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THE EF<eCT OF ScodING RATS Cwh Tab
YisLD O ALFALrA IN
ASoCCIATICN WITH GRASS

I. INTZCDUCTICN

The development of the livestock and dairy
industries in the United States has brought about the
extensive growing of forage crops for hay and pasture
in the last few decades.

Because of the wide range of climatic and soil
conditions in the United States, a great variety of
forage crops is required. In many situations a single
species is grown. On the other hand, certain mixtures
have been found to be of great value. It has been
clearly snown that a legume in association with grass
possesses numerous advantages over straight seeding.
However, the rate of seeding of the le ;ume in relation
to the seeding rate of the zrass must frequently be
worked out for different species and for different
regions. Likewise, the competitive relationships
between the species in the mixture in comparison to
either grown alone should be studied and seeding rates
selected which will give the desired amount of grass
and lesume in the mixture.

This experiment was desSizned with the purpose of
studying the effects on the yield of alfalfa when in

association with four different grasses at various
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rates of seeaing. The four grasses used were broue-

grass, timothy, orchard ;rass and tall fescue.

(&

IT. RovVIisy Of LITarATUYE

Wagner and Wilkins (18) reported that lezumes in
mixture with orchard grass and smooth brouezrass
improve the quality of pasture throuzin an increase in
the protein content of the mixed herbage.

fulleman (9) reported that the cheuwical composition
of a foraze crop as expressed in terms of protein,
calcium, phosphorus and maznesium is generally considered
to be closely related to its palatability. The protein
content of alfalfa and alralfa-grass mixtures was inuch
higher than that of the grass alone, the calciun content
of the alfalfa and the alfalfa-grass mixtures was very
hizn, and bromegrass snowed a nigher protein ccatent
than orchard zrass.

svans (7) discovered in 30 of 31 comparisons that
the percentaze of protein contained in the green leaf
of timothy grown in mixture with clover was hi:her than
in the leaves of the same grass grown alone. Lawn
clippings from plots wihere the grass was grown in mixture
with a lezumne were found to be composed of a large
proportion of zreen leaves and a correspondingly small
proportion of dry and brown leaves when conpared with a

plot where no lezwie was grown. when timothy was cut at
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an early stage of growtn and ensiled, it produced a
silage hizher in protein than corn silage.

Churchill (5) reported that the association of the
bromegrass with the alfalfa increased slihtly the
percenta~se protein of thne bromezrass rezardless of
strain. He reported that the decrease in the protein
content of alfalfa when zrcwn alone in comparison to
that of alfalfa grown with dromegrass was probably
due to greater loss of leaves.

Harrison and Rather (15) reported that bromezrass
is substantially higner in protein content than timotny
and many other zrasses, especially at the advanced staje
of maturity. Pure stands on upland soils are limited in
vigor because of lack of sufficient nitrozen. When grown
in the presence of well nourished alfalfa, the bromegrass
remains vigorous, productive, palatable and rich in
nutrients.

cvans (8) repcorted that the yield of timothy was
highest of the grasses followed by tall fescue, orchard
and brome grass with 5309, 4307, 3938 and 3532 pounds
of hay per acre, respectively. Alfalfa sown alone in
comparison to an alfalfa timothy mixture yielded 7540
and 8180 pounds per acre, respectively.

Churchill (5) found that growing bromegrass and
alfalfa in mixture reduced the acre yield of each

individually when compared with yields of each grown

alone,
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Aberz and associates (1) found that the yield of
bromegrass was lower when grown in association with
orchard zrass and timotny than when grown alone, whereas
there was an increase in yield when its partner was al-
falfa. Both orchard zrass and timothy vroved to be
better producers when zgrown in mixtures with alfalfa.

Wizzan (19) found that any seed in excess of 20
pounds per acre used in seedinzy meadow and pasture was
wasted. In a large proportion of cases 15 pounds is
probably adequate wnen conditions are favoraole.

rvans (7) found in his timotihy seedinz test that
with each increment of timotny seed, there was a
gradual increase in the percentaze of timothy and a
corresvonding decrease in the percentaze of clover in
the hay. The effect of different rates of seeding tends
to diminish as the stand becomes older, but may persist
for at least three years. In 16 rates of seeding tests
in whicn timothy was sown in the fall, the rates varied
from 1.25 pounds to 20 pounds per acre. The results
indicated that three or four pounds per acre may be
rezarded as satisfactory rate of seeding.

