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INTRODUCTION

Forage from natlve grass meadows 1is importent in Okla-
howa agriculture. 'The 500,000 acres of wild hay cut in 1914
has bheen slowly reducing until now approximately 400,000
acres are in production (15)11. Since acre ylelds are close
to one ton per acre, this is sufficient forage to winter 15
per cent of the present number of cattle in the state.

Ninoty per cent of the native hay land 1s located in the
ezstern half of the state., Cattle numbers‘ére increasing in
this area and there will be future demand for more winter
forage and for one with a higher protein content than 1s now
found in prairie hay.

Prairie hay was considered an excellent forage for the
worklings horse, however the mechanical age now makes it neces~
aary to uvusge the hay for cattleQ Additional protein rmuist
gsunpplement prairie hay for good cattle maintenance rations
during the winter months. This forage will have to carry
twice the nrotein content now present to elimlinate the need
far expenslve additional protein concentrates for winter
maintenance of cattle. It appears that 2,000 pounds of forage
per acre, with a proteln content of 4 to 5 per cent is a very
Jow acre return for good level land with favorable molsture

corditions. A study of increasing acre yields and quality of

[1 Figures in parsntheses refer to "Lltsrature Cited",
Pe. 28.



the forage on the 400,000 acres of meadow land in the state
is worthwhile. Natlive grass hay ylelds per acre are practi-
cally the same now as in 1914 when the first records of this
crop were reported in Oklahoma (15). Hay ylelds are closely
assoclated with seasonal rainfall and seemingly not affected
by the annual removal of the forage from the land.

Most of the native grass meadow s8ocils are low in phos-
phorus and are acid in nature, Fileld crops on nearby soils
respond to commercial fertillzers and lime applications, and
it would be logical to believe that ylelds could be increased
by the addition of appropriate plant food elements to the soil.
However, it seems that native grasses 1n this region do not
respond to commercilal fertilizers sufficliently for them to be
economical., The question of improving chemical composition
of the hay by fertilizers is controversial.

Another possible method of Improving quality of the
forage, and perhaps the yleld, is by the introduction of a
legume into the meadowa. Good pastures in this region have
legumes in the sward. Fortunately, there 1s a large number
of pasture legume species adapted to the region. It is more
difficult to introduce a legume into a dense growth of grass
that 1s allowed to grow almost to maturity before harvest. It
would be easy to grow winter legumes in hay meadows but they
mature before hay harvest time. The legume, by necessity,
mist start growth in early spring, grow with the grass and
reach its maximum growth in July which is the proper time for

harvesting the native grasses for hay. If the legume is an



annual 1t should produce seed for volunteer reseeding the next
year.

Several species of lespedeza adapted to this region may
have the desired features necessary to improve the production
from native grass hay land. The lespedezas are popular in
eastern Oklahoma because of their value as a pasture and hay
crop; their tolerance to low fertility and acld solls; their
drought reslatance, and thelr ability to reseced each year.

The objectlive of thls experiment was to determins if it
1s possible and economical to lmprove the quantity and quality
of forage on prairie hay meadow land by the addition of fer-

tilizers and overseeding with lespedezas.



REVIEW OF LITERATURE

Many tests show that it 1s not profitable to fertilize
native grass meadows. A larger number of experiments on im-
provement of natlve ranges also lndicate that there 1ls some
question concerning the economy of uslng commerclal ferti-
lizers. The climax specles of native grasses may respond to
nitrogen under certain conditions, both for quality and quan-~
tity improvement, and phosphorus may lmprove quality but the
increased production 1s not usually sufficient to offset costs.
Fertilizers have potential value in native ranges on depleted
solls for reseeding or recovery of climax specles.

Harper (6) studied the effect of fertilization and cli-
matic conditions on yleld and composition of pralrie hay and
found hay ylelds were clossly assoclated with seasonal rain-
falle, Commercial nitrogen fertilizers increased ylelds of
hay when molisture conditions were favorable., MHe concluded
from 20 years study in central Oklahoma that commercial ferti-
lizer applications on native hay meadows were not profitable,

Murphy (11) increased ylelds of prairie hay on the
central cross timbers and central pralries of Oklahoma by
using phosphorus and nitrogen fertilizers, however, large
quantities of fertilizers were necessary to increase ylelds
significantly and their cost were prohibitive.

Working on moist meadow solls of the sandhill region of

Nebraska, Brouse (2) increased production with phosphorus and
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nitrogen fertilizers. Fhosphorus encouraged the growth of
legumes, but a combination of nitrogen and phosphorus pro-
duced the beat hay ylelds. There is some doubt that the cost
of fertilizers would offset the return from the increased
production.

Range solls in the Hocky lountains shows no important
increase in native herbage by using a variety of fertlilizers,
according to Hetzer (13).

MeIlvain (10), at V%oodward, Oklahoma, was unable to in-
crease ylelds on native grasses with fertilizers, whereas
many introduced grasses responded to nitrogen.

A 60 per cent 1ncrease in animal gains was reported by
Elwell and Danlels (3) from grazing native grasses on virgin
solils at Guthrle, Oklahoma by the use of nitrogen and phos-
phorusg fertilizers.

Animel nutritionlists agree that forage for livestock
should have not less than 0.12 tp 0.1l3 per cent phosphorus
and 0.23 to 0.25 per cent calcium content. A large number of
chemical analyses of native grasses indicate that the calclum
content is above the prescribed minimum. On the other hand
phosphorus 1s below desired standards many times, and this is
especially true of grasses grown on phosphorus deficient
solils. Heller and Savage (9) found phosphorus high in native
grasses in western Oklahoma.,.

Soils low in phosphorus were found to produce prairie

hay containing 0.05 to 0.06 per cent phosphorus by Murphy (11).



The addition of superphosphate increased phosphorus content
to 0.08 and 0.09 per cent. Harper, Deniels and Murphy (8)
pointed out that native grasses are lower in nltrogen, phosa-
phorus and calcium content than common weeds.

