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Table 10. The combinations of species and their seeding rates in grams per 10 are.
Combination Timothy Orchardgrass Meadow Ladino Red Italian
fescue clover clover rye-

AV B c¥ Local Climax Local Frode grass

1 1 1 191(50)* 262(10) 276(40) 487(20) 347(12)

1 1 2 191 262 138(20) 973(40) 347

1 2 1 244(50) 262 276 487 347

1 2 2 244 262 138 973 347

2 1 1 582(50) 262 276 487 347

2 1 2 582 262 138 973 347

2 2 1 764(50) 262 276 487 347

2 2 2 764 262 138 973 347

1) A, the main grass factor with two levels: timothy, 1 and orchardgrass, 2.

2) B, the grass variety factor with two levels: local variety, 1 and foreign variety, 2.

3) C, the legume combination factor with two levels: ladino clover of 400,000 kernels and red
clover of 200,000 kernels, 1 and ladino clover of 200,000 kernels and red clover of 400,000
kernels, 2.

4) The number (10,000) of germinable seeds per 10 are.

Table 11. Two levels of the fertilization factor and their applications
in Kg per 10 are.
Times of fertilization
B 1st year 2nd and 3rd year
Fertilizer basal after late carly after after late
the 1st fall spring the 1st the 2nd fall
cutting cutting cutting

1st level

N 3 3 - 1 1 1 -

P,0s 25 5 - 1 1 1 -

K.O 6 6 - 4 3 3 -
Manure - — 2,000 - - - 2,000
2nd level

N 4 4 - 2 2 1 1

P.Os 25 5 - 2 2 - 2

K.O 8 8 - 5 5 5 5
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Table 12. The mean cured hay vields in Kg per 10 are of the components in the
mixtures in the first year
Factor Type of Italian Main Meadow Red Ladino Total
and mixture rye- grass fescue clover clover
level grass
Main grass
Local Timothy 205 3 105 80 125 528
Climax Timothy 177 4 115 89 89 474
Local Orchardgrass 152 25 126 90 75 468
Frode  Orchardgrass 160 40 99 80 68 447
[talian ryegrass
not mixed Timothy - 4 122 107 118 351
Orchardgrass - 50 83 96 89 318
mixed Timothy 191 3 98 73 71 436
Orchardgrass 156 15 124 73 54 422
Legume combination
1st level Timothy 175 4 107 78 112 476
Orchardgrass 160 33 108 55 102 458
2nd level Timothy 206 3 113 102 77 501
Orchardgrass 152 31 99 114 41 437
Fertilization
1st level Timothy 171 4 110 87 92 464
Orchardgrass 158 30 106 88 70 452
2nd level Timothy 211 2 110 93 81 497
Orchardgrass 155 33 100 82 73 443
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Table 13. The mean cured hay yields in Kg per 10 are of the components in the
mixtures in the second year.

Factor Type of Italian Main Meadow Red Ladino Total
and mixture rye grass fescue clover clover
level grass
Main grass
Local Timothy - 37 299 233 287 856
Climax Timothy - 28 275 239 279 821
Local Orchardgrass - 92 169 186 232 679
Frode  Orchardgrass - 136 150 193 255 734
Italian ryegrass
not mixed Timothy - 31 383 232 248 894
Orchardgrass - 137 214 178 225 754
mixed Timothy - 33 192 241 318 784
Orchardgrass - 91 106 201 261 659
Legume combination
1st level Timothy - 32 275 172 349 828
Orchardgrass - 122 140 148 296 706
2nd level Timothy - 33 300 300 217 850
Orchardgrass - 106 180 231 190 707
Fertilization
1st level Timothy - 33 274 247 294 848
Orchardgrass - 122 152 199 230 703
2nd level Timothy - 31 351 227 272 881
Orchardgrass - 106 167 180 256 709

Table 14. The mean cured hay yields in Kg per 10 are of the components in the
mixtures in the third year.

