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Ecological-genetic Studies on the Adaptation to High Density Stress
in Indian Mustard (Brassica juncea CZERN. et Coss) and
White Mustard (Sinapis alba L.)
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(Experiment Farms, Faculty of Agriculture,
Hokkaido University, Yoichi, 046, Japan)
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Fig. 1. Changes on several characters of the H
and L forms of B. juncea with cycles.
0---0: H form, ®e——e : L form.

cv.: Cultivated variety.
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cv. Trico cv.Gisiba cv.Steinacher cv. English var.
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Eo'géohlg2é4567 12345867 1234567 12345467
Cycle Cycle Cycle Cycle
Fig. 2. Changes on several characters of the H and L forms of S. alba with cycles.
O---C: H form, ®——e® : L form. cv.: Cultivated variety.
Table 1. Differences in several characters between the H and L forms of B. juncea.
Cycle 1 2 3 4 5 6 7
Year 1977 1978 1979 1980 1981 1982 1983
Source DF Mean squares
(Plant height)
Form (F) 1 345.85 111.01 91.80 680.81 88.45 0.01 92.48
Cv. 1 1341.62 80.65 854.91 1113.92** 88.45 280.85** 118.58
Fx cv. 1 139.45 47.05 110.26 120.13 83.21 19.85 25.92
Error 4 269.21 21.76 45.48 38.95 185.13 9.84 40.51
{No. of primary branch)
Form (F) 1 0.55 0.84 8.61** 0.03 0.50 0.13 0.85
cv 1 1.36 16.24 0.001 4.65 2.00* 7.60** 2.65
Fx cv. 1 1.71 0.61 0.001 3.25 1.28 1.12 0.41
Error 4 0.41 12.27 0.33 1.31 0.17 0.13 0.42
{Seed yield/plant>
Form (F) 1 1.62 — 17.11 43.24 — 2.67 100.48**
cv. 1 1.28 — 4.06 6.84 — 113.40* 0.33
Fx cv. 1 11.05 — 5.95 2.42 — 0.98 67.22**
Error 4 2.70 - 8.58 30.71 — 11.34 0.42
<100 seed weight)>
Form (F) 1 — 22.78 33.62 128.80**  256.51** 208.08** 53.30*
cv 1 — 144.53* 160.20** 110.26** 56.71 100.82** 74.73*
Fx cv. 1 — 3.25 0.18 64.41** 18.30 10.13 8.88
Error 4 14.47 4.56 0.29 10.44 4.00 4.27
{Flowering time>
Form (F) 1 — — — — 6.48** 7.24** 11.28**
cv 1 — — — — 0.08 0.86 0.28
Fx Cv. 1 — — — — 0.18 0.70 0.03
Error 4 — — — — 0.19 0.13 0.18

*** . Significant at the 19 and 5% level, respectively.
Form: H and L forms. cv.: Cultivated variety Secus and Primus.
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Table 2. Differences in several characters between the H and L forms of S. alba.

Cycle 1 2 3 4 5 6 7
Year 1977 1978 1979 1980 1981 1982 1983
Source DF Mean squares

{Plant height)>

Form (F) 1 64.40 203.06 424.36 118.27 0.30 34.81 16.00
cv. 3 1228.49** 1433.09* 64.80 9.30 347.68* 263.40 182.07
Fx cv. 3 264.90* 261.31 275.31 415.21* 162.87* 148.01 44.95
Error 8 52.51 163.55 124.06 62.76 59.05 67.12 39.89
{No. of primary branch>

Form (F) 1 0.02 3.24 9.77 3.52 1.21 0.64 9.00
cv. 3 2.64 4.17 4.95 5.01 6.86 2.68 0.97
Fx cv. 3 4.07 3.00 4.24 9.82** 1.72 1.19 4.45*
Error 8 1.57 8.68 1.47 0.91 2.04 2.07 0.74
{Seed yield/plant)

Form (F) 1 0.14 — 31.08 295.84** 23.28 61.70 0.74
cv. 3 17.60 — 3.64 63 .68 28.35* 15.65 63.77
Fx cv. 3 10.25 — 4.40 37.94 12.78 5.75 109.65
Error 8 13.88 — 7.52 22.46 5.74 5.69 32.23
<100 seed weight)

Form (F) 1 — 157.76 0.81 60.45 4.95 51.48** 0.64
cv. 3 — 67.23 48.86 20.87 29.69 23.20* 20.30
Fx cv. 3 — 72.77 26.30 16.17 0.74 32.80 23.31
Error 8 31.39 15.14 12.04 8.13 4.39 6.96
{Flowering time>

Form (F) 1 — — — — 3.85* 1.33 3.90
cv. 3 — — — — 0.67 9.27* 1.13
Fx cv. 3 — — — — 5.36* 4.20 1.31
Error 8 — — — — 0.44 1.14 2.31

** * . Significant at the 19 and 5% level, respectively.
Population: H and L forms. cv.: Cultivated variety Gisiba, Trico, Steinacher and English var.

Table 3. Differences in several characters between the H and L forms in 3,4 and 5
cycles of B. juncea.

Source Flowering Plant Primary 100 seed Seed
DF time height branch weight yield
Cultivated variety Secus. Mean squares
Form (F) 1 1.83* 23.05 0.63 35.40* 1.12
Cycle (O 2 9.90** 696.16 1.20 501.81** 0.46
Fx C 2 0.26 157.45 0.04 47.29* 52.44**
Error 6 0.26 75.82 0.24 5.49 . 6.68

Cultivated variety Primus.

Form (F) 1 7.18** 331.54 0.58 106.80** 88.77
Cycle (C 2 13.20** 119.07 0.65 2.85 0.03
Fx C 2 0.19 266.77 0.80 1.09 1.87
Error 6 0.36 122.84 0.22 1.18 19.57

*** Significant at the 19 and 5% level, respectively.
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Fig. 3. Several characters in 3,4, and 5 cycles of B.
Juncea.
——: ¢v. Secus, ---: cv. Primus.
O : H form, ®: L form.
cv. Cultivated variety.
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Fig. 4. Effects of spacing on several characters of
B. juncea.
—: cv. Secus, ---: cv. Primus.
O : H form, @ : L form.
A:50cmX30cm, B: 50cmX15cm
cv.: Cultivated variety.
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Fig. 5. Effects of spacing on several characters of
S. alba.
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-e-+-: cv. Steinacher.

O: H form, ®: L form.
A:50cmX30cm, B: 50cmX15cm
cv.: Cultivated variety.
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Fig. 6. Survivorship curves of B. jumcea and S.

alba grown under high density conditions
(100 seeds/pot and 1000 seeds/pot).
Survival rate of cv. Secus in 100 seeds/pot
at 60 days could not be recorded because
some plants were infested with disease.

O: H form, ®: L form.

B. juncea: Cultivaed variety Secus ——, cv.
Primus ---.
S. alba: cv. Gisiba——, cv. Trico ~--, cv.

Steinacher ---.
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Table 4. The mortality (number of dead plant: ND) and relative growth rete (RGR:
mg/mg/day) between 30 and 60 days after sowing under various densities.

Rensity (Seeds/pot) Fom ND ke ~p “ror  np Rer
cv. Secus H 0 0.064 8 0.046 451 0.068
, — L 0 0.084 — — 9 0.074
B. juncea = primus H 0 0.085 33 0.065 243 0.071
~ L 0 0.089 19 0.055 243 0.067
cv. Gisiba H 0 0.072 12 0.033 151 0.043
- L 0 0.068 25 0.035 100 0.033
cv. Trico H 0 0.062 2 0.033 22 0.034

S. alba
— L 0 0.064 10 0.046 52 0.030
cv. Steinacher H 0 0.064  +9*  0.047 346 0.048
— L 0 0.064 5 0.03  +5*  0.033

* + means the increase in plant number.
cv.: Cultivated variety.

Survival Mortality
Reproduced Vegetative
— —— —
) BFNARNRE
Species Seeds 50 100
From /pot ™ v (%)
B juncea g 100
1,000 M=
cv. Seus e — —
1,000 2
100 H '''''''''''' ] |
o H oo BB )
cv. Primus
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L1 000 M

cv. Gisiba 1,000 B2
Lo 100
1,000 M.

| —
Siatbe i oo [—
PSP B

H 100

cv. Trico 1,000
L 100

1,000

100

cv. Steinacher 1,000
L 100

1,000

Fig. 7. Survival rate and seed setting rate of B.
juncea and S. alba under high density condi-
tions.
cv.: Cultivated variety.
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Fig. 8. The frequency distribution of plant height
and contribution of each class to the total
number of produced seeds in B. juncea.
~—— : Percentage of size class to total.
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Cultivated variety Gisiba

07710 20 30 40 50 0710 20 30 40 50

cv. Trico

L from 50 H from

20
nﬁﬂﬁ o v

10 20 30 40 50 0770 20 30 40 50
L from cv. Steinacher

50

Frequency(%)
w
<

H from
40

30
20

10 Ij.

N ZolooREgN
10 20 30 40 50
Plant height(cm)

Plant height(cm)

Fig. 9. The frequency distribution of plant height
and contribution of each class to the total
number of produced seeds in S. alba.

: Percentage of size class to total.

[ ]: Seed setting plants, [~-7]: Non-seed

setting plants, %) : Dead plants.
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Table 5. Dry weight/plant of the H and L forms at 14, 24, 34 and 44 days after sowing.

Days 14

34 44

Form H L H L H L H L
cv. Secus 0.06 0.03** 0.69 0.60 0.93 1.42 2.45 2.56
cv. Primus 0.04 0.03* 0.05 0.05 0.90 1.09 2.20 2.84

** *: Differense between the H and L forms being significant at the 19 and 5% levels, respectively.

cv.: Cultivated variety.
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Fig. 10. Differences in allocation of dry matter
into leaves, stem and reproductive struc-
ture between the H and L forms.
[_1: Leaf, [*>]: Stem, ]: Reproduc-
tive structure.
cv. Cultivated variety.
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Table 6. Differences in reproductive character-
istics between the H and L forms.

