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Genetic Analysis of Low Temperature Germinability of Rice

Jong Re Kang*, Mi Suk Ko*, Ho Young Kim*, Sang Jong Lim* and Soon Chul Kim*

ABSTRACT : The purpose of this study was to investigate inheritance modes of low tempera-
ture germinability(LTG) on rice, Two experiments were carried out : In experiment I, the
seeds of 10 rice varieties yielded at the different cultivation conditions which were transplanted
in a paddy field from May 20 to July 5 with 15-day interval, were tested at fixed temperature
(13¢) in-door and at field with natural conditions to find out the change of LTG according to
different cultivating condition among the each variety. In experiment I, F, seeds of full diallal
cross from six parents, were analyzed for combining ability and reciprocal differences of low
temperature germinability. The results are summarized as follows,

The seeds of 10 varieties showed significant differences of LTG at the different cultivation
conditions, varieties and their interaction. And the relationship between LTG coefficient at 13C
and low temperature emergence(LTE) coefficient at field was highly significantly positive (r==0.
511*). From the analysis of the diallel cross, high significance was found at reciprocal difference
and alpha inheritance,

The mean squares of general combining ability(GCA) and specific combining ability of LTG
were highly significant with higher mean squares of GCA. Seventeen out of 30 cross combina-
tions showed transgressive segregation.

Key words : Rice, Low temperature germinability, Combining ability, Reciprocal differnce,
Alpha inheritance, Transgressive segregation.
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Table 1. Transplanting and harvesting date of ten varieties

Maturity Variety Tranzpltantmg Flowering Harvesting
group (main plot +) (sut?pfot) date date
Very early Dunnaebyeo May 20 Ju 17 Sep 1
Iri 414 Jun 5 Jul 29 Sep 12
Suweon 415 Jun 20 Aug 10 Sep 26
Nikada 36 Jul's Aug 22 Oct 7
Early M 202 May 20 Jul 25 Sep 7
Suweon 412 Jun 5 Aug 4 Sep 17
SR11155-4-2 Jun 20 Aug 13 Sep 27
-1-11 Jul 5 Aug 23 Oct 8
Medium Cheongmye- May 20 Aug 4 Sep 16
ongbyeo Jun 5 Aug 16 Sep 30
Jun 20 Aug 22 Oct 7
Jul 5 Aug 28 Oct 13
Hokuriku 153 May 20 Aug ¢ Sep 17
Jun 5 Aug 16 Sep 30
Jun 20 Aug 22 Oct 7
Jul 5 Sep 1 Oct 15
Milyang 135 May 20 Aug 4 Sep 16
Jun 5 Aug 17 Sep 30
Jun 20 Aug 22 Oct 7
Jul 5 Aug 25 Oct 10

1 : Each main-plot has four subplots : transplanting date, flowering date, and harvesting date were measured.
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Table 2. Formulas and symbols for analysis of reciprocal differences in diallel crosses

P; the r™® parental value measured from the mean of all n parents.
G, = Vi — Va1
W:rs covariance of the female array of the r™ parent onto all parents
W:3 covariance of the male array of the r™ parent onto all parents
wr = Wrg - W:s
W= Wy - W

1

a=—=G
n
b= by (ZP* + nPY) + ;P2 - P1’ + - - + bo(Pa - Po = (-DwiPiGy
a' = i_Gl + P‘l(b'l + ZB)
' 1 .
b = =5 (n-1
spZ TDw p
B [for coumn(6)] = =&
[for column(6)] e ’?
(n-Dw-3bP
B [for column(7)] = -
[for column(7)] S }
B [for column(8) (9)] = ((n-Dw-3bP-]

2>p?

Formulas for ¢ and d item

Sums of squares of total = éll—Zgrsz, df = ;— n(n-1)

Sums of squares of Alpha(c) = %Za2 = %ZGZ

Sums of squares of Beta = ;—Z}br[(n—l)v'vr - PGl df =n
Sums of squares of a, b and B

Alpha plus beta = 2 (n-1)w’;b, + %ZG2

a = —-Zn—Za'2
b = ;—zb’zzp’z + 2o P
B = 2nb*2P?

b/B = 2nBXb.P}
b/a = _nzarbrpr

¥ SBoE RHER BB HEARFHES 3 0 &
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Table 3. Analyses of variance of low tem- Table 5. Analyses of variance of emergence
perature germination coefficient on coefficients on field test
13C incubator test

Source of variatibn D.F. M.S.
Source of variation D.F. M.S. Total : 119 _
Total 119 - Transplanting date 3 4.0830™
Transplanting date 3 51.7688** Variety S 2.8286™
Variety 9 78.7464** Interaction 27 0.6902*
Interaction 27 2.6894* Error 80 0.2955
Error 80 0.7675 *, * : Significant at 5% level and 1% level, re-
* . Significant at 1% level. spectively.

