moisture content.

The forage was harvested when one-tenth to one-
fourth of the alfalfa plants began to flower., A total of
eight harvestings were made. The forage from each con-
tainer was separated by hand immediately after cutting
into the alfalfa and grass components. These components
were dried in an oven at 70° C, and weighed. Due to
insufficient weight of dry meterial for chemical analyses,
replications for each treatment were combined, The
combined samples of each treatment were ground in a Wiley
mill and each cutting was analyzed separately for phos-

phorus and potassium,

Laboratory Techniques

Soils
Soil reaction was determined by a glass electrode
using a l:4 soil to water ratio. Avallable phosphorus and
potassium were determined by the Spurway method (60)
(0.13 N HC1l, soil to acid dilution 1l:4).

Plant Samples
The plent samples were wet-ashed by the perchloric
acld method of Piper (50).
One gram semple was placed in a 180 ml. tell form

beaker and 15 ml. of concentrated nitric acid were added,
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The sample was digested on an electric hot plate until
almost all of the organic matter was destroyed and a
clear solution was obteined. After cooling, 6 ml. of

70 per cert perchloric acid were added to the solution
and the digestion continued until the oxidation was
complete and a clear, colorless solution was obtained.
The solution was then evaporated almost to dryness,
cooled, and the volume made up to 100 ml. with 0.1 N HCl.
The solution was filtered through ¥Whatman No. 2 filter
paper.

The phosphorus in solution was determined by a
molybdenum blue reduction method. One ml. of the
solution was diluted to 10 ml. and 6 drops of ammonium
molybdate-sulfuric acid reagent were added, followed by
the same smount of Fiske-Subbarrow (25) reagent. The
solution was shaken, and after fifteen minutes the ab-
sorbance of blue color developed was measured in a Coleman
spectrophotometer using a red filter (650 mu)e

1he potassium in solution was determined using
the Coleman MNodel 21 Flame Photometer, The source of
fuel for the flame was natural gas burned in the presence
of oxygene. 7Two mle of the solution were diluted to 10
ml., shaken, and transferred to a 10 ml. beaker, The

solution was vaporized and emission was measured using a

red filter (771 mu)e.
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Computation

Analysis of variance and Duncants Significant
Studentized Range Test (22) were used to determine
statistical significance. Any difference less than

the Le S. Des value was considered not significant.



IV. RESULTS AND DISCUSSION

1958 Field Experiments

Yield

Table 3 shows the effect of fertilizer treatments
and subtreatments on the yield of alfslfa-bromegrass hay
in 1958 as reported by Foth et al. (26)s There was no
significant difference between the trestments, but there
were highly significant differences between the subtreat-
ments. The latter showed that by the fourth harvest vear,
plots receiving 60 pounds of potassium per acre annually
were yielding significantly more forage than those receiv-
ing 30 pounds of potassium per acre, They also reported
that fertilizer applications at the time of establishment
caused significant yleld differences for the first three
cuttings, but not in the later cuttings. Also, fertilizer
subtreatments resulted in highly significant yield d4if-
ferences for all eight cuttings over a four year period.
Attention 1s directed to the fact that the check plots
vielded approximately 85 per cent as much hay as the
fertilizer plots.

Botanical Composition
The botanical composition of alfalfa-bromegrass
forage at the time of the first cutting is presented in
Table 4,

29
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TABLE 3.-The effect of fertilizer treatment on the yield of
alfalfa-bromegrass hay for the fourth harvest year, 1958

Tons per acre

Treatments*
at establishment
(1954) lst cutting 2nd cutting
l, 0-0-0 l.54 97
2¢ L40-120~60 1l.66 97
3¢ 20-120~60 1.72 86
Le 0-«120~60 1.64 1.05
5¢ 40-120-60 l.54 82
6e 60-120-60 1.56 «83
7¢ 60=240-120 1.90 1.06
Mean 1.65 94
L. S. DO NOS‘ N.S.
Subtreatments
topdressed
after establishment
(1955-1958)
Ae 0-0-0 1,238 .759
Be 0-60-30 spring of b ab
each year 1.70 «99
Ce 10-60-30 spring of
each year 1.72° .89P¢
De 0-120-60 spring of
second harvest year 1.42° +78°
Ee 0-60-60 spring of
each year 1.952 1,082
Fo 0«60-60 after first
cutting each year 1.922 1,138
lean 1.66 9L
Lo SO DQ l;% l%

*
Pounds of N, P205 and K30 per acre, respectively.

**Any two means that do not have the same letter are
significantly different and any two means having the same
letter are not significantly different as calculated by
Duncan's shortest significant range test.
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TABLE Le-Botanical composition of elfalfa-bromegrass forage
at the time of the first cutting of the fourth harvest
year, 1958

Per cent of components

Treatments®
at establishment .
(1954) Field estimate Laboratory inspection
Alfalfa Alfalfa Bromegrass Weeds
1. 0-0-0 87 63 26 11
2¢ LO0-120-60 71 L7 L7 6
3+ 20-120-60 77 56 39 5
Le 0-120~60 80 51 L 5
5¢ 40-120-60 81 L5 48 7
6e 60-120-60 68 L6 L8 6
7« 60-240-120 81 53 39 8
Subtreatments
topdressed
after establishment
(1955-1958)
A, 0-0-0 83 61 33 6
Bs 0-60-30 spring
of each year 76 L7 L5 8
Ce 10-60-30 spring
of each year 77 48 L2 10
De 0-120-60 spring
of second harvest
~ Yyear 76 53 L3 L
Le 0=60-60 spring
of each year 78 50 43 7
Foe 0-60-60 after
first cutting
each year 76 50 43 7

a
Pounds of N, P05 and K0 per acre respectively.

The highest percentage of alfalfa in the forage was
observed in the treatment and subtreatments receiving no
fertilization at the time of establishment or later as a

topdressing. The botanical composition as determined both
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by field estimate and by laboratory inspection showed the
same trend, even though the percentages of the latter were
consistently smaller,

Yields of the alfalfa and bromegrass components, as
calculated from the laboratory inspection data, reveal that
the fertilizers increased the yield of grass much more than
the yield of alfelfa, relatively speaking, and is con-
sistent with the finding that the highest percentage of
alfalfa existed on unfertilized plots in 1958,

Foth et ale (26) reported similar findings in en-
other adjacently located bromegrass experiment for the
first cutting of the fourth harvest year, 1956, The
unfertilized forage conteined 58 per cent alfalfa while
the average for three fertilizer trestments, each con-
taining phosphorus and potassium, was 35 per cent,

From the range of the percentage of alfalfa in the
forage, fertilizer treatments 1, 6, and 7 were selected
to determine if a relationship existed between soil
nutrients and the percentage of alfalfa in the forage.

The results of soil analyses for reserve phosrhorus
and potassium in the top eight inches of soil of the
selected treatments are shown in Table 5.