Fuelleman (9) observed that the best seeding rate
depends on the way the crop is to be used. Wwhen wanted
mainly for seed, bromegrass planted alone should be

seeded at the rate of about 12 to 18 pounds per acre.
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When it is to be used for hay and pasture 15 to 20
pounds is the best rate. Alfalfa and bromegrass
should be seeded in a ratio of two parts alfalfa to
three parts of broumerass, for example six pounds of
alfalfa and nine pounds of bromegrass.

Rather and darrison (15) recomnended seedings of
alfalfa-brome at eight pounds of alfalfa and seven pounds
of smooth brome. In many of the more recent seedinzs,
only five pounds to the acre of smooth brome seed nave
been used. Iidcunisan farmers using the mixture have
suzgested that an even lower rate of brome seed, irf
evenly distributed, is desirable to prevent the brome-
grass from dominating the mixture too rapidly.

Hutcheson (12) showed that the seedingz rate had
little influence on the yield of alfalfa or of alfalfa-
orchard grass mixtures.

wfifect of Seeding Rate on Total Yield of
Hay in Virginia

Pounds of seed sown per acre Yield of field Cured
Alfalfa  Orchard grass hay per acre, lbs. av.

10 -- 6,340

20 -- 6,890

30 14 6, 660

20 14 7,300

10 14 6,490

5 10 6,500

Schotch (16) reported that no siznificant yield

differences with various seeding rate wilether drilled
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or broadcasted.

Ilethods of Jeeding Rate of seeding 3 yrs. av.
per acre, lbs. acre yield,

tons.

10 5.58

Broadcasting 15 5.31
20 5.57

8 5.30

Drilled 12 5.17
16 5.51

+iay (13) found that each plant in hay meadow or
pasture nixture is influenced in some way by the pres-
ence of other plants, the relative abundance of any one
species in the mixture may not remain the same seasonally
or  annually. The change, often described, may in time
result in a community very unlike the ori;inal one. His
experiments indicate that alfalfa will be replaced by
Johnson grass if grown in an alfalfa Johason grass
mixture.

Ahlgren and Ammodt (2) showed tiat the development
and activity of roots of certain species of plants may
be affected by the plant metabolism of adjoining roots
and that some species of plants may have a specific
effect on other species whicn follow on rotation. Toxic
secretion, deficieant oxy3zen, excessive carbon dioxide
and moisture, harmful pii and nitrozen starvation are
amonz the more imvortant factors listed as being involved

in specific root interactions.
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ITI. EiFslLoaldTAL PROCmDURE

The experiment was conducted in the greenhouse at
lidcaizan State College, kast Lansing, Idcuizan during
the fall of 1949. Four grasses were used in various
combinations witn alfalfa at different rates of seeding.
They were bromezrass (Bromus inermis), timothy (Fhleum
pratense), orchard grass (Dactylis glomerata) and tall
fescue (restuca elatior). Each of the grasses and the
alfalfa were seeded alone as pure species at four,
eignt and sixteen pounds per acre to serve as checks.
Then eacii grass was seeded at four, eijzht and sixteen
pounds per acre with alfalfa at the same three rates.
Thus there were nine possible combinations for the rate
of seeding treatments within each species of grass in
mixture with alfalfa. &kach mixture, and the pure species,
was replicated three times, making a total of 153 pots.

The seed was sown in 10-inch clay pot on September
12, 1949, using quartz sand instead of soil. VWith
proportion to the acreage area, it was found that .0228
gram, .0456 gram and .0912 gram of seeds should be plant-
ed in a 10-inch pot to equal four, eizht and sixteen
pounds to the acre, respectively. JSince the forage crop
seeds are so variable in size and weight, a seed count
determination was made for eacn grass and alfalfa at
different rates of seeding. Tne result is given as

follows:
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Crops Rate of Seeding Wt. of seed to No. of seeds
be planted in to be sown

Fer acre 10" pot in grams in 10" pot

L 7 .0228 11

Alfalfa 8 # JO0L56 22
16 i .0912 LL

L # .0228 11

Brome 8 # 0456 22
16 # .0912 Ll

L i .0228 69

Timothy 8 # 0456 138
16 i# .0912 276

L # .0228 30

Orchard 8 # 0456 60
16 # .0912 120

L i .0228 9

Fescue 8 # 0456 18
16 .0912 36

After sowing, the cultures were watered regularly
and supplied with a nutrient solution to secure the best
growth under fall greenhouse conditions. The nutrient
solution contained tne followinz concentrations and was

applied once or twice per week.