Cultivatod variety Secus Primus
orm H L H L
Flowering time (days) 3 36* 37 39*
Plant height (cm) 115 110 106 112

No. of primary branch 3 2%* 2 3
Dry weight/plant (g) 4.1 3.6** 3.6 3.3
Seed yeild/plant (g) 1.0 1.2 1.0 1.0
100 seedweight (X10%2g) 33  24** 24  22*

Seed number/plant 310 437** 405 465*
Seed/capsle 9 1I** 11 12
Capsle/plant 36 42** 34 40

Reproduct effort (%) 25 28** 29 28

** * . Difference between the H and L forms being
significant at the 1% and 5% levels, respec-
tively.

Reproductive effort : Seed weight/plant weight

BTHREI RN, @fE MPrimus] T, *oOEMA
WEbLLRVE, BEERETRIRI -1,

3. EFPHoORI
FERBOFPHESIOHE : LEMELRE
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F3H BERICH

fufE Secus) & Primus)] ® HE & Lo 44t
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TR EM EBBER P Vv AZE T TORS

Table 7. Differences in flowerig seasons between the H and L forms.

Cultivated variety. Secus Primus
orm
Flower buds appear 25.2 27.0 ** 25.7 26.6 *
Dry weight/plant 0.47 0.58** 0.50 0.65**
Leaf number/plant 11.3 11.4 *= 10.7 11.5 **
Flowering time
First flowers open(A) 41.5 43.3 ** 40.4 40.7
End(B) 64.4 66.0 ** 63.1 62.9
Duration(A-B) 23.1 22.3 22.5 22.2
Ripening time 90.4 90.7 89.6 88.8

** * . Difference between the H and L forms being significant at the 19 and 5% levels, respectively.
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Table 8. Survival rate and dry weight/plant of
the H and L forms grown under
different density conditions at 30
days after sowing.

Density Form Survival Dry weight/
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Table 9. Differences in survival rate and dry
weight/plant between the H and L
forms grown under different density
conditions at 30 days after sowing.

rate(%) plant(mg)
10 H 100 69.7
L 100 57.0
cv. Secus 100 H 82 23.3
L 93 13.3
1000 H 56 7.1
L 52 5.1
10 H 100 54.2
L 100 52.2
cv. Primus 100 H 86 14.8
L 86 15.2
1000 H 40 7.1
L 50 5.1

Density : 10, 100, and 1000 seeds/pot.
cv.: Cultivated variety.

Source DF  Survival rate Dry weight/plant
{cv. Secus)

Density (D) 2 1818.85 ** 36.33**
Form (F) 1 20.54 2.03*
DXF 2 37.34 0.31
Error 6 18.29 0.27
{cv. Primus)

Density (D) 2 2347.95 ** 22.02*%*
Form (F) 1 0.001 0.20
DXF 2 35.11 0.18
Error 6 42.68 0.27

***: Significant at the 1% and 5% levels, respec-
tively.

Density : 10,100 and 1000 seeds/pot.

cv.: Cultivated variety.
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Table 10. Reproductive characteristics of the H and L forms grown under different
density conditions at 90 days after sowing.

Density Form Survival  SS$ DW/ SY/ SN/ CN/ 100SW Seed/
rate(%) rate(%) plant(x100g) plant (X100g) capsule
10 H 100 100 96.6 15.9 76 12 20.3 6.3
L 100 100 121.4 14.1 96 14 14.5 6.9
cv. Secus 100 H 66 35 12.2 1.9 11 3 16.8 4.3
L 63 40 12.1 2.3 19 3 12.0 5.6
1000 H 11 2 4.7 1.1 8 2 13.1 3.9
L 14 5 5.9 1.2 11 3 11.6 4.1
10 H 100 100 96.6 11.5 66 11 16.6 6.3
L 100 100 60.1 8.5 81 11 10.3 7.4
cv. Primus 100 H 61 28 10.2 2.4 16 3 13.7 4.6
L 53 27 13.1 2.6 26 4 10.5 5.8
1000 H 18 3 4.7 0.9 8 2 12.0 4.4
L 12 4 5.9 1.1 10 3 10.2 3.8

Density : 10, 100, and 1000 seeds/pot.
SS: Seed setting, DW : Dry weight, SY: Seed yield, SN: Seed number, CN: Capsule number.
cv.: Cultivated variety.

Table 11. Differences in reproductive characteristics between the H and L forms grown
under different density conditions at 90 days after sowing.

Source Survival SS DW Seed yield SN 100 SW Seed CN
DF rate rate /plant /plant /plant . /capsule /plant
{cv. Secus)
Density (D) 2 4996.39**  6493.77** 1.35** 24049.45**  6337.15** 26.98* 4.96** 146.63**
Form (F) 1 1.92 20.28* 0.02 52.08 144.21** 46.81** 2.61* 2.90
DXF 2 0.54 5.49 0.02 158.34 16.43 5.85 0.04 0.70
Error 6 22.47 3.03 0.05 2646.67 24,19 2.99 0.26 7.08
{cv. Primus) :
Density (D) 2 4609.97**  6410.71** 0.58** 9429.81*  4831.45** 6.02 7.11* 83.32*
Form (F) 1 27.60 9.36 0.03 187.23 215.05 43.32* 1.08 1.26
DXF 2 6.92 14.94 0.03 354.60 29.79 4.89 1.00 0.19
Error 6 13.00 6.17 0.03 1751.06 82.87 7.65 0.71 9.96

** * . Significant at the 19§ and 5% levels, respectively.

Density : 10, 100 and 1000 seeds/pot.

SS: seed setting, DW: Dry weight, SN: Seed number, SW: Seed weight, CN : Capsule number
cv.: Cultivated variety.

Table 12. Correlations among reproductive characteristics of the H and L forms grown
under dense sowing (100 seeds/pot).

Cultivated variety Secus Primus

Form H L H L

Plant number 69 80 56 52
Plant height-No. of capsule/plant 0.67** 0.77** 0.67** 0.79**
Plant height-No. of seed/plant 0.62** 0.80** 0.71** 0.69**
Plant height-Seed/capusule 0.16 0.56** 0.20 0.36**
No. of capsule/plant-No. of seed/plant 0.69** 0.91** 0.84** 0.78**
No. of capsule/plant-Seed/capusule —0.03 0.34** —0.03 0.17
No. of seed/plant-Seed/capusule 0.57** 0.63** 0.39** 0.62**

** * . Significant at the 1% and 5% levels, respectively.
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hEEEWCH bbihic,

2. HOHS 2 0BBTCORENCEETHRT

Table 13. Several characters of the H and L forms grown for 30 days in pure-and
mixed-cultures under dense-sowing (4 X10*seed/m?).

cv. Secus cv. Primus
Form Difference Form Difference
H L (H-L) H L (H-L)
{Survival rate (%)>
Pure (P 46.5 66.0 —-19.5 46.5 62.0 —15.5
Mix (M) 66.0 28.0 38.0* 61.0 52.0 9.0
Competition 19.5 —38.0* 14.5* —10.0
{Dry weight/plot (g))>
Pure (P 1.1 1.1 0 1.0 0.7 0.3
Mix (M) 1.6 0.4 1.2** 1.1 0.8 0.3
— 0.7** 0.1 0.1

Competition 0.5
(M-P)

** * . Difference between the H and L forms or between pure- and mixed-cultures being significant at

the 1% and 5% levels, respectively.
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Table 14. Changes in number of plants during self-thinning process.

{Days after sowing>

{The cause of death>

Treatment Form Seeds 3 days 50 days Delayed coty.  Competition
/plot open cotyledon alive dead opening
A B D=A-C F=D-E
{cv. Secus)
H 50 39 33 17 7 10
L 50 44 26 24 6 8
Total 100 83 59 41 13 18
Non fertilizer
{cv. Primus>
H 50 40 39 11 6 5
L 50 49 42 8 1 7
Total 100 89 81 19 7 12
{cv. Secus)
H 50 30 37 13 9 4
L 50 44 36 14 4 10
Total 100 74 73 27 13 14
Fertilizer
{cv. Primus)
H 50 38 40 10 6 4
L 50 49 38 12 1 11
Total 100 87 78 22 7 15

cv.: Cultivated variety

x
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Fig. 11. Frequency distribution of the above-
ground weight of survivors in nutrient
treatment population.

——: L form, ---: H form.
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Fig. 12, Plant height of the H and L forms grown
in pure- and mixed-cultures under control
(7 plants/m? and high density (20 plants/
m?) at 50, 80 and 120Charvest time) days
after sowing.
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Table 15. Several characters of the H and L forms grown in pure-and mixed-cultures
under control (7 plant/m?) and high density (20 plant/m?).

Density Control High density
Form H L H L
Pure vs Mixed P M P M P M P M
cv. Secus
Flowering time (days) 60 64 65 66 63 62 66 65
{at 60 days after sowing)
No. of primary branch 7 9 7 7 7 7 6 6
<at 90 days after sowing (harvest time)>
No. of primary branch 7 9 7 7 6 7 6 5
No. of secondry branch 21 22 19 19 10 11 11 5*
100 seed weight (X100g> 31 33 25 24 38 31+ 24 23
cv. Primus
{at 90 days after sowing (harvest time)>
Plant height (cm) 203 206 205 214 199 201 209 204
No. of primary branch 9 9 9 9 6 6 6 5
No. of secondry branch 31 27 28 36 10 11 15 13
100 seed weight (X100 g) 23 21 22 22 25 20* 24 23

** * . Difference between pure- and mixed-cultures being significant at the 1% and 5% levels, respec

tively.
cv. Cultivated variety.
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Fig. 13. Biomass(50 days), seed yield and seed number in a replacement series of the H and L forms of
cv. Secus grown in pure- and mixed-cultures under control (7 plants/m?) and high density (20

plants/m?2).
O : H form, ®: L form, ®: Total values in mixed-culture.

---: The values calculated with the assumption of no effect of neighbour plant on each other.
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Fig. 14. Seed yield and seed number in a replacement series of the H and L forms of c¢v. Primus grown
in pure- and mixed-cultures under control (7 plants/m?) and high density (20 plants/m?).

O : H form, @ : L form, ® : Total values in mixed-culture.

--—: The values calculated with the assumption of no effect of neighbour plant on each other.
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Fig. 15. Variation in seed size of c¢v. Secus and cv.
Primus.
*: Mean. —: 5% standard error.
cv.: Cultivated variety.
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Table 17. 100 seed weight (X10%g) in original
and selected population of the H

and L forms.

Character 100 seed weight
cv. Cycle Size H L
Secus 0 — 29.6 24.0
Secus 1 Large 31.8 29.2
Secus 1 Small 25.5 24.0
LSD* 0.05 3.2
Primus 1 — 23.5 20.8
Primus 1 Large 24.7 26.6
Primus 1 Small 20.9 20.7
LSD 0.05 2.5

* . Differences between the H and L forms, and
among cycles.
cv.: Cultivated Variery.

Table 16. Seed size (X10%g) and intensity selection.