Correlation analysis of all plots of treatments 1,
6, and 7 revealed a significant negative correlation be-
tween the percentage of alfelfa in the forage and the

amount of phosphorus in the soll,
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TABLE 5.-S0il phosphorus and potassiuwe of selected treat-
ments, 1958

Treatments® Pounds per sacre
at establishment Per cent
(1954) Phosphorus Potaseium alfalfa
l. 0-0-0 32 47 63
6. 60=120-60 109 62 L6
7+ 60=240-120 55 56 53
Subtreatments
topdressed after
establishment
(1955-1958)
Ae 0-0-0 52 55 61
Be 0-60-30 spring
of each year 65 25 47
Ce 10-60-30 spring
of each year 72 55 48

De 0-120-60 spring
of second harvest

year 64 52 53
£, 0-60-60 spring
of each year 67 56 50

Fe 0-60-60 after
first cutting
each year 72 56 50

8Pounds of N, Pp05 and Kp0 per acre, respectively.

There was no significant correlation found between
the percentage of alfalfa in the forage and the amount of
potassium in the soil. However, the trend was similar to
that for the phosphorus.

For the subtreatments, the highest percentage of
alfalfa was again associated with the lowest soil test for
phosphorus. No assoclation existed between the percent-

age of alfalfa in the forage and the potassium revealed by

soil test of the subtresatments.
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The percenteges of phosphorus end potassium in

alfalfa and bromegrass tissue as determined by chemical

analyses of selected treatments are shown in Table 6,

TABLE 6e~The phosphorus and potassium content of alfslfa
and bromegrass as influenced by selected fertilizer treat=
ments, 1958

Alfalfa Bromegrass
Treatnents® =

at establishment Per cent Per cent Per cent Per cent

(1954) P K P K
l, 0=0«0 o221 1,02 20 1,66
6s 60-120~60 22 89 23 1.73
7e 60=240-120 yan 1.06 23 l.64
Le Se Do 5p N.S. NeSe NeSe N.S.

Subtreatments

topdressed
after establishment

(1955-1958)
As 0-0-0 018 89 +18 1.49
Bs 0-60~30 spring

of each year o21 oL e23 1.72
Ce 10-60-30 spring

of each year W25 1,03 24 1.61
D. 0~120-60 spring

of second harvest

year 017 078 019 1075
Es 0~60-60 spring

of each year e25 1.13 o225 1.66
F. 0«60-60 after

first cutting

each year 24 1,00 «20 1,69
L. S. Ds 5% «03 Ne.S. 03 NeSe

1p «04 NeSe 04 NeS.

a
Pounds of N, P05 and K>0 per acre, respectively,
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Analysis of variance revealed no significant dif-
ferences between the main treatments in the percentuage
of phosphorus and potassium,

The subtreatments, however, showed highly significant
differences between the percentages of phosphorus in both
alfalfa and bromegrass tissue. The subtreatments receiving
phosphorus each year contained significantly greater
amounts of phosphorus in the tissue than the subtreatments
receiving no phosphorus and those receiving phosphorus in
the second harvest year. This condition existed for both
alfalfa and bromegrass tissue,

lhere were no significant differences between the
subtreatments with respect to the percentages of potessium
in either alfalfa or bromegrass tissue. The subtreatment
receiving potash only in the second hsrvest year contalned
the lowest percentage of potassium in alfalfa tlssue and
the highest percentage in bromegrass tissue,

Highly significant correlations were found between
the phosphorus in alfalfa and bromegrass tissue and the
phosphorus revealed by soll test. A similar association
was not present between the potassium in plant tissue and

the potassium revealed by soil test.

Soil Analyses of Profile Samples

The pH, phosphorus and potassium content by soil

horizons of five soil profiles taken in 1958 are shown in
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Table 7. The table shows that the lower soil horizons
tended to have more phosphorus than the upper soil
horizons. The reverse tendency is shown for soil potas-
sium. Average values for all five soils revesaled an
increasing amount of phosphorus and a decreasing amount
of potassium with soil depth.

These findings are in agreement with Whiteside (72).
He grouped some Michigan soils with similar profile charac-
teristics, similar management requirements, aend similar
potential productivities. The groups of soils that
included the soils in this experiment contained more
available phosphorus in the subsurface horizons than in
the surface horizons. Available potassium was less in
the subsurface horizons than in the surface horizons.

The pH appears satisfactory for the growth of alf-

alfa in all cases.,

1959 Field Experiments

As was mentioned earlier, the experimental design
was altered in the fall of 1958, The subtreatments were
grouped into one treatment, making seven treatments, each
consisting of six plots of the originel experiment. The
fertilizer treatments applied in the fall of 1958 were
given in Table 1,

Drainege tile was installed in part of the experi-
ment in the spring of 1959. Therefore, only two of the
original four replications were harvested for a total of

81+ Plots.
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TABLE 7e=-Soll pE, phosphorus and potassium content by
horizons of five profiles taken at selected locations on
experimental plots, 1958

——

Pounds per acre

Depth
in
Horizon inches Phosphorus Potassium PH
Celina sandy loam
Ap 0-6 11 55 Sely
Ay 9-15 10 55 6.2
Bs 18-22 72 55 6.8
Cy 28-32 6 34 8e3
Celina sandy loam
Ap 0=6 10 27 T¢3
Ap 9-15 L 69 6.7
Bp 18-22 24 34 649
C1 28-32 187 34 8.0
Brookston clay loam
Ap 0-6 121 82 7.0
Ar 915 198 21 el
C1 28-32 9 1h 7.8
Locke fine sandy loam
Ap 0~6 19 62 742
Ap 9-15 84 41 7l
B2 18-24 55 41 6okt
Cy 26-30 198 L1 748
Conover loam
Ap 0-6 11 62 7e3
As 9«15 27 76 6.8
By 18-22 42 34 7.0
C1 23-26 10 21 843
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Yield
Teble 8 shows the yield in tons per acre of alfalfa-
bromegrass hay as influenced by fertilizer treatments.
TiBLE 8e.~The effect of fertilizer treatment on the yleld

and botanical composition of the first cutting of alfalfa-
bromegrass hay, 1959

Tons per acre

a Per cent

Ireatment Tons of hay alfalfa Yield b

per acre in forage Alfalfa Grass
1. 0-0-0 1.51 oL 097 2k
20 O‘ILO"O 1055 60 093 . 2
3+ 0-200-0 1,60 48 77 23
Le 0-0-20 1.77 56 099 078
5 0-0-150 2.03 €6 1.34 69
6. 0-120-90 1083 61+ 1017 066
70 O“‘O"O 1.69 62 1005 .611—
Le S¢ Do 5,0 21

a
founds of N, P05 and >0 per acre, respectively,

bAll forage other than alfalfa,

4nalysis of variance showed a significant differeace
between fertilizer treatments.

