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Fig. 1. Changes of mean values of northern (closed bar) and southern (open bar)
groups for plant weight, no. of tillers, weight of a tiller and plant height

with cutting stage.

Table 1. Analyses of variance for plant weight, no. of tillers, weight
of a tiller and plant height at each cutting stage

Mean squares
Source of variation df Plant weight No. of tillers
1st 2nd 3rd 4th  Total 1st 2nd 3rd 4th
Population 31 740+« 184 473*%  50* 2486 2415 706 553 2671
NG vs. SG 1 454 15 1825% 96 2595 214 448 1105 3948
Northern group (NG) 12  867*+¢ 199 427 44 2365 2284 857 804* 2231
Southern group {(SG) 18 672%+ 183 429 52* 2560 2624 621 355 2894*
Block 1 5975%* 36 186 13 10866* 15876%* 26 98  17956**
Error , 31 297 258 233 23 1832 1457 554 376 1343
Mean squares
Source of variation df Weight of a tiller Plant beight
1st 2nd 3rd 4th 1st 2nd 3rd 4th
Population 31 0.0079** 0.0088  0.0389** (0.0042 41.9* 293 139.6%*  29.5%*
NG vs. SG 1 0.0117 0.0006 0.0479 0.0012 33.4 0.7 634.4% 196.7**
Northern group (NG) 12 0.0062 0.0142* 0.0582** 0.0026 31.6 189 168.5%¢ 13.4%
Southern group (SG) 18 0.0089%F 00057 0.0255*% 0.0054* 492% 3738 929*%  31.0%*
Block 1 0.0682** 0,0004 0.1961** 0.0431%* 481 3** 394,5%% 365 87.4%*
Error 31 0.0031 0.0052 0.0112 0.0023 18.8 20.7 445 6.1

»

* %k gignificant at 5% and 1% levels, respectively.
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Table 2. Mean values and ranges of plant
weight (2nd to 4th) adjusted to
the plant weight at the previous
cut by means of covariance ana-

lysis
2nd cut 3rd cut 4th cut
Northern group
Mean 74.3 45.7%2) 23.3
Range 49.6-90.5 19.9-69.2%P) 17.3-33.6

Southern group
Mean 70.8 57.0 23.7

Range 574-875 38.2-97.0  16.2-30.4*D)

a) Difference between groups is significant at
5% level.

b) Difference within groups is significant at
5% level.

Table 3. Path coefficient analyses of direct
and indirect effects of no. of til-
lers (NT) and weight of a tiller
(WT) on plant weight (PW)

Ist cut
PW vs. NT r=0,756%*
Direct effect 0.589
Indirect effect via WT 0.167
PW vs. WT 7=0,795%*
Direct effect 0.642
Indirect effect via NT 0.153
2nd cut
PW vs. NT 1=0,654**
Direct effect 1,143
Indirect effect via WT —0.489
PW vs. WT r=0.144
Direct effect 0.823
Indirect effect via NT —0.679
3rd cut
PW vs. NT r=0,731**
Direct effect 0.754
Indirect effect via WT —0,023
PW vs. WT r=0.591%*
Direct effect 0.620
Indirect effect via NT -0.029
4th cut
PW vs. NT r=0.800**
Direct effect 1.287
Indirect effect via WT —0.487
PW vs. WT r=—0.234
Direct effect 0.683
Indirect effect via NT —0.917

**: significant at 1% level.
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Table 4. Analyses of variance for relative
yield at each cutting stage

Mean squares

Source of df
variation 1st 2nd 3rd 4th

Population 31 66.20% 4217* 46.38 10.06**

NG vs. SG 1 161 261.94% 190.14* 1.17
Northern

sk
group (NG) 12 6017  56.88*F 4833 10.28
Southern =15 73g1x 2015 3710 1041*
group (SG)
Block 1 70291%F 421.78% 376 1712
Error 31 31.83 1863 2811 419

¥ %% gignificant at 5% and 1% levels, re-
spectively.

i
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Fig. 2. Changes of mean values of northern
(closed bar) and southern (open bar)
groups for relative yield (plant weight
at each cut/total weight) with cutting
stage.
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Summary

This experiment was conducted to investigate

the variation of seasonal change of dry matter

production among natural populations of timothy
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(Phleum pratense 1.
which 13 and 19 populations were collected from

Using 32 populations of

northern and southern areas of Hokkaido, respec-
tively, their spaced plants were cut on May 23
(Ist cut), June 30 (2nd cut), August 23 (3rd cut) and
September 30 (4th cut) in the 3rd year after seeding
at Sapporo. Dry weight per plant, number of til-
lers, weight of a tiller and plant height were
measured at each harvest.

There were differences among populations in
plant weight at the 1st, 3rd and 4th cuts, and, at
the 3rd cut, plant weight was -greater in the sou-
thern group than in the northern group (Table 1,
Fig. 1L A). To eliminate the stand size effect from
dry matter production after each cutting, plant
weight at the 2nd to 4th cut was adjusted to that
at the previous cut by means of covariance anal-
ysis. In adjusted plant weight above group differ-
ence at the 3rd cut became more evident (Table 2),
indicating that dry matter productivity of the sou-
thern group was higher than the northern group
in mid-summer. Furthermore, by path coefficient

analysis of tiller number and tiller weight on plant
weight it was made clear that the higher produc-
tivity of the southern group was largely due to the
higher tiller number in mid-summer (Table 3).

Plant height at the 3rd and 4th cuts was also
greater in the southern group than in the northern
group (Table 1, Fig. 1D).

Relative yield (plant weight at each cut/total
weight), which stands for the seasonal distribution
of total dry matter production during the growing
season, was calculated in each population. At the
1st and 4th cuts relative yields were much similar
in the northern and southern groups, whereas the
northern group at the 2nd cut and the southern
group at the 3rd cut had higher relative yield than
the other group (Table 4, Fig. 2).

It was suggested by these results that, compared
with southern populations, northern populations
grew rapidly under moderate temperature condi-
tions from late spring .to early summer, but their
growth was markedly suppressed under high tem-

perature conditions in mid-summer.