Cultivated variety Secus Primus

Form H H L L H H L L
Direction of selection Large Small Large Small Large Small Large Small
No. of plant 189 198 185 176

No. of plant selected 24 24 23 23 19 19 20 20
Mean of progeny 3.72 1.10 2.76 1.00 3.03 1.03 2.56 0.89
Standard deviation 0.72 0.18 0.49 0.23 0.40 0.18 0.28 0.17
Intensity of selection 1.84 1.23 2.57 1.28 2.05 1.52 1.98 1.67

Intensity of selection: |Mean of all measured-Mean of those selected|

Phenotypic standard deviation
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Table 18. Comparison of characteristics in lines (see chapter 3) of the H and L forms

at juvenile phase.

Cultivated variety Secus Primus

Form H L H L

No. of line 30 30 30 30

100 seed weight (X100 g> 33.1£5.9 23.4+5.1 ** 21.6+3.2 20.0+3.3

Gremination rate (%) 96.6+3.5 93.5+£5.0 ** 95.5+3.8 94.2+4.5

Germination speed (hour) 17.4%1.6 15.0£2.2 ** 22.0x2.3 17.7+£1.8 **
2 weeks after sowing

Width of cotyledon (cm) 1.45%+0.11 1.23+0.10** 1.32+0.11 1.2240.07**

Length of cotyledon (cm) 1.154+0.12 0.95£0.01** 0.8340.07 0.7810.06**
4 weeks after sowing

Dry weight/plant (mg) 28.2+5.4 19.9+4.4 ** 12.5+£2.3 12.4£1.8

No. of leaf 7.3+£0.5 6.8+0.5 ** 8.3£0.5 8.7£0.4 **

** . Difference between the H and L forms being significant at the 19 level.

Table 19. Correlations between 100 seed weight and other characteristics in the H and

L forms at juvenile phase.

Cultivated variety Secus Primus

Form H L H L

No. of line 30 30 30 30

Germination rate 0.16 —0.09 0.24 0.15

Germination speed 0.35 0.66** 0.31 0.69**
2 weeks after sowing

Width of cotyledon 0.68** 0.72** 0.72** 0.48**

Length of cotyledon 0.48** 0.52** 0.56** 0.57**
4 weeks after sowing

Dry weight/plant 0.58** —0.27 0.42* 0.30

Leaf number 0.72** 0.17 —0.01 0.01

** * . Significant at the 1% and 5% levels, respectively.
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Table 20. Comparison of reproductive characteristics in lines (see chapter 3) of the H
and L forms.

Cultivated variety Secus Primus

Form H L H L

No. of line 20 19 18 20

Maternal plant

100 seed weight (X100 g) 33.7 23.5 ** 21.5 20.0

Flower buds appear
Time (days) 25.2 27.3 ** 25.6 26.6 *
Dry weight/plant 0.19 0.58** 0.51 0.65**

Flowering time (days) 41.4 43.3 ** 40.9 40.7

Ripenig stage
Time (days) 90.6 90.9 90.1 88.9
Seed yield/plant (g) 0.55 0.61 0.57 0.72*
Seeds/plant 187.4 255.5 ** 242.5 343.7 **
Capsule/plant 33.0 31.5 28.9 35.5
100 seed weight (X100 g) 31.2 23.9 ** 23.7 21.7 *
Seed/capsule 5.9 8.2 ** 8.6 9.7 **
Dry weight/plant (g) 2.00 2.15 1.86 2.24*
Plant height (cm) 98.3 105.4 * 93.5 100.9 *
No. of primary branch 1.6 1.2 1.5 2.3 **
Reproductive effort 27.3 29.4 * 30.8 32.6

** * . Difference between the H and L forms being significant at the 1% and 59 levels, respectively.
Reproductive effort : Seed yield/dry weight of plant.

Table 21. Correlations between 100 seed weight and other reproductive characteristics.

Cultivated variety Secus Primus

Form H L H L

No. of line 20 19 18 20

Flower buds appear
Time (days) —0.70** —0.42 0.27 0.18
Dry weight/plant —0.29 —0.37 0.29 0.08

Flowering time (days) -0.33 —0.35 -0.02 0.26

Ripenig stage
Time (days) 0.20 0.40 0.42 0.26
Seed yield/plant (g) —0.04 —0.36 0.08 —0.36
Seeds/plant —0.46* —0.47* —0.17 —0.46*
Capsule/plant 0.38 —0.49** 0.11 -0.39
100 seed weight (X100 g) 0.87** 0.56* 0.73** 0.50*
Seed/capsule —0.64** —0.17 —0.42 0.54**
Dry weight/plant (g) 0.16 —0.24 0.31 —0.34
Plant height 0.37 —0.31 0.17 —0.23
No. of primary branch 0.23 —0.12 0.14 —0.39
Reproductive effort —0.43 0.06 —-0.27 —0.44

** * . Significant at the 1% and 5% levels, respectively.
Reproductive effort : Seed yield/dry weight of plant.
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Table 22. Phenotypic correlation(SC), genetic correlation(GC) and environmental cor-

relation(EC) among reproductive characteristics of the H and L forms.

<, BN DBTH, AL HVETFES IO
FEHRILBAHE L b KX hote, BN
ETELRE BEEE EBELBIUC—KRIEHII,

cv. Secus SN SW FT CN S/C
<{H form)
Seed/plant(SN) SC —0.70 0.079 0.191 0.801
GC —0.64 0.867 0.209 0.836
EC —0.739 —0.303 0.179 0.779
100 seed weight(SW) SC —0.405 —0.140 0.172 —0.755
GC —0.523 —0.882 0.499 —0.785
EC —0.350 0.165 ~0.022 —0.745
Flowering time(FT) SC 0.006 —0.058 0.064 0.071
GC 0.481 —0.263 0.342 0.553
EC —0.176 0.045 —0.075 —0.184
Capsule/plant (CN) SC 0.722 —0.085 0.013 —0.345
GC 0.895 —0.165 0.168 —0.321
EC 0.645 —0.029 —0.072 —0.369
Seed/capsule(S/C) SC 0.521 —0.447 —0.003 —0.123
GC 0.114 —0.755 0.649 —0.319
EC 0.614 —0.444 —0.138 —0.080
<L form)>
cv. Primus SN SW FT CN S/C
<{H form)
Seed/plant(SN) SC —0.466 0.074 0.754 0.608
GC —0.211 0.418 0.990 1.172
EC —0.637 —0.171 0.577 0.572
100 seed weight(SW) SC —0.437 —0.055 —0.264 —0.436
GC —0.360 —0.129 —0.239 —0.483
EC —0.640 —0.030 —0.287 —0.435
Flowering time(FT) SC —0.226 —0.147 0.137 —0.054
GC —0.424 —0.180 0.306 0.771
EC —0.027 —0.132 0.040 —0.218
Capsule/plant(CN> SC 0.838 —0.059 —0.375 —0.046
GC 0.970 —0.125 —0.637 1.226
EC 0.558 —0.010 —0.086 —0.346
Seed/capsule(S/C) SC 0.693 —0.760 0.071 0.214
GC 0.766 —0.782 0.065 0.595
EC 0.750 ~0.752 0.075 —0.087
<L form)

cv.: Cultivated variety.
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Table 23. ANOVA for survival rate, dry
weight/plot and dry weight/plant at
juvenile phase in competitive diallel
experiment of seed size lines (HM,
HS, LL and LM : see chapter 3).

Survival Dry weight Dry weight

Source DF rate (%) /plot (g) /plant (mg)
{Cultivated variety Secus)

Pure

Line 3 417.2 0.21 63.4

Replication 2 45.6 0.11 279.9

Error 6 173.1 0.07 122.1

Mixed

Competition 3 801.3* 1.49** 971.5**

Interaction 3 427.0 1.10** 1102.9**

Error 12 157.2 0.13 122.1

{Cultivated variety Primus)

Pure

Line 3 66.9 0.15 436.3
Replication 2 105.3 0.24 1684.0
Error 6 39.5 0.08 222.9
Mixed

Competition 3  347.3 0.47* 423.9
Interaction 3 210.7 0.26 241.1
Error 12 148.3 0.10 250.1

** *. Significant at the 1% and 5% levels, respec-
tively.
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Table 24. Sirvival rate(%), dry weight/plot and dry weight/plant at juvenile phase in
competitive diallel experiment of seed size lines (HM, HS, LL and LM: see

chapter 3).

Survival rate(%)
(Accompanied line)

Dry weight/plot(g)

Dry weight/plant(mg)

LineN\HM HS LL LM HM HS LL LM HM HS LL LM
HM 56.3 54.0 71.3 80.7 1.23 0.69 1.15 0.92 22.5 27.6 33.3 23.0
cv. Secus HS 59.3 81.7 68.7 76.6 0.65 1.71 0.49 1.45 22.6 20.9 41.6 38.2
LL 60.0 60.7 64.3 71.3 0.89 0.68 1.49 1.23 30.0 22.9 23.0 34.1
LM 44.7 47.3 47.3 57.0 0.35 0.51 0.52 1.12 152 21.4 225 19.9
HM 60.6 78.0 72.7 73.3 1.50 1.74 1.11 1.58 24.5 22.5 15.1 21.3
. HS 58.7 59.3 68.0 64.7 058 1.01 0.68 0.71 10.2 17.3 9.9 11.0
cv. Primus
LL 67.3 73.3 51.0 63.3 0.91 1.25 1.26 1.08 13.1 16.5 25.3 17.3
LM 64.0 63.3 51.3 61.0 0.83 0.98 0.68 1.46 12.9 15.6 13.7 24.9
cv.: Cultivated variety.
Table 25. Reproductive characteristics of the lines derived from large(La), mediam
(Me) and small(Sm) seeds of the H and L forms.
Cultivated variety Secus Primus
Form La Me Sm La Me Sm
Survival rate(%) H 72.0 81.0 90.0 73.0 85.0 84.0
L 78.0 88.0 95.0 74.0 74.0 72.0
Seed setting rate(%) H 48.0 62.0 66.0 41.0 67.0 61.0
L 65.0 72.0 64.0 56.0 55.0 63.0
Plant height(cm) H 44.7 49.3 44.1* 39.5 38.4 35.0
(Mean of all measured) L 39.8 43.1 33.0 35.6 29.5 34.4
Plant height(cm) H 56.0 56.3 48.7** 51.1 42.1 39.5
(Seed setting plants) L 45.9 48.0 38.2 40.1 33.7 36.1
Plant height(cm) H 21.1 23.2 30.0 24.4 24.9 23.5
(Non seed setting plants) L 15.9 22.6 21.1 23.4 19.0 22.6
Seed yield/plant(mg) H 58.6 61.8 30.3* 40.2 27.9 26.0
L 55.6 48.0 20.8*® 40.6 19.6 46.8
100 seed weight(X100 g) H 29.1 22.8 17.0* 17.3 19.1 16.9
L 23.0 19.2 16.1**® 15.9 12.8 17.0
Seeds/plant H 20.1 27.1 17.7* 23.3 14.3 15.7
L 23.8 25.0 13.3 19.9 15.4 27.5
Capsule/plant H 6.5 4.7 3.0% 4.6 2.8 3.0
L 4.3 4.4 2.5%*° 4.5 3.1 4.9
Seed/capsule H 3.0 5.8 5.8 5.0 5.0 5.2
L 5.5 5.6 5.1 5.6 5.0 5.6

*+a *a. Difference among La, Me and Sm sizes being significant at the 1% and 5% levels, respectively.
*#b *b. Difference between the H and L forms being significant at the 195 and 5% levels, respectively.
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Fig. 16. Number of seed setting plant in a replacement series of seed size lines (see
chapter 3) grown in pure- and mixed-cultures.