The lowest yielding treatment was one of the checks
(trestment number 1), while the highest yielding treatment
was the one receiving the highest amount of potash (treat-
ment nuwber 5),

Only treatments recelving potash yielded signifi-
cantly higher amounts of forage then the original check
plots estsblished in 1954, and which were check plots

(treatment number 1) in 1959,
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1he calculated yield of alfalfa (Table 8) showed
a tendency for decreased yield with phosphorus fertili-
zation and increased yield with potash fertilization. The
yield of grass showed a reverse trend., AsS was the case in
the 1958 data, fertilization increased the production of
grass more than the production of alfalfa,

The results of &ich and 0dland (53) were similsr.
They found that reducing the amount of pctassium applied
to grass~legume stands from 100 to 50 pounds per acre
reduced the total hay yield from 3.08 to 1.63 tons per
acre,

Comparison of the total yields of hey in 1959 with
the yields of hray of subtreetments B, C, Z and F in 1958
reveals striking similarity of the effect of potash

fertilization.

Botanical Composition

lhe estimated percentage of alfalfa in the forage
at the time of cutting in 1959 1is shown in Table 8.
Although there was no significant difference, treatment
number 3 (high phosphate) contained the lowest fercentage
of alfalfa. The treatments receiving potesh and the
treatments receiving no fertilization showed very similar
trends in their composition,

The works of Haskell (33) end Beaumont et ales (2)

might be considered at this point., They reported that



40

clover and grass plots in Massachusetts which received
high amounts of potassium showed a superior type of
vegetation with respect to clovers. Rich and (dland (53)
reported that reducing potassium applications from 100 to
50 pounds per acre reduced the proportion of legumes from
50 to 39 per cent.

The omission of fertilizer in 1958 from the originel
check plots did not cause these plots to have a smaller
percentage of slfalfa in 1959 than those fertilized each

year for five years with phosphorus and potassium,.

Tissue Analyses
The results of chemical analyses for phosphorus and
potassium in plant tissues are given in Table 9.
TABLE 9+~The phosphorus and potassium content of alfalfa

and bromegrass as influenced by fertilizer treatment in
the 1959 field experiment

Alfalfa Bromegrass
Per cent Per cent Per cent Per cent

Treatment® P K P K
l. 0-0-0 19 o7k 18 1.36
2¢ 0~40-=0 23 068 Rl 1.13
3. 0-200-~0 AN «67 27 l.14
Le 0-=0=30 20 1.02 +19 1.66
5¢ 0~0-150 19 1,22 o16 1.94
6e 0-120-90 23 1.06 2L l.71
7« 0=0-0 24 79 23 1.17
Le Se De 5% «03 17 03 35

1w «05 026 +05 52

a
Pounds of 1IN, P,05 and K>0 per acre, respectively.
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Phosphate fertilization increased significantly the
amount of phosphorus in alfalfa tlssue over the treatrents
which received potash fertilization. Similarly, treat-
ments receiving potash fertilization conteined significantly
higher amounts of potassium in the tissue than the check
treatments and treatwents receiving phosphorus fertilization.

There is a striking similarity of results obtained
from chemical analyses of bromegrass tissue, The tenden-
cies are the same, although the percentasges of these two
nutrients are somewhat different. Bromegrass contained
a higher percentage of potassium in the tissue than did
alfalfa.

It might be mentioned at this point that the results
from treatment number 7 (check) were similar to treatments
receiving phosphate fertilization. Possibly there was
some carry-over of phosphorus from the original experiment.

The removel of phosphorus and potassium from the
soil by elfalfa and bromegrass is shown in Table 10.

Phosphorus fertilization increased the percentage of
phosphorus while decreasing the percentage of potassium
in both alfalfa and bromegrass tissue, The yield of
alfalfa was decreased and the yileld of bromegrass increased
as a result of added phosrhorus., At the same time, re-
moval of potassium from the soil was decressed by alfalfs

and increased by bromnegrass,
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Snil Analyses
ihe results of anelyses for reserve phosghorus =and

potessium of tre soil samples taken after harvest cre
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results were obtaeined from treatirents receivinz cotagh
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TABLE l1l.-The reserve phosphorus and potassium content of
the soil as influenced by slfalfa-bromegrass under different
fertilizer treatments, 1959

Pounds per acre

Treatment? Phosphorus Potassium
ls 0-0-0 22 37
2 0=L0-0 31 36
3¢ 0-200-0 56 31
Le 0-0-30 19 50
5¢ 0-0-150 26 57
6e 0-120«90 38 INA
70 0"0"0 1+7 37

aPounds of N, P205 and X,0 per acre, respectlvely.

The results of soil analyses in 1958 and 1959 differ.
Increased potash arplication showed little influence on
the amount of potassium extracted from soil samples in
1958, while in 1959 soil samples from the treatments
receiving potash fertilization showed a marked increagse in
the amount of potassium extracted, but the amount extrac-
ted was still low.

1here was no significant correlation found between
the percentsge of alfalfa in the forage and the phosphorus
or potassium extracted from the soil samples. This is in
contrast with the findings in 1958 when a significant
negative correlation existed between the percentage of
alfalfa in the forage and the amount of phosphorus in the

soil, However, treatment 3 had the highest rate of
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phosphorus applied, the highest soll test for phosphorus
after harvest and the lowest percentsge of alfalfsa in the
forage.

There was a significant correlation found, however,
between the perceantage of phosrhorus in both elfalfa and
bromegrass tissue and the phosphorus content of the soil,
In addition, there was a highly significant correlation
between the rercentage of potassium in both alfalfa and
bromegrass tissue and the potassium content of the soil.

Blaser and Brady (6) found that potsssium fertili-
zation stimulated the growth of Ladino clover, but did
not directly affect the productivity of the non-leguminous

plants in the association,

Greenhouse Exreriments

Attention is directed to Teble 2 which lists the
grasses grown in associstion with alfalfa, the rates of
phosphorus and potassium fertilization, and the number
of replications for each of the three greenhouse experi-
mentse It might be recalled at this point that treatments
1 and 2 contained four replications, while treatment 3

contained three replications.

Yield
The effect of fertilizer treatments on the totel
vields of 8lfalfa and bromegress when grown in associetion

is shcown in Tebles 12 and 13.
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TABLE 12+-The effect of fertilizer treatment on the yield
of alfalfa when grown with brosecrass in the greennhouse®

Treat=

ment

Cutting

1

5

6

Lv,

P X
P K,
P, K,
P1K,,
2Ky
Paio
i2K3
Pk,
PaK)
3Kz
P3iy
4K,
P K
P,
P,Ks
PLK,

15.3
13.9
1746
21.8
11,1

346
1442
1946
1249
12,3
16.3
lo.l
15.4
17.0
18.4

10,2

5647
6l.l
6147
6243
L549
3047
598
0046
5LeG
5240
5346
5063
L5ek
513
61.9
5849

LO43
L2e2
L748
5Le6
3448
2542
3846
L3 e6
378
3742
38.8
L2.4
3340
406
L5k
L2.2

L7eb
5145
5149
Olboly
L2.2
2046
5240
5740
Lol
2943
L0s5
4743
39.0
4249
552
517

2749
2843
32.9
L1le5
2046
1441
2548
332
23k
21.8
270
30e4
2847
25.1
31.2
2347

29.6
3242
LO.6
L8l
33ek
1944
34,0
L3.8
3240
28,0
3k4e2
kel
342
31.6
3946
3366

20.2
2046
2440
25.8
12.0

846
2248
254
12.0
12,0
20.8
2246
15,8
15.6
21.6
17.6

33.0
ol
38.1
LL 0
2746
18,2
3345
39.1
29.5
2745
32.1
33¢5
29.2
30.6
377
32.5

L.S.D.
5,0
1l

P x K

NeSe
N.S.

