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Table 1.

Materials used at the experiment

Cultivars (C)

Breeding method

Breeding objectives

Kitami-1 Synthetic variety Early maturity, High yield
Kitami-2 Synthetic variety Early maturity, High yield
Kitami-3 Synthetic variety Early maturity, High yield
Senpoku Mass selection Early maturity, High yield
Natural populations (N) Location Habitat
4 Hidaka-cho Riverside of the Saru
6 Otofuke-cho Tokachi shuchiku pasture

Koshimizu-cho

10 Wakkanai-city

Yamamoto pasture

Vacant land
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Table 2. Mean values for several characters of natural populations (N)
and cultivars (C) in 1978

. Shoot . Weight of Plant Tiller Leaf
Cutting Popula- weight No. tillers a tiller height diameter size
regime tions

{g/plant)  (no/plant) (g) (cm) (mm) (em?)
1-1 4 78.6 39.9 2.00 139.9 4.06 26.3
2-1 6 86.1 48.5 1.80 131.4 3.81 20.8
84.8 49.7 1.71 129.7 3.79 27.7
10 86.1 52.0 1.66 133.2 3.48 245
N 83.9** 47.5“< 1.80** 133.5N s 3.78N s 27.0N S
C 100.0 51.9 1.91 133.0 3.84 28.5
2-2 4 29.7 50.2 0.62 76.6 — —
6 42.8 97.2 0.48 739 — —_
31.7 64.8 0.54 69.9 — —_
10 21.6 459 0.48 63.4 — —
N 314 64.5 0.53 709 — —
ok ok NS NS
C 453 85.1 0.55 73.1 — —
3-1 4 28.2 32.9 0.84 97.1 — 12.6
33.3 35.6 0.88 101.5 — 12.9
33.3 39.2 0.79 95.3 — 13.3
10 35.3 46.4 0.69 92.0 — 114
N 325 385 0.80 96.5 — 12.5
i ok * NS ok
C 36.0 437 0.75 95.8 — 14.0
3-2 4 11.6 219 0.57 48.2 — 31.5
75 21.7 0.41 39.0 — 275
8 10.2 25.8 0.40 440 — 29.7
10 115 31.4 0.37 441 — 25.8
N 10.2 25.2 0.44 43.8 — 28.6
ok - NS ok ok
C 14.6 34.5 a.42 50.6 — 30.8
3-3 4 17.1 281 0.55 62.2 — —
19.6 40.4 0.45 59.2 — —
8 17.2 33.4 0.46 55.3 — —
10 13.4 30.1 0.36 53.4 — —
N 16.8 33.0 0.46 57.5 — —
* *x NS NS
C 21.3 44.8 0.42 61.7 — —

* and ** =P<0.05 and P<0.01, respectively.

Abbreviations used : 1-1, crop of one cutting treatment; 2-1, first crop of two cutting treatment ;
2-2, second crop of two cutting treatment; 3-1, first crop of three cutting treatment; 3-2, second
crop of three cutting treatment; 3-3, third crop of three cutting treatment.
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Table 3. Mean values for several characters of natural populations (N)
and cultivars (C).in 1979

. Shoot . Weight of Plant
C;Lelgllmng Populations weight No. tillers a tiller height
(g/plant) (no/plant) (2) {cm)
1-1 4 1275 96.4 1.24 122.7
6 105.0 87.4 1.13 114.8
8 154.1 128.0 1.17 117.8
10 102.1 102.1 0.97 112.8
N 122.1** 103.5** 1'12** 116.9N S
C 161.0 1279 1.23 116.6
2-1 4 100.0 72.3 1.31 118.7
6 110.2 91.6 1.14 111.0
8 106.9 92.8 1.12 112.2
10 879 82.3 0.96 108.1
N 101.2 847 1.13 1124
ot ok NS NS

C 139.7 113.0 1.17 1145
2-2 4 327 514 Q.70 67.1
6 26.4 63.0 0.46 52.9
8 251 64.9 0.44 48.2
10 235 54.9 0.45 48.9

N 26.9* 58.6** 0.51** 54'2**
C 31.1 81.0 0.42 48.2
3-1 4 312 62.9 0.46 54.5
6 359 80.3 0.39 53.4
8 41.6 83.1 0.42 52.1
10 324 79.2 0.32 47.0

N 35.3** 76.4** 0,40* 51.8**
C 47.8 93.9 0.46 60.7
3-2 4 72 35.8 0.18 55.7
6 8.2 39.8 0.18 58.0
8 10.3 51.2 0.20 55.9
10 13.7 50.9 0.24 59.6

N 9.8*)|< 44.3N S 0.20** 57.3**
C 7.5 49.3 0.15 52.4
3-3 4 8.8 17.0 0.51 45.0
6 9.8 21.7 0.46 40.1
8 10.4 25.4 0.36 39.0
10 12.0 337 0.38 43.6
N 10.2 24.6 0.43 42.0

NS NS * *

C 12.3 26.8 0.47 38.1

* and ** =P<0.05 and P<0.01, respectively.
1-1, 2-1, 2-2, 3-1, 3-2 and 3-3 are the same as shown in Table 2.
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Fig. 1.