Murphy[z, in an attempt to check the palatability of
prairie hay fertilized with nitrogen and phosphorus, and in
combination, found cattle made no choice between hay»from un-
fertilized and nitrogen fertlilized plots. All phosphorus
treated areas produced many weeds that the cattle refused to
eat, and less forage was consumed from the phosphorus plots
than from the unfertilized plots. He changed the botanical
composition of a meadow near Stillwater, Oklahoma in 3 years
by annual applications of commercial fertilizers. Nitrogen
alone did not increase weeds. Superphosphate alone encouraged
some weed growth and with nitrogen encouraged greatér weed
growth. The unfertilized plots contained 14 per cent weeds;
while yearly applications of 200 pounds of superphosphate per
acre increased weeds to 17 per cent, and 350 pounds of

11-48-0 per acre per year increased weeds to 29 per cent.

Hall and Altona (4) found little change in botanical com-
position on native velds in the Union of South Africa after
the addition of phosphorus for 15 years. Only slight changes
have been observed where single applications of nitrogen were
applied each season, Where 3 dressings of nitrogen per

season (63 pounds N per acre) were made, the grass species

/2 Unpublished data., Okla. Agr. Exp. Station



making up the origlnal cover nearly disappeared and lovegrass
(Eragrostis spp.) and Bermuda grass (Cynodon spp.) cover the
s0ll. The change was gradual where 63 pounds of nitrogen per
acre were appllied arnually. The first change showed up in
about 4 years and was completed in approximately 8 years.
Heavier rates of nitrogen brought about & more rapid change
from native grasses to lovegrass and bPermuda grass. Fortu-
nately, native grasses are less desirable in South Africa
than the invaders under high nitrogen fertilization.

In the Southern Great Plalns area of the United States
the loss of native climax grasses is usually replaced by in-
ferlor forage plents.

Harper (6) had to change the time of nitrogen application
on a native meadow from March to May to avold weedy annual
winter grass growth., Mareh treatments of nitrogen encouraged

Bromus commutetus and the avallable nitrogen had been used by

¥ay and June when the native grasses made their greatest
growth. In many seasons the molsture also was depleted. In
a few years sufficlent annual brome seed had been deposited
in the soil to insurse an abundant growth when nltrogen was
available in the winter or early spring months. A change
from March to ilay applications of nitrogen corrected the
situation 1n a few years; the native grasses regalned their

former density and the annual grasses were of little

consequences. e

Except in rare instances, forage research men have found

the best method of improving grass for hay and grazing is by



growing a legume with the grass. Applications of fertilizers
are almed primarily for legume growth to improve the quality
of forage and to produce nitrogen for grass growth.,

Harpar (7) stated:
Legumes aro the key to pasture and meadow inprovemsnt where
climatiec conditlons are favorable for their growth.... Super-
phosphate inereased the phosphorus content of the hay but did
not increase ylelds.... 'The quantity of nitrogen, phosphorus
and calcium removed from soil when prairie hay 1s harvested
i3 low, as compared with legume crops.... The protein and
mineral content of prairis hay can be Improved in the southern
part of the Prairie soil area by planting legumes such as Kobe
or Korean lespedeza each year.... If a legume could be intro-
duced into a native meadow by fertllization, the increase in
the protein and mineral content of the hay might be worth
more than the cost of the fertillzer even if total yields
were not increased.

ilany native rangze speclalists questlion the practice of
overseeding native grasses with lsjumes. Tho leading ob-
Jections are that higher carryling capaclty will cause over=-
grazing of the grasses, and that native grasses are ahle to
meintain themsselves without addition of nitrogen from the
legumoes provided the grasses ars grazed properly. Many native
psstures in Oklahoma are not established to lespedeza in
those areas wnere lespedeza ig adapted. In many of these
pastures the native grasses have been destroyed before over-
seeding with a legume by overgragzing and when this condition
exists there can be little just criticism of overseeding with
legumes. In those areas where good natlve grasses have been
maintained and are desired in the future the practice of
planting legumes becomes controverslal.

Uniform reglonal lespedeza testslﬁ in Oklahoma from 1944

/3 Unpublighed data. U.S.D.A.



to 1950 indicate that while the early Korean stralns are
adapted to the eastern part of the state, Kobe is superior in
the southeast. Climax is a large, late maturing variety that
made good hay yields in all the tests.

Kobe lespedeza was recommended for socutheast Oklahoma,
Climax for northeast Oklahoma, and Korean throughout the
lespedeza growing sections of Oklahoma by Harlan, Elder and
Chessmore (5).

In a 4-year study by Eriggs (1) on time of cutting nativeau
meadows it was found that July-cut hay crontained greater total
digestible nutrients per acre than June, August and September
cuttings. 7The meadow, near ctillwater, Cklahoma, produbed
hay high in calclum and low 1n phosphorus. In only one year
did the hay contain sufficlent protein to maintain steers in
a positive nitrogen balance, and that only for the June
cutting.

Pieters (12) stated that good lLay can be made from
Sericea lespedeza but 1t must be cut early for best quality
and palatability. Llate cuttings increased weight but de=-
creased quality. He found early cuttings to have 15 per cent
or more crude proteln, but cuttings made the middle of July
contained only 10 per cent protein. Established stands of
Sericea were highly competitive to assoclated plants and
suppressed summer weeds, but could not suppress winter grasses

and weeads.



