KEOMHREDBRKITHET 5 U

1. HAREEOREIRA

=4 — #H

+ B ® &

STUDIES ON SELECTION FOR COOL WEATHER
TOLERANCE IN SOYBEAN

1. Indicative Characters of Cool Weather Tolerance
Takashi Sansuicar and Takehiko Tsuchiva
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Fig. 1 Three locations where soybean varieties
were grown
M ; Memuro R ; Rikubetsu T ; Taiki

Table 1 Average air temperature for each ten days during soybean growing periods

Year

May

June

July

August

September

October

Location|

3

2

2

2

1

2

3

1968

10.8
10.6
9.7

14.0
14.5
12.0

15.4
15.0
13.4

18.3
17.8
16.2

16.3
15.2
14.3

19.5
19.0
18.1

23.8
23.1
23.2

23.4
22.3
21.8

18.2
18.2
17.3

17.7
17.2
17.3

15.2
14.2
14.1

16.4
15.4
15.8

13.7
13.9
15.5

11.7
10.7
12.2

7.2
5.3
6.8

1969

QR

8.7
7.0
7.7

12.5
11.0
12.2

16.1
16.3
13.8

18.1
18.4
17.7

16.4
14.5
15.1

20.2
21.3
19.0

22.8
22.6
21.0

19.0
18.4
18.2

18.8
17.2
18.2

18.7
18.5
18.1

18.7
18.5
18.3

16.7
15.7
16.7

10.7
9.4
10.8

8.4
7.5
8.7

9.0
8.2
9.5

1970

14.9
13.7
14.6

14.9
15.0
14.1

15.1
13.9
13.8

17.3
16.8
16.4

15.6
16.4
13.7

19.1
17.9
18.2

25.4
24.6
24.7

19.7
19.1
18.8

20.9
20.8
19.9

21.9
21.5
21.3

17.6
16.8
17.5

16.3
14.8
16.2

14.1
13.6
14.2

12.5
11.0
13.2

9.5
7.2
10.0

1971

SR |

12.8
12.5
12.1

14.3
13.9
12.5

14.6
14.0
13.0

16.7
16.1
15.1

19.0
19.1
18.0

16.8
15.3
16.2

19.7
18.8
19.0

22.8
21.9
22.1

17.5
15.9
16.6

18.3
17.8
17.5

14.7
13.7
14.2

15.4
14.1
15.0

12.2
11.3
12.2

10.8
9.8
10.9

9.2
7.2
9.2
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Tabl 2 Cultivation methods in Experiment 1

Planting date Fertilizer (kg/10a)
Location Preceding crop Planting space
1968 1969 N P,0; | K.:0
M 19 May | 20 May Sugar beet 60cm x 20cm, one plant on a hill 1.5 10.0 5.0
R 25 May | 25 May do S54cmx 20cm, one plant on a hill 1.5 10.0 5.0
T 23 May | 27 May do 54cmx 20cm, one plant on a hill 2.5 15.0 5.0
Table 3 Cultivation methods in Experiment 2
Preceding Fertilizer (kg/10a)
Location | Year | Planting date Planting space
crop N P:0: | K:0
M 1970 19 May Sugar beet 60cm x 20cm, one plant on a hill 1.5 10.0 5.0
1971 20 May do do 1.5 10.0 5.0
R 1970 25 May do 54cm x 20cm, one plant on a hill 1.5 10.0 5.0
1971 25 May Buckwheat do 1.5 10.0 5.0
" 1970 23 May Sugar beet do 2.5 15.0 5.0
1971 27 May Azuki bean 60cm x 20cm, one plant on a hill 1.5 10.0 5.0
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Table 4 Average of all varieties tested at each location and year in Experiment 1

