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Fig. 1. The time changes in the number of tiller of timothy, orchardgrass and meadow

fescue.
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Fig. 2. The time changes in the dry matter of the organs of timothy.
The root was divided into the upper part; 0 to 8 cm, the middle part ; 8 to
16¢cm, and the lower part ; 16 to 25 cm.
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Fig. 3. The time changes in the dry matter of the organs of orchardgrass.
The root was divided into three parts like the root of timothy.
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Fig. 4. The time changes in the dry matter of the organs of meadow fescue.
The root was divided into three parts like the root of timothy.
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Fig. 5. The crop growth rates (g/pot/day) of the organs of timothy in the second year.
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Fig. 6. The crop growth rates (g/pot/day) of the organs of orchardgrass in the second

year.
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Fig. 7. The crop growth rates (g/pot/day) of the organs of meadow fescue in the

second year.
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Table 1. The mixing ratios and the seeding
rates of the components in the mi-
xtures of timothy and red clover.

. . Seeding rate in grams per plot
Mixing ratio == oo Red clover
10:0 4.20 -
7: 2.94 4. 80
5:5 2.10 8.00
3.7 1.26 11.20
0:10 - 16. 00
Table 2.  Fertilizer treatments.
Fertilizer Annual amount in Kg per 10 are
treatment basal additional
N P.Os K;0O N P,0s K,0
2(NPK) {4.50 9.00 7.50 12.00 24.00 20.00
NPK [2.25 4.50 3.75 6.00 12.00 10.00
NP 2.25 450 — 6.00 12.00 -
NK 225 — 375 6.00 — 10.00
PK — 4.50 3.75 — 12.00 10.00
none - - = - — -

Fh3MEiT-172,

RBRER
PlERNEMHNNBEFREEINIRL 72,
FEL - BHEERIZIEE 2HER > 3EEX
>SEH K> EHEBEE > BIEX > ERBRXNIR
RS D, FE—DREWANMS L BITH
WENRHRL Ko, 2HNTLRIELAERD
R R M 2R L 22 A, RIS < HXT,
RIEENF L — (BB L T H 7 a0—"DlHIC
wLcimilang, THZ7o—<0 ] HEERIESF
BL—rRRRLY), JEE2HEKSIERK
SERPERX>EH ) K> EMKEEX > BRESE DM
I %Y, ZORBUAHES L BIZMEN, &
hitid 3 8% 2 X % 3 BHER LM #idim %
EFIzuMoHEBERLL, 2HNCONWTY,
SNHOMBIC E LREILIZITEIRRTH » 12,
M2EK ] BWTIR, BRERKSL L UCERERK



BERNONHUBRRIMT IHE 17

2 (NPK) NPK NP

J

Cured hay yield in Kg per 10 are

1

" 10—A——0 10— A— 0 10e—A— 0 10¥—A— 0 10—A—0

NK PK none

Ist crop

“{ ) Dk a0 o ad ca Ll g

2nd crop

ladlls can i dB cannn

10¢—A—0

0—™B—10 0 —B—"100 —B—"10 0—B—™100 —B~™10 0 —B—10
Fig.11. The yields of the components in the mixtures with five mixing ratios, 10: 0, 7:

3,5:5 3:7 0: 10 of timothy(A) and red clover(B) under six treatments of
fertilization in the first year. White and black bars represent timothy and red

clover, respectively.
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Fig.12. Linear interrelationships between the mixing ratios and the vields of the com-
ponents in timothy and red clover mixtures in the first year. Top: Yield in Kg
per 10 are of timothy. Bottom : Yield in log value per unit of mixing ratio of red

clover.
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Table 3.
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Linear relationships between the mixing ratios and the yields of the

components in the mixtures of timothy and red clover under
different fertilization treatments in the first year.