Factor Type of Main Meadow Red Ladino Total
and mixture £rass fescue clover clover
level
Main grass
Local Timothy 36 604 60 328 1,028
Climax Timothy 16 557 72 336 981
Local Orchardgrass 282 361 47 279 969
Frode  Orchardgrass 342 248 10 286 916
Italian ryegrass
not mixed Timothy 29 592 62 323 1,006
Orchardgrass 305 324 45 265 939
mixed Timothy 23 569 71 341 1,004
Orchardgrass 319 285 43 301 948
Legume combination
1st level Timothy 19 612 46 329 1,006
Orchardgrass 338 298 30 300 966
2nd level Timothy 34 549 87 33 1,005
Orchardgrass 286 311 58 265 920
Fertilization
1st level Timothy 21 584 71 308 984
Orchardgrass 290 263 51 288 892
2nd level ‘Timothy 27 577 62 356 1,022
Orchardgrass 334 346 36 278 994




Table 15. The mean cured hay yields in Kg per 10 are of the components in the
mixtures in the fifth year.
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Factor Type of Main Meadow Red Ladino Total
and mixture grass fescue clover clover
level
Main grass
Local Timothy 13 399 - 409 821
Climax Timothy 8 376 - 401 785
Local Orchardgrass 419 101 - 291 811
Frode  Orchardgrass 488 74 - 218 780
Italian ryegrass
not mixed Timothy 20 400 - 390 810
Orchardgrass 448 89 - 247 784
mixed Timothy 2 374 - 421 797
Orchardgrass 460 86 - 262 808
Legume combination
1st level Timothy 15 380 - 410 805
Orchardgrass 449 90 - 262 801
2nd level Timothy 7 394 - 401 802
Orchardgrass 459 85 - 247 791
Fertilization
1st level Timothy 8 409 - 377 794
Orchardgrass 466 105 - 205 776
2nd level Timothy 14 366 - 434 814
Orchardgrass 441 69 — 305 815
Table 16. The mean cured hay yields in Kg per 10 are of the
components in the mixtures in the eighth vear.
Factor and Type of Main Meadow Ladino Total
level mixture grass fescue clover
Main grass .
Local Timothy 96 534 64 694
Climax Timothy 20 627 98 745
Local Orchardgrass 357 254 135 745
Frode Orchardgrass 396 208 132 736
talian ryegrass Timothy 85 569 95 749
Orchardgrass 366 236 154 756
mixed Timothy 31 591 67 689
Orchardgrass 386 225 112 723
Legume comdination  motpy 43 548 93 684
Orchardgrass 366 264 116 746
2nd level Timothy 73 612 69 754
Orchardgrass 387 197 150 734
Fertilization Timothy 64 618 116 799
1st level Orchard
rchardgrass 369 273 153 795
2nd level Timothy 52 541 46 639
Orchardgrass 384 201 114 699
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Fig.26. The time changes in the botanical
compositions in the mixtures of ti-
mothy ( R ), meadow fescue (
ML), red clover ( ®«®* ), and ladi-

no clover ( #%: ) (top) and in the
mixtures of orchardgrass ( S5 ).
meadow fescue, red clover and lad-
ino clover (bottom).
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T able 17. The experimemtal design.

Level Number(10,000)
1 2 3 4 of kernels
Factor per 10 are
Timothy  Orchard o
. - imothy rchardgrass escue
Main grass (Senpoku) (Kitamidori) (Leto Dae- 120
hnfeldt)
[talian . :
ryegrass mixed not mixed 20
Red head Altaswede
Red clover (Tetraploid) (Diploid) 40
Fertilizer
N(Kg/10a) 6 8 10 12
P.0Os 6 8 10 12
K.O 12 16 20 24
Note,1. Four hundred thousand kernels of ladino clover per 10 are were mixed in all plots.

2. The combinations of these factors together with 2 replications were allotted by the partial
confounding of the three L,4(2'%)orthogonal array tables.
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Table 18. The mean cured hay vields in Kg per 10 are of the components
in the mixtures in the first year.

First crop Regrowth
Mixture Man  RG RC  LC  Weeds Man IRG  RC  LC  Weeds
T-IRG-RC(R) 146 177 79 35 686 7 69 46 22 47
T-IRG-RC(A) 147 85 53 58 1,129 15 80 18 17 51
T-RC(R) 197 - 82 32 911 30 - 75 15 129
T-RC(A) 213 - 45 44 828 42 - 34 38 63
OGIRG-RC(R) 124 74 7 32 936 69 48 49 6 76
OG-IRG-RC(A) 145 100 48 35 611 86 67 19 19 39
0G-RC(R) 133 — 63 33 976 92 - 47 17 80
OG-RC(A) 184 - 31 40 740 118 - 19 18 108
MF-IRG-RC(R) 125 138 67 41 563 30 78 31 13 120
MF-IRG-RC(A) 118 118 46 46 486 27 72 15 17 57
MF-RC(R) 160 - 65 35 532 55 - 62 17 116
MF-RC(A) 146 - 45 32 622 97 - 17 19 80

Note, 1. T, Timothy; OG,Orchardgrass; MF, Meadow fescue; IRG, ltalian ryegrass; RC,Red clover;
LLC, Ladino clover ; R,Red head variety of red clover; A, Altaswede, variety of red clover.
2. Weeds indicate green weight in Kg per 10 are.