MATERIALS AND METHODS

This test was conducted on native grass hay meadow land
in eastern Oklahoma occupled by the Connors State Agricultural
College, Warner, Oklahoma, which 1s located 20 miles southeast
of Muskogee. The soll and vegetation were representative of
the typical native hay meadows found on the prairies of
eastern Oklahoma. The soil in this meadow has been mapped as
Parsons silt loam. A recent mechanical analysis indicated it
is a very fine sandy loam,

Parsons solls are grayish-brown, becoming lighter in
color as the soils dry out, especlally in the lower portion
of the top soil. The silt loam and very fine sandy loams in
the top soils change rapidly at a depth of 12 to 18 inches
into a claypan of dense yellow-brown clay. The solls absorb
water slowly because of the heavy subsoll and are droughty.
Although the land is nearly all level, water does not stand
on the surface very long after rains. The soils do become
soggy and wet during wet seasons, especilally during the
winter months. The surface and subsolls are acid in reaction
and are low in organic matter, phosphorus and potassium. The
particular surface soil in thils meadow had a pH of 5.4, and
contained 0.15 per cent total nitrogen, 6.4 pounds per acre
of phosphorus soluble in 0.1 normal acetic acid, 32 pounds
per acre of exchangeable potassium, and 1,040 pounds per

acre of exchangeable calcium.
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When this test was begun in the spring of 19850, the de-
sirable natlve grasses in the experlmental plots were a com-
bination of Little bluestem (Andropogon scoparius), Bilg blue=-
stem (Andropogon gerardl), Switchgrass (Panlcum virgatum),
and Indian grass (Sorghastrum nutans). Some of the unde~-
sirable plant species were Triple awn (Aristida spp.), Wild
brome grass (Bromus commutatus), Six-weeks fescue (Festuca
octoflora), Hairy sunflower (Helianthus mollis), Goldenrod
(Solidago spp.), Blazing star (Liatris spp.), Blackeyed Susan
(Rudbeckla spp.) and many others. The only native legume
observed in the plots was a few plants of Sensgitive briar
(Schkankia spp.).

The experimental area was lald out 1n a randomized block,
split plot design. The blocks could no® be locabed adjacent
to one another because of occasional mounds of so0il 1 to 2
feet high and 4C to 50 feet across that are characteristic of
many areasd in eastern Oklahoma. LEach of 4 blocks was divided
into 6 plots measuring 32 by 45 feet. Fflots in each block
recelved the following fertllizer treatments:

Plot 1 - 150 pounds of superphosphate (20% P50g) per acre.
Plot 2 = 100 pounds armonium nlcrate per acre.
Plot 3 =« One ton agriculiural limestons per acre.
Plot 4 - One ton agricultural limestone and 150 pounds super-
phosphate per acre.
Plot 5 - One ton agricultural limestone, 150 pounds superphos-
phate and 100 pounds ammronlum nitrate per acre.

Plot

(2]
]

lio fertilizer treatment.
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The superphosphate was broadcast each year in March by hand
on the surface of the soll. Ammonium nitrate was broadcast
in the latter part of lay every yvear, and the limestone was
broadcest in March, 1950,

Each plot in the blocks was subdivided into 5 plots,
9 feet by 32 feet. Four of these plots were planted to
different species and strains of lespedeza while the fifth
was not seeded., Early Korean (Lespedeza stipulacea), Climax
(Lespedeza stipulacea), Kobe (T.espedeza striata) and Sericea
(Lespedeza cuneats) were planted by broadcasting with a Gandy
seeder in March, 1950 at the rate of 15 pounds per acre for
the annual lespedszas, and 25 pounds per acre for the Sericea.
The annual lespedezas were replanted in March, 1953 to insure
a stand since seed was not produced during the drcught of
1952,

Hay ylelds were taken on July 14, 1950, July 18, 1951,
July 12, 1952 and July 8, 1953. Green welghts were de-
termined for each plot at the time of cutting. A 500 gram
sample was secured from each plot and dried in an oven to
determire dry matter per cent, from wnich total forage ylelds
per acre were computed. In 1650 a composite sample was taken
from each treatment for chemical aralysis. For the other
3 vears each sample on all plots was analyzed, Chemicsal
analyses included nitrogen, phosphorus, potassium, caleclum
and magnesium. Calcium and magnesium analyses were not com-
pleted in 1953 In time for incluslion in this reporte.

In 1950 botanical composlition was measured on some of the
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plots at time of harvest. 1In 1953 the vegetaticn from 2 repli-
cetions of a nmumber of treatments was hand separated and the
percentages of desirable grasses, annial weedy grasses, le-

gumes and broadleaf weeds 1in the samples were detsermined.
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DISCUSSION AdD RESULTS

Weather conditions were unfavorable for good hay pro-
duction during 3 of the 4 years this study was in progress.
The high rainfall in June, 1951 (App. Table 7) increased
yields above normal expectations. Although the ylelds of
prairie meadows vary conslderably from year to year due to
rainfall, this difference 1s not as great as that found in
the major cultivated crops grown in the state.

The unfertilized plots produced 1,552 pounds of dry hay
ver acre in 1953 (Table 1) despite 50 days of dry hot weather
prior to harvest. Only 3 showers totalling one inch of pre=-
cipitation occurred during this 50 day period., With the
favorable rainfall in 1951 the hay yleld was 2,275 pounds per
acre. VWilth early harvest of hay in Juliy (8 to 18), June
growth controlled to a large extent total production. While
the rainfall data shown 1n Appendix Table 7 for June, 1952
indicate 3.86 inches for the month, actually this occurred
before June 5. During the remainder oi the growing season
vntil the hay was cut on July 12 there was no rain and the
temperature was very high and was accompanied by high winds.

Annual lespedeza was aluost a complete failure over the
entire state 1In 1952 and 1953 because of the June droughts.
Some annual lespedeza growth was found in the phosphated
plots in 1953 (Table 3). In 1952, annual lespedeza was a

failure and should not ve considered 1n the yilelds, Sericea
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made 1ts best growth in 1952, During 1950 and 1951 favor-
able conditions exlsted for normal growth of annual lespe-

dezasg.,
Effect of Fertilizers on Yields

ne hundred pounds of armonlum nitrate per acre did not
inerease hay ylelds every year. Under favorable growing con=-
ditlons in 1951 nitrogen increased production 558 pounds per
acre (fsble 1). This increased production was not sufficient
to pay for the cost of fertilizer even at the high prices
paild for hay during the drought years of 1952 and 1953. A
darker zreen color was Imparted tc the grasses and it always
could be obgerved in the nitrogen plets unless 1t hecame
extremely dry. At the time of harvesgt in 1952 and 1963
grasses on the nitrogen areas were brown anc contalned less
rioisture than on the unfertilized areas. Unfertilized plots
in 19252 and 1953 contained between 45 and 50 per cent molsture
but where nitrogen was added, the moisture 1in the forage was
about 5 per cent less. Molsture content of the grass at har=-
vest time in 1950 and 1951 ranged from 60 to 70 per cenl and
40 to 50 per cent In 1952 and 1953.