® : Total values in mixed-culture.

--~=: The values calculated with the assumption of no effect of neighbour plant

on each other.
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Fig. 17. Seed number/plot of in a replacement series of seed size lines (see chapter 3) grown in pure- and
mixed-cultures.
® : Total values in mixed-culture.
---: The values calculated with the assumption of no effect of neighbour plant on each other.
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Fig. 18. Seed yield/plot of in a replacement series of seed size lines (see chapter 3) grown in pure- and
mixed-cultures.
o : Total values in mixed-culture.
———: The values calculated with the assumption of no effect of negihbour plant on each other.
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Fig. 19. 100 seed weight of seed size lines (HL, HM, HS, LL, LM and LS: see chapter
3) grown in pure- and mixed-cultures.
Pure-culture, [ ]: Mixed-culture.
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Fig. 20. Seed/capsule of seed size lines (HL, HM, HS, LL, LM and LS: see chapter 3)
grown in pure- and mixed-cultures.

: Pure-culture, [__|: Mixed-culture.
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Fig. 21. The frequency distribution of plant size(plant height) in seed size lines (HL,
HM, HS, LL, LM and LS: see chapter 3) grown in pure-culture.
%223 Dead plants, [-: Non-seed setting plants, [__]: Seed setting plants.
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Fig. 22. The frequency distribution of plant size(plant height) in seed size lines (HM
and LM, HS and LL: see chapter 3) of cv. Secus grown in mixed-culture.
&%) Dead plants, [:*]: Non-seed setting plants, [__|: Seed setting plants.

M : Mean, cv.: Cultivated variety.
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Fig. 23. The frequency distribution of plant size(plant height) in seed size lines (HM
and LM, HS and LL: see chapter 3) of cv. Primus grown in mixed-culture.
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Table 26. The competitive effect (Pure
-Mixed) on plant size (plant
height) of seed size lines (HM, LM,
HS and LL: see chapter 3).

Cultivated variety Secus Primus
HM (mixed with LMD —-2.0 0.9
LM (mixed with HMD —8.6** 4.4*
HS (mixed with LL) —-3.2 7.3**
LL (mixed with HS) 2.2 5.9*

** * . Difference between pure- and mixed- cultures
being significant at the 1% and 5% levels,
respectively.

BHET & =

FIRERIL, ZFOR%E o BIGHEOREE
BoBAL RS OR—BTHB, LiL, ERER
THEDLh-L5i, HEI LA L L, £ER
CETH XOBBERVEET S, LB, %
DR DBRTRETF A4 X1 5 FIRIEH g
T, Lo, EFRBETFY 1 X0EEREREN
FHREESRTOREBbh b, —5F, #HEETER

HECT WA HE KL, LERKECEREEN R,

Dbt BRI BT, B—MEexN
T 5 ABBR BV CRBICh R ) BHROBRY D
Hhh, EHOBREARMEEINBEHENRE T

EDRBMEINRTV5Y), AfEb &L, Z0X5h
Flicwhisn &2 bR 5,

HEHOEEF R, BFYIXLBx0RbYEd -
Twh, HPOBTIL, Bokic X v {RBEZBBL,
HEREEIE5, RELLRAERYHE D, BIFEN
ET+5, CORFHGL, BFv1 XL EERE
PR d o132, R E BT, FFLvEio
Ko uBELETHID, BRKEREAES D, R
FOBET S, » 7T RBCTHRFRM BT
P+ A XOMICEOHBRER YR DH b, BFv A X
OREBRHEALBL ) RFERERI, LEL,
BxDEFCONTHRDL E, ZOFEEREGEL #
BHE XY KREhot, RFEOEE R, HOHSI
EOBRBTOEFLRERTHCBIARF T T
B2 L IhTwBH, HET, BFYARXEHR
FREICEE PR bhitv O, BT 1
XHPEIL TNTh, BHFOBERHR/NPMNRTT S X
SIS R REIRTVWA L ERTRL TV,

BTFr1A0oREAHERLE L »HEFN
BEETHY, HEL LB L LB TH 1 AN KE

WiEE, FESIANKEDboR, ¥, HET
HETFY A AHKREVEE, SEpEIRE -
feo EEATHAEE R, HCHEIZOBBTCOER
HERT B ORI R ik ©H h1ese10 HE
REFYIXo¥mcXy, LEXIDL, EbX
EREBTRYHERTIEE R0 LBbh 3,

HRI, BIGVEUAOHECIIERATS, Zh
I, ThooRERCREHEE D LItk
552, 55 o FEBnTyd, 100REEFKY D
BEFR-CEEM VBT E ORI, ADRKHARE
NhEDdBh, KERETY 1 X+ 2B HO
R BFESBELS L, HERLE X h BETFHN
Pighoten, ToHEE LEMoZE, HET
KECEFY 1 XOFEROER, A OEGHEIBIR
(trade-off) B HEFEOBAVEULIclodTH
55,

HOMG| & OBETE, BT 1 XDOKE iefElk
DIRE D 5T, L L, BUETY A X HEH
HE: LEOEF 1 ARFHEOBESER T,
HEXFEFHEL, BUEFEERLLE, LE
HotT, HEL LBOBRSEHOE L, BETFY
A RXDEDHZTC LS THBTE v, HFEA X
(Orvza perennis= 0. rufipogon) TIL, < Dh
OWEIBET ESNIRF oLt y, 8%
T RBEESHET CETERHEREL TN 5%, bdio
Lo, HETWR, EFLXHERTIDIZ, BE
DEERENEL TV, BFER LV AEEBT oM
R+pcbicxbh, HOMBI X DBRET, ®EHD
BMUBGTRI BRI NS D, FOBRFIITEL
OhOBENBEEL TR, FOFTETY AR
L, F2HOBRILHEETE D S CRIEHAKE
WOT, OB LB L CRIROHENKE D
bhhi bt Bbh s,

W EGOBMRE L, BEOHWIMCLY, TofEk
A XOFELYT Y, ARERCREEYr 1 X0KR
X RBEEOBEENIKRE VI, i, FROE
ENERATEDY 1 KRB MNET 2003, &F
O LWEHHcREL, ERATHEE YR ko
BRI B THRET 5%, TR
DONCHEDRIKERECEEL, HERL
Hrb, BFr14A0KSLREIDELRHMLY
B EAFEINRS, B [Secus] T,
FHEHBHCRCTCIHBEALB L b BRSPS,
BEEEScIHARLBoAET 2| L, BiEr1



BNl »ovFrEoehsoOBBER VARG 83

AEHERL Tz, T, ERBZRIAE L AV
2, BT 1 X0HMRLFD LRI,

L»L, &% MPrimus| T, SHEEMCRWT
LEPHBI Y HEFRGCERIE LR, Th
LOoEHOBEEY A A5k asbe:, HERLE
I D EEY A R Er o, LECEBIID
F A4 XDMEINL T D A B W OB S5 kS L
T\ iehote, fufE [Primus] TIXEFH A4 XDOE
Ry ME [Secus] L oA%<, BFHI1 X0 HH
¢ LEMoZES, e LrETFY 1 ARHKMO
EWNE D ote, TDZ EN, AFEE Primus| &
[Secus| T, BEEM ST LHEFDRENRL -
TWie—REELHR D,

HEDXs, BEEALLV AT AEILIL,
BFY I ARRECC LRI - ThbINbES
HBAAKEHRERTHSZ LRHATHD, Linl,
Thh—BERTII2L, thilscd, HED
YEETAHVAECEBVBEE L TW B LR
h, SEILEBRREEDLLERD B,

RTER A ER

BARAOHEBHEE L, LBEFOEIAETEL T
Wb, ¥, —2OBIEELTY, £BEHOR
RHPCEET A EMIL, R EEHEEYRE-
TWwb, TOL 5 BRENSFER BRAERY—
OER: LEAL, £ESHoOBELECHEL L.
HHEEIEER ST RRETHH 5, LrL, BR
BEIEMTHH, BREMANRED L 5 RBRER b
VAERZFTCE e BEMICBET 5 2 L3
LYAB L, EHEROBREH b OB
B, BRIBSEA~OBEE & OEAE T b2 Ui
BB E R 2ot

EMOBEH L & B OBE 8 H o d
Biciciy, BEA PV ATPARICEBEL il
7z 5 7e\s, BRADSHOW & 6% o # @ FFFRE 13,
HSEHR, BRESUHI D CIAERBELLE T
E, TUOTELREA N VANE LA EYER Y
Ly, EFAOGLOBEY, £EMOBELG K
NTABEHOERERCIvELMc L, Th
LOWEREREL, BELAREFEFETTCOLOTH>
T, 2InbBLhCEREZ, EBCAERRTEL
T\ B HEHER O E BRSO LIc b~ TR
BABAEE L T % & O#tEIAE 2 i iciow
2, DX BB ARESG DD L TOME

WEM OFICEEE Y BET 5 HROBAERD, E
PEMOBEILCENDOFEELH LML TV &E
2B,

YL EETIREA T VARESELRETH D
A, ToOPTI ) —BYULEFEEA PV ARED E
T, —EE07 77 - Eik BRI 2 b At
FatEDdl,

— IR DHE IR T, FOMBYICE - TiF#EE
HrEEhict 2L BEOBBTYEEL, £LOR
ROBEILRZDH, ThboBFIIRESGN
B L —FICHEFL, BBER MV AREL
%, MYHEIE > TREEA LA, HRTE
DEC—FLEYOHE, ERELRIBHEA v
ATHAH,