Table 19. The mean cured hay yields in Kg per 10 are of the components
in the mixtures in the second year.

First crop Regrowth
Mixture g}g';‘s IRG RC LC Weeds g}g‘s‘; IRG RC LC Weeds

T-IRG-RC(R) 7 0 559 8 70 7 57 217 2 33
T-IRG-RC(A) 154 0 224 147 224 86 69 6 61 192
T-RC(R) 89 - 624 15 61 13 - 265 3 68
T-RC(A) 334 - 162 179 199 186 - 8 69 242
OG-IRG-RC(R) 60 0 310 9 34 257 6 228 12 17
OG-IRG-RC(A) 71 0 99 98 52 295 15 10 112 55
OG-RC(R) 14 - 292 13 38 333 - 172 11 9
OG-RC(A) 17 — 105 96 89 399 - 7 90 39
MF-IRG-RC(R) 101 0 367 29 10 199 12 153 57 15
MF-IRG-RC(A) 229 0 96 120 31 268 36 4 170 17
MF-RC(R) 168 - 284 38 30 148 - 212 73 3
MF-RC(A) 222 - 120 129 10 259 - 5 212 7

Notes are the same with Table 18.
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Table 20. The mean cured hay vields in Kg per 10 are of the components
in the mixtures in the third year.

First crop Regrowth
Muwe ) Mainjpe RC LC Weess M IRG RC LC Weeds
T-IRG-RC(R) 49 0 265 28 211 6 0 208 31 753
T-IRG-RC(A) 344 0 4 118 146 87 0 1 146 976
T-RC(R) 103 - 273 17 144 48 - 190 15 847
T-RC(A) 409 — 4 88 306 127 - 7 72 1,145
OG-IRG-RC(R) 95 0 81 11 60 337 0 77 48 154
OG-IRG -RC(A) 82 0 3 78 131 369 0 11 157 102
OG-RC(R) 92 - 87 9 19 342 - 74 62 57
OG-RC(A) 63 - 3 69 67 349 — 6 180 109
MF-IRG-RC(R) 252 0 25 28 54 326 0 41 177 82
MF-IRG-RC(A) 231 0 1 92 34 336 0 0 233 79
MF-RC(R) 220 - 20 44 75 354 - 28 204 44
MF-RC(A) 178 - 1 101 23 348 - 0 219 31

Notes are the same with Table 18.

Table 21. The mean cured hay yields in Kg per 10 are of the components
in the mixtures in the fourth vear.

First crop Regrowth

Mixture E“,ﬁgg; RC LC  Weeds gr‘g's'; RC LC  Weeds
T-IRG-RC(R} 128 130 47 835 76 47 3 1,125
T-IRG-RC(A) 309 0 73 722 107 0 14 1,061
T-RC(R) 265 70 34 812 102 0 0 1,100
T-RC(A) 291 2 53 704 165 0 0 1,068
OG-IRG-RC(R) 169 3 63 17 462 7 71 64
OG-IRG-RC(A) 191 0 98 25 432 0 78 44
OG-RC(R) 154 33 63 6 488 3 59 12
OG-RC(A) 209 0 90 27 440 0 66 52
MF-IRG-RC(R) 132 32 165 91 261 1 199 229
MF-IRG-RC(A) 183 1 154 106 271 0 195 142
MF-RC(R) 41 14 159 23 265 2 164 426
MF-RC(A) 158 ] 146 34 308 0 120 169

Notes are the same with table 18.
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TablL 22. The mean cured hay yields in Kg per 10 are of the components
in the mixtures in the fifth year
First crop Regrowth