Nutrient Partial volume molecular Conc.
KH2 POI+ 0.0045
Ca(NO3)2 thO 00,0090

11gS0,, TH,0 0.0045
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The greenhouse temperature ranged between 70 to &0
degrees F. and no artificial lizht was used. The plants
were left to grow until December 18th, 1549. At that
time the first replication of the experiment was harvest=-
ed. The sand was washed from the roots and the species
in each mixture were separéted. Roots and tops were
weizghed separately, both green weight and oven dried
weight being recorded. This harvest extended over a
period of ten days because of the time required to

separate the species within a mixture.
IV, ZxPunI. SNTAL RzZOULTS

Yield Comparison Between liixtures

Despite the different rates of seeding, all cultures
of the same mixture were grouped together to determine
the yield differences between mixtures. The green weight
of root and top for both components in the mixture was
used for this study. Table 1 indicates that the orchard
grass-alfalfa mixture had the highest yield of the mix-
tures studied. The differences in yield between orchard
grass-alfalfa and the other three mixtures was very signif-
icant, a difference of 357 grams being required for signif-

icance at the 5 per cent level. There are no significant

yield difference between alfalfa-brome, alfalfa- timothy,

and alfalfa-tall fescue.
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Table 1. Total Green Wt. of Grasses and Alfalfa
in Different iiixture (Grams)

lixtures Alfalfa & Alfalfa & Alfalfa & Alfalfa &
Brome Timothy Orchard Fescue
Replication I 1463 1605 2565 1965
Replication II 1618 1688 2320 2110
Replication III 1987 1695 2305 1915
Total 5068 4,988 7190 5990
Average 1689 1662 2396 1996

The mixtures under this experiment were grown for a
period of three months, but this data proves tnat orchard
grass begzins growtn earlier and continues more vigorously

especially under greenhouse conditions.

A Split Plot Design Analysis on The Yield
Of l.ixtures at Different Rates oI Seeding

Since this experiment was originally designed as a
split plot, the analysis of yield differences, here
presented, between rates of seeding and mixtures was
based on this design, using the rates of seeding and
different mixtures as the main treatment and sub treat-
ment. Total oven dried weight of‘top and root grovth
for both components in the mixture was used for this

study.
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Table 2. Dry Weizht of Both Top and Root Growth
of kMixtures at Different Rates of Seeding
(Yield in Grams From the Average of Three

Pots)
Alfalfa Grass Grass in Ilixture
Seeding Seeding
Rate Rate Brome Timothy Orchard Fescue Aver.

L /A 19.5 33.6 48.0 30.8 33.0

16#/A 37.8 L1.8 73.5 53.0 51.5
) LF/A 17.3 23.0 28.8 15.3 21.1
87/A 8i7/A 31.0 28.8 31.8 23.3 28.7
16;/A 31.5 26.3 53.1 L3.5 38.6
. LPI]’:I/A 20’1 2303 37-1 1900 214-09
167#/A 8,//1 30.1 19.0 28.0  25.6 25.7
167/A 42.0 4L2.3 50.6 L2.5  L4.5
Total 78545 822.0 1228.5 903.0
Averaze 29.0 30.4 L5.5 334

It was found tnat yield required for significant
difference at 5% level between rates of seeding and mix-
tures were 7 grams and 4.6 grams, respectively. Comparing
the average yield between different rates of seeding
regardless of its mixture, it is clearly shown in Table 2
that with each increment in seeding rates pf grasses there
is a notable increase in yield. Though the seeding rate
of grass is doubled the yield does not respond proportion-
ately. It is wortny to note that there is no slight
indication of increase in yield when the seeding rate of
alfalfa is increased. This can be explained by further

analysis on the proportion of alfalfa in each mixture at
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different rates of seedin;. Since alfalfa is not so
azgressive in growth as the grasses, each increment in
seedinz rate does not influence the yield greatly. So
far as the yield as a whole is concerned, it seems that
four pounds of alfalfa sown with sixteen pounds of grass
has the highest average yield.