Year l 1968 | 1969
Location S M R T | M R T
1. Plant height cm 47.3 45.9 48.8 42.5 4.2 50.1
2. Number of nodes on the main stem 11.1 11.1 11.4 11.1 10.7 IR R NY
3. Number of branches 3.8 3.3 4.0 3.3 34 | 3.6
4. Number of pods 52.7 46.9 49.1 47.1 40.9 48.1
5. Number of seed per pod 2.18 2.15 2.08 —_ —_ —
6. 100 grains weight g 22.4 19.1 20.1 23.8 18.3 @ 22.6
7. Total yield g 42.8 35.6 37.5 41.6 31.5 41.6
8. Seed yield g 24.5 18.0 18.7 22.4 13.8 19.1
9. Seed raito* % 57.6 51.3 50.5 54.2 44.8 ! 46.6
* ; Seed yield/Total yotal x 100
Table 5 Average of all varieties tested at each location and year in Experment 2,
Year 1970 1971
Location M | R T M T

1. Growth vigor in the early stag: 3.1 3.3 3.0 3.3 3.3
2. Plant height cm 72.8 55.2 50.9 60.4 45.2
3. Number of nodes on the main stem 12.5 11.8 11.9 11.8 10.6
4. Number of branches 5.6 5.4 5.0 4.9 3.7
5. Number of pods 65.3 59.0 51.2 56.5 37.4
6. Number of seed per pod 1.92 2.08 1.91 1.74 1.71
7. 100 grains weight g 26.2 21.6 25.4 24.4 22.2
8. Total yield g 48.0 41.2 39.4 36.2 23.7
9. Seed yield g 24.3 20.1 19.2 18.7 10.8
10. Seed ratio % 51.1 49.2 49.1 52.8 46.4

* Indexed by observation giving 3 for middle at each location,
5: Very good, 4 : Good, 3 : Middle, 2 : Poor, 1 : Very poor
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Table § Genetic correlation coefficients between characters at
each location and year in Experiment 1
*
Loca-
Character tion 1 2 3 4 5 6 7 8 9

1. Plant height M 0.94 0.64 0.84 0.481 -0.33 0.78 0.77 | -0.29

R 0.94 0.68 0.79 0.231 -0.10 0.79 0.72§ -0.48
T 0.96 0.77 0.82 0.26 -0.23 0.85 0.75| -0.28
\,

2. Number of nodes M 0.93 \( 0.75 0.90 0.52 | -0.37 0.85 0.83( -0.34
on the main R 0.88 0.78 0.88 0.28¢ -0.17 0.86 0.76 | -0.61
stem T 0.93 0.84 0.87 0.28 | -0.33 0.90 0.78; -0.31

3. Number of M 0.64 0.73 ‘ 0.74 0.27; -0.25 0.69 0.66 | -0.43
branches R 0.41 0.57 ‘ 0.75 0.12} -0.16 0.80 0.64| -0.73

T 0.58 0.71 AN 0.69 0.28| -0.38 0.70 0.52 | -0.54

4. Number of pods M 0.82 0.92 0.69 0.50 | -0.47 0.87 0.86{ -0.29

R 0.75 0.86 0.57 0.24 | -0.28 0.84 0.81 | -0.38
T 0.79 0.87 0.74 0.32] -0.48 0.86 0.85 1 -0.01

5. Number of seed M — - — - I\ -0.40| 0.48| 0.47| -0.07

per pods R _ -_ — _ -0.43 0.28 0.13| -0.21
T — — — — N, -0.56 0.17 0.25| -0.10
6. 100 grains M -0.201 -0.23{ -0.14 | -0.41 _ -0.05 ; -0.00 0.32
weight R 0.13| -0.05| -0.17 | -0.18 — 0.13 0.27 0.34
T -0.10 | -0.24( -0.23| -0.39 — -0.13{ -0.04 0.26
7. Total yield M 0.75 0.87 0.73 0.79 - 0.09 ‘ 0.98| -0.28
R 0.74 0.81 0.50 0.80 -_ 0.28 0.95| -0.45
T 0.84 0.84 0.73 0.88 — ~0.00 M, 0.94] -0.12
8. Seed yield M 0.77 0.87 0.68 0.80 — 0.13 0.95 \ -0.13
i R 0.70 0.67 0.33 0.73 — 0.45 0.87 -0.18
T 0.75 0.73 0.54 0.82 - 0.14 0.92 '\ -0.20
9, Seed ratio M — — — —_ — — — —
R —— — . —_— —_— — —_— pu—
T - - - - - - - - \‘
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Table 7 Genetic correlation coefficients between characters at each location and
year in Experiment 2