NeSe

Re7
3.6

NeSe

3.1
Lel

55

W N

o5
3
NeS

3ok
N

NeSe

N.S.

2.0
2.6

N.S.

8Total yield in grams of four replications.
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TABLE 13.-The effect of fertilizer trestment on the yield
of bromegrass when grown with alfalfa in the greenhouse?

, Cutting
ireat-

ment

1 2 3 L 5 6 7 8 Av,

PlKl 307 l&.? l+-6 7-0 705 1001& 700 2.0 6.1
P1K2 3.6 3.1 308 702 609 1002 6-8 l;6 5.L}
P1K3 5.9 3.2 3.4 L.6 5.5 7.4 3.6 .6 L.3
PlKl“ 1+00 2.8 3.1.} 5-6 606 900 6.6 06 h.8
P,K; 5.9 7.3 7.4 13.8 8.1 12.8 8.6 5.2 8.6
P,K, 4.9 8.0 8.0 10.6 9.3 11.810.8 6.4 8.7
P2K3 L.1 L.2 4.2 7.8 7.9 10.2 6.8 2.2 5.9
PoK, 2.8 4.l 4.2 6. 6.8 9.0 6.0 1.0 5.0
P3K; 3.4 4.7 4.0 6.2 6.0 9.2 5.6 1.0 5.0
Py 5.7 5.5 5.6 10.0 7.9 11.8 8.6 40 7.4
P3K3 3.4 7.2 4.8 10.6 7.7 9.8 8.0 1.k 6,6
PBKh 1+03 7.1 5.2 908 7.5 1002 701& 102 606
PLKi 6.7 10.7 9.0 11.2 8.7 12.2 8.0 1.6 8e5
PAKQ 4.0 7.3 6.2 9.8 8e6 12.2 6.2 2.0 7.0
PLK3 L.2 6.8 5.2 10.2 10.2 11.6 5.6 1.8 7.0
PhKL L&.O h.9 S.Ll- 908 904 1008 708 3.8 7.0
L.S.D.

5/¢; NeSe .3 ol 103 ol N.S, NeSe 09

l‘)o NoSo 014- ol 108 .l NaSn I\I-So l.l
P x X NeSe NeSe N.eSe N.Se N.S. N.S. N.S. N.S

8Total yield in grams of four replications.
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The differences between cuttings were highly sio-
nificant for both szecies, probubly dve to varied climatic
conditions,

Analyses of veriances also show nighly significent
differences due to both >hosphate and potash fertilizations,
with ore significant phosphorus-potassium interaction,

Generally speaking, the hieher rates of phosphate
fertilization decressed the yields of alfalfa and increased
the yields of browegrass.,

With one exception, the highest level of potash
application gsve significantly hisher yields of alfalfa
and significantly lower yields of troregrass over the
lowest level of jotash fertilization.

“hen each cutting of alfalfs was analyzed separately,
there were significant differences dve to n~hosphorus in
six of the eight cuttings; siorificant differerces due to
potassium in seven of the eight cuttings; but only one
significant phosphorus-potassium interaction of the eight
cuttings. Separate analyses for the cuttings of brome-
grass, however, showed significant differences due to
bhosphorus in five of the eight cuttings, and a difference
due to potassium in only one of the eight cuttings.

Tables 14 and 15 show the effect of fertilizer
treatmnents on the yleld of alfalfe and perennisl ryegrass

when grown in association,
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TABLE 1lk.-The effect of fertilizer treatment on the yield
of alfalfa when grown with perennial ryegrass in the
greenhouse?

Treat- Cutting

ment

1 2 3 L 5 6 7 8 Av,

P1K; 10.3 53.7 38.8 56.1 32.6 67.4 35.4 29.8 L0.5
P1Kz 15.5 65.5 43.8 6Ll.4 37.2 62.4 33.2 32.4 43.9
P1Ky 18.6 57.8 47.2 64.9 43.9 67.2 L0.2 34.6 L46.8
Py 17.7 61.3 41.8 52.9 L.k 69.6 36.0 35.0 4L.8
PoK, 20.6 66.6 L41.0 55.6 42,9 63.6 28.2 32.8 43.9
PpK3 20.9 55.5 47.0 60.1 46.3 83.6 49.8 35.4 L9.8
P,K) 13.5 59.4 41.8 5l.k 43.h 65.2 30.0 24.0 4l.l
PjK, 2h.6 66.3 L2.2 60.1 45.9 73.6 50.0 3L.0 49.6
P3K3 22.6 73.7 L48.8 62.2 50.9 76.0 L47.2 36.8 53.4

L. S.. D.
5/;0 106 2.9 106 207 106 2.7 2.5 102
l;/o 201 A.O 2.1 307 202 306 3.1‘» 106
Px XK N.S. N.S. N.S. N.S. N.S. 54 1k 1k

81otal yield in grams of four replications.

inalysis of variance of alfalfa yields revealed sig-
nificant differences due to cuttings, phosphorus and rpotssh
fertilization, and phosphorus-potassium interaction.
Analysis of variance of ryegress yilelds, however, showed

differences due only to cuttlings and phosphorus fertili-

zation.,.
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TABLE 15.-The effect of fertilizer treatment on the yield
of perennial ryegrass when grown with alfalfe in the
greenhouse?

Cutting
Treat-

ment

1 2 3 L 5 6 7 8 Av.

PiK; 15.6 142 2.2 40 .. .. 340 L2 6.7
PiX, 14.2 12.1 3.8 3.6 .. .. 7.0 2.0 7.1
P1X3 13.6 10.0 3.2 2.6 .. .. 2.6 12 5.5
Py 12.5 13.4 3.6 L2 .. .. 6.6 2.4 7.1
P,K, 13.7 12.3 o.4 7.8 .. .. 11.2 L4 9.3
PpK3 12.3 10.9 4.6 Lob o o oo 3k W6 6.0
P3K) 18.3 18.5 3.6 5.4 .+ . . . 134 9.8 1l.k
PyK, 12.8 13.2 4.2 he2 .o . . 1044 k.2 8.2
P3K3 15.9 15.2 5.0 5.2 .. .. B84 3.8 8.9

S

56 N.S. 6 .5 S .9 .5

l,’O l\IQSo 08 07 o8 o o o o 103 -7
50

PxK N.S. N.S. N.S. N.S. . . . . / 1/

8Total yield in grams of four replications.