It is noted in Table 2 that the averagze yield
differences between the mixtures are substantially the
same as we found in Table 1. This further proves that
there is a close and positive correlation existing be-
tween green weight and oven dried weight of the yield of
alfalfa and grasses.

With each increment in seeding rate of bromegrass
in the alfalfa brome mixture, there was a siznificant
response in the differences of yield. This statement
also holds true in the alfalfa-orchard and alfalfa-fescue
mixtures when the rate of seeding of orchard grass and
fescue were increased. However, there are a few exceptions
in these couparisons, as no difference in yield was observ=-
ed between alfalfa and brome, each seeded at eight pounds
to the acre and eight pounds of alfalfa seeded with sixteen
pounds of brome grass. There was a significant decrease in
yield when eight pounds of orchard grass were sown with
sixteen pounds of alfalfa when compared to four pounds per
acre of orchard grass. These variations may be due to

experimental error or other causes. In the alfalfa
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timothy mixture, there was no significant difference in
yield when the rate of timothy seeding was doubled. 1In
each individual mixture, no notable yield differences
were observed when the rate of alfalfa seeding was in-
creased.

Yield Comparison Between lixture and

their Comoonents seeded alone
at Various ilates of uveeding

The total green weight in grams of top and root of
individual mixtures and their components seeded alone
were used for this analysis. In the alfalfa brome
mixture, as snown in Table 3, when alfalfa and brome-
zrass were eac:: seeded alone it seems that there was
significant increase in yield with eacn increase in rate
of seeding. By comparing the straisht seedings with the
mixture, the straight alfalfa and straight brome at high
rate of seeding yielded more or less the same and a little
bit higher than the hignest yield of alfalfa brome
mixture.

Taole 4 indicates that a straiziit seeding of timothy
yielded a little better than the alfalfa-timothy mixture.
Tne highest yield was Iound by sowing & pounds of timothy
alone. With rezard to the mixture it seens that there was

no strikinj; differences amonz various rates of seeding.
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The orchara .;rass seeded with four pounds of alfalfa
save the best yield (Table 5). Increasins the rate of
alfalfa seedinj wnen sown in mixture with orchnard zrass,
decreased consideratly the total wei;nt harvested.
Doubliny the rate of seeding of orcnard ;rass in mixture
did not increase the yield accordingly. 7Tnis is why
orcnard jrass sceded alone at four nounds per acre showed
no differences in yield wiien compared to its ni:h rate of
seeding. It seems tnat the nixture nad a better yield
than straisht alfalfa seedin; but no dirference in yield
was observed between the mixture and orchard srass seeded
alone.

Table 6 indicates that both yields of alrfalfa-fescue
mixture and straight fescue were increased when a hizh
rate of seedinz of fescue was used. It was also found
tnat increasing the rate orf alfalra seedin7y in the
mixture aid not increase its yield. un the contrary, it
was observed that a siznificant decrease in yield occurred
when four or eignt pounds of fescue were seeded with eiznt
or sixteen pounds of alfalfa wien courarea to four pounds
of alfalfa. The mixture in wulch fescue was seeded at
sixteen pounds siiowed a notaole increase in yield over
tnat of straiznt alfalfa seedinz. o siznificant
difference in yield could be seen betieen tile mixture

and straignt fescue at saue rate of seedingz,
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Determination of 4lfalfa Yiela in Various !1dxtures
at Different iates of oceding

Taole 7 indicates that total alfalfa yield in the
alfalfa-brone nixture was decreased even when comnared
with tire lowest rate of seeding of straight alfalfa. In
straizht alfalfa, as mentioned before, by increasing tie
rate of seedinz tne total yield was significaantly
increased. In tne mixture it seeis tnat alfalra yield
was but sligntly airected by varyin: the rate of seeaing
of bromegsrass. In otner words, resaraless of the rate
of broiie ;rass seed beinz used, tne alfalfa snowed an
increase in yiela with eacn increment in alfalfa seeding
rate althou.. tne aifference was not so promising.