Yield data {(Table 1) indicats that phosphorus slone en-
couraged production to a small but uneconomical extent. <The
increased production can quite reasonably ke attrivuted to
the stimulation given weeds and annual grasses (Table 3).
Unllke nitrogen the increase was uniform for all years and

not in proportion to rainfall.
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One ton of agricultural lime per acre, applied in karch,
1950, did not affect hav production. It was 1mpossible to
determine any difference bLetween unfertilized plots and limed
areas st auy time during the 4 years.

Altrough lire slone did not alfect yilelds, slightly more
foragn was raceived from lime and superphosphete in combination
than frow pvhosphorus alone. Actually this combinatlcen, vhere
lesumos were nol srowing, profused a hlher 4-year averagpe
“than the nltrogen plots. vhange in totanical composilien in
these plots may account for some of the increased productione
#ddition of lime to phOSphoruu'did not encourage ls;unie growth
over phosphorus alone.

The use of nitrogen, phosphorus and lime in comblination
inereased foraie viselds for the 4-year average from 1,823
nounds ner acre Iin the unfertlilized pleots to 2,589 pounds per
acre {Tahle 1l). This treatment produced mors vegetation than
the others but unfortunately all the vegetation was not de-

airahle for livestock (tlable 3).
LiTect of Uvorseeding bLosgpedeozas on Yields

A pood stand of anmal lepumes emerced 1In all plots each
wear. Jn the unfertilized, nitrogen, and limed areans, legumes
made ingufficlent growth to be considered, however, in 2 of the
4 vears the annual laspedezrg produced »nlonty of sesed after
harvest for volunteer reseeding the next vear. Sericea lespe-
deza plants were observed in these {reatments each year but

never contributed mich forage.
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Phosphorus stimulated lespedeza growth, and under favor-
able moisture conditions in June the annuals were a factor in
production. At this location, Kobe was superior to Korean
and Climax. Korean and Climax were important in this study
only in 1951, Kobe, adapted to acid soils and low fertility,
increased forage yields the first year 455 pounds per acre
where 150 pounds of superphosphate alone was used (Table 1).
Obgervations indicated that lime appllcations encouraged
Korean and Climax growth, but yleld data did not reflect any
difference. |

Sericea did not become established sufficlently in 1950
to increase yields, but was equal to Kobe and Climax in 1951.
In 1952 this perennial was able to withstand adverse molsture
conditions in June. The Sericea, on phosphorus and the com=-
pination of phosphorus and lime plots, produced the most
forage in 1952, It was not ovtstandin: in 1953, but was far
more prominent than the annuals. Quality of the Sericea hay
wvas very low in 1952 and 1953 tecause it was cut about the
middle of July after the stoms had become woody and tannic
acid had reached a high content. Another factor that will
eliminate Serlcea for consideretion in prairie hay meadows
1s its atrong competitive ahility. It was easlly observed
in 1983 that the desirable native grasses were being crowded
out by Serilcea. All young grasses were gone and only the
larger and clder bunches were surviving.

Legumes were always present in the plots where nitrogen,

phosphorus and lime were applied in combination, but they



Table l.—=The Effect of Four Years Fertilization and Overseeding

with Lespedezas on the Yiclds from a Native Hay Meadow.

Pounds per acre. Averare of
4 replications.

Fertilizer

treatment Lespedeza
per acro variety 1650 1951 1952 1953 Average
None None 1,750 2,278 1,712 1,552 1,823
Korean 1,796 2,38, 1,783 1,418 1,843
Climax 1,611 2,410 1,992 1,418 1,908
Kobe 1,860 2,41, 1,848 1,377 1,875
Sericea 1,630 2,585 1,879 1,449 1,88
150# Superphos- None 1,954 2,435 2,067 1,871 2,082
phate/1 Korean 1,967 2,859 2,8 1,8,9 2,176
Climax 1,95 2,99, 2,108 1,989 2,257
Kobe 2,400 2,869 2,418 2,077 2,43
Sericea 1,367 2,862 2,857 2,172 2,439
100¢ Armonium Hone 1,773 2,836 2,182 1,669 2,115
nitrate/2 Korean 1,736 2,784 2,164 1,879 2,11
| Climax 1,386 2,886 1,849 1,600 2,157
tobe 1,602 2,746 1,94 1,549 1,975
Serices 1,98 2,796 2,023 1,686 2,113
1 ton Lima/3 lione 1,680 2,646 1,846 1,435 1,902
Korean 1,649 2,203 1,727 1,405 1,746
Climax 1,786 2,669 1,917 1,428 1,950
Xobe 1,724 2,145 1,920 1,427 1,804
Sericea 1,842 2,512 1,%5 1,533 1,963
150# Superphos- ilone 2,309 3,258 2,07, 1,874 2,379
phate £ 1 ton Korean 2,215 2,687 2,222 2,000 2,281
Lime Climax 2,010 2,943 2,129 2,066 2,287
obe D446 3,240 2,493 2,202 2,599
Sericesa 1,96 2,552 2,937 2,219 2,419
150# Superphos- lone 2,259 3,342 2,500 2,25, 2,529
phate # 1 ton Korearn 2,271 3,645 2,641 2,321 2,719
Lime £ 100# Climax 2,247 3,612 2,770 2,344 2,743
Ammonium Kobe 2,153 3,389 2,591 2,269 2,601
nitrate Sericea 2,203 3,457 2,656 2,149 2,616

/1 Superphosphate brosdcast each year in March.

/2 Nitrogen broadcast each year in May.
/3 Lime broadcast in March, 1950,
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were subdued by the rank growlng vegetation and did not
materially increase yields in any of the 4 years of the ex-

periment.
Chemical Content of the Prairie Hay

The untreated plots produced hay containing C.8 to 0.9
per cent nitrogen (Table 2). This 1s considered very good for
prairie hay and may be explained by the early cutting ir mid-
July. Nitrogen content varied from year to year and within
treatments, but some of the treatments produced hay consistently
higher in niltrogen throughout the 4 years.