AT, FTHEI, BEEA M VALKHET
THREZEVELCERAE, WFBOEEER L R
DI GHE T THEREE DB L EA 0% » i
FTHIERLY, BEEA N AT AELEE
o5 b oBE 285 L 7z,

BEEA b v APEYRERICS 2 5 BIRER I,
FOBMEER L VR LTED L 5 e @InEE
BEBMDICEL 5 THRES™,

RELLREEA bV AZHTCHRRLUIER
L, FORNBOEFER + L AD TS T R
LMo, » 7+ CifET v 4 X LpaTEEs
WBH R ECERBEISAEBRE TS, e ¥ F Tk
LGN BEI R thot, 2hid, Z2o0&
P, BEEA N ACH LR SBEIGEEARLE
BRTHo1, Thbb, #7v73BCHM5E,
YRFSATER CEEOEMAYEREL A, L
L, 81, BEX VALK TSZOZSDEHMN
TRERBE D— 11T % b o T B O Ty, HSHE
i, EBLHBRKREL, EBLLBANILBLOT
Hb, £L T, BOHSIERAEL BV L& E, &£
HOBZEHBEOBIAE L B EELBRD,

AR, BEEAFVARLDEGHESD
BTN ELhot-b T oFizonT, B F08
ICEERE AT L 722%, o m o T o2l X BB
BEAMVvACHEBLEE, HORSEAKEL R
b, BEHOBGHRBECEIEL B2 E 5, &
#®, BEANELEbh3,

BHEEA L VALETTE, L5 iR
WEhDHTHAH 5 b, GILLYS® 13, EFER + L
AREBLICEE, MYIVRTEEEE LT, &oD4



84 tEEAEEERANE B1I7E B1E

BrbiTic, Tihbdb, 1) BFEELERILT
FLVEARBCBES L EENEBHEE L TD
B, 2) thofY & OB IR L T 5 TR
EESE E U CORERE, 3) B T EEF
HAhEm» s Bttt 4 moBfs oBROE
WAV DOREENTH S,

IS FOBEEALVALETTHALEH
BT, BB OES CEBEFHILERSK
Tz, REROEEMEHIRERECH D, F
Myl U CREY it TH R kIE T, #&
EOBBRTEEKIh, ThboEkosibid i
bHERENERIMEREA R, TorkbhTw
TEEZBR3,

BiLHETTR, SEEAbvaksE 2Ty, H
BRLEXy, PHERBERBEIERTH 1005,
HERCEHERBRV RGERCD D, BHERE
ERT 5 BRBR S BD DRI h o oo

L, HEL LEYBHET %L, BEOMEM
CXoHEYEIEZCky, HENLE X b &
BR RBEEARERERSIVCEHAER TR TH-
oo SOESER, HFoF TR, GILL DEEL -
4ODEHE A bV ARGBREED 5 b, Bk
THRRMB A LRRET S, Thibb, HE
IS E XL T 2BEBESRET T, EARO—KD
BEDLD, FFCHE-OZ LI h AR LBHEITR
DT58, FhoBHBORBGEERT S
BolcbEL2bhb,

£ —v 1 v OERISE, BEHTEHOEILRL
BERROBERE Zh, TOEEMIEBIRT
Ei, Lal, HHEL CENS L IEAES
Y EREOBFEHFLOER L UTEFE L BRI
Pl o7, BREMTOBESGROBE L E
b TRETHH, EHOEE X HEE LS
NOBRENLFET A L RELEBbh3, 20
L, fEeRoWmRik\C, gEME X 0ERT
DIECE@® & EFEEORIZ, BEEHCEL CEE
BERS DL L XBALIRTERhr-REREE
zbhb,

BEERA LV AEELRENSLEZ, DL
BAEL TV 2 THHHD BBEA VALK TS
BEOBEE R, EERLIEEECHREINS, —
71, BEEOBRGHEEYELE 25 BROFHR I,
ThbORBRAER, FoREECHNYELZZT T
AEEIND, Thbb, BEA L AMNEE

DHECEDCEXILOLL TS, 5+ sHE
PRREMTEYZ TR hE, EHOREHE
BREARY, T, BEA NV RARNTLHSEIGE
IR E T IS E & OMCGRIZER A D N
1Z, EBRODENEL T, EFMCEEHLRENE
BIhb, LickhsT, BELLEFMTABRS
WEMOBGBHED, HE, TOBECKT5HEL
DERERBL T5 LR LR,

HTvFORBER M L RAHEIGEKEEOKXE RER
WEENThote, BENI, BB VTR
Ehb0Tikisl, EHROLBIESEL, Thbo
HERTIDVEZEENRT B EEZLDBN B B,
H T TRENLOMED I L TREROGVF
B (BFH4 X)) mhuwt, BROYEXEZECH
bbhhlctEzbhb,

BEEA PV ACKT HEILBRE I, BRARCO
MO BFILCHEADOBRELE, EDX5hhbb0D
THAH S, KRROKRY, BHOBEITHRIEER
ELUTHRMB I e r-K 8B & C-R-S BRI
b LTHRET 5,

r-K & & 8% B % 12, MACATHER &
WILLSON™ iz Xk b, “BHEH" LT, REzh
B TOBHEROELOBEREYFHT D
REIhion, Tolk HEHCIFRIL L5
Trofe3s4e™d ¢ & K 34 HEEE %N 32
FEEBWEBRBTHILI e o742 HIBEN=K/Q+
ke™) WHELTED, ri3fEEH 5040
RVCREBE BT 2 BRBIEEY, KIBEOME
R HEERNOERYERL TV 5,

rEEL L, AREESCAH B ED TSI
Lo TEENKRE{EHL, BECERELRVEE
DIHENERZ » TEBHNER B2 TET TV 5%
HTC, ToEMERL ST 570HI, HRWE
E () ¥ED, HL 0BT LEMAT 5 BB CH
b, r-BEETIL, BVWEER, ThbbEVWAER
MEBOETREETHEIVERINS, K-#
B, BEIREL CEECRELLFETHETS
A EHT, FROFEYBREC L CAFEGOMSEY
5B TH B, K-BREE T, BUBSEH
REREN B,

—#, GRIME*+® ¢ #2118 L 7= C-R-S B B 11,
HEYDOLEBHIZ I THREA P VARKELSRDO=E
DG, D BEOEMC Y Y AL A fEH#L
DEF, 2 K, Kb, BETARSLHBH e BELEF



Fll: »5v7EvnFso0BBER NV AER 85

REDAPLVR, 3) BKE, WWKE, HiEb s
OBIATHB, LT, FhFhoL BT, 1)
T, RFNHEIRL T 288 (CHER), 2) T
A VAR T 58I (SEER, 3D T,
HatETLSELRTER REB 25 B L%
z bl

BEEA N AZKETT, »5orE03 %
HaEIR U7z, r-K 8B& T3 K 888, C-R-S #kBE
HETICEHEIMERAL T, LL, —FAT
i3, BATEBRMAE AR 0, £BHEOEM LV,
r-EREE S RERES DM R U e, SESERER, M
Pl > CTRELILBETH S LR, NEXHh
LHRTIRERBETOD S, LidisT, DX
SRBETE, ERARBLERIABEFILHEDT
L, BTEELISDRThERL RV, DT &
B, » 7 v rREHORTERBYRED S e—R L HF
Rcexls,
HMHPERATLOEGPHFT DI, %
¥, B EELTH5E T ADERB&E, Tib
b, [ESGEPIELCH T 2EEEYES L
Fhifebisv, LT, —H, #0X 5 @ik
DHEREhS & EWE, BREFoL» IR LT
HEY R iy, TORBRE LT, EEEHIEM
L, $HREEEA LV ACEBETHZ LIt b,
AWE T, BRACTOREER b v 2T 5HIE
B AR LAY, BRRTE, WMHIREENY
T, %< OMERE L OERELETCHEETS
ENRE, COBRKETAEMOEEERY, B
RIS bE ED X 5 BE L T 5 50%, HHBHED
SREYEETD O 2T, FBEERBRCRITS
Vet & M L DBIE AT 5 - DI EERMET
»5BH, —REIZ, BESHRIE, LTBREGEITL B
LS bl EhTw3, Risrf@ntFET54£H
T, BEEANVAMERLAL X, BEIVES
SR T ED X 5 e BE 2 BT X HRE
L‘ﬁ:ﬁ%'@bb 50

H8E 1B ®

EYERCKST5EBE R b vk 5 355
BAEET DI, 775 EMHBEYO s 7
>+ (Brassica juncea CZERN. et Coss) & m &
5> (Sinaprs alba L) &#HEAL, BEEA MV A
SHET (HE) LNBOBEER M v ADRWEHF
TR cEFAZ#R LI, ThboERIDERKT

HEISNTC, BFELKETCOERER, SEEA
VABIGR OSBRI UEE N LETF 1 X
DEFEER bV ABILEE EOREC S WTEEL
720

1. SEEANLV AR DERIER

BEEA M AZHETOEBOSLOFELHS
PET BB, BEER PV ALKETCTHARYK
RLAHEE, HBELCOLER2HEART LR
UL T TS L,

A vFEEnwTiE HREES o, H
e LA ORMcERIHEIND I 5 TnoT,
A5 O HEBIRLBE T, BEIERBIE
, BFH1 08K E o1,

—F, veHFFTR, FOMEekTh, &
HEoERIZBEI NIt - T,

ZODYHBRENSILCET AT Evny
S DERY, BEER LV AFICEE & OB
BEEE L7,

WELL, BEOEMCLY, DEECEEY A
R LR GHEAENE) &, BT X 2EE
BowEL (BOMFIE) 2RLEN, ZOBHEIRE
EHTR - T,

veHS UL, BEOHEINCLY, BLVWEER
BEMEBRL, » 7 FRERTEBESGETCL
BUVCAEFRPHERL T,

=7, H 5o, BERLCHTHREHTE
R rFIT I hNEL, BEELETT, EL
VHCHEIE R R L, # T F TR, ZOEDKH
FIEBECEF L REBEBICE AT FRE L H

g‘:{k\’—%ﬁ g hf\:o
2. P»IvrOEEBER v ARLEOLBINE
¢

HA: LBOBRERIGERE T 3D, Th
LOEMOEE LT 5L EBELR,
FEOHMLy, »5vr0HBMELELG
w, BHFE, BEX EAECEEYCVETE,
T I L OBTFH A E0 B L, BEOR{L
TBIhLOREE, HHEE LEORTENE
ote, i, £HERITHA L LEOE TENL
<, Y oBFHIHEALB L vz
ot Tihbb, BEELGETOHE, LEL
HELT, BBEX LAY LEEHREHIR
WRERENoR, FOTC, HEOBES LKL
7o