Fertilization Timothy Red clover
treatment b P K Probability b P log K Probability
2(NPK) 123.6 P —19.5 .01—.001 —.0359 P +2.5272 <. 001
NPK 122.4 P —-171.7 .02-.01 —.0370 P +2. 4443 .05—-.02
NP 67.4 P -55.2 .01-.001 —.0579 P +2.5301 <. 001
NK 52.1 P - 0.3 .01—.001 —.0577 P +2.4146 .01—.001
PK 26.9 P —14.3 .01—.001 —.0515 P +2. 4368 .05—.02
none 21.7 P —16.4 .05—.02 —.0807 P +2. 4257 .02—.01

Timothy «+++-- Y=bP+K

Red clover---- log y = bP + log K
Y = plot yield

y = plot yield per unit of mixing ratio

P = mixing ratio

b = regression coefficient

K = constant
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Fig;13. The total cured hay yields in Kg per
10 are of the components of timo-
thy ( B8 ) and red clover ( ls2e0 )
in the mixtures throughout a three
year period.
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HizMm#lEH (mutual depressive ), #Miilay (depr-
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Table 4. Seed features of speciec used in the experiment.
Species Smooth Timothy Orchard- Ladino Red
brome- fescue grass clover clover
Item grass
Weight of 1,000
kernels in grams 4.460 0.487 2.860 1.015 0.533 1.765
Germination % 79.0 92.8 84.7 33.8 82.0 88.2
Seeding rate in
grams per are 452 42 270 240 52 160

Table 5. The percentages of the yields of the components in the mixtures to the
yields in their pure stands.
. 1st year 2nd year 3rd year
Mixture 1st crop st crop 2nd crop 1st crop 2nd crop
Bromegrass 72 97 117 219 93
Ladino clover 17 48 126 60 73
Bromegrass 67 111 89 187 94
Red clover 34 43 113 59 59
Tim_othy 40 61 189 174 259
Ladino clover 42 63 69 14 50
Timothy 33 55 113 135 159
Red clover 74 64 99 35 53
Tall fescue 55 99 79 193 95
Ladino clover 61 72 93 44 55
Tall fescue 44 71 87 137 76
Red clover 77 54 91 50 61
Orchardgrass 79 122 96 171 114
Ladino clover 29 34 74 51 54
Orchardgrass 66 115 117 133 97
Red clover 51 24 71 51 55
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Fig.14. The cured hay yields in Kg per 10 Fig.16. The cured hay yields in Kg per 10
are of timothy, ladino clover and are of tall fescue, ladino clover and
red clover grown in single stand red clover grown in single stand
and in mixture. and in mixture.
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Fig.15. The cured hay yields in Kg per 10 Fig.17. The cured hay yields in Kg per 10
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and red clover grown in single
stand and in mixture.

are of smooth bromegass, ladino clo-
ver and red clover grown in single
stand and in mixture.
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Fig.18. A yield diagram of a replacement
series in which two species are gro-
wn together in different proporti-
ons, including pure stand of each
species.

Two solid lines represent the yield
of the individual component in the
mixture, the remaining two dotted
lines indicating the performance of
each component in no competition.
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Fig.19. The various types of the interactions between components in bi-grass mixtures.
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Fig.20. Replacement diagrams of cured hay yields of timothy (A; @) and meadow

fescue (B; O) components in the mixtures based on ladino clover and of the
total yields per plot (X) in the 2nd year, the 3rd year and the 4th year. A
marks show the total yields of both grass components.
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Table 6.

27

The relative yields, RY, ratios of the yield in competition against the yield

in no competition, of the grass components in the mixture of timothy,
meadow fescue and ladino clover.

Mixing ratio 2:.8 4.6 64 8.2 Yield in grams
Component per plot in
T MF T MF T MF T MF _Pure stand
Year and crop T MF
2nd yr. —1st crop .80 1.16 .77 1.05 .73 1.31 .88 2.90 1,423 1,403
—2nd crop .18 1.24 .57 1.14 47 l.82 .58 2.59 767 1,036
—3rd crop .44 1.63 .10 1.85 .29 2.16 .15 3.28 524 1,668
3rd yr. —1st crop .24 1.25 .40 1.51 .47 2.03 .35 3.63 2,130 2,400
—2nd crop .70 1.25 .27 1.49 .87 1.49 .68 3.76 570 1,400
—3rd crop .22 1.44 .49 1.60 .19 2.23 .37 2.99 520 890
4th yr. —1st crop .51 1.10 .84 1.18 .73 1.55 .68 2.56 1,209 1,487
—2nd crop .27 1.26 1.22 1.40 .52 2.98 .55 3.23 452 409
—3rd crop 1.14 1.11 1.30 1.50 1.27 1.68 .86 2.33 111 304
T, Timothy; MF, Meadow fescue
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Fig.21. Replacement diagrams of cured hay yields of timothy (A ; @) and orchardgrass
(B; O)components in the mixtures based on ladino clover and of the total yields
per plot (X) in the 2nd year, the 3rd year and the 4th year. A marks show

the total yields of both grass components.