Ammonium nitrate increased nitrogen content of the hay
more than 10 per cent over unfertilized areas {(Table 2).

This increase plus 10 per cent gain in forage weight resulted
in a 20 per cent gain in protein production in favor of
nitrogen fertilization (App. Table 1).

Hay from the Kobe and Sericea plantings treated with
rhosphorus had an analysis of more than one per cent nitrogen
for an average of the 4 years (Table 2). The lezumes were
not analyzed separately but seomed present in sufficient
quantity to raise the protein production appreciably,

Kobe lespedeza, with 150 pounds superphosphate per acre
annually, increased protein production 50 pounds per acre
over untreated plots (App. Table 1). This combination appears
to be the best possibility for improving prairie hay, but un-
ti1l methods of management are found to prevent the invasion of

annual grasses and weeds it cannot be recommended.
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None of the treatments raised the nitrogen content of
the hay sufficiently to meet the minimum requirements for
wintering cattle without feeding a protein supplement.

Prairie hay from eastern Oklahoma has always been low
in phosphorus, and hay from the non-phosphorus treated plots
in this study was very low in this element. The untresated
plots produced hay with an analysis of approximately 0.06 per
cent phosphorus, while 150 pounds of superphosphate per acre
increased the content to about 0.10 per cent (Table 2). This
amount of phosphorus in forage 1s still considered slightly
below the minimum for livestock. Hence, while these data
would indicate that phosphorus fertililization increases the
phosphorues content of the native grass hay appreciably, such
8 treatment cannot be recommended solely for this purpose.

No explenation can be given for the high calecium content
of the prairie hay in 1950 (App. Table 4). In 1951 and 1952
the results were lower but similar for each of the two years,
and little difference could bLe detected between the treatments.
The calcium content of the hay under all conditions was above
minimm requirements for livestock feeding.

It appears from Appendix Tables 5 and 6 that the mag-
nesium and the potassium content in prairie hay differs more
from year to year, and within treatments, than from the

different treatments.



Table 2,~A Summary of the Percentage of Nitrogen, Phosphorus, Calcium,
Magnesium and Potassium in Hay as Influenced by Feriilization and
Overgeeding with Lespedezss.

Percentage Compousition

Fertilizer
treatment Lespedeza Nitro- Phos- Calci- Megnesi- FPotassi-
per acre variety ge phorus/1 2 2
None HNone .859 061 .581 24T .t
Korean 0851 .%O .572 0251 0511
Kobe +923 061 650 o241 + 509
Sericea 852 061 <570 225 478
1507;" Su “C:'phos- Hone 0862 0107 0626 0267 0469
phate[é Korean .872 109 +601 «262 oLlidy
Climax .892 116 647 «250 A2
Kobe 1.011 «121 649 293 385
Sericea 1,020 118 624 271 418
100% Amnonium None .982 062 603 277 .518
nitrate// Korean 940 .065 .573 «259 J60
Climax .(}48 . %9 . 558 ~246 0475
Kobe 1.025 .073 652 278 432
Sericea 1.021 058 « 548 238 4,63
1 ton Line/5 Yone 815 .058 584 .251 472
Korearn .825 062 .638 263 439
Climez: 861 .059 634 o242 J68
Kobe 882 063 665 237 +L50
Sericea 869 064, G645 252 493
150# Superphos- Hone <823 .107 645 <269 436
phate £ 1 ton Korean .890 .113 689 266 465
Lirﬂe ClimB?.' .896 0116 -656 u257 0425
Kobe «940 .106 796 265 o423
Sericea 1.031 « 007 667 274 oL32
150# Swperphos- Hone 902 <102 . 568 .285 408
phate £ 1 ton Korean +839 .108 569 <279 402
Lime £ 100f Climax 934 «105 « 562 297 450
Armmonium Kobe 1.047 .102 625 282 372
nitrate Sericea  1.060 .108 o 574 «296 «3%96

[1 4=year avcrage.
/2 3-ycar average (1950, 1951, 1952).

/3 Superphosphate brosdcast each year in March.

/4 Nitrogen broadeast each year in May.
_/_5 Lime broadcast in March, 1950,
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Hotanical Composition Conditions in the Meadow

As & rule native hay meadows in Oklshoma change very
little in Vbotanical composition from year to year Iif they are
cut each vear in July. The drought conditions in 1952 and
1953 increased breedleafl weed growth appreclilably in the
meadows of the state. il was easy to detsct this increase of
weeds from 1950 to 1953 in the meadow adjacent to the experi-
menital nlots. Hand separation of the vegetation from the
check plots in 1650 and apain in 1903 at hervest time showed
that the weeds had increased from 17 per cent of the total
forage weight in 18950 to 24 per cent in 1953. This increase
was not caused by the invasion of new specles, but was duse to
decreassd growth of grass and to increased vigor on the part
of native weeds always essoclatea with native grasses.

Treatirents of 100 pounde oif ammonium nitrate per acre in
iay for 4 yeurs did not affect the weed population (Table 3).
This was also true where lime was used alcne at the rate of
one ton per acre.

Some of the treatments imposed on the wmeadow encourazed
invasion of many weedy species seldom found in native grass
lands used for hay. Table 3 shows an increase of winter
annual grasses on the phosphorus treated plots. These de-
terminations were made in 1853 which was most favorable for
winter grasses. The dry sumrer of 1952 did not produce any

growth of grass after cuttlng 1n July. Rains in November and
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December encouraged germination of winter annual grasses and
the dry May and June in 1953 did not permit the summer growing
climax grasses to compete with the established annuals. The
heavy invasion of the winter annual grasses on some plots was
astonishing, since the other plots and adjacent meadow land:
showed no trace of the same species. This might be explained
by the builld-up of seed stock on the plots after the experi-
ment started., The winter annual grass specles that appeared
in this study are able to thrive when available plant food
elements are carried over into the winter months, Observa=-
tions made in June, 1954 Indicated much less growth of annual
yragses in the heavlly infested plots of the preceding year.