In the alfalfa-timotiy wmixture t.ie same statement
can be made that straisht alfalfa séedin; had a nuch
better yield than the alfalfa yield in the mixture. ko
clear indication was observed that the alfalfa yield was
increased witn eaca increment of alralfa seediny in tais
mixture. It is clearly s:own that with each increment
of timothy seedinz there was a marked decrease in the
alfalfa yield. So, four pounds of timothy seeded with
eizht or sixteen pounas of alfalra seens to 3ive the
best yield of alfalfa (Taole 8).

A consideraole reduction in alfalfa yield was
ooserved with each 1ncrei.ent of orc:.iard jrass seedinc,
while alfalfa yield in the mixture was increased by
increasing the rate of alfalfa seedinz. It seewms that

sixteen pounds of zlfalfa seeded with four pounds of
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orcnard zrass gave the best yield of alfalfa., iione of

the nixtures in fable 9 srnows an alfalfa yield as high

~

as oovtained in strai:xnt z1falfa seesdinz.

G

Alfalfa yield in association with fescue showed the

}—J
=
v
}_l
I
®

sai:e responses as in tre timotily and orchard a
mixtures. But the decrease in alfalfa yieli was not so
distinct as the rate ol fescue seeding was increased.
The best alfalfa yield was observed by soviing sixteen
pounds of alfalfa in the mixture. 1Iio difference in
alfalfa yield could be seen when alfalfa was seceded with
four pounds to the acre as couipared to tnat seeded at
eight pounds in the izixture.

By comparin; the total alfalfa yield in these four
mixtures, it is clearly shown tnat tne alfalfa-brome
mixture ranks first in terms of total alrfalfa yield
followed by alfalfa-fescue, alfalfa-orciard and
alfalfa-timotny in the order of production.

Determination of Grass Yield in Association
with alr alo'A at Jitfrferent Rates of ceeainz

A siuilar analysis was niade of the zrass yield in
association witn alfalfa at different rates of seeliinz.
A conposite table was made with G denotin; the grass
seeding rate in the mixture.

In general, all the grass yilelds in mixtures were
lower than their resvective rate of seeiinj in straiznt
seedinz. But, a few excecvtions sucn as orchard grass,

and fescue seeded with four pounds of alfalfa to the acre
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had alinost the saune jrass yiela as taneir strai:nt seelin ;.
| In the brome-alfalfa mixture it seems that the brome
yield was increased wit: eac: increase of brome seeding
rate. w0 1incresse in brome yiela was observed by increas-
inz the rate of alfalfa seedin- in the mixture. However,
a slizht decline in orome yield coula be noted when eight
or sixteen pounds of alfalfa was used in the mixture
instead of four pounds. Tne best combination for produc-
inz more brome was found to pe sixteen pounds of brome
seeded witi four pounds of alfalfa.

In the timothy-alfalra mixture, the timothy yield
was consistently aecreased with eachi increment of
alfalfa seediaz. ilo consistent increase in timothy
yield was shown, nowever, by increasing tiae timothy
seeainz in the mixture. oixteen pounds of timothy seed-
ed with four pounds of alfalfa gave the best timothy
yield in the mixture.

;rass seeded with four pounds of alfalfa

Orcnard g
rave the best yield of orchard srass. Increasinz the
rate of orcuard in the mixture did not increase its yield
much. mizht pounds of orchard jrass seeded with four
pounds of alfalfa was found to be a zood combination as
far as the yield of orcnard zrass in the mixture was
concerned.

Fescue yield was markedly increased in the mixture

witii each increase in rate seedinz. 3ut the fescue yield
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was not arfected by increasing the rate of alfalfs seeding.
Si:titeen pounds of fescue seeded wita four pounds of
alfalfa was the best comoination.

530 far as tne total srass yield is concerned orchard
zrass saowed a siznilJicantly ai cher yield than other
grasses in tune mixture.

Root Growtn of Grasses ¢« Alfalfa as Influenced
by [neir idxturss at Jillerent iates oi oeeualins

The sreen welznt of roots in eacn culture and the

~iven

2

avera e per culture for the various treatnents are
in Table 12.