Loca-
Characters tion 1 2 3 4 5 6 7 8 9 10
1. Growthvi- | M |- -0.09| -0.15| -0.30| -0.58| -0.50]| o0.81| 0.13| o0.01| -0.27
gor in the \
early sta- | R 0.12 | -0.02| -0.12| -0.33| -0.70| 0.99] 0.35| 0.42| 0.20
ges. T \\ 0.25] o0.05| 0.23| 0.13| -0.15| 0.78| 0.60| 0.60{ -0.47
2. Plant height | M | 0.29 \ 093 041 0.46| o0.18( 0.05| 0.69| 0.58| -0.67
R — ‘ 0.94| 0.56]{ 0.73! -0.39| 0.37{ 0.77{ 0.75| -0.41
T | 0.59 N| 08| o058 08} 028 0.31| 0.8 0.81| -0.60
3. N:dmber of | M | 0.16| o0.88]\ 0.57| o0.52| o0.15| o0.03| 0.72| o0.66| -0.63
the main R| —| — 1 0.78| o0.85| -0.30| 0.22| 0.79| 0.74| -0.60
stem. T 0.38| 0.90 \\ 0.76| 093] 0.26| 0.19( 0.74| 0.76] -0.49
4. Numberof | M | 0.02{ 0.38] o0.66]" 0.44| 0.30| -0.20| 0.53{ 0.45] -0.54
branches "\
R - - — 0.85| -0.23{ 0.06| 0.75| 0.65| -0.73
T | 0.20f 0.39] o0.65 \ 0.84| 0.28] 0.23{ 0.76| 0.76| -0.80
5. Number of | M | 0.07| 0.75| 0.75] 0.44 [\ 0.31 -0.74| 0.15| 0.20( -0.03
pods R | — - — - : -0.16 | -0.13| 0.73| o0.65] -0.67
T | 041 0.75| 0.78] 0.5 \| ©0.22{ o0.08| 0.75| 0.75| -0.79
6. Number of M |-038| o014 -0.09| -0.12] 0.8 -0.53| o0.10! o0.19] 0.08
seedperpod [ p | _ - - — — | ~ | -0.60| -0.31| -0.35| -0.07
T [-0.10] o0.30| o0.42| o.19| o0.45 N | -0.40| 0.15| o0.12] -0.47
7. 100 grains M | 0.89| 0.18| 0.06 -0.01]| -0.20| -0.16 \ 0.37| 0.29| -0.35
weight R | — - - - - - | 0.49| 0.57] o0.20
T | 0.62| o0.27| -0.04| -0.28| -0.07] -0.21 \\ 0.68! 0.70| -0.28
8. Totalyield | M | 0.51| 0.70] 0.71| o0.49| 0.63| 0.14( o0.50 \\ 0.94| -0.76
R - - — — - — - 0.98| -0.46
T | 0.66] 0.68| 0.67| 0.53| 0.77| 0.39| 0.35 \| 100 -0.01
9. Seed yield M | 057 0.58] 0.47| o0.22| 0.56| 0.22| 0.64| 0.88 "‘\ -0.49
R - - - - — - — — \ -0.30
T | 0.70| o0.62| 0.48| o0.16| 0.68| 0.37| o0.61] 0.9 \| -0-89
10. Seed ratio M |-0.19| -0.54 | -0.75| -0.70| -0.42| 0.14| -0.04| -0.66| -0.23 |\
R — — — — — — — — —
T |-0.00} -0.22| -0.51| -0.88( -0.30| -0.15| 0.51| -0.34| 0.10 \
Notice, Upper right ; 1970 Lower left ; 1971
Tic#sit 3 C.T.L =1968%EDT .0
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Rickit+ s CT.L 19682EOM 100 MiZ i3 1968%E0OM 100
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Table § Cool weather tolerance (C.T.L) in average of all varieties