The winter weedy annual grasses appeared on all phos-
phorus treated plots, with the greatest infestation where lime
and nitrogen were used in combinatlon with the phosphoruse.
This treatment produced more weedy winter annuals than native
grasses in addition to more than 25 per cent weeds in 1953
(Table 3). At the time of harvest, July 8, the annuals had
matured seed and the entlre vegetation was completely dead
and very dry. These plots had a high production record for
the year and the protein content of the forage was favorable,
but the hay would have had 1ittle sale value. It contalned
a high percentage of six-weeks fescue which made mowing very
difficult.

Phosphorus alone, and with lime, increased the winter
annual grasses appreciably on the legume plots. These grasses

on the nearby non-legume but phosphorus treated plots (Table 3)
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may be the result of haylng in preceding years which scattered
the seed from the legume plots to non-legume aress.

Close observation of the plots in September, 1953 indi-
cated that all heavily 1nfasted plots of winter annual grasses
had decreased the density of native grasses, but had prevented
all growth of summer arnual plants. Triplc awn grass was
common on the non-phosphorus plots. After the July € cutting
raing encouraged good summer growth and all the phosphorus
treated plots produced a vory good seed crop of native grasses
although the plants were fewer in number.,

All 8ericea plots with phosphorus decressed the density
of native grasses severely. <1he legume competed with the
grasses and broacd-leaveld weeds increased in the plots. The
anhual legumes encouraged winter arnual grasses in this test,

but did not encourage sannual weed growth,
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Table 3.~~The Botanical Composition in 1952 of e Native Hay Meadow
after Four Years of Fertiliration and Overseeding with Legumes.

Parcentapge Compositionli

Fertilizer
treatment Lespedeza Climax Anrual
per acre variety grasses lieeds g:re‘:\ssesz2 Lespadeza
Hone Composital3  75.8  24.2 Trace None
1504 Superphos- Lane 6.7 28.6 10.7 None
phate[‘}!ib Korean 6/ o6 4.7 28 0.8
Climax '5)-3 17-9 3347 2e.
Kobe L1.3 25.6 27.8 343
Sarices 41.1 20.9 263 11.7
1504 Superphos- None 64,49 13.2 16.9 Hone
phate £ 1 Son  Korean 4762 253 23.6 3.9
Lime limax TS 22.6 R2.8 0.9
Kf)be 62.6 1506 16.3 5.5
Serice& 3902 2105 26.4 1209
15G# Superphos— lione 2l eb 25, 46.8 Hone
phate £ 1 ton Korean 51.7 21.8 2645 Trace
“Lime £ 100# Climax 2.1 25.0 27.9 Trace
Armmonium ¥eobe 25.1 22.9 52.0 Trace
nitrate Sericec 245 30.5 4lie5 2eH
!
1 ton Limet”  Compositel3 76.8  23.2 Trace Hone
100# Armondium
nitrate[é CompositeZB 73.0 27.0 Trace None

[1 Tuo replications were used in maling each of these determi-
nationg sxcepht for the composite samples as indicated in

Zé footnot

2

C e

Composcd primarily of Hairy brome (Bromus commutatus) and
six-wecks fescus (Festuca octoflora).

ZB Composite samples werec taken because unfertilized, lime and
nitrogen treatments did not produce lespedeza growth.

Zﬁ Superphosphate Lroadesgs each year in March.
/5 Line broadecast in March, 1950.
[6 Witrogen broadcast each year in May.



SUMNARY

The effect of fertilizers and overseeding with lespe-
dezas on a native hay meadow was studied for four years
{1950~-1953) «

Nitrogen fertillizer increased hay ylelds only when good
moisture conditions prevalled in June. When the month of
June was dry the hay was brown, low in dry matter and the
yield was similar to untreated areas. The proteln content
of the forage was increased each year by the nitrogen treat-
ment, but no change occurred in botanical composition.
inder favorable condltions commercial nitrogen fertilizer
was not profitable as large galns are necessary to offset
costs, since prairie hay has a low monetary value.

Phosphorus fertilizatlon encouraged legume, weed and
posslbly annual grass growth., 1t raised the phosphorus con-
tent of the forage more than 60 per cent.

The addition of agricultural limestone to the meadow
did not change any factors considered in the project.

A combluation of nitrogen, phosphorus and lime increased
yields of forage, but stimulated weed growth and the in-
vaslion of weedy annual grasses, and reduced the density of
the desirable grasses.

The yleld and protein production was increased when
Sericea lespedeza was fertilized with phosphorus, but the

poor quality of the hay and its strong competition with

26
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native grasses eliminates this legume for consideration in
overseedling native hay meadows.

Kobe was superior to the Korean strains of lespedeza
primarily because it was better adapted to southeastern
Oklahoma. The comblnation of phosphorus fertilization and
overseeding with Kobe lespedeza showed the most promise for
improving forage in the native meadow.

It 1s possible that native hay meadows could be improved
by overseeding them with annual lespedeza, and by applying a
lighter annual rate of superphosphate than was used in this ex-
periment, The smaller quantity of superphosphate would probably
reduce the invasion of undesirable plants, and at the same time
supply sufficient phosphorus for the quantity of lespedeza that
can be grown Iin competition with the native grasses.

It is believed the study has furnished specific informa-
tion on some possible methods of improving production on
meadow land and has contributed much needed information on
the controversial subject of improving natlve pastures in
Oklahoma by the use of commercial fertilizers and overseed-

ing with legumes.
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App. Table l.—The Effect of Four Years Fertilization and Overseeding
with Lespedezas on the Protein Production in a Native Hay Meadow.

