Estimation of competitive ability and density response

and its relation to forest perfornlance
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Table 1 The mean values in pure- and mixed-stand and
competltlve ab111tles In poplar clones
Varieties . .
name Treatment Tree height | Stem diameter | Branch length | No of branches
Pure 261101 0.58171 1.90207 1.50236
- 214 Mixed 25514 0.52570 1.91877 1.49168
- 0.02236 - 0.03988 - 0.00702 0.00280
Pure 2.62278 0.53612 1.88314 1.58139
I- 476 Mixed 2.55877 0.54917 1.89121 1.55913
- 0.00938 - 0.00822 0.02299 0.00061
Pure 245271 0.37666 1.7577733 1.52745
Gelrica Mixed 2.49003 0.43298 1.70790 1.46248
0.03140 0.04830 - 0.01595 0.00891
C stand for competitiv ability
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Table Analysis of variance of species eHects in
poplar clone variaties
Source of variatiation dF. Tree height | Stem diameter | Branch length | No. of branches
Relications 1 0.01806 0.00001 0.14851 0.00612
Species 2 0.64941 0.83961 0.42452 0.11747
Error 3 0.01219 0.00760 0.02669 0.02803
Total 4
Significant at the 5 level. Significant at the 1 level.



Table Analysis of variance of competitive effects in
poplar clone vanetles
Source of variation | d.f. Tree height Stem diameter| Branch length | No. of branches
Competition effects 1 0.0042540 0.0106667 0.0022170 0.0023337
Interaction 2 0.0306330 0.0103832 0.0025550 0.0151749
Error 3 0.0034098 0.0030999 0.0008124 0.0032701
Total 4
**  Significantatthe 1 level
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Table Density response expressed in terms of linear

regression coeffcients in poplar clones

Tree height stem diameter Branch length | No. of branches
- 214 0.0285+ 0.0657 0.1798+ 0.0438 0.1853+ 0.0947 0.1823+ 0.0811
- 476 - 0.0139+ 0.0597 | 0.1427+ 0.0290 0.1163+ 0.0468 0.0639+ 0.0590
Gelrica 0.0081+ 0.0179 0.1622+ 0.0442 0.1253+ 0.0811 0.1704+ 0.00398
Table Total correlation coeffcients between density responses

of different characters in poplar clone varieties

Stem diameter No. of branches Branchlength
Tree height 0.233 0.186 0.527
Stem diameter — 0.597 0.885
No. of branches 0.619

**  Significantatthe 1 level.
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Table General competitive abilities and mean
values in pure-stand of Todo-fir
. Curren theight .
Mother Tree Total height growth Diameter Branch length
P
A- 207 2312 - 049 5.59 - 037 0.555 0.018 6.32| - 0.32
K- 79 18.19 0.19 3.85 0.89 0.509 | - 0.003 5.42 0.52
A- 99 21.79 0.42 4.38 - 0.08 0.539 | - 0.010 595 |- 0.12
A- 226 22.36 0.16 4.95 0.42 0.531 0.004 5.77 0.13
A- 242 3211 | - 0.32 4.92 0.36 0.552 0.040 6.33 0.97
A T2 24.88 0.0 4.90 0.38 0.553 0.065 6.41 0.29
K- 73 21.39 0.25 4.75 0.20 0.537 0.018 6.22 0.10
K- 246 24.20 0.14 5.66 - 0.33 0.559 0.026 6.70 | - 0.45
A- 127 22.77 0.84 5.66 0.35 0.569 0.015 6.55 0.46
K- 111 20.86 0.60 4.72 0.21 0.565 | - 0.007 6.82 | - 0.10
K- 141 23.24 1.46 5.49 0.89 0.591 0.045 654 | 0.77
LSD(0.05) 0.72 0.93 0.045 0.60

P and C stand formean values in pure-stand and competitive abilities respectively LSD values on the last
column gives the least-significant distance for competitiue ability

P C 0.05
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Table Total correlation coefficients between competitive abilities on

the basis of measurements of different characters of Todo-fir

Curr;rot Muelght Diameter branch length
Total height 0.280 0.006 0.275
Current height growth — 0.089 0.654
Diameter 0.299 — 0.030
Branch length 0.666 0.107 —

Above the diagonal lines are correlation coefficients between general competitive abilities and

under the diagonal lines are correlation coefficients of specific competitive abilities

Significantatthe 5 level
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Table Comparative table of variances in pure- and
mixed-stands of Todo-fir
Character combination effect
Total height 669.1600 807.1620 20.6
Current height growth 266.7147 218.0841 22.2
Diameter 0.7854 0.6639 18.3
Branch length 138.2906 143.3842 36