Mean values of shoot weight (Fig. 1-A), number of tillers (Fig. 1-B), weight of a tiller (Fig. 1~C) and
plant height (Fig. 1-D) of natural populations (N) and cultivars (C) in LF ((J), LN (), HF (g5) and
HN (E) plots in 1978,

Abbreviations used : LF, low density and fertilizer ; LN, low density and no-fertilizer ; HF, high density
and fertilizer ; HN, high density and no-fertilizer.

2-2, 3-1, 3-2 and 3-3 are the same as shown in Table 2.
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Fig. 2. Mean values of shoot weight (Fig. 1-A), number of tillers (Fig. 1-B), weight of a tiller (Fig. 1-C) and

plant height (Fig. 1-D) of natural populations (N) and cultivars (C) in LF (OJ), LN (), HF (g) and

HN (M) plots in 1979.

LF, LN, HF and HN are the same as shown in Fig. 1. 1-1, 2-1, 2-2, 3-1, 3-2 and 3-3 are the same

as shown in Table 2.
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Mean squares of density effect, fertilizer effect and interaction

of both effects of natural populations (N) and cultivars (C) for
shoot weight under each cutting regime

Density effect (D)

Fertilizer effect (F)

Interaction of DXF

Year Cutting
regime mean squares F-values mean squares F-values mean squares F-values
N C (NvsC)xD N (Nvs C)xF N C (Nvs CO)XDXF
1978 1-1 36591.9  53407.3 6.3* 1209.1 86626 13.6%* 0.0 1234.8** 5.3%*
2-1 36591.9 53407.3 6.3*% 1209.1  8662.6 13.6%* 0.0 1234.8%* 5.3%*
2-2 4312.9 9800.0 9.7%* 18.1 758.6 A4T7* 7.7 175.8 22
3-1 15238.2  20624.8 4.9% 43.0 87.1 <1 51.8 368.6 1.7
3-2 13.9 74.1 1.3 3.6 747 24 67.6%* 37.2 <1
3-3 5371.6 7831.2 2.4 7.0 297.7 41 31.6 40.1 15
1979 1-1 79590.5. 2091059 25.4** 25329 8420.8 1.4 165.2  3421.7* 1.7
2-1 85874.0 135733.5 5.0% 5204.6 23419.9 58*%  2196.2 32220 9.5%*
2-2 5475.8 6458.2 <1 1048.8  4195.3 14.5%* 84.5 554.5%* 29
3-1 18798.6  43719.3  10.3** 200.0 315.0 <1 70.8 710.6 <1
3-2 2241.2 1146.0 5.1*% 9.7 10.2 <1 22.4 20.3 <1
3-3 2550.8 3931.6 4.0 104.1 322 <1 104.8 38.1 <1

* and ** =P<0.05 and P<0.01, respectively.

1-1, 2~1, 2-2, 3-1, 3-2 and 3-3 are the same as shown in Table 2.
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Table 5. Mean squares of density effect, fertilizer effect and interaction
of both effects of natural populations (N) and cultivars (C) for
number of tillers under each cutting regime
Cutti Density effect (D) Fertilizer effect (F) Interaction of DXF
Year -utting
regime mean squares F-values mean squares F-values mean squares F-values
(NvsC)XD N C (NysC)xF N (N vs C)XDXxF
1978 1-1 10885.,5 120125 <1 345.8 1504.3 6.8* 6.3 557.8 7.4%
2-1 10885.5 120125 <1 3458 1504.3 6.8*% 6.3 557.8 7.4%
—2 2953.0 6765.8 1.3 363.2 3653.0 2.8 8.0 708.7 14
3-1 4714.2 4763.5 <1 105.1 107.7 <1 0.7 1424 1.2
3-2 275.0 55.9 1.6 0.0 14.7 <1 276.1**  103.3 <1
3-3 123088 16593.9 1.0 91.8 1022.7 5.6% 93.8 61.8 <1
1979 1-1 32729.6  90450.7 43.7%% 1109.2  4863.5 4.0 98.7 3760.6** 23.6%*
2-1 32373.8 53841.2 35 3034.2 74116 2.2 630.1 300.1 <1
2-2 14208.8 259123 2.2 8182.4 25526.7 6.0% 26.1 0.0 <1
3-1 66978.0 108077.6 6.8* 911.7 13559 <1 1437 38347 35
3-2 32736.0  45045.0 1.9 84.2 279.7 <1 280.3 1164.0 <1
3-3° 136125 174939 <1 206.1 567.9 <1 272.6 4945 <1

* and ** =P<0.06 and P<0.01, respectively.
1-1, 2-1, 2-2, 3-1, 3-2 and 3-3 are the same as shown in Table 2.

Mean squares of density effect, fertilizer effect and interaction
of both effects of natural populations (N) and cultivars (C) for
weight of a tiller under each cutting regime

Table 6.