Pounds per acre. Average of 4 repli-

cations.
Fortilizer

treatment Lespedoza
per acre variety 1950 1951 1952 1953 Average
None ione 97.2 112.2 86.7 92,7 97.2
' Korean 103.7 110.4 8443 8345 95.5
Climax 104.1 127.2 98.0 87.6 104.2
Kobs 117 -4 126.8 93 09 82.0 105.0
Sericea 9R.7 131.5 91.1 79.8 "98.8
150# Superphos—- None 115.0 125.2 87.5 1l6.5 111.1
- phate/l Korean 121.7 157.6 98.8 11544 119.,0
Climax 125.,2 16R.4 93.5 106.8 122.0
KObe 183 06 180.2 .11709 131 -4 153 .3
Sericea 2.0 201.9 178.9 137.4 158.6
10&? Arfmonium None 11907 158-7 117 .l{- 30808 2601
nitrate/2 Korean 108.5 140.5 107.6 125.0 120.4
Climax 114.3 159.4 107.9 104.9 121.6
Kobe 119.4 157.2 108.7 112.8 124.5
Sericea 122.9 w;—. 5 12009 13403 . 13006
1 ton Lime/3 None 9.4  125.4 784, 32.6 %5
Korean 97.9 95.0 784 86.2 8944
Climax 101.6 163.8 89.1 89.9 111.1
KObe 10()-7 10908 850 5 86-3 97.1
Sericea 118.6 12106 8'700 9/4,04 10504
150¢# Superphos- HNone 1419 18,9 102.4 1044 1244
phete £ 1 ton Korean 137.1 16l.4 105.8 106.2 127.4
Lize Climax 117.0 16445 102.3 132.5 129.1
Kobe 146.7 187.0 130.8 118.0 14546
Sericea 124.0 154.9 22101 13902 159.8
150# Superphos~ None 132.6 170.9 127.2 14i4.3 1,3.8
phete # 1 ton Korean 129.2 171.9 131.9 129.7 14047
Lime #£ 100# Climax 148.7 215.0 139.7 158.4 145¢5
dnmonium Kobe 15047 24460 1511 145.5 172.8
nitrate Sericea 132.2 208.5 177.5 137.1 163.8

/1 Superphosphate brosdcast each year in March.
/2 Nitrogen broadcast each year in May.
/3 Lime broadcast in March, 1950.
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App. Table 2.—~The Effect of Four Years Fortilization and Overseeding
with Lespedezas on the Nitrogen Contont of Hay from a Native Meadow.

Nitrogen per cent.

Z replications.

Average of

Fertilizer
treatment Lospedeza
per acre variety 1950 1951 1952 1953 Average
None Hone .89 «789 812 <340 .358
Korea.ﬂ .‘;3 c?!q,g 0’758 .968 .851
Climax «J2 845 786 1.008 .889
Eabe 1.01 « 59/, 818 970 023
Sericea 091 t&l -773 '883 - 852
150# Superphos- ione 9/, .825 679 1.002 <862
phatq[g Korean 09 L8087 678 R3 872
Clmﬂx 1.03 085l+ 0755 0930 .892
Xeobe l1.22  1.010 787  1.025 1.011
Sericea 096 10335 lomB 0995 1.080
100# Ammoniwn Hone 1.08 <902 913 1.055 .988
nitrate/2 Forcan 1,00 .832 797 1125 <940
Clirax 7 877 930 1.014 <948
Zobe 1.13 .297 902 1,162 1.025
Serices 1.01 <826 «955 1.332 1.031
1 ton Lime/3 lone 90 L762 681 915 .815
Xorean .95 650 .739 « 960 325
Climax 91 o717 738 1.077 «861
Koba .99 <AL W713 983 584
Sericea 1.03 o717 .768 «960 «869
150# Superphos- lNone «99 o724 794 «903 «853
phate £ 1 %on  Xcreen .99 925 765 .880 .£90
Line Climax -93 . 892 ° 774 . 988 . 8%
Kobe 96 1,064 81 895 <940
Sericea 1.01 889  1.222 1.004 1.031
150f Superphos~ None -9 .819 .81, 1.033 <902
phate 4 1 ton  Xorean 01 7R .300 8903 .239
Lime £ 100/ Climax 1.06 <990 .809 1.076 <984,
Argnondum Kobe 1.12 1.n99 931 1.033 1.047
nitrate Sericesa .96 «954 1.301 1.020 1.060

/1 Supccphesphate brosdesst onch year in Merch.
/2 Nitrogen broadcast each year in May.

/3 Lime broadeast in doreh, 1950.
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App. Table 3.=-The Effect of Four Years Fertilization and Overseeding
vwith Lesgpedezas on the Phosphorus Content of Hay from a Native Meadow.

Phosnhorus per cent. Average of
4 replications.

Fertilizer

ireatment Legpeleza
per acre. variety 1950 1951 1952 1953 Average
None None JO7T7 053 .058 <056 .061
Iorean 074 Q53 052 055 060
C 1im.ax . 076 . 053 . 58 . 061 . %2
Xoba L1 «053 <60 02 .61
Sericea .(775 .053 0060 -058 '%l
150# Superphos- None 101 «105 .103 118 <107
phate/l Korean 105 102 2208 .121 .109
Climax 117 .110 .108 <131 116
Sericea u125 .]_18 0112 -118 013.8
10%‘( A.mmoniwn Hone . %7 . 053 . %6 . %3 . %2
nitrate/2 Xorean 074 050 L0600 076 <065
Climax <074 . 060 .080 062 069
Kole ROFIA L0068 068 . 031 073
Sericea 063 .053 .060 054 .058
1 ton Lime/3 Hone 067 .053 . 060 .052 .058
Korean 069 052 060 061 062
Climax .06, 055 060 «059 .059
Kobe (76 060 . 060 .056 .063
Sericeﬂ . %9 . 057 . %O . 069 . %4
1504 Superphos- Iione 113 .093 103 o121 107
phate £ 1 ton  Korean .101 .108 J18 127 .113
Lime Climax .126 «110 113 2115 116
kot .13.0 i -100 OIJ-O -lolp ol%
Saricea 095 <097 «102 « 094 «097
150# Superphos- MNone J14 005 .093 .108 102
phste £ 1 Gon  Korcan 104 .20 .099 139 .108
Lime # 1004 Climax . 096 .100 093 «13 105
Argronium Lobe <106 103 .103 .095 102
niirate Sericea 123 .C93 <103 115 .108

/1 Svperphosphate broadeszsh cach year in March.
/2 Nitrogen broadcast each year in May.
/3 Lime broadeast in March, 1950,
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App. Table 4.--The Effcect of Four Years Fertilization and Oversceding
with Lespedezas on the Calcium Content of Hay from a Native Meadow.