The higher rates of phosphate fertilization increased
the yields of ryegrsss, relatively speaking, more than
the ylelds of alfalfa, In experiment 1, the yields of
alfalfa were decreased with increased rhosphate fertili-
zation.

£8 in experiment 1, the yields of alfalfa were

increased with increased potash fertilization, whereas the
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yields of ryegrass were decreased with increased pctash
fertilization.

inalyses of individual cuttings of alfalfa reveeled
sionificant differences due to rhosghorus fertilization
in six of the eight cuttings; significant differences due
to potash fertilization in all eight cuttings; and phos-
phorus-potassium interactions in three of the elght
cuttings.

Crowth of the gress in two of the eight cuttings was
insufficient to be measured., The significant differences
in the individual cuttings of ryegrass were due to phos-
nhorus fertillzation in five of the six cuttings, to
potassium fertilization in four of the six cuttings, and
to phosphorus-potassium interaction in only two of the
six cuttingse

The yields of alfalfa and timothy in experiment 3
are reported in Tables 16 and 17.

There were highly significant differences in the
yields of alfalfa due to cuttings, and phosphorus and
potassium fertilization, while only cuttings showed
differences in the grass yields.

Analysis of each cutting of alfelfa separately re-
vealed differences in six of the eight cuttings due to
phosrhate fertilization and in four of the eight cuttings
due to potash fertilization. One of the eight cuttings

had significant phosphorus-potassium interaction.
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TABLE 1l6.-The effect of fertilizer treatment on the yield
of alfalfa when grown with timothy in the greenhouse®

ireate Cutting

ment

1 2 3 L 5 6 7 8 Av.

PiK; 19.7 41.9 30.2 36.9 21.6 LL.2 32.2 2L.0 31.3
PiK, 21.2 L47.h 36.6 32.8 33.4 L47.4 L43.2 27.4 36.1
F1K; 19.1 51.9 39.2 37.4 36.0 48.6 48.0 28.0 38.5
P,K; 18.2 L47.L 38.2 48.2 3L.8 59.6 L0.6 25.6 39.1

PoK, 20.9 52.7 35.6 50.6 35.8 59.0 53.4 26.8 L1.8
PpK3 23.9 55.6 4l.4 LLk.2 38.1 62.6 63.0 26.4 LbL.4
P3K3 20.2 53.7 38.6 52.0 29.6 L9.4 37.0 19.8 37.5
PyKp 20.7 52.5 29.6 53.2 33.7 54.2 53.4 25.6 4l1l.6
PaKy 21.4 59.6 4l.h 52.0 3hk.2 57.8 48.0 30.8 L43.2
L.S.D.

50 N.S. 2.9 1.6 2.1 1.7 2.8 3.1 1.8

1p NeSe 4.0 2.1 2.8 2.4 3.8 L.2 2.5
Px X N.S. N.S. N.S. N.S. 55 N.Ss. N.S. N.s.

8Total yield in grams of three replications.

Immeasurable amounts of grass were nroduced for the
fourth, fifth, sixth, and elghth cuttings. Only one of
the four cuttings showed any significant difference due
to nhosphorus and zotassium fertilization.

As in experiments 1 and 2, increased potaesh appli-
cations increased the yields of glfalfa and decreased the

yields of the grass.
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TABLE 17.-The effect of fertilizer treatment on thre yigld
of timothy when grown with alfalfa in the greenhouse

Treat- Cutting

ment

1 2 3 L p) 6 7 8 Av.

P1K] 4.8 11.0 Lok« 4 4 o0 .
PIX, 6.6 9.6 1.0 .. .. .. 2
P1K3 4.5 4.8 l.h .. .. .. 2
PoK) 7.3 140 2.h o« 4 4. .. L2
2
3

‘W
.
o
.

°

5.1
e o 1}08

e o 7.0

0

2

2
PoKp 4.l 111 .6 o v o 0 e 8 .. k.7
PyKy 3.9 8.7 Lk oo .. .. A A A
2
2
2

PBKl 6-2 1309 102 [ [} [ [} (] . L) ° 6014

L
P31{2 h.z 1201+ ol+ ] L] L] [ ] . L] 3- [ (] 5.1
I

P3K3 5.2 12.6 1k . 0 4 .. .. 5.9

L.S.4D.
Sk I‘T.S. 102 II.S. L] L] L * L) L] N.S. L] L] N.S.
l/o Iq.S. llb I\I.S. L] L] . L] . L N.S. L] L] IJOS.

P X 1( [J'S. l\IOS. I\IQSC o o e o o o NoSc o o II.S.

87otal yield in grems of three replications.

Increased phosphate fertilization increased the
yields of timothy, but had little effect on the ylelds of
alfalfa, A siwilar tendency was observed in experiment 2,

Whe yields of alfalfa and the associated grass for
811 three greenhouse experiments have been summarized in
Table 18, 'The higher rates of rhosphate fertilization

increased the yield of grasses in all three experirents,
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while the yield of alfalfa was slightly decreased in one
and increased in two of the experiments., Increasing potash
resulted in increased yields of alfalfa and decreased
yields of grasses in all three experiments.

These results are supported by the findings of
several workers., Rich and 0dland (53) found that phosphorus
had no significant effect on the yield or percentsge of
legumes in grass-legume combinations. Reducing potassium
applications from 100 to 50 pounds per acre reduced the
hay yield from 3.08 to 1l.63 tons per acre, Gerwig and
Ahlgren (30) in Wisconsin found that potassium wag the
most important factor in mainteining high yields of alf-
alfa, Phosphorus fertilizetion was found to have no
beneficial effect. Blaser and Brady (©) also found that
notassium fertilization stimulated the growth of Ladino
clover, but did not directly affect the productivity of
the non-leguminous plants in the assoclation.

Other factors beside phosphorus and »otessium fer-
tilization have definite influences on the yield of legume-
grass mixtures, Cutting management is an important factor
influencing the productivity of stands of grasses and
legumes.