Experiment Experiment 1 Experiment 2
Location R T M R T M

1. Plant height 99.4 102.1 91.2 77.6 70.7 84.1
2. Number of nodes on the

main stem 100.6 103.1 100.3 94.6 95.6 94.5
3. Number of branches 86.0 107.8 87.9 94.0 87.4 88.4
4. Number of pods 90.3 93.1 90.7 91.9 80.1 88.3
5. Number of seed per pod 98.8 95.3 - 108.3 99.4 90.8
6. 100 grains weight 85.3 89.8 106.6 82.5 6.5 95.2
7. Total yield 83.6 88.6 98.5 84.7 80.6 74.7
8. Seed yield 74.3 77.3 92.7 82.3 78.1 77.2

{
9. Seed ratio * 89.0 87.5 94.0 96.4 96.4 103.1
Table 9 Variance analysis of C.T.1. in Experiment 1
Pi. Nol:imber of be Number of| l
ant nodes on umber of{Num! of100 grains . . .
Source d. f height the main |branches  |pods weight Total yxe!d'Seed yield | Seed ratio
stem

Replication 3 389.48 84.15 654.84 394.53 86.30 381.58 236.48 15.06
Variety 70 5501.31* | 204. 77*‘[ 723.41*% | 006.29%* 138.25%* 622.95“*‘ 701.08*%* 173.45%*
Location 2 4660.10** 334.88**20698.71** 330.42 [17968.91** 8157.33“*l13749 81"‘* 1633.53**
Variety |10 | 214.98%  TL75% 47257 24141 5600 3260 20, 40** 67.88
Error 210 44.61 27.37 | 225.76 113.58 18.09 172.24 ! 111.68 98.93

Notice : F tests were done for variances of variety x location to those of error and for variances of variety
and location to those of variety x location

Table 10 Variance analysis of C.T.l. in Experiment 1

Number of] Number of .
Source  d.f. l,;l:;'t‘t ?1?3?13?2 m:;;d oNfur:;);; ﬁs per‘l'vogg%?ms [Total yield'Seed yieldiSeed ratio
stem
Replication | 3 116.00 a0 | 500.67 |383.33 | 6.67 | 71.67 | 349.00 |389.33 | 32.00
Variety 37, 345.59%  139.95%% 2157. 30" 1817.54%%| 129.11%%| 127.16 | 656.05% 969.97*| 184,78~
Location | 23430.00%,  26.50 | 916.00%* 2770.00%% 5845.50%%| 4498.00%*| 1907.00%* 564.50%41143.00%*
Variety ion | 74: 63.85% | 35.30°*) 548.61%% 104.574%  37.62% 83.90% 157.00% 208.66** 83.16**
Error |11 4279 | 1199 | 151.08 | 67.50 | 19.28 | 27.63 | 94.78 | 512 | .02
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Table 11 Genetic correlation coefficients between C. T. I of characters