Calcium per cente.
4 replications.

Average of

Fertilizer
treatment Lespedoza
per acre variety 1950 1951 1952 Average
None Hone .72 «535 Az 581
Korean 72 478 «518 « 572
Cli’.na:{ -79 . 579 . 510 . 595
Kobe 75 «598 503 550
Sericea .77 <73 o468 570
150# Sunerphos~ Hone .93 420 o208 626
phate/1 Korcan i <514 450 601
Climax .33 547 518 o647
Kobe 088 . 5/45 » 523 0649
Sericen .70 « 580 « 593 624,
100# Armoniun None oS4 435 533 603
nitrate/2 Korean .75 495 475 573
Climax 72 JL65 o458 558
Xobe -93 0470 . 555 0652
Sericea .72 J45 J78 5,8
1 ton Line/3 lione 68 500 573 « 584
Korean .79 605 YA 638
Kobe 86 <503 573 665
Sericee 77 «530 635 HL5
1504 Superphos- lone .79 < 5838 . 508 645
phate £ 1 ton Korean 1.01 580 LT3 639
Lime Clinax .08 636 453 656
KObG 1 eRR . 626 . 543 0796
Sericea 77 640 « 592 607
1504 Superphos~ lione .77 o438 45 » 568
phate £ 1 ton Korean <01 o435 4,08 « 569
Lime £ 100} Climex .79 480 o415 o562
Anmonium Kobe .90 525 o/, 50 0625
nitrate Sericea «59 .578 . 553 o574

1
Z Supervhosphate hroadcast
/2 Nitroren broadeast ecach year in May.

each year in March.

/3 Line broadcast in March, 1950.
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App. Table 5.—~The Effect of Four Years Fertilization and Overseoding
with Lespedezas on the Magnesium Content of Hay from a Natlve Meadow.

Mapnesium por cente.
4 replications.

Average of

Fertilizer
treatment Lespedeza
ner acre varicty 1950 1951 1952 Average
None None «276 «228 238 o247
Korean .300 «210 oRA2 251
Glif'lax 0262 -228 0234» 0241
KObO 0248 u212 -2[‘3 0241
Sericea 262 .178 235 o225
150# Superphos— lone .333 .220 <249 267
phate/1 Korean 265 257 «204, 262
Climax 184 307 «260 «250
Kobe 344 +270 <266 «293
Sericea .313 <237 +264, 271
100# Armonium ilone «352 «217 262 277
nitrate/2 Korean 321 .218 244 259
Kobe «366 «197 271 278
Sericea <263 0227 «225 «238
1 ton Lime/3 jione 271 220 263 251
Korean <296 «262 $232 .263
Climax 322 <187 218 022
Kobe 277 .198 «236 «237
Sericea 316 «210 «229 «252
150# Superphos- None .336 212 «258 .269
phate £ 1 ton  Korean o347 222 «229 «266
Lime Climax 272 «265 235 257
Kobe « 294 240 «201 265
Sericea .297 «260 266 o274
1507 Superphos- lone «300 302 252 285
phate £ 1 ton Xorean »288 275 «276 279
Lime £ 100/ An. Climax .367 255 269 297
nitrate Kobe 291 «292 $ 262 282
Sericea «349 270 268 «296

Zl Superphosphate broadcast each year in March.
/2 Nitrogen lLroadcast cach year in May.

/3 Line broadeast in larch, 1950.



App. Table 6.—~The Effect of Four Years Pertilization and Oversceding
with Lespederzas on the Potasaiuvm Content of Hay from a Native Meadow.

36

Fortilizer

. -

Potaasium per csnt. Average of

4, voplications.

treatment Lespedaza
per acre varishy 1750 losl 1952 1953 Average
Mene Neme » 50 Ay 373 £ 200 RYVA
Korean «56 436 392 656 511
Climax » 57 o412 392 600 495
Kobe . 58 0387 -385 0687 . 509
Soricen . ’;5 .367 0392 0605 .478
150# Superphos~ Iono % 417 «390 <541 469
phatEZl Korean ./;.9 01415 359 » 512 .444.’*
Clim}: '35 -407 -352 -540 0412
KObe .36 0363 .328 '488 .385
Serices 22 o4l5 332 L7 W418
1004 Arrnonium None L7 406 377 819 .53
nitrates2 Korean L9 W399 366 .586 460
Climazx A W15 351 656 475
Kobe o3 429 373 «495 o432
Serlcen ) 27 351 . 576 463
1 ton Lime/3 Yone .51 .38 402 ¢ 592 472
Korean <8 400 389 490 439
Climax 53 452 « 399 « 4,92 68
KObe . 51 0375 0375 . 541 .450
Sericen 0/5 -/{.38 0399 o()(q[p 0493
150f Superphos— MNone A7 433 355 45 436
phate £ 1 ton Korean A7 «369 376 647 465
Lime Climax -17 0352 ¢367 05]2 0425
Kobe oLl .388 o342 «523 o423
Sericos R0 «361 319 o548 432
150 Superphos- ione 5 392 R VA <458 «,08
phate # 1 ton Korean WA 362 351 o426 402
Lime £ 1004 Climax A « 307 351 « 57 «450
Armnonium Koba A5 270 + 29/, o374 372
nitrate Sericea il 35 304 4380 «396

/1 Supcrphosrhate broadcast each year in March.
/R ¥itrogen brondcast cach ysar in May.
/3 Lime broadcast in March, 1950.
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Apre Table Y.

—Precipitiation Data for Weolbers Falls, Olklahon

37

Precipitation in inches

Honth 1950 1951 1952 1953
April 2.9 2430 7.90 6439
May 793 2e33 4o 56 3.88
June 1.00 8.34 3.96 1.9
July Be45 1.76 1.96 Lo,

»

from the Tnited Stafes Department of Commerce, Weoather Dureau
Wenbers Falls, located 10 miles east,
is the resrest olficizl weather station to the meadow studied in thise

"Climatologiceal Desat 1950-1954,

gxperinent.
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