Several workers (17, 23, 28, 36, 46, 47, 52, 64)
have reported that the total yield of hay veried inversely

with the number of times it was cut during the season.
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Botanical Composition

The effect of fertilizer treatments on the bhotanical
composition of the forage is shown in Tables 19, 20, end
21, The percentages of alfalfa shown in the tables are
the averages of all eight cuttings. l/hen the growth of
grass was lmueasurable in certaln cuttings, the forage
was considered to consist entirely of alfalfa,
TABLe 19.-1he effect of fertilizer treatment on the average

botanical cowposition of eight cuttings of alfalfa-brome-
grass mixture grown in the greenhouse

Per cent

1reatment alfalfa

in forece
4 e o+ o e 4 e 4 e 6 e s e e o o 85
P1Xo e e e e e e e e e e e e 86
2113 e e e e e e o o 1 e e e e e g9
21Ky, e o o s s 6 o s s s & & s e o o 90
P2Kl e e e 4 e e e e o o e e o e 80
SoKo e« e e e e e o e o e e e o 7L
2213 e o o o & o s 6 4 e o o e & 4 e 85
22K, © e e s e e 4 e e s e o e e o o 29
P3;£1 e e o o o o o e o e o e o o o o g5
Py e 6 e e o s 6 6 o 6 s e o 4 o 80
2313 e o e e 6 s s e e e e e e e e . 85
Pqlig, e e e e e e e e . o o . &L
£ e e s e e s s 6 o o s 6 e o & o 75
22 D T 77
R e e e e e e e e e e e e e e e 82

PhKh e o e o6 e o & ¢ o 6 o o6 o o o 76
L.S.Dl5750000.000.00.000 l‘-

l/o . . . [ L L] L] . . . L] L . . . 5
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ToBLE 20.-The effect of fertilizer treatment on the avercse
botanical composition of eight cuttings of an alfalfa-
ryegrass mixture grown in the greenhouse

Treatment Per cent

elfalfa
in forage

PlKl . . L) . [ L) L) . . . 3 . 3 L) . 3 88
1311{2 ® ¢ e e e e e e s+ @ o e o & o o 90
PlKB ¢ e o o 6 6 e e o & o o o o s 92

PZA_.{l o o o o e o e e o o o o o . * o 89
PZKZ . L] . [ . . . . . . . . . . . . 87

P2K3 3 O . . . . . * o . . . . . . . 91
PBKl @ e e o & o © e o e & 0 s+ e o o 81

PBKZ . . . . . . . . . . . . . . . . 88
P3K3 . . . . 3 . . 3 . . . . . . . ) 88

L. S. D. 5/0 L] L] L] L] L] L] . . L] L] L] . L) . L ;\IQS.

TABLL 21.-Ihe effect of fertilizer treatment on the everage
botanical cowposition of eight cuttings of an alfalfa-
timothy mixture grown in the greenhouse

Per cent
Treatument alfalfa

in forage
AlKl ¢ & 6 o e o o o e o o &2 e o e o 914-

PBICB ¢ e o e ¢ e o e e 6 s 6 o & & o 9[}
Ll SO Do 5% L) . . . [} L) L) L) [ ° . . L) . . NDSO
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Lnalysis of variance of the percentace of alfalfa
in the forage in experiment 1 revealed significant dif-
ferences due to both phosphate and potash fertilization.
The lowest amount of applied phosphate produced the highest
percentage of alfalfa in the forage, and the highest
amount of rhosphate produced the lowest percentage of elfw-
alfa in the forage. 1he percentage of alfalfa in the
forage was increased by potash fertilization at low levels
of phosphate fertilization, but was not affected to such
an extent at high levels of phosphate fertilization,

Analysis of varlance of the rercentage of alfelfe
in the forage in experiments 2 and 3 reveal no significant
differences in the percentages of alfalfa in the forage
due to either phosphate or potash fertilization.

All three experiments (Table 22) indicated a trend
of decreased glfalfa percentage as a result of hizh rates
of phosphate, and increased alfalfa percentage with high
rates of potash fertilization.

These results agree with the findings of several
workers., Brown and Munsell (9) reported that omission,
as well as large applications of phosphorus depressed
clovers first in pernanent grasslands in Connecticut.
Rich and Odland (53) found, when using 80 pounds per acre

of nphosphate, that reducing potash reduced the proportion

of legumes. Stivers snd Ohlrogge (61) reported that stand

maintenance of alfalfas was closely related to potash
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fertilization, especially at‘high rates. They found no
relationship between stand maintenance and phosphate
fertilization. Brown (7) reported that potash was very
beneficial in mainteining stands of alfalfa. Chiasson
(13), on the other hand, reported that phosphorus increased
clover and useful grasses at the beginning of the exper-
iment, but that potash had mainteined clover better by

the fourth yvear than phosphorus.

TABLE 22.-Summary table of the botanical composition of

three greenhouse experiments at different levels of
phosrhorus and potassium fertilization

Per cent alfalfa Per cent grass
ngel in forage in forage
Nutrient Axperiment Zxperiment
1 2 3 1 2 3
P 88 90 94 12 10 6
Py 82 89 9L 18 11 6
Py 8L 86 93 16 14 7
by 78 22
) §] 81 86 93 19 14 7
X> 79 88 95 21 12 5
K3 85 90 95 15 10 P
K, 85 15

Cutting management affects the botanical composition,
as well as the yield, of grass-legume associations. Inves-

tigators (36, 46, 47, 52) have reported that more freguent
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cutting of elfalfa-grass mixtures fovors the grsass com-
ronent as compared to cutting et the hay stage. However,
it should be recalled thst the forage in these experiments
was cut at what would be considered the hay stage,

The botanicel comrosition of the greenhouse experi-
ments commrared fevorably with those of the field evreri-
wentse. In hoth instances, the treatments receiving the
highest rate of rhosphate fertilizetion contained the

lesst amount or alfslfa.,

Tissue Analyses

“he effect of fertilizer treatiients on the rhosphorus
and potassium contents of plent tissue is shown in Tesbles
23, 24, and 25,

Table 23 revesls that treatment efrfects reflected
significant differences in the percentages of phosphorus
and potassium in both alfylfa and bromegress tiscsue,
Increases in OHhosphete applicatlons increased the content
of phoshhorus in the tissue of both the alfalfa and
bromegrass, but to a greater extent in the hromegrass.
Increased amounts of potash added to the soil increased
the percentage of potassium in the tissues of elfalf2 and
bromegrass in comperable arounts,

lThere seemed to be a tendency for the bhigher amounts
of potssh fertilization to reduce the phosphorus content
of alfelfa, 'This trend was not noticed in the bromegracs

tissue,
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TABLZ 23.-The effect of fertilizer treatment on phosphorus
and potassium contents of alfalfa and bromegrass grown in
the greenhouse

Alfalfa® Bromegrass®
Treatment :
Per cent Per cent 2Per cent Per cent

P X P K
PlKl .37 .78 026 1005
P1K2 «38 +88 23 1.10
P1K3 «38 1.06 25 1.28
PlKﬂ «38 1.40 25 1.46
Pk, 42 .35 .28 97
PZKL 32 l.51 27 l.44
P3K1 48 86 29 95
P3K3 L6 1.14 31 1.23
PBKL 45 1.55 .29 1.52
P Ky L6 .98 .29 1.05
PAKB 43 1.16 .33 1.30
PLKL 42 1.57 .33 1.49
LO SQ D. 5,'6 006 022 cOl‘- oll
lp .07 .29 .05 .15

8Average of eight cuttings.

bAverage of six cuttings.
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phosphorus and potessium content of alfalfa and ryegrass
grown in the greenhouse

Treatment Alfalfa® Ryegrassb
2er cent Per cent DPer cent DPer cent
P K D X
P1Ky o227 .89 .13 .96
P1K2 .23 1.68 .12 1.45
P1¥4 .22 2.06 .12 1.64
Py4&y o45 .79 «20 1.01
Poln .38 1.39 .23 1.41
P2K3 « 37 2.09 .20 1.77
234 .52 .28 .29 1.09
P3K2 L6 1.41 .27 1.46
P3K3 .39 2.28 24 1.81
L. Se Do 55 .23 .28 Ol .17
lo «30 .38 .05 «23
8Average of eight cuttings.

bAverage of five ¢

uttingse.