Table 7. The relative yields of the grass components in the mixtures of timothy,
orchardgrass and ladino clover.
Mixing ratio 2.8 4.6 6 .4 8:.2 Yield in grams
Component per plot in
T o T 06 T 06 T og buestand_
Year and crop T OG
2nd yr. —1st crop 2.88 .65 1.22 .75 1.86 .72 1.30 .99 1,066 374
—2nd crop 2.89 .60 2.02 1.12 1.07 1.19 1.02 2.26 538 857
—3rd crop 1.94 1.03 1.37 1.28 1.02 1.04 .49 1.17 622 1,551
3rd yr. —1st crop .95 1.11 .53 1.24 .60 1.78 .60 2.53 1,640 2,760
- 2nd crop 1.18 1.1 .76 .97 .89 .99 .73 3.06 1,030 1,390
~3rd crop .69 1.12 .45 1.07 .76 1.77 .54 3.67 470 1,240
4th yr. —1st crop .45 1.29 .20 1.28 .41 2.23 .33 3.93 1,230 1,556
~2nd crop 1.14 1.24 .50 1.36 .71 1.97 .46 3.80 399 886
—3rd crop = 1.44 .17 1.08 .56 2.07 .32 4.19 110 903
T, timothy ; OG, Orchardgrass.
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Fig.22. Replacement diagrarns of cured hay yvields of orchardgrass (A ; @) and meadow
fescue (B; O) components in the mixtures based on ladino clover and of the
total yields per plot (X) in the 2nd year, the 3rd year and the 4th vear. A marks
show the total yields of both grass components.

Table 8. The relative yields of the grass components in the mixtures of orchardgrass,

meadow fescue and ladino clover.

Mixing ratio 2:8 4:6 6.4 8.2 Yield in grams
Component per plot in
OG MF 06 MF 0G MF OG MF burestand

Year and crop 0G MF

2nd yr. —1st crop .70 1.11 .35 1.00 .70 1.84 1.11 2.04 306 1,487

—2nd crop .32 1.55 .29 1.42 .36 2.73 .57 1.63 779 1,063

—3rd crop .34 1.14 .38 1.04 .82 1.76 .70 2.77 1,005 1,234

3rd yr. —lst crop .43 1.06 .42 1.47 .40 1.68 .57 2.65 2,540 2,380

—2nd crop .89 1.24 .31 1.39 .70 1.62 .83 2.57 930 910

—3rd crop .80 1.16 .66 1.66 .72 1.96 .68 2.95 1,340 650

4th yr. —1st crop 1.40 .90 1.06 1.22 .91 1.33 .80 2.51 1,697 1,476

—2nd crop 1.19 1.02 1.21 1.73 1.07 .99 .89 2.55 801 353

—3rd crop 1.94 .93 2.13 .92 2.12 .84 .90 2.83 663 176

OG, Orchardgrass; MF, Meadow fescue.
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Table 9. The seeding rates in grams per 10 are of bi-grass components in the
mixtures based on legume species.
\ P Timothy Orchard- Timothy Meadow Orchard- Meadow
Combination and grass and fescue grass fescue
Orchard- and Meadow and and an
Component grass" Timothy fescue Timothy Meadow Orchard-
fescue grass
Timothy 376 161 376 161 - -
(Senpoku) {70)* (30) (70) (30)
Orchardgrass 432 1,009 - - 1,009 432
(Kitamidori) (30) (70) (70) (30)
Meadow
fescue - - 637 1,485 637 1,485
(Leto Dae- (30) (70) (30) (70)
hnfeldt )
Red clover 883 883 883 883 883 883
(Sapporo) (50) (50) (50) (50) (50) (50)
Lad‘gl‘; ver 310 310 310 310 -~ 310 310
( Commercial) (50) (50) (50) (50) (50) (50)

Note 1) Timothy and orchardgrass means the combination of timothy as main component and
orchardgrass as partner component and orchardgrass and timothy is reversely.
2) The number (in ten thousands) of germinable seeds per 10 are.
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Fig.23. The time changes in the cured hay yields in Kg per 10 are of the components in
the mixtures zt Nakashibetsu, Mataochi and Yausubetsu respectively.
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