Mixture Ig\/ll’?; RC LC Weeds ggg; RC LC Weeds
T-IRG-RC(R) 87 0 0 2,546 55 0 0 1,219
T-IRG-RC(A) 302 0 0 1,428 91 0 0 1,096
T-RC(R) 209 0 0 1,874 66 0 ] 1,164
T-RC(A) 194 0 0 1,762 58 0 0 1,008
OG-IRG-RC(R) 270 0 6 35 395 0 25 151
OG-IRG-RC(A) 280 0 2 27 372 0 13 98
OG-RC(R) 313 0 4 15 400 0 4 49
OG-RC(A) 282 0 2 43 385 0 111
MF-IRG-RC(R) 261 0 38 400 260 0 32 786
MF-IRG-RC(A) 311 0 32 202 302 0 19 466
MF-RC(R) 297 0 50 171 258 0 31 665
MF-RC(A) 319 0 24 310 229 0 42 601

Notes are the same with table 18.
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Table 23. The total cured hay vields in Kg per 10 are of the components in the
mixtures of three kinds differing from main grasses under four fertilization
levels during a span of five year period.

_ ‘ ) w eeds
Krdeof Eiean | o Redcewer GEP Tow %ol Greenweinty,
"Mixture of timothy
1st level 1,071 882 473 2,426 56 6,938 29
2nd level 1,342 998 383 2,723 51 7,606 29
3rd level 1,728 919 305 2,952 411 6,617 24
4th level 1,686 891 329 2,906 42 7,849 28
Mixture of orchardgrass
1st  level 2,219 556 446 3,221 31 1,286 6
2nd level 2,384 451 460 3,295 28 1,452 7
3rd level 2,570 560 467 3,597 29 1,075 5
4th level 2,765 400 420 3,585 23 1,619 7
Mixture of meadow fescue
1st  level 2,183 441 955 3,579 39 1,386 [
2nd level 2,189 416 890 3,495 37 1,909 7
3rd level 2,435 483 928 3,846 37 1,446 5
4th level 2,205 407 M9 3,561 38 3,253 11
weeds

% of weeds =

grasses -+ clovers - weeds
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Table 24. Combinations of grassesin ladino clover-based mixtures and
their seeding rates in grams per 10 are.

Mixture Timothy Orchardgrass Meadow fescue Tall fescue Ladino clover
No. (Heidemij) (Kitamidori)  (Leto Daehnfeldt) (Hokuryo) (California ladino)
1 750 - - - 250
2 - 1,000 - — 250
3 500 667 — - 167
4 500 — 1,000 — 167
5 500 — - 1,000 167
6 - 667 1,000 - 167
7 — 667 — 1,000 167
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Fig.27. The time changes in the botanical compositions in bi-grass mixtures based on

ladino clover.
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Combinations of forage species in mixtures of one grass and

one white clover,and their seeding rates in grams per 10 are

~ Grass 'species Seeding White clover Seeding
(Variety) rate (Variety) rate
O iord 2,000
Prgamial ryeass
Metleto Dachnfeldo) 3000 | o ackiands Huia) 300
T dierarso) 4000 L nia tadino) 300
Tm(l}?ltel;gemi 1) 1,500
Kentucky blue grass 4,000

(Troy)
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Fig.28. Botanical composition of the herba-
ge yields in one grass and one white
clover mixtures.
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Table 26, The eifects of ladino white

clover on the forage yields

of grass species in the mixtures

compared with the effects of

common white clover.

year 2nd 3rd 4th
Grass component yr. yr. yr.
Orchardgrass 839 97 % 101%
Perennial ryegrass 82 49 76
Meadow fescue 82 31 55
Tall fescue ) 73 15 14
Timothy 26 4 4
Kentucky blue grass 48 20 36

%= Yield of thegrass species mixed with ladino white clover
Yield of the grass species mixed with common white clover

Table 27. The white clover contents in
the forage yields of the
mixtures;

Year 2nd 3rd 4th

Mixture yr. yr. yr.

Common white doverand 9 9% %
Orchardgrass 42.4 16.0 16.9
Perennial ryegrass | 31.7 33.0 31.7
Meadow fescue 49.1 44.9 36.5
Tall fescue 46.7 47,4 40.9
Timothy 73.7 42,5 32.5

Kentucky blue grass|79.4 59.6 43.4
Ladino white clover and

Orchardgrass 71.0  47.0 43.7
Perennial ryegrass |59.1 73.7 59.0
meadow fescue 71.6  86.6 76.0
Tall fescue 74.9  94.2 94.5
Timothy 95.0 98.2 98.5

Kentucky blue grass | 93.0 94.7 91.2
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Fig.29. The time changes in thedry matter yields of the standing crops in Kg per 10 are
and of the botanical compositions (timothy ; i} . orchardgrass; ||[|} . ladino

clover; ##: , grass weeds; NN .
grazing.

other weeds: 2¢¢ ) in the mixtures under

Arrow marks show the times of fertilization.
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Studies on Botanical Composition in Grass-Legume Mixtures

by
Takashi WakmMoTo

Summary

Most grasslands are made up of several species including sown grasses, legumes and various
naturalized species, and inter-and intraspecific interactions among them are integral features. Com-
petition in grassland communities leads to fluctuations in botanical composition and vield and thus has
attracted interest of many researchers.