Different levels of phosphate fertilization chowed

no noticeable effect on the percentage of notassivm in

either alfalfa or bromegrass tissue.

As in experiment 1, Tsble 24 chows that increased

amounts of phosphate and potash asdded to the ;ots in-

creased the respective percentages in the tissue of both
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alfalfa and ryecrass. Increasing potash fertilization
reduced the percentage of phosphorus in alfslfsa, while
holding constant or slightly retarding the shosphorus
content of ryesrsss. This tendency is decidedly more
rronounced in experiment 2 than in experiment 1.

TaBLw 25.='Mme effect of fertilizer treatnent on tre

phosphorus and potassium content of alfalfe and timothy
grown in the greenhouse

Alfalfa® TimothyP
Treatuent

2er cent Per cent DPer cent Per cent

P K b K
15K .26 .85 .11 .98
2y &, 22 1.67 .11 1.39
D1y .22 2.28 .10 1.62
P,i) L6 .91 .20 1.19
Polip 3L 1.51 .19 1.49
PyK, .35 2.22 .19 1.67
P3K) .54 .83 19 1.18
Pqky 45 1.39 .19 1.4k
Py 42 2.17 .20 1.62

Le So De 5 .09 .23 .02 12

1 11 .30 .02 .17
a

Average of eight cuttings.

bAverage of three cuttings.
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Increasing the emount of phosghate arplication,
however, seemed to have very little, if any, effect on
the phosphorus content of either alfalfa or ryegrass.
" Table 25 reveals similar results for exzeriment 3
as Table 24 does for experiment 2., That is, increased
rhosphate and potash fertilizations incressed the
respective contents in both alfalfa and timothy. Also,
as in Table 24, increasing the amount of potesh application
reduced the percentage of nhosnphorus in the tissue of
alfalfa but not in timothy. Increasing the amount of
phospliate had no effect on the percentage of potassium in
either alfelfae or timothy.

In all three experiments, phosphorus and potassium
in the tissue of both alfalfa and the associated grass
were increased as the amount of the nutrient applied was
increased. L2wton and Tesar (38) also obtained results
from greenhouse experiments to the effect that potassium
absorption by both alfalfe and bromegrass was significantly
increased as applied potassium increased.

1he results of chemical analyses of plant tissues
of all three greenhouse experiments are outstandingly
similar. Increasing the potash application et a constant
level of phosphate reduced the phosphorus in alfalfa
tissue, but not in the grass tissues. Conversely, increasing
the phosphate application at a constant level of potash
showed no effect on the potassium content of either the

alfalfa or the grass tissue,
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The rhosphorus content of bromegrass was higher
than the phosphorus content of timothy and ryesgrass es
shown in Table 20, which was basically the result ob-
tained by Gervais (29). Eowever, the potassium content
of bromegrass was not higher than ryesrass or timothy,
which is contrary to findings of Gervais (29). 1In all
three experiments, the phosphorus content of elfalfa was
higher than the phosphorus content of the grass grown in
agsocletion,

Vandecaveye and Baker (o6) reported that the chemicsl
composition of alfalfa at harvest stase was less influenced
by phosphate and notesh fertilizations than was the chemi-

cal cowposition of grasses.,

Soil Analyses

The results of soil anralyses for phosrzhorus and
potassium are given in Tables 27, 28, and 29,

Analysis of variance of each experiment revealed
slgnificant differences due to treatments. Generally,
as the smount of each nutrient epplied was increased, the
amount of the respective nutrient extracted was increased.

Correlation analyses of the phosphorus in the soil
and the percentage of phosphorus in plant tissue revealed
a positive associsation in all three experiments. A
highly significant correlation existed for both the alfalfa
and the associated grass in experiments 2 and 3, and for

browegrass in experiment 1.



TABLE 20.-3Summary table of the chemical composition of
alfalfa and grass of three greenhouse exrerirwents et
different levels of phosrhorus and potassiuvm fertilizetion

Level Per cent phosghorus Per cent potassium
of
nutrient zxperirient Ixperinent
1 2 3 1l 2 2
AlTslfa

Pl .38 2L «23 1.03 1.53 1.63
32 « 39 .40 .38 1.09 1.09 1.55
4?3 0L|-7 01+8 oh? 1012 1019 l.l{-é
Ph AL 1.17

l{l 'hh obpl ol',2 088 085 086
K2 L3 ¢35 37 .91 1.9 1.52
£3 J41 .23 .23 1.12 2.14 2.2%
Kh .39 1.51

Grass

Pl 025 012 all 1022 1035 1033
P2 .26 .21 .19 1.13 1.39 1.45
PB 026 027 019 1019 1014'5 loL}l
PL e 32 1.24

I{l 026 021 017 099 1.02 1012
I{2 029 02] 016 1007 loL}.I{, 1014-,}
:.:3 028 019 016 1025 lo?llr 1061+
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TaRLe 27.-The effect of alfalfa-browesrass on the phosphorus
and potassium content of the soil when grown under different
fertilizer trestments in the greenhouse

Pounds per acre

Treatment Phosphorus Potassium
P1KL o2 o
PLK L5 76
P1 K3 Lo o
P1X), b2 ¥
PoKy 63 7
2,1k, )2 &
Poksy ’9 -
P4, 56 76
P4xy 9> "
P4i, 95 °7
P33 20 | 70
Py, 75 *
PLXy 194 7
2,1 151 %9
o, 12 115
LX), 184 7

L. S. D. 54 28 %

1 37 30
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TABLs 28.-The effect of alfalfa-ryegrass on the ghosrhorus
and potassium content of the soil when grown under different
fertilizer treatments in the greenhouse

Pounds per acre

frestuent Phosphorus Potassium
P14 45 35
P1X; 45 88
P1X, . 37 78
2oy 337 46
P2K2 303 62
PrK,y 337 102
%<} 606 80
Pyip 622 79
P3K3 6L7 117
L. S. D 55 87 30
1,0 118 L0

Correlation analyses of the potassium in the soil
and the percentage of jotassium in prlant tissue revealed
also a positive association in all three experinents
Zighly significant correlations exigsted for alfalfa in
experiments 2 and 3, end for grass in experiments 1 and 2.