The averaze green weisht of brome roots in the
alfalfa-brome mixture was increased with eacn increment
of brome seeding rate. A slizht decrcase in weizht of
brome was observed by increasing tiie rate of alrfalfa
seeding in the mixture. In the same mixture, the weight
of alfalfa root was not ariected by tne various rates of
brome seeding. however, it indicates a consideravle in-
crease in the weizht of alfalfla root when nigh rates of
alfalfa seedinz were apvlied. The wei:nit of bronie roots
in tne mixture was slightly decreased by tie presence of
alfalfa when coupared with the straight seeding.

By varying the rate of timothy seedinz, the root
weizht of timothy in the mixture showed a very inconsistent
response. otill a general tendency of increase in timothy

root weisht could be observed witn eacn increment of
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timothy seedingz in the mixture. oixteen pounds of
timothy seeded witn eisht prounds of alfalfa and eight
pounds of timotiiy sesded witn sixteen pounds of alfalfa
vere the exceptions to tnis statement. Lihen the alfalfa
seedinz rate was increased from four pounds to eignt
pounds to tne acre, a marked decrease of the weizht of
timothy waé observed, but no difference in timothy root
weight was snown wnen alfalfa seed was increased from
eizht pounds to sixteen pounds. It is also true tnat
timothy seeded alone haa a greater weignt of roots than
that in the mixture at the same rate of seedinz. The
alfalfa root weizht in the mixture showed a distinct
decrease as the rate of tiumothy seeilnz was increased.
Positive response on the weisnt of alfalfa roots was ob-
tained with each increnent or alfalfa seeding in the mixture.
In the orchard-alfalfa mixture, the orchard grass
showed an increase and alrfalra roots a decrease in weight
when the rate of orcnard seeding was increased. As the
rate of an alfalfa seedin; was increased from four pounds
to eight pounds, it was odd to note that the weight of
orchard roots in the mixture was inarkedly decreased.
At the same time there was not tane least indication that
alfalfa root weixht was affected by tais chan_.e. liith
each increment of the seeding rate of orchard grass seeded
alone, tnere was no diiference in root wei:nt. It also

outyielded considerably the orcnard roots in the mixture.
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with each increment of fescue seed in the nixture and
in the straisht seeding, the fescue root weiznt was also
increased. 4althousa there was soule variation, a general
tendency could be observed tunat fescue roots siowed a
decrease in weizht wien the alfalfa seed was increased in
the mixture.

Allfalfa seeded alone snowed an increase in root
welsht witn eacn ilacreument ol seeding rate and also out-
yielded several times that of the alfalfa roots in the
mixtures under the samne rate of seeding.

5o far as the weizht of alfalfa roots in the various
mixtures is concerned, it seems thit alralfa had its best
root zrowth when seeded with broue grass. Tnhe alralfa-
fescue mixture also furnished very favorable ccnditions
for alfalfa root gsrowth. 'ne weisht of alfalfa roots was
decrezsed to one half when seeded with orchard or tiriothy.

Alfalfa-orcrnard mixture nad a better total root
growtn tnan the rest of the nixtures.

Top Growth of Alfalfa and Grasses and Their
iixtures at vVarious rates os veeqalny

Table 12 also indicates that a close relationship
existed between root srowti: and top growtiui of the zrass
and the le;unes in the mixtures when tneir rates of seeding
were chanjed. rlowever, a strikin; dirference can be observ-
ed in that the alfalra broue uliture cave the pvest top

growth of alfalfa amonz the mixtures.
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V. DISCUSSICN

In discussing the results of this experiment, it
should be noted that the plants were grown under green-
house conditions. Sand culture with nutrient solution
was applied to all plants in tnis experiment and no
artificial inoculation was made. So, the findings in
this experiment were solely based on the botanical
interactions of different grasses with alfalfa as
affected by varying the rates of seeding. 'When the sand
was washed from the roots during the harvest, the nodules
on the alfalfa roots were very seldom seen. So, the
yieid of grass in this experiment was not benefited by the
presence or absence of a legume for furnishing the nitrogen
to the mixture as each pot received the same amount of
nutrient.

This experiment was only grown for a period of three
months. The total yield of the different mixtures at
various rates of seeding found in this experiment might
not be the same as under field conditions. However, many.
differences have been observed between different mixtures
at various rates of seeding in this experiment under gzgreen-
house conditions.