Mixtures of species have been utilized because environmental conditions could not be accurately
predicted. Furthermore, seeding of several species insures against failure. Sometimes it is possible
to combine different seasonal growth patterns of the components in one sward. In addition, there is a
theoretical claim that a complex mixture may be more efficient in utilizing available environmental
resources.

Until recently there have in fact been few reports where critical assessments have been made of
the productivity of mixtures compared with their components in pure stands. Despite the paucity of
critical comparisons of the yields among mixtures and pure stands, there is some conflict regarding the
possibility of obtaining higher yields from mixtures. Survey of the seed mixtures in various countries
reveals the most general composition of seed mixtures to consist of one or two grasses with one or two
legumes.

A great development in grassland farming in Hokkaido has been realized in the last twenty years.
Previously, farmers utilized simple mixtures such as timothy-red clover or orchardgrass-redclover,
these species being best suited for the farming conditions in Hokkaido, and it being possible to supply
these seeds to meet the demands of farmers from domestic production. Increasing amounts of her-
bage seeds are being demanded the increased development of dairy farming in recent years. Farmers
now depend almost exclusively on foreign sources for seeds because the domestic production of these
seeds has been suspended. Under such circumstances, complex seed mixtures containing many spe-
cies are now being utilized widely by farmers with the hope of obtaining higher yields of herbage.

Ogawa, a pioneer of grassland study in Hokkaido, writes in his book * Bokuso-ron " (Discussions on
herbage production) (1907} that mixed seeding of timothy and orchardgrass is unsuitable because tim-
othy is suppressed by orchardgrass until it disappears from the sward. Often one species will become
so dominant that one wonders why the mixture was sown. It is not yet clear whether or not complex
mixture gives higher yields than a simple mixture.

To approach the problems stated above, we pursued here the interactions among components
based on the time change in the botanical compositions. The botanical composition may be considered
as the result of the interaction among the components. The present paper discusses the following
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topics in the order : (1) the growth of the main grass species, (2) the aggressiveness of the components
in the mixtures, (3) the interrelationships between botanical compositions and management factors, (4)
the time change in the botanical composition of mixtures under grazing.

1. The growth of the main grasses.

The growth of timothy, orchardgrass and meadow fescue in pure stands were followed by sam-
pling at regular intervals from early spring to early winter in the second year after sowing.

The number of tillers was highest for meadow fescue and lowest for timothy. The peak periods
of tiller appearance are in late May and late November for these three species. Production of dry
matter reaches to the peak in early summer for timothy, and throughout the season for orchardgrass,
while meadow fescue behaved in-between. The growth pattern of the grasses was identical on the
first crop but differed on the regrowth. The rates of absorption of nutrients in the aerial parts
decreased in the order, orchardgrass> meadow fescue> timothy. The corresponding order in the
roots was : meadow fescue> orchardgrass> timothy.

2. The aggressiveness among the components in the mixtures.

1) The aggressiveness between the components in the mixtures of timothy and red clover.

Mixtures with five ratios, including pure stands, of timothy and red clover were set under six
treatments of fertilization.

In the establishment stage of the sowing year, the effect of mixing ratios on the yield of both
components was independent of each other under the fertilization treatments. However, timothy was
suppressed by red clover in the second crop of the first year. In the second year, in spite of red clover
dominating in the mixtures timothy expanded somewhat rather than being further suppressed. Tim-
othy became more aggressive at the plots as the ratio of red clover in the seed mixtures has increased.
In the plots where PK treatments were given, this phenomenon was not observed.

The yield of the mixtures was higher than that of the pure stand of either component and 5: 5 of
a mixing ratio gave the highest yield under all the fertilization treatments except when the PK treat-
ment were given, in the case of which the highest yield was obtained at a 3: 7 mixing ratio.

2) The aggressiveness of grass species in legume-based mixtures.