86 EERFERERRNE H1TE B1F

BEELETCR AFHcECHE EM4ET
fehd, TORBTOEFRI, RBECL, HE
L, LB L, Thbh, HBORMTIE
OEET, HER LB X VB TEr-1, F,
FELARBECEREERBCRVTY, BEOHEMKC
I OEEMENEECH bbb, HENLAEL D
B ITEE D 5 T,

MEBETNER L HER, £FOR VBB CTL
B oBFcHs, ZoRSFOBLRARE, £FR
FETHEIRLEELZLRE,

BTk, BOE5 EERE CERMOBST
BsoZ L%, AFCHEEORIR 6L, SEE
AV AFEGOKE RERCES, TokD, AF
EL&ATTHMRTAI LD, BFvA1 2wl
EEFREO LS IeFS ) L B ABRE LB OBE
U CEIRDE - 2 2 B,

3. AFVIEBIAEETFIAALEEN

EFr 1 A0BFABORKRI, HELLAL
iz, BT 1 XU CREERZEEL T3
T ERRLI,

HOM5 208 T, KERBTHb0EE
Y, EHERPEFRBOHVECK T, BORSF
AemRLic, LbL, AULEFHS XnbOERED
it HERLB X RS ZELT, T0OX
5, HEoBS 1, BT+ 41 ALUAORE
HEE LTy,

BT XBRKE VIR, BENERLE LD, &
DEFHAXORFEE T HEE R, LET,
HEIVEECTH-T, Tk, BTV 43, @
BEEFBL L EOHBBEGRY LD L2, ZOBT
FAROEFRERT HAHRR, HEl<w, LEX
DRED T,

HOHE| & OB Cit, ¥ 0B IERICRFT
EETH D, ERTPERT AR EETH S
o, HETi, BEEX MV ALK LEGH
BEEOHEGRENEL TS EE bR,

D EniEReb, BEER P VAZETTR, B
FHOBCBETFHEBIREN D2, LOHEFINIL
e mBELBEE LT, HETtR TR LOE
B BRHRV AT, ko X 5 nBISHER oM
BFENELREEZLR, ZLT, ThHLOHBE
DHRT, BTV A XL, BERLKEL-OT,
HE L LEOBICEZNGLABEECH bbhlk
EEz bR,

4. BEEFHCRIIRFNOENCABENESR
REFE O BB R ICI T, BENIEHDOE
(LB ORB I O—2L b LA¥EMEh TE
7o, MHEFOBIEHFLHEEFNNEET 5
L EREBRTHE LM L e oo, AER
T, EIREER P v AKX LACREG 2
DHEILLIEZ (DT DBEE), BENREFDOH
S OFBERERB EXPELM LI,

51 A 3B

1. ABRAHAMSON, W.G.: Reproductive strateges
in dewberries. Ecology 56: 721-726. 1975

2. AKiHAMA, T.: Inheritance of the competitive
ability and effects of its selection on
agronomic characters. Japan. J. Breed. 18:
12-14. 1968a

3. AKIHAMA, T.: Competitive ability in mutant
lines of a rice variety. Japan. J. Breed. 18:
72-74. 1968b

4. AkIHAMA, T.: The influence of planting den-
sity, fertilizer levels and light intensity on
competitive ability of rice varieties. Japan. J.
Breed. 18: 213-216. 1968c

5. Anmap, S.U.: and M.I. ZUBERIL.: Effects of
seed size on yield and some of its components
in rapeseed, Brassica campestris L. var. totia.
Crop Sci. 13: 119-120. 1973

6. AikMmaN, D.P. and A.R. WATKINSON: A
model for growth and self-thinning in even-
aged monocultures of plants. Annals of Bot.
45: 419-427. 1980

7. ALLARD, R.W. and J. Apams.: Population
studies predominantly self-pollinating species.
XIII. Intergenotypic competition and popula-
tion structure in barley and wheat. Amer.
Nat. 103: 621-645. 1969

8. ANTONOVICS, J. and A.D. BRADSHOW.: Evo-
lution in closely adjacent plant population.
III. Clinal patterns at a mine boundary.
Heredity 25: 349-362. 1970

9. ANTONOVICS, J., A.D. BRaADsHOW and R.G.
TURNER.: Heavy metal tolerance in plants.
Adv. Ecol. Res. 7: 1-85. 1971

10. Antonovics, J. and D.V. LEviN.: The eco-
logical and genetics consequences of density
dependent regulation in plants. Ann. Rev.
Ecol. Syst. 11: 411-452. 1980



Bl

ASvFEvr I oDEEBEA N AHEE 87

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

BAKER, H. A.: Self-compatibility and estab-
lishment after long distance dispersal. Evolu-
tion 9: 347-349. 1955

Bazzaz. F. A, D. A. LEVIN and M. R.

SCHMIERBACH. : Differential suvival of
genetic varinants in crowded population of
Phiox. J. Appl. Ecol. 19: 891-900. 1982
BLIJENBURG, J.G. and J. SNEEP.: Natural
selection in a mixture of eight barley varieties,
grown in six successive years. I. Competition
between the varieties. Euphytica 24: 305-315.
1975

BLACK, ]J.N.: Competition between plants of
different initial seed size in swards of subterra-
nean clover (Trifolium subterranewm 1.) with
particular reference to leaf area and the light
microclimate. Aust. J. Agric. Res. 9: 299
~318. 1958

Boyp, W.J.,, A.G. GorpoN and L.J. L,
CROIX. :
seedling vigor in barley. Can. J. Plant Sci.
51: 93-99. 1971
BraDsHOW, A.D.:
concequences of being a plant.
25-47. 1972
BraDsHOW, A.D.:

genetic variation between populations. In

Seed size, germination resistance and

Some of the evolutionary
Evol. Biol. 5:

Ecological significance of

“ Perspective on plant population ecology”
(Dirzo, R. and J. SARUKHAN, eds.): 213-228.
Sinauer Associates, Sundeland, Massa-
chusettes. 1984

BuUrDON, J.J.: Pathogens and genetic struc-
ture of plant populations. In “ Studies on
plant demography " (WHITE, J. eds.) : 313-
322. Academic Press. 1985

Burris, J.S., O.T. EDJE and A.H. WAHAB.:
Effect of seed size on seedling performance in
II. Seedling growth and photosyn-
Crop Sci. 13:

soybeans.
thesis and field performance.
207-210. 1973

CurisTAN, C.R. and S.G. GREY.:
competition in mixed wheat populations and
J. Counc.

Interplant

its relation to single plant selection.
Sci. and Ind. Res. 14: 59-68. 1941

CISARR, G., A.E. HoweEy and C.M. BROWN.:
Optimal population density and random vs.
selection elimination of genotypes under a
modified single-seed decent method with spring

oats. Crop Sci. 22: 576-579. 1982

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

CrLay, K. and R. SHAw.:
demonstration of density-dependent reproduc-

An experimental

tion in natural population of Diumorsmallii, a
rare annual. QOecologia 51: 1-6. 1981

Cook, C.C. A., C. LEFEBVER and T. M¢ NEIL-
LY. : Competition between metal tolerant and
normal plant populations on normal soils.
Evolution 26 : 366-372. 1972

COOPER, J. P.:
differences in climatic responses.

Species and population
In “Envi-
ronmental control of plant growth” (EVANS,
L. T. eds.).: 381-404. Academic Press. 1963

COOPER, J.P.: Climatic variation in forage

grasses: Leaf development in climatic races
of Lolium and Dactylis. J. Appl. Ecol. 1: 45-
61. 1964

Davipson, J. L. and C.M. DoNALD.: The
growth of swards of subterraneum clover with
paticular reference to leaf area. Aust. J.
Agric. Res. 9: 53-72. 1957

Dirzo, M.: The role of grazing animal. In
“Studies on plant demography ” (WHITE, J.
eds.) : 343-355. Academic Pres 1985

DonaLD, C. M. :
pasture plants.
DoNaLDp, C. M. :
crops and pastures.
15: 282-313. 1961
DoNaLDp, C.M. and J, HAMBLIN.: The con-
vergent evolution of annual seed crops in agri-

Competition among crop and
Adv. Agron. 15: 1-118. 1951

Competition for light in
Symp. Soc. Exp. Biol.

culture. Adv. Agron. 36: 97-143. 1983
DowNEY, R. K., A.J. KLasseN and G.R.
STRICAN.: Rapeseed and mustard. In

“ Hybridization of crop plant” (FEHR, W.R.
and H. H. HARBEY).: 495-505. The American
Society of Agronomy. 1980

Epwarps, Jr. C.J. and E.E. HARTWING. :
Effects of seed size upon rate of germination
in soybeans. Agron. J. 63: 429-430. 1971
ForD, H. The demography of three popula-
tions of dandelion. Biol. Jour. Linn. Soci. 15:
1-11. 1981