Character Loca- 14 2 3 4 5 6 7 8 9
1. Plant height R 0.82| o1 o6 012! -0.25] 0.50| 0.59| 0.48
T N 0.81{ 0.17| 0.58| -0.14| -0.18| o0.51] 0.43] o0.08
M ! o076| o043| o8| — | -0.25| o0.87| o0.69| —
2. Number of nodes R 0.56 |\ 0.25s| 0.70| o0.14| -0.05| o0.58| 0.67| 0.48
on the main stem | p o) ° 045 0.61] -0.14| 0.18{ 0.66] 0.60| 0.27
M 0.15 | 03] om| — | -0.28| os91| o.68| —
3. Number of R | -0a2]| o0.47]" 0.49| -0.40| -0.23| 0.43! o0.27] -0.30
branches N
T 0.43| 0.62 \ 0.66| -0.01| -0.13| 0.49| o0.40| o0.14
M 0.07 | -0.38 \\ 0.35 — | -0.41{ 0.15| 0.42 —
4. Number of pods R | -0.01| o0.64| o0.87 \‘ -0.18| -0.21| o0.83| o0.85| 0.3
T 0.48| o0.67| o0.89| -0.26| -0.09! 0.86| o0.76| 0.27
M 0.45| 0.50| 0.19 — | -0.61! o0.77| o0.69] —
5. Number of seeds R o.2t| oo| -0.18] -0.24] -0.21| -0.11| 0.07| o0.48
per pod T 0.64| 0.52| 0.8 | 0.54 -0.20] 0.09| 0.23] 0.40
M 0.20! -0.25| 0.75| 0.22 N — — —
6. 100 grains weight | R | -0.23| -0.50| -0.29 [ -0.50 | -0.01|". 034! o0.28] o.01
T 0.12| -0.17| o0.02| o0.02| -0.23| 0241 0.25| 0.2
M 0.27| -0.53| 0.45] o0.20{ 0.58 ] 03| 02| -
7. Total yield R 0.02| 05 09| o085 -0.42] -0.21 0.94| o0.21
T 058 0.51| 0.79| 0.92| o0.61| 0.3 0.96| 0.48
M 0.33| 0.51| -0.03! o0.86] 0.02| 0.02 | o8| —
8. Seed yield R 0.10| o0.50| o0.83| o0.83| -0.31| -0.14| 1.01] 0.54
T 0.60| 0.53| 0.81| 093! 0.66, 0.34| 0.98| 0.71
M 0.42| -0.00| 0.31| 0.75| o0.41]| o0.70| 0.72 N
9. Seed ratio R 0.08| 0.21| o0.51{ o067| 055| 0.08{ 0.76] 0.81
T 0.38| 0.35| 0.61] o061| 066| o0.19| 0.61] 0.77 .
M | -0.04| -0.03| -0.31! -0.00| -0.23| o0.05| o0.24] 0.21 N

Notice Upper right ; Experiment 1.
Lower left ; Experiment 2.
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Summary

Soybean varieties were grown at three
locations in the Tokachi district from 1968 to
1971. Rikubetsu (R) which is located in the
mountain area near the Abashiri district, and
Taiki (T) which is located on the coast near
the Pacific Ocean, usually have cool weather
conditions during the soybean growing periods.
On the other hand, Memuro (M) which is
located in the central part of the Tokachi plains,
usually has more favorable weather conditions
than the said two, but low temperature occurred
slightly in 1969 and severely in 1971.

To estimate the cool weather tolerance of
each character in the variety, the following
formulas were applied.

Cool weather tolerance (C.T.L)

A

T=-g~x100

in which A is the value in the cool weather
conditions at Ror T, and B is one at M in

the same year.

at R and
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Cool weather tolerance (C.T.L) at =—%

*x100

in which A’ is the value in the cool weather

year at M and B’ is one in the favorable

weather year at M.

Experimental results are summarized as
follows ;

1. The genetic correlation coefficients between
growth vigor in the early stages and yield
were positively high in the cool weather
conditions and the growth vigor was much
related to seed size.

2. Variance components due to variety x loca~-
tion were highly significant in C.T.I. in most
characters. So it was considered that selections

repeated under cool weather conditions at
different locations and years might be much
required for a highly stable type of breeding
to various cool weather conditions.

3. The genetic correlation coefficients between

the C.T.L of seed yield and that of the
number of pods were positively very high
in all cases. And the C.T.I. of the number
of pods was much related to those of plant
hight, number of nodes on the main stem
and number of branches,

It was suggested that growth vigor in the
early stages and pod setting under the
cool weather conditions could be indicative
characters for selection of cool weather
tolerance.
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