Four grasses and two legumes were mixed in all possible combinations of one grass and one
legume and these mixtures were grown in field plots together with the pure stands of these species.

In the first year, when one species dominated, the companion species was suppressed. In other
plots, no interaction was found. The yields of mixtures increased markedly compared to that of the
pure stands in the second and third year. All grass components were very aggressive and suppressed
legume components. In the mixtures of grass species and ladino clover, the grass components gave
significantly higher yields than the grass components did in the mixtures of grass species and red

clover. The order of the agaressiveness of the grass components was bromegrass> timothy> orch-
ardgrass > tall fescue, whereas the order of the yields was timothy > orchardgrass> bromegrass> tall

fescue. Ladino clover was more strongly suppressed than red clover by the grass components in the
mixtures‘.

3) The aggressiveness of bi-grass components in the mixtures based on ladino clover.

Three sets of bi-grass combinations, namely timothy-meadow fescue, timothy-orchardgrass, and
meadow fescue-orchardgrass, were grown in a field plot. Six mixing ratios were used, namely 0: 10,
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2:84:6,6:4,8:2and 10: 0.

The forage yield of a grass in the pure stands and the aggressiveness of the grass in the mixtures
do not always correlate. Except in the establishment stage, both aggressiveness and forage yield of
timothy were the lowest among the three grasses throughout the test period. Orchardgrass had the
highest forage yield in the third and fourth year but its aggressiveness was less than that of meadow
fescue. The forage yield of meadow fescue was the highest in the first year but decreased thereafter
to a level lower than that of orchardgrass. However, its aggressiveness was always the highest
throughout the four year period. No significant difference was found between the yields from bi-grass
components and their mono-grass component in the respective mixture. In other wards, no benefit
can be gained from the bi-grass mixture. Nevertheless, a bi-grass mixture of orchardgrass and me-
adow fescue provides an advantage because these two differ in the annual growth patterns.

4) Botanical composition in mixtures of two grasses and two legumes.

Bi-grass combinations from three grass species, namely timothy, orchardgrass and meadow fescue,
were used as the main or partner component in the mixtures with red clover and ladino clover. Such
mixtures were grown at three locations.

Timothy, even when used as the main component in a mixture, was suppressed by the partners,
orchardgrass and meadow fescue, to disappear from the mixture after the second year. Orchardgrass
was more aggressive against timothy than meadow fescue was. The plant vigor of meadow fescue
was high from the seedling stage to the first crop in the second year but decreased afterwards. For
this reason, meadow fescue became a minor component compared to its partner orchardgrass in the
third year.

The composition of red clover was the largest in the mixtures of the first crop in the second year.
Its plant vigor decreased rapidly afterwards and ladino clover came to take the place of red clover from
that time on. Red clover and ladino clover may be sown together. The former provides the bulk in
the initial period, then the latter becomes the only legume during the subsequent period.

3. Interrelation between botanical composition and management.

1) Companion crops and fertilization.

Factors were allotted by the L, (2°!) orthogonal array all in two replications (factor/level) : main
grass/timothy and orchardgrass ; legume combination/red clover-ladino clover and ladino clover-red
clover ; Italian ryegrass/" mixed ” and " not mixed "; N-P-K fertilization/3-3-10-manure and 6-6-20.

Both local and Climax variety of timothy were suppressed with meadow fescue as the companion.
Both local and Frode variety of orchardgrass were suppressed slightly by meadow fescue as the
companion until the second year, but they dominated meadow fescue afterwards. The composition of
the legumes did not change to a significant degree within the level studied. Furthermore, they did not
give significant effect upon the yields of the grass components.

The yields of the plots “mixed ” with Italian ryegrass were much higher than those of the plots
“not mixed " with Italian ryegrass in the first year, but decreased in the second year. The decrease is
caused by slow recovery of the components after ltalian ryegrass has disappeared.

The fertilization factor has some effect on the components in the mixtures after the seventh year.
The level of 3-3-10-manure was more beneficial to meadow fescue and ladino clover components than
orchardgrass component, and the 6-6-20 level gave the opposit result.
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2) Interactions among the components in simple mixtures.

The main grass factor was Senpoku variety of timothy, Kitamidori variety of orchardgrass and
Leto Daehnfeldt variety of meadow fescue. The ltalian ryegrass factor was given two levels, * mixed
» and “not mixed ". The red clover factor was given two levels,Red head and Altaswede varieties, and
four levels of fertilization were designed by giving four different amounts of a compund fertilizer. The
combinations of these factors in two replications were allotted by partial confounding of the three L4
(2'%) orthogonal array tables.