FrEY, R. L. and J. JANICK.: Response of corn

(ZEA mays L. to population pressure. Crop
Sci. 11: 220-224. 1971
GADGILL, M. and O.T. SOLBRIG.: The con-

cept of r- and K- selection: Evidence from
wild flowers and some theoretical considera-

tions. Amer. Nat. 106: 14-31. 1972



83 CEARFBEMIENE H11E H1F
36. GoLpsMITH, F.B.: Interaction (competition) plant breeding ” : 535-545. Nat. Acad. Sci.
studied as a step towards the synthesis of sea- Plub. 1963
cliff vegetation. J. Ecol. 66: 921-931. 1978 50. Heywoop, J.S. and D. A. LEVIN.: Genotype-
37. GiLL, D.E.: Intrinsic rate of increase, satura- environment interactions in determining fitness
tion density and competitive ability. II. The in dense artificial populations of Phlox drun-
evolution of competitive ability. Amer. Nat. mondii. Oecologia 61: 363~371. 1984
108: 103-116. 1974 51. Hickey, D.A. and T. M. NEILLY.: Competi-
38. GILL, D.E.: On selection at high population tion between metal tolerant and normal plant
density. Ecology 58 : 1289-1291. 1978 population, a field experiment on normal soil.
39. GoToH, K.: Genetic analysis of varietal Evolution 29 : 458-464.
differentiation in cereals. III. Competitive 52. HiLL, J. and Y. SHIMAMOT.: Methods of
ability of local strains of the barley variety “ analyzing competition with special reference
Hosogara No.2”. Japan. ]J. Genet. 31: 1-8. to herbage plants. J. Agr. Sci. 81: 77-89.
1956 1973
40. GoTTLIBE, L.D.: Genotypic similarity of 53. HiLLEL, M.O.: The intensity of spatial pat-
large and small individuals in natural popula- tern in plant communities. J. Ecol. 61: 225-
tion of the annual plant Stephanomeria exigua 249. 1973
ssp coronaria (Compositae). J. Ecol. 65: 127- 54, BEE= - B XWOERMEEE ST
134. 1977 BELSELBEACETAZ0ME “HEhok
41. GOTTLIBE, L.D. and J.P. BENNETT.: Inter- ME@EERE " (EH 5% iR 190-209. &
ference between individual in pure and mixed- B, 1958
cultures of Stephanomeria malheuvensis and its 55. Hozuwmi, K., H. Kovyama and T. KIRA.:
progenitor. Amer. J. Bot. 70: 276-284. 1983 Intraspecific competition among higher plants.
42. GRIME, J.P.: Evidence for the existence of IV. A preliminary account on the interaction
three primary strategies in plant and its rele- between adjacent individual. J. Inst.
vance to ecological and evolutionary theory. Polytech. Osaka City Univ. D6: 121-130. 1955
Amer. Nat. 111:1169-1194. 1977 56. FEREFIR: —Flz k-T2 EEBEERE
43. GRIME, J.P.: Plant strategies and vegitation M OMEIER 7, 4-7. 33, FExl. 1973
process. Wiliey. 1979 57. HuTcHING, M. J. and C.S.J. Bupp.: Plant
44. HANNON, N. and A.D. BrabsHow.: Evolu- self-thinning and leaf area dynamics in experi-
tion of salt tolerance in two coexisting species mental and natural monocultures. Oikos 36:
of grass. Nature 220: 1342-1343. 1968 316-325. 1981
45. HARPER, J.L.: Population biology of plant. 58. Ivyama, S.: Propagating capacity and com-
Academic Press. 1977 petitive ability of F, hybrid between upland
46. HARPER, J.L. and ]J. OGDEN.: The reproduc- rice and red rice. Ann. Res. Nat. Inst. Genet.
tive strategy of higher plants. I. The concept 10: 67-68. 1959
of strategy with special reference to Senecio 59. JaIN, S.K. and A.D. BrRanpsHow.: Evolution-
vulgris L., J. Ecol. 58: 681-698. ary divergence among adjacent plant popula-
47. HARPER, J.L. and M. OBEID.: Influence of tion. I. The evidence and its theoretical anal-
seed size and depth of sowing on the establish- ysis. Heredity 21; 407-441. 1966
ment and growth of varieties of fiber and oil 60. JENNING, P.R. and J. de. JESUS.: Studies on
seed flax. Crop Sci. T: 527-532. 1976 competition in rice. I. competition in mix-
48. HARTMANN, R. W. and R. W. ALLARD.: tures of varieties. Evolution 22: 119-124. 1968
Effect of nutrient and moisture levels on com- 61. JENNING, P.R. and P.Q. AQuiNo.: Studies
petitive ability in barely (Hordewm vulgare on competition in rice. III. The mechanism of
L.). Crop Sci. 4: 424-426. 1964 competition among phenotypes. Evolution 22:
49. HELAGSON, S.B. and F. B. CHEBID.: A math- 529-542. 1968
matical interpretation of interplant competi- 62. KacHi, N. and T. HirosEk.: Population

tion effects. In “ Statistical Genetics and

dynamics of OQOenothera glazioviana in a sand



Bl

HSvFEVRATOEBER ML AHEG 89

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

dune system with special reference to the
adaptive significance of size dependent repro-
duction. J. Ecol. 73: 887-901. 1985

KARN, M. A. and A.D. BraDpsHOW.: Adapta-
tion to heterogeneous environments. II.
Phenotypic plastisity in response to spacing in
Linum. Aust. J. Agri. Res. 77: 519-531

KARN, M. A, J. ANTONOVICS and A.D. BRAD.

SHOW. :
ments,

Adaptation to heterogeneous environ-
III. The inheritance of responese to

spacing in flax and linseed (Linwm wusitatis-

sumum).
1976

Kira, T., H. Ocawa, and K. SHINOZAKI. :
Intraspesific competition among higher plants.

Aust. J. Agri. Res. 77 : 649-659.

I. Competition-density yield inter-relationships
in regularly dispersed populations. J. Inst.
Polytech. Osaka City. Univ. D4: 1-16. 1953

KovyaMma, H. and T. KIRrA.:
competition among higher plant weight as

Intraspecific

affected by the interaction between plants. J.
Inst. Polytech. Osaka City. Univ. 7: 73-94.
1956

REFTR: =sFHERAOEER/) &L HAE
FESEER. Y ORNEMENRT " GEF-EE-

BERR) : 247-264. EEH. 1958

Law, R, A.D. BrabpsHow, and P.D.
PurwaiIN.: Life history variations in Poa
annua. Evolution 31: 233-246. 1977

LazENBY, A, and H. H. ROGER.: Selection
criteria for grass breeding. II. Effects on
Lolium perenne, of difference in population
density, variety and available moisture. J.
Agric. Sci. 62: 285-298. 1964

LEg, J.A.: A study of plant competition in
relation to development. Evolution 1: 18-28.
1960

Levin, D. A. and J. B. WiLsoN.:
implication of ecological adaptation in plants.

The genetic

In “Structure and functing of plant popula-

tions” (FREYSEN, A. H.]J. and J. W. WOLDEN-

DROP eds.) : 75-100. North Holland Publ. Co.,

Amsterdam. 1978
LiNHART, Y. B.

in annual

Intra-populations
differntiation plants. 1. Veronica
preregrinag L. raised under non-competitive
conditions. Evolution 28: 232-243. 1974

LonspaLE, W. M. and A.R. WATKINSON. :

Light and self-thinning. New Phytol. 90 :

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

431- 445. 1982
LoveTT, D.L.:
competition in Ranunculus
Phytol. 94: 177-182. 1981
LusH, W.M. and H.C. WIEN.: The
tance of seed size in early growth of wild and
J. Agric. Sci. 94:

variation and
repens. New

Intra-clonal

impor-

domesticated cowpeas.
177-182. 1980
MACARTHUR, R. H. and E.O. WILSON.:
“The theory of island biogeography ”. Prin-
ceton Univ. Press, Princeton, N.J. 1967
McNEILLY, T.: Ecotypic differentiation in
Poa annua. Interpopulation differences in
response to competition and cutting. New.
Phytol. 88: 539-547. 1981

McwiLLiAMS, E. L., R. Q. LANDERS, and ]. P.
MAHLSTEDE. : Variation in seed weight and
germination in population of Awmaranthus
retroflexus L. Ecology 49: 290-295. 1968

it AR - BEERL. . TTHEREOEYHIZE
LETFEOBMK  JLXEIBRS 12: 302-308. 1983
OBEID, M., D. MacHIN and J. L. HARPER. :
Influence of density on plant to plant variation
in fiber flax, Linum wusitissimum L., Crop Sci.
T: 471-473. 1967

OGDEN, J.: The reproductive strategies of
higher plants. II. The reproductive strategy
of Tussilago farfara. J. Ecol. 52: 291-324.
1974

Oxa, H.L.:
among rice varieties.
61- 68. 1960
OLssoN, G.:
of seeds per pod, seed size and oil content and
effects of selection for these characters in
Hereditas 46: 29-70

Variation in competitive ability
Japan. J. Breed. 10:

Some relations between number

Brassica and Sinapis.
1960

RAE— - REEH . KAERARROBRSH L
BeoZxEER. H# 8: 83-88. 1958
PALMBLAD, 1. G.: Competition in experimen-
tal populations of weeds with emphasis on the
regulation of population size. Ecology 49: 26
-36. 1968

PRICE, M. V. and N.M. WaseR.: Pollen dis-
persal and optimal outcrossing in Delphinium
nelsoni. Nature 277: 294-297. 1979
PUCKRIDGE, D. W. and C. M. DONALD.: Com-
petition among wheat plants sown at a wide

range of densities. Aust. J. Agri. Res. 17:



90 LB EAEERENHCE K175 F15
193~ 211. 1967 102. ¥4 ThelUBE— - RHEE - FHRESE. . B

88. RaBINOWITZ, D.: Bimodal distribution of BHECKTIRFOEBCET UL BEHE
seedling weight in relation to density of Fes- 24 : 259-269. 1979
tuca paradoxa desv. Nature 277: 297-298. 103. BAzmth: WMHYEACSI2BEPHR. “£H:
1979. fTEBRIAEMIZEE 7« 57-84. #3L

89. RHODES, I.: The growth and development of 104. SHiNozaki, K. and T. Kira.: Intra-specific
some grass species under competition stress. competition among higher plants. VIL. Logis-
I. Competition between seedling, and between tic theory of the C-D effects. J. Inst.
seedling ad established plants. J. Br. Grassld Polytech. Osaka City Univ. 7: 35-72 1956
Soc. 23: 129-136. 1968 105. SILVERTOWN, J.: Survival, fecundity and

90. Ricg, E.L.: “ Allelopathy ”. Academic Press. growth of wild cucumber, Echinocystis
1974 LOBATA. J. Ecol. 73: 841-849. 1985

91. ROGIER, G. A.: Seed size and seedling vigor 106. Simvpson, D. M. and E.N. DuNcaNn.: Cotton
in crested wheatgrass. Agron. J. 40: 216-220. pollen disperal by insects. Agron. J. 48: 350-
1954 358. 1956

92. Roy, N.N.: Inter-genotypic plant competi- 107. SNAYDON, R. W.: Rapid population
tion in wheat under single seed descent. Eu- differentiation in mosaic environment. 1. The
phytica 25: 219-223. 1976 response of Awnthroxanthum odoratum popula-

93. RumBauGH, M.D.: A clonal competition tions to soils. Evolution 24.: 257-269. 1970
experiment with alfalfa, Medicago sativa L. 108. SNAYDON, R. W.: Genetic change in pasture
Crop Sci. 3: 51-55. 1963 populations. “Plant relations in postures”

94. Saxkal K.I.: Competition in plants and its (WiLsoN, J. L. Eds.) : 253-269. CSSIRO, East
relation to selection. Cold Spr. Harb. Symp. Melbouren. 1978
20 : 137-157. 1955 109. SOLBRIG, O.T.: Studies on the population

95. Sakar, K.I and K. SuzukL: Studies on com- biology of geneous VIOLA. 1I. The effects of
petition and spacing in one dimension. Japan. plant size on fitness in Viola sororia. Evolu-
J. Genet. 29: 197-201. 1954 tion 35: 1080-1093. 1981

96. Sakal K.I. and K. GoTtoH: Studies on com- 110. SoOLBRIG, O.T. and B.B. SimMpsoN.: Compo-
petition in plants. IV. Competitive ability of nents of regulation of a population of dande-
F, hybrids in barley. J. Heredity 46: 139-143 lions in Michigan. J. Ecol. 62: 473-486. 1974

97. Sakai K.I. and H. OkA.: Competitive abil- 111. StanTON, M. L.: Seed variation of wild rad-
ity of barley varieties at various fertility levels ish: effect of seed size on components of
of the soil. Ann. Rep. Nat. Inst. Genet. 4: seedling and adult fitness. Ecology 65: 1105-
496~ 488. 1957 1112.