Density effect (D) Fertilizer effect (F) Interaction of DXF

Cutting

Year . mean squares mean squares mean equares
regime 1 F-values 13 F-values il F-values

T (NwsOxD (0T (NwsOxE (X107 (Nvs C)XDxF

1978 1-1 95.7 3220 1.7 8.1 190.6 3.1 16.7 166.8 2.0

2-1 95.7 322.0 1.7 8.1 190.6 3.1 16.7 166.8 2.0

2-2 465.6 561.8 <1 20.0 11.3 <1 1.8 9.8 1.2

3-1 40186  4836.1 2.1 55 145 <1 23.1 325 <1

3-2 196.9 155.4 <1 10.9 48.8 1.3 20 3.8 1.1

3-3 907.9 1440.8 2.0 39.9 13.2 <1 13.2 5.3 <1

1979 1-1 540.8 610.5 <1 12.8 1.8 <1 0.2 32.5 <1

2-1 803.3 720.0 <1 6.9 165.3 2.5 32.2 45 <1

2-2 204.8 9.1 7.7F* 242 19.0 <1 28.8 92.5%* 1.1

3-1 246.8 332.1 <1 0.4 1.3 <1 0.0 1.3 <1

3-2 1711 8.5 15.7+* 0.1 1.8 <1 41 1.8 17

3-3 2145 423.2 <1 76.1 6.6 2.6 421 18.1 <1

* and ** =P<0.05 and P<0.01, respectively.
1-1, 2-1, 2-2, 3-1, 3-2 and 3-3 are the same as shown in Table 2,



278 IR ERERILE H14%E ¥35

Table 7.

Mean squares of density effect, fertilizer effect and interaction

of both effects of natural populations (N) and cultivars (C) for
plant height under each cutting regime :

Density effect (D)

Fertilizer effect (F)

Interaction of DXF

Year Cutting
regime  mean squares F-values mean squares F-values mean squares F-values
N (NvsC)xD N (Nvs C)XF (N vs C)xDxF

1978 1-1 11.5 179.5 7.2% 40.0 0.3 3.4 0.8 6.3 <1
2-1 115 179.5 7.2% 40.0 0.3 3.4 0.8 6.3 <1
2-2 90.5 695.7 3.3 42 48.0 <1 63.3 65.6 5.4*
3-1 5040.1 58699 <1 161.0 50.5 <1 150.5* 1930 <1
3-2 20.0 49.3 <1 213.7 2838 <1 141.5%* 189.6%* <1
3-3 33949 1263.8 3.4 76.3 308.1 <1 25.2 318 <1

1979 1-1 639.9 606.4 <1 0.5 49.8 1.6 143.2% 0.9 11.5%*
2-1 1534.6 542.0 7.9%* 19.8 0.1 <1 132.8 147 1.9
2-2 6030.8 4354.8 1.8 1036.3 2351.3 3.4 90.8 149.2 <1
3-1 595.1  1083.5 1.6 2365 4381 <1 1.6 85.2 1.4
3-2 49104 26755 7.0* 83.2 47 26 114.0 87.8 <1
3-3 108119 9605.0 <1 83.9 35.3 <1 161.1 400.4 <1

* and ** =P<0.05 and P<0.01, respectively.

1-1, 2-1, 2-2, 3-1, 3-2 and 3-3 are the same as shown in Table 2.
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Summary

To study the responses to density and fertilizer
of natural populations and cultivars of timothy
(Phlewmn pratense L.), we carried out the spaced-
planting experiment using four natural populations
and four cultivars. The formers included riverside,
pasture and vacant land populations, and the lat-
ters included Senpoku, Kitami-1l, Kitami-2 and
Kitami-3 which bred for early maturity and high
yield. The experiment was conducted by the split-
split plot design with two replications. The den-
sity was assigned to the main plot, the fertilizer
to the subplot, and the line to the sub-sub plot.
Two levels of densities and fertilizers were set
out under the three levels of cutting frequencies.
We measured vegetative characters such as shoot
weight, number of tillers, weight of a tiller and
plant height in the second and third years after
seeding. The results were as follows:

The cultivars had larger shoot weight, number

of tillers and weight of a tiller than natural popu-~
lations in mature crops, and they had larger shoot
weight and more tillers in regrowth crops in both
years. In regrowth crops of three cutting treat-
ment, natural populations had larger weight of a
tiller and plant height than cultivars.

Density responses of shoot weight of cultivars
were higher than those of natural populations in
mature crops, resulting from those of weight of a
tiller in second year and those of both of number
of tillers and weight of a tiller in third year.
Fertilizer responses of cultivars were higher than
those of natural populations, resulting from those
of weight of a tiller and number of tillers in both
years. Interaction of density and fertilizer re-
sponses were found in cultivars, but not in natural
populations, and fertilizer responses were high in
the low density plots in cultivars.

In second crops of two cutting treatment, re-
sponses of shoot weight to density and fertilizer
of cultivars were larger than natural populations,
resulting from those of number of tillers. But,
these differences in responses were not found in
all regrowth crops of three cutting treatment.

These facts show that the genotypes with high
density and fertilizer responses have been selected
during breeding. In consideration of the tiller
composition, it Is suggested that the genotypes
whose reproductive tillers concentrate on mature
crop have been selected.

Within natural populations, riverside population
had larger tiller size and fewer tiller number than

pasture ones.