Tabte 4. Germination coefficients of the seeds which yielded at different cultivation conditions
of 15-days interval transplanting time on 13°C incubator test

Transplanting date

Variety

May 20 June 5 June 20 July 5
Dunnaebyeo 2.88°+ 4.03° 6.74% 4.69°
Iri 414 0.98% 2.10% 517 3.86%°
Suweon 415 0.14° 0.91% : 0.02° 2.61°
Nikada 36 0.70° 0.59° 3.08 2.55%
M 202 4.44° 7.01%¢ 9.507 7.60%°
Suweon 412 2.74° 4.00° 6.31* 7.20°7
SR11155-4-2-1-1-1 4.57 4.86 5.03 5.59
Chengmyeongbyeo 6.55° 9.70% 10.312 11.022
Hokuriku 153 4.64° 6.90%° 7.01%® 7.67°
Milyang 135 4.29° 7.20% 6.25%0 7.60°
LSD 1%* 0.94

1 : DMRT 1% degree on transplanting date.
# : LSD 1% degree on variety.

Table 6. Seedling emergence coefficients of the seeds which yielded at different cultivation
conditions of 15-days interval transplanting time on field test

Transplanting date

Variety

May 20 June 5 June 20 July 5
Dunnaebyeo 2.64°t 2.85%% 4.02%® 4.06°
Iri 414 2.67 2.67 2.69 3.45
Suweon 415 2.50 3.69 2.99 3.22
Nikada 36 2.03 2.19° 3.552 3.72¢
M 202 3.86% 2.52° 3.62% 3.35%
Suweon 412 2.44° 2.47° 4.44% 3.53%®
SR11155-4-2-1-1-1 1.90 2.52 2.75 2.31
Chengmyeongbyeo 311 3.50 3.97 410
Hokuriku 153 3.91 4.05 3.80 4.39
Milyang 135 3.74 3.59 3.68 3.84

LSD 1% % 0.59

+ : DMRT 1% degree on transplanting date.
# : LSD 1% degree on variety.
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Fig. 1. Relationship of the low temperature
germinability between indoor and field
test,

(note : LTG is low temperature germination,
LTE is low temperature emergence).
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Table 8. Analyses of variance of the germi-
nation coefficients at low tempera-
ture in diallel crosses of rice va-

rieties
Source of variation DF. M.S.
Total 71 0.3169
Replication 1 42.9089™
Varieties 35 2.1813
Error 35

= . Significant at 1% level.

Table 9. Analyses of variance of combining
ability of germination coefficients of
F, generation in 6X6 diallel crosses
(Griffing’s method)

Source of variation DF. M.S.
General combining ability 5 75.446*
Specific combining ability 15 11.344*
Reciprocal combining ability 15 13.568*
Error 35 1.141

* : Significant at 1% level,

Hagehd B3 #HiEeA Sprague & Ta-
tum®-&, GCA= #a/ngy BEF 9 femdel, SCA
< kAT o s BEF )RR 8
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Table 7. Mean F, germination coefficients of low temperature in 6X6 diallel cross of rice

varieties
$ parents
1 2 3 4 5 6
2 parents
1. Italica livorno 28.01 14.00 16.63 12.58 8.82 14.06
2. Nonganbyeo 12.55 10.40 10.81 6.96 12.42 7.93
3. Tohoku 149 8.02 5.18 9.98 3.37 6.39 3.87
4. Saikai 198 15.47 11.08 10.36 9.78 14.91 7.81
5. Seohaebyeo 7.02 5.14 7.36 4.82 8.75 6.92
6. Milyang 126 9.24 8.66 8.64 3.93 9.07 5.56
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Table 10. Diallel table of reciprocal difference for the germination coefficients