98. Sakarl, K.I. and S. Ivama.: Studies on com- 112. SunEeson, C. A.: Survival of four barley vari-
petition in plants. XI. Competitive ability and eties in a mixture. Agron. J. 41: 459-461.
density response in barley. Japan. J. Breed. 1949
16: 1-9. 1966 113. Teg, T.S. and C. O. QUALSET.: Bulk popu-

99, tEEFSHHE. . BAE M Rk A EREEFOME. lations in wheat breeding: Comparison of sin-
fEAagree 1X : 109-118. 1985 gle-seed decent and radom bulk methods. Eu-

100. SARUKHAN, J., and J.L. HARPER.: Studies phytica 24 : 393-405. 1975.
on plant demography: Ranunculus repens L., 114. TownNsEND, C.: Associations among seed
R. bulbosus L. and R. acris L., 1. Population weight, seedling emergence, and planting
flux and survivorships. J. Ecol. 61: 675-716. depth in Cicer milkvetch. Agron. J. 71: 410-
1973 414. 1979

101. SHANNON, J. G, J.R. WiLcox. and A.H. 115. TRENBATH, B.R.: Biomass productivity of
PROBST.: Pesponse of soybean genotypes to mixtures. Adv. Agron. 26: 177-210. 1974
spacing in hill plots. Crop Sci. 11.: 38-40. 116. TURKINGTON, R.: Neighbour relationships in

1971

grass-legume communities. 4. Fine scale



B

HGvFETRFTIOEREA MV ARG 91

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

biotic differentiation. Can. J. Bot. 57: 2711-
2716. 1979

TURKINGTON, R. and J.L. HARPER: The
growth, distribution and neighbour relation-
ships of Trifolium repens in a permanent pas-
ture. IV. Fine-scale biotic differentiation. J.
Ecol. 67: 245-254. 1979.

TURKINGTON, R. and L. W. AARSSEN.:
Localscal differentiation as a result of competi-
tive interactions. In “ Perspectives on plant
population ecology ” (DIR0OzO, R. and J. SARU.-
KHAN eds.): 107-127.
Sundeland, Massachusettes. 1984

TwaMLEY, B.E.: Studies on seed size in Bir-
dsfoot trefol. Can. J. Plant Sci. 51: 71-72.
1971

VERONESI, F. and F. LORENZETTI. :
tivity and survival of alfalfa hybrid and inbred

Sinauer Associates,

Produc-

plants under competitive conditions. Crop Sci.
23 : 577-580
WAITE, S. and H.J. HUNCHINGS.: A com-

parative study of establishment of Plantago
coronopush. from seed sown randomly and in

clumps. New Phytol. 86: 575-583. 1979
WATKINSON, A.R. and J.L. HarPER.: The
demography of a sand dune annual: Vulpia

fasciculata. 1. The natural regulation of popu-
lations. J. Ecol. 66: 15-33. 1978

WATKINSON, A. R, W. M. LONSDALE and L.
G. FIrRBANK.: A neighbourhood approach to
self-thinning. QOecologia 56 : 381-384. 1983
WERNER, P.A. and W.]J. PLATT.: Ecological
relationships of cooccurring goldenrods
(Solidago : Amer. Nat. 110 :
959-971. 1976

WESsTOBY, M. and J. HOWELL.: Self-thin-
the effect of shading on glasshouse pop-

Compositea).

ning :
ulations of silver beet (Bata wvulgaris). ]J.
Ecol. 69: 359-365. 1981
WEsTOBY, M. and J. HOWELL.:
in Trifolium subterranewm populations transfer-
red between full day light and shade. J. Ecol.
70: 615-621. 1982

WIEBE, G. A, F.C. PETR and H. STEVES.:
Interplant competition between barley
genotypes. In “ Statical genetics and plant
breeding ” : 546-557. Nat. Acad. Sci. Publ.
1963

WILLEY, R.W. and S. B. HEATH.:

Self-thinning

The quan-

129.

130.

131.

132.

133.

134.

135.

titative relationships between plant population
and yield. Adv. Agron. 21: 281-321. 1961
WiLox, J.R. and W.T. SCHAPUGH, J.: Com-
petition between two soybean isolines in hill
plots. Crop Sci. 18 : 346-348. 1978

WiLLiams, R.K. and C.L. CREMERz: The
relationship of seed size to seedling vigor in
some native grass species. Agron. J. 47: 472-
477. 1955

WiLLiams, W. A, C.L. Tucker and F.P.
GUERRERO. Competitive
genotypes of lima bean with morphologically
different leaf type. Crop Sci.: 62-64. 1978
WoobpworTH, C. M., E.R. LENG and R. W.
JUGENNING. Fifty generations of selection for
Agron. J. 44: 60-65.

between two

protein and oil in corn.
1951

Wu, L. and ]. ANTONOVICS. :
ecological genetics in Plantago.

Experimental
II. lead toler-
lanceolata and Cynodon
Ecology 57: 205-

ance in Plantago

dactylon from a roadside.

208. 1976
Yoba, K., T. Kira, H. Ocawa and K.
Hozuml.: Self-thinning in over-crowded pure

stands under cultivated and natural conditions.
(Intra-specific competition among higher
plants XI). Jour. Biol. Osaka City Univ., 14:
107-129. 1963

BAM=: +xv-0B4EMsT3EENE
RBR oSBT AR LB EARERMH T
1983

Summary

To look into the adaptive strategies of plant pop-

ulations to high density stress, a few cultivated

varieties in Brassica juncea CZERN. et Coss and

Sinapis alba L. were grown for several generations
at high density, about 10,000 seeds sown per square
meter (H form), and at low density, 1 plant/m? (L
form, as control).

From the observed differences in several charac-

teristics between the H and L forms, the genetic

effects of adaptation to high density stress were
discussed.
The results obtained were summarized as follows.

1. The selective agents under high density

stress.

In order to examine the genetic differentiation in
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the H form from the L form, both forms of B. jun-
cea and S. alba were grown under uniform density
conditions in seven successive generations.

The H and L forms of B. juncea were initially
very similar to characteristics each other, but after
a few generations, they began to diverge in several
characteristics. The H form had larger seeds and
an earlier flowering time than the L form.

On the other hand, S. alba had no significant
differences in any characteristics between the H and
L forms.

To clarify the adaptive strategies to high density
stress of B. juncea and S. alba , the reactions to
density stress were investigated.

With increase in population density, S. alba dras-
tically decreased primary branches and plant size,
but B. juncea did not show large changes in its
characteristics.

Although high density stress caused the self-thin-
ning in both B. juncea and S. alba , the degree of
mortality was different between these two species.
Under hgh density conditions, B. juncea increased
its mortality and a small number of plants attained
to maturity. On the contrary, S. alba responded
high density stress with phenotypic plasticity.
Most plants survived and set some seeds.

Thus, it was found that the genotypes of B. jun-
cea which survived during the self-thinning process
could be tolerant to high density stress and built up
the H form.

2. Ecological characteristics concerning adapt-

ive strategy to high density stress in
B. juncea.

In order to examine the density response, the H
and L forms of B. juncea were grown at various
densities. As the population density increased, sur-
vival rate, dry weight/plant, seed number/plant and
capsule number/plant decreased remarkably in both
of the two forms. No difference could be found in
reactive patterns to the density between the H and
L forms. The H form did not differ in survival
rate from the L form but had fewer seed number/
plant than the L form. Accordingly, it appeared
that any adaptive advantage of the H form could
not be detected in pure-stand. So, the competitive
ability of the H form was evaluated.

Under differing density conditions, both the H
and L forms increased mortality during the juvenile
phase in both pure-and mixed-stands. But the sur-

vival rate of the H form was higher and that of the
L form lower in the mixed when compared to the
pure-stand. This showed that the H form had
stronger competitive ability in the juvenile phase
than the L form. And under high density condi-
tions, the H form could also maintain aggressive
growth during both the vegetative and reproductive
phases in mixed-stand with the L form.

These results suggested that under high density
stress, survival correlated with competitive ability
and this characteristics Chigh competitive ability)
was naturally selected. The high competitive abil-
ity of the H form (B. juncea ) repeatedly re-
produced at high density resulted from its vigorous
growth during the juvenile phase.

3. Variation in seed size and its role in the

competitive ability in B. juncea

The selection for seed size was effective, suggest-
ing that both the H and L forms contained genetic
variations in seed size.

In dense sowing experiments, plants from larger
seeds always had an advantage over those from
smaller seeds. However, in mixed-stand of the H
and L forms from the same size seeds, the H form
had higher competitive ability than the L form.
Therefore, it appeared that the competitive success
of the H form could be affected not only by the
seed size, but also by other unknown factors.

Although larger seeds germinated more slowly
than smaller seeds, the L form was more strongly
influenced by seed size at the time of germination
than the H form. Also, seed size positively cor-
related to plant size during the juvenile phase. The
relationship betweem seed size and plant size in the
H form was maintained for longer periods than in
the L form. It was found that the H form had a
combination of adaptive characteristics to high den-
sity stress.

These results showed that the plants were ensured
survival by a high competitive ability under high
density stress. The competitive ability could be
achieved by a combination of several characteristics
including seed size. Seed size characteristics had
high inheritability as the remarkable increase of
seed size seemed to express in the H form.

4. The ecological and evolutionary implications.

Although competitive ability has been considered
an important factor in evolution and adaptation of
plants, the experimental evaluation of this charac-
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teristics remains the most difficult problem to be
solved. The results from present studies very clear-
ly show that competitive ability played a very
important role in the adaptive strategies of the
plant population, when plants adapted to high den-
sity stress by self-thinning.