Combination effects are estimated

Table Differences of competitive abilities among families
collected from two dfferent stands  dffer cone type
frequency distributions of Abies sachalinensis
Stand _Frequency _ of _ Current height Diameter
Abies sachalinensis groeth
Asahigawa 46 0.253 0.027
kitami 100 0.332 0.011
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Summary

Two series of experiments were conducted in order to find genotypic variation in competitiveubility
within the same species ~ Materials used were poplar and Todo-fir  Abies sachalinensis In one of the
experiments three poplar clone variaries Popuiuseuram |- 214 1- -476and Populus gelrica were
tested for their competitive ability —growing each of the three in pure- and mixed-stand

Experiment was conducted by a ramdamized block design with two replications Table 1 shows that
gelrica variety are apparently higher in competitive ability than two Italy-poplars for diameter The
sarnerelation also holds for tree height and number of branches  Accordingly it was conducted that the
Italy-poplars were inferior to the gelrica variety with regard to competitive ability  so far the three varieties
examined in this experiment are concerned It was found from Fig that the tree height diameter
branch length and number of branches showed a larger value of the populationlnean and variance in the
mixed-stand than in the pure-stand

Correlations were examined between competitive ability and growth ability in pure-stand for each
character of poplar clone varieties Correlation coefficients between them werer .997 for treeheight
r .938 for diameter r  .996 for branch length and r .167 for number of branches Tree height
diameter and branch length were highly significant at the 1 levels while number of branches was not
significant

Another experiment of competition was conducted in 1967 using Il seed propagated families of Todo-fir
Materials were collected from two different stands which differ in cone type distributions of Abies
sachalinensis The experiment conducted by the balanced incomplete block design ~ Arrange-rment of the
pure-and mixed-stand in the field was shown in Fig 1  Then this experiment design is analogous to the
split-plot method Eleven families were completely arranged with balanced diallel combinations then
there are 55 main plots  each being divided into three subplots two for pure one for mixture on the two
families

Table 6 presents the results of competition experiment in the eleven families of Todo-fir ~ Competi-
tive ability was mainly estimated with the method of MCGILCHRIST 1965 LSD values for
generalcompetitive ability for each character urere colnputed They showed that competitive ability for
tree height diameter and branch length was highly significant while current height growth fell short of the
significant level Itwas found from Table 3that K- 141 A- 72 K- 73 A- 226and A- 242 were



very superior competitors while K- 246 A- -207and A- -99 were weak Total variation of the character
which is more or less affected by competition in a mixed-stand should include besides genotypic and
environmetal variation in a usual sense variation due to competition In a pure-stand the variance within
families must contain the genetic and environmental components

Then difference if any between variances of mixed-and pure-standin a character will surelyrepresent
colnpetitional variance Comparisons between them were shown in Table It was found that variance of
mixed-stand was apparently larger than that of pure-stand in current height growth and diameter of Todo-
fir From these findings we may only say safely that competition lowers herit-ability value of growth
characters and makes effective selection of the mother trees diffcult as havementioned by SAKAI 1968
The same comparison was also made for poplar clone variety experiment.lt was found from Fig 3 that each
character showed larger values of the population mean and variancein a mixed- than in a pure-stand
Thesarne relation also holds for each character of Todo-fir with regard to population mean

Relationships between competitive ability and difference between competitor andits associate ina
pure-stand for diameter and current height growth of Tode-fir were shown in Fig and Fig It is
interesting that the relation between them are negative occurrenceof sucha case has beens hown by many
reports  This means that high yielding family in a pure-stand is generally weak in its competitive ability
and vice versa

It is interesting to find in the spacing experiment that diameter branch length and number of
branches per plantJncrease in approximately linear proportion to the decrease in plant density while tree
height does not increase in the same way as shown in Fig 4and Fig 5 Diameter and branch length
reaches a plateu when the spacing surpasses a certain threshold Tree height also increases in linear
proportion to the decrease in plant density up to a certain threshold while the more decreasein plant density
the more decrease in its character ~ However gelrica was conspicuously stable intree height and 1-476 was
also stable in diameter therefore no general statement will apply to all genotypes  The density responses
have been investigated by the coeffcients of linear regression of characters on spacings  They are presented
in Table 4 togather with their 95 confidenceintervals It was found from Table 1 that clone varieties vary
significantly in respect of the density response The highly responsive varieties were I- 214and |- 476
while the lowest was gelrica as geveral rule

Correlations were examined between density response and competitive ability for each character
They all failed to reach the signiHcant leve

Comparisons of competitive ability were examined on the families  collected from two differntstands
in cone type distribution Abies sachalinensis Red Todo-fir There are no significantdiffer-ence between
them From this findngs we may conclude that there is no relationship between competitive ability
at this growth stage and fitness of the population in mature-forest



