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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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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.
g
2
£t
£:
E
g% 60F - s
f3 qf - o A —”
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.



Fll: h5vrbkverni o DEEEANAEG 59

160 £
N <
= 8
£ 150 o~
z E
B 140 g
Y 8
30 S
z
T
A B
= 60 2 5
2 s
£ £
% s 53
o £
E ;3; 52
7]
g E 51
=3
- [ O T,
A B
Fig. 5. Effects of spacing on several characters of
S. alba.
——: ¢v. Gisiba, ——-: cv. Trico,

-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

100
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.

FRLEREARROBER TR T 586 (R
R #Fig TR Ui, 100RBELY + &
1000 BERY + &b, £EFERZv e FTonH J
vFLHOKREL, BEBBR e M oA T
F L O KEEEED - T,

100 KBER Y VIR A Yy 1 A5H & BTEE
OBfk%E, » 5~ FiXFig 8k, ¥y = HF 7 ik
Fig. 9 iwR L, 27 5 7 aMEEY 1 X (L) DIF

Cultivated variety Secus.

H from

L from

50
40

30
20
10
3
3
i 070 20 30 40 50 0750720 30 40 50
=1
% cv. Primus
o L from H from
= 50

AR RN =T m
10 20 30 40 50 0

Plant height{cm)

10 20 30 40 50
Plant height{cm)

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
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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
REMEREETHAL T, Hy P ERTHEER
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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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.
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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.