Negative associations were found in all three
experiments from correlation analyses of the percentage
of alfalfa in the forsge and the phosphorus in the soil.
A highly significant correlation existed for experiment 1,

but not for experiments 2 and 3.
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TABLa 29.~-The effect of elfalfa-timothy on the phosphorus
and potassium content of the soil when grown under different
fertilizer treatments in the greenhouse,

Pounds per acre

Treatment Phosphorus Potassium
PX; 37 o
o » 8l
o6, 3 122
Po0 205 v
-~ 277 L8
P,y 230 K
P oLk, &
2,5, 579 0
o, s 112

L. S. Du 5% 73 %t

% 100 43

No significant correlation was found between the
potassium in the soll and the percentage of alfalfa in
the forage, Table 30 combines the results of soil
analyses for all three greenhouse experiments.

This is in contrast to the findings of Stivers end
Ohlrogge (HAl)e They found that stand maintenance of
alfalfe was closely related to potash fertilizetion and
potassium content of &lfalfa.

Nelson and MecGregor (45) renorted that soil samples
showed almost no correlation between the phosphorus and

potassium in the soil and that found in the alfalfa plants.



70

TiBLy 30.-Avalilable soil phosnhorus and potassium at the
completion of the greenhouse experiments

Pounds per sacre

Level Phosphorus in soil Potassium in soil
of
nutrient ixperiment Zxperiment

1 2 3 1 2 3
Py L6 L2 3l 85 67 &9
P, 58 326 271 75 70 56
93 89 625 604 80 92 88
Pb 195 99
Ky 101 329 329 83 Sk 60
Ky 96 323 290 71 76 71
K, 102 340 283 93 99 102

K, 89 91




V. SUMMARY AND CONCLUSIONS

1958 Field dxperiments

Fertilizer subtreatments resulted in yield differences
which were highly significant for all eight cuttings over
a four year period. Phosphate fertilization increesed
the yield of forage over the check treetments, with phos-—
rhate and potash fertilization yielding the highest amount
of foreage.

The highest proportion of alfalfa in the forage
occurred in the treatwment and subtreatment receiving no
fertilization at the time of establishment or as a top-
dressing.

The subtreatments receiving phosrhorus each year
contained significantly greater amounts of phosphorus in
both alfalfa and bromegrass tissue then the subtreatnents
receivineg no phosphorus as e topdressing and those receiving
phosphorus in the second harvest year, <There were no
significant differences, however, hetween the subtrest-
ments with respect to the content of potassium in either
alfalfa or bromegress tissue,

Increased phosphate applications resulted in
incressed amounts of phosphorus extrscted from soil samples,

but increased potash application resulted in little

71
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influence on the smounts of potassium extracted from soil
samples,

A significent negative correlation existed between
the percentage of alfalfa in the foraze and the amount of
phosphorus in the soil,

Highly significant positive correlatiors existed
between the percentage of phosphorus in alfalfa and brome-
grass tissue end the phosphorus extracted from soil
samples., Such was not the case for potassium,

Chemical anslyses of soil profiles revealed that

bhosphorus coantent increased with depth while rotassium

content decreased with depth,

1959 Field =Zzperiments

Significant differences in yield existed between
fertilizer treztiwents. The lowest yielding treatment
was ore receiving no fertilization, while the highest
yielding trestiuent was the one receiving the highest
amount of »otash. Only treatments receiving potesh yielded
significantly higher amounts of forage then the original
check plots establicked in 1954, and which were check rlots
in 1959.

Alfelfa showed a tendency for decreased yield with
shosphorus fertilization and increased yield with potesh
fertilization., GLromegrass showed a reverse tendency.,

o radical change in the percentage of alfglfa in

the forage during one growing sezason was noticed as a
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result of fertilizer trestwent, although the treatnents
receiving potesh eand the treatpnents receiving no ferti-
lization shiowed very siwmilar trends.

An increase in the saxount of a nutrient-applied to
the soll increased significantly the percentege of thet

nutrient in the plent tissne., Eromegress contesined s

hicher percentace of fotessium in th

]

tissue than did
elfalfa.

Significant positive correlations existed hetween
the amount of a nutrient in the snil and the rercentsge
of the respective nutrient in the plant tissue of both
alfalfa and brouaegrass,

Phosphorus fertilization decreased the yvield of alf-
#1lfa and increased the yield of brorecrass; increesed the
rhosphorus ard decreased the potassium contents of both
alfalfa and broumegrass tissue; and decreased the rermovel

of soil potassium by alfalfz while increacing the removal

-y

of soil potassiw: by brouegrass,

DPotash fertilization incre=sced the yields of both
alfalfa snd brouegress, caused little or no change in
the phos horus content while increasing the potassium
content of both elfalfa and bromegrass, and increased
slightly the rerioval of soil phosphorus while greatly
increasing the removal of soil _otsssiur,

Phosnhorus removal from the soil was increased as

a result of both phos hate and potash fertilization.
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Renioval of soil potsssium was increased by potash ferti-

lization, and unchanged by rhosphete fertilization.

Greenhouse rxperiments

Striking similarities of yleld results of all three
greenhouse experiments were noticed as influenced by phos-
phate and potssh fertilizatlon.

The hicgher rates of  hoszhate fertilization increased
the yields of the grasses, while having little influence
on the alfalfa yields., 7The hizher rates of otash
fertilization resvlted in higher yields of alfzalfa and
lower yields of grasses.

Significant differences due to both phosphate end
potash fertilization were found in the bot2nical cowposei-
tion of the alfalfa-tromegrass associstion., The lowest
swount of sy plied Lhos_ hate produced the highest percentage
of elfalfa, while the highest amount of applied phosp)hate
produced the lowest percentage of alfalfa in the forage.
The percentage of alfalfe in the forage was increased by
botash fertilization at low levels of phosphete fertili-
zation, but less affected at high levels of hosphate
fertilization.

The percentages of rchosphorus and potassium in the
tissue of alfalfa and the associated grass were increaced
28 the amount of the nutrient apnlied was increased,

Increasing the amount of potash at a constant level

of phosphate reduced the percentage of phosphorus in
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alfalfa tissue but not in grass tissue. Increasing the
amount of phosphate at a constant level of rotash showed
no effect on the potassium content of either alfalfa or
grass tissue.

The phosphorus content of bromecrass was higher than
the phosphorus content of timothy and ryegrass. In all
three experiments, elfalfa contained a higher percentage
of phosphorus in the tissue than the grass grown in
association,

Positive correlations were found in all three exper-
iment between the amount of a nutrient in the soil and
the percentage of the respective nutrient in plent tissue.

Negative assocletions were found in 211 three exper-
lwents between the percentage of 21falfa in the forege and
the phospbhorus content of the soil.

The explanation given for the persistence of alfalfa
when grown with an associsted grass in the field without
phosphorus or potassium fertilizetion is that subsoil
bhosphorus 1s furnished in sufficient amount to the deep
rooted alfalfa plant so that alfalfa 1s enabled to compete
advantaseously when grown in association with a shallow
rooted grass plant. The restricted growth of the grass
made it possible for the soil to supply sufficient
potassium to maintain the alfalfa in association with
bromegrass., In addition, the pH‘of the surface and sub=-

surface horlizons may have prroved a disadvantage in rhos-

fhorus uptake by the grass,
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