The basic species, timothy and ladino clover, in timothy swards were severely suppressed by the
two companions, Italian ryegrass and Red head variety. The dominant species in the swards changed
as follows : Italian ryegrass in the establishment year ; Red head variety until the first crop in the third
year ; red top from a wild species afterwards. When Italian ryegrass was " not mixed ” and Altaswede
variety were combined in the timothy swards, timothy could maintain its dominance until red top took
the place of timothy in the last year of the five year period.

Both basic species in the orchardgrass swards, orchardgrass and ladino clover, were lightly su-
ppressed by the companions, ltalian ryegrass and Red head variety in the first year. However, orch-
ardgrass kept its dominance over the five year period, except the first crop in the third year when the
yields of orchardgrass decreased because of damage due to Sclerotinia borealis Bub. et Vieug. The
aggressiveness of orchardgrass showed a negative association with red top.

In the meadow fescue swards both basic species, meadow fescue and ladino clover, were slightly
suppressed by both companions, Italian ryegrass and Red head variety in the first year. However,
meadow fescue recovered rapidly from the suppression after the second year, and suppressed Red head
variety, leading to reduced compositions of Red head variety. On the other hand, meadow fescue was
compatible with ladino clover. ‘

4. The time changes in the botanical composition of mixtures under grazing.

1) Effects of frequent cutting on botanical composition.

Mixtures of one or two grasses on a ladino clover base were subjected to frequent cuttings,
analogous to grazing.

Very large differences in the yields of the grass components were found over a three year period.
Orchardgrass achieved the highest yield, while timothy gave the lowest and meadow fescue and tall
fescue intermediate yields.

In the mixtures of bi-grass and ladino clover, timothy was severely suppressed by the other grass
species. Tall fescue was suppressed by orchardgrass. Meadow fescue was compatible with orch-
ardgrass. Ladino clover was more dominant than all the grass components, except orchardgrass, and
caused severe suppression to timothy in particular.

2) Interactions between the components in mixtures of one grass and one white clover under

frequent mowing.

Six grass species, orchardgrass, perennial ryegrass, meadow fescue, tall fescue, timothy and Ken-
tucky blue grass and two white clover varieties, common and ladino types, were mixed in twelve
combinations.

The grass species were dominant in the mixtures containing common white clover throughout the
test period, except for the timothy plot in the second year and the Kentucky blue grass plot in the
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second and third year, where clover dominated. The white clover content decreased gradually from
the second year to the fourth year.

In contrast, ladino white clover was dominant in almost all of the mixtures, except the orchard-
grass plot where grass dominated in the second and third year. Ladino white clover caused various
degrees of suppression on the growth of the grass species. The suppression to orchardgrass was
negligible, to perennial ryegrass it was slight, to both meadow fescue and Kentucky blue grass it was
considerable and to tall fescue as well as timothy it was severe leading to deleterious losses of the
stands.

3) Botanical composition of mixtures as affected by grazing.

Botanical composition of swards with timothy, orchardgrass and ladino clover under grazing by
Holstein heifers was cobserved over a three year period.

The content of timothy was high in spring and low in fall, and showed a gradual decrease over the
years. The behaviour of orchargrass was opposite to timothy and it became the dominant in the third
year. Ladino clover was the dominant component in the second year but it decreased gradually later.
Kentucky blue grass from a wild grass species increased in the swards over the years until finally on a
par with orchardgrass in the fourth year.

As stated above, all species sown in a complex mixture do not always appear in the herbage
mixture. Some species disappear a short time after sowing and some species become dominant or
inferior in the mixture. Changes in the botanical composition in a mixture bring out changes in both
amount and quality of the herbage production. It should be kept in mind that timothy, one of the most
important grass species in Hokkaido, is the least aggressive of the grass species commonly used. It is
difficult to keep it as the dominant component in a-mixture, when timothy is mixed with the aggres-
sive species.

The complex mixtures with many species, designed initially with the hope of obtaining higher
herbage yield, never gave satisfactory result. We recommend to practise simple mixtures, which can
be chosen depending on purposes and can be readily maintained by special management. The emp-
loyment of several simple mixtures in a cropping system seems logical as species respond differently to
different environmental factors.