The experimental error in this type of experiment is

always quite a problem and is hard to control. The
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location of steam pipes with regard to the position of
pots, difrerential lighting and improper handling in
wasnin; sand from the roots and many others were sources
of error in this experiment. The analysis of variance
was applied in this experiment with the purpose of
presenting the result wita the least amount of error. It
was found that more replications snould be used for tnis
sort of experiment.

From all the data presented in the preceeding
parazgraphs, the alfalfa-orchard mixture had the highest
yield among the mixtures. This can be best explained by
orchard grass having a quick growth characteristic and
by growingz more vigorously, especially under greenhouse
conditions. It further proves the above statement as
orchard grass seeded at four pounds to the acre had the
same yield as at hign rate of seeding. This is why four
pounds of orchard seeded with sixteen pounds of alfalfa
gave the best result.

It was clearly shown in this experiment that with
each increment of grass seed used in mixture that it
increased the proportion of grass yield accordingzly
and at the same time the proportion of alfalfa decreased.
This statement did not hold true in the alfalfa-timothy
mixture. This is due to the fact that timothy seed are

so small in size and at four pounds to the acre, a total
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of 69 seeds were planted in each 10O-inch pot. So, the
size of the seed should be considered as one of the
factors in determiningz the proper rate of seedinz. Using
timothy as an example, the increase in the seeding rate
simply caused increased competition for nutrients and
light, thus resulting in a very small proportion of
alfalfa in the mixture.

By increasinz the rate of alfalfa seeding in the
mixture, it did not affect the total yield of the mix-
ture. A distinct difference in alfalfa yield in mixture
was observed whén compared with a straizht alfalfa seeding.
It is especially true when the mixture is grown with a
culture solution. however, if one examines the proportion
" of alfalfa in the mixture, the presence of alfalfa was
increased with each increment of alfalfa seeding.

Wwith rezard to the root growth in the mixture, the
same statement can be drawn as with the total yield. The
grass root growth was increased with each increment of
grass seedingz, while at the same time the alfalfa root
growth in the mixture was decreased. By increasing the
seeding rate of alfalfa the zrass roots were not
influenced very riuch but the alfalfa root was undoubtedly
increased.

It is an observed tendency that the yield of a

mixture is increased by increasing the rate of seeding
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of both components. But due to the different specific
plant growing characteristics, the limited space of
light and moisture and tne limited supply of available
nutrients, the increase in yield did not respond
proportionately as tne rate of seeding was increased.
In many cases the yield was decreased by usinj an
excessive amount, of seed. However, tnis mizght well be
explained on the basis of increased growth per plant at
the reduced seeding rates.

Dominance of any given species of the mixture in any
particular environment has usually been attributed to
different moisture, temperature, lizht and fertility
requirement.

Apparently, the zrass mixture relationsnip is
complicated by many environmental factors. This makes
it most important to study mixtures in order to determine

their adaptations to local condition.
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VI. Sdia.AadY

Alfalfa was combined separately in mixture vith
brome zrass, timothy, orchard zrass and tall fescue.
Tnese mixtures were 3rown in quartz sand in the green-
house in 1lO-inch clay pots using nutrient solutions,
and seeded at various rates. Three levels of seeding
rates, four, eiszht and sixteen pounds to the acre, were
used for eac: zrass and for the lezume in tne mixture,
thus formins nine possible combinations of rates of
seedins for eacn mixture.

There were differences between the yields of the
mixtures. Orchard grass in association with alfalfa had
the hizhest yield in tnis experiment, wnhile the rest of
the three miitures were about equal in yield.

With each increment of seeding rate there was, in
nearly every case, an increase in total yield, but such
responses in yield were not in proportion to the amount
of seed applied.

The differences obtained in the various niixtures at
different rates of.seedin; indicates that plant competi-
tion was present between various zrasses with alfalfa.
These competitions or interactions are no doubt profoundly
influenced by environmental conditions sucn as light,

nutrient, moisture and teuiperature.



=3h=

Seedinz two species together, a lezume and a
grass tended to restrict the top and root srowth of

both species when compared to either <rown alone.
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