Differences between

2 parents & parents reciprocal array totals
1 2 3 4 5 6 % array - 3 array
1 - 1.45 8.61 - 2.89 1.80 4.82 13.79
2 —1.45 - 5.63 - 4.12 7.28 —=0.73 6.61
3 —8.61 —5.63 - 6.99 - 0.97 —4.77 ~26.97
4 2.89 4,12 6.99 - 10.09 3.88 27.97
5 —1.80 —7.28 0.97 —10.09 - 2.15 ~20.35
6 —4.82 0.73 4.77 - 3.88 2.15 - ~ 1.05

Table 11. Estimates of Alpha and Beta inheritance of low temperature germinability in diallel
crosses of rice varieties

(1) (2) (3) 4 (5) (6) (7 (8) (9)

Parent p’ G (n—1)w (n-1)’ a b a’ b’
1 15.93 13.79 — 51.29 — 5.38 2.30 —0.128 0.12 —0.160
2 — 1.68 6.61 — 44.93 0.99 1.10 0.020 1.30 —0.140
3 - 2.10 —26.97 - 77.29 —31.38 —4.50 —0.264 —4.04 —0.242
4 - 2.30 27.97 — 34.46 11.45 4.66 0.208 4.85 —0.108
5 — 3.33 —20.35 18.74 64.66 —-3.39 —0.003 —3.67 0.059
6 - 6.52 — 1.05 — 86.26 —40.35 -0.18 —0.048 1.43 —0.270

Total 0 0 —275.49 0 0 —0.214 0 —0.861
B —0.072 —0.0357 0.0119

* Deviations of totals from zero are due to rounding off in all columns except (4) and (7).

Table 12. Analyses of variance of low temperature germination coefficients in diallel crosses of
rice varieties(Hayman's method)

Sum of D.F. Mean F-value P
squares squares (percent)
Total 203.782 15 o = - -
(a) Alpha inheritance
Alpha(c) 179,899 5 35.950 15.064 <1
Residual(d) 23.884 10 2.388 - -
(b) Beta inheritance
Beta 40.063 6 6.672 - -
Residual 139.836 9 15.537 - -
(c) Alpha and Beta
inheritance
Alpha plus Beta 201.638 9 22.404 62.696 <1
a’ 171.145 4 42.786 119.732 <1
b’ 60.724 4 15.181 42,482 <1
B 0.545 1 0.545 1.524 -
Residual 2.144 <] 0.357 -
Sum of
products X2
b’ /a’ —7.651
b’ /B —14.224
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Table 13. Means and standard deviation of germination coefficients in parental varieties and F,

seeds
P i Mi Mean#*
arental variety At P+S id F,+S gan T-value
and F) seeds parents dominance
Italica livorno (P,) high 28.005+6.314 19.20 5.4467*
Nonganbyeo (P,) med 10.395+1.393
F 0 x2. X
1 P, X P, 14.0 2.206 0.5906 1.2879
P, X Py 12.545+0.488 0.7558
Italica livorno (P) high 28.005+6.314 .
18. 5.6156*
Tohoku 149  (P») med 9.975+1.167 %
F P, x P, 16.625+0.573  0.2623
6508"
P, X P, 8.025+0.092 1.2163 296508
Italica livorno (P,) high 28.005+6.314
. 18.90 5.6432*
Saikai 198 (P,) med 9.785+1.351 9
F, P, x P, 12.575+1.676  0.6937
3.
[Pg x P, 15.470+0.636  0.3760 2299
Italica livorno (P;) high 28.005+6.314
. 6.0489*
Seohaebyeo (P») med 8.755+0.799 18.38 489
F X X
1 P, X P, 8.815+0.389 0.9938 5.5702*
P, x P, 7.015+0.516 1.1808
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Table 13. Continued

Parental variety + Mid Mean#
and F) seeds A PxS parents Fi£S dominance T-value
Italica livorno (P;) high 28.005+6.314 16.78 7.1069*
Milyang 126 (P3) low 5.560+0.156 ’
F P, x P, 14.110£0.948 0.2381 7 9340%
P, x P, 9.245+0.955  0.6716 :
Nonganbyeo (P);) med 10.395+1.393
Tohoku 149 (Py) med 9.975+1.167 10.19 0.4623
F, P, X P, 10.805+1.831 2.9524 45104
P, x P, 5.185+1.690  23.8095 ’
Nonganbyeo (P;) med 10.395+1.393
Saikai 198 (Py) med 9.785+1.351 10.09 0.6288
F, P, x P, 6.960+0.636  10.2623 10.1778"
P, x Py 11.085+0.502 3.2623 :
Nonganbyeo (Py) med 10.395+1.393
Seohaebyeo  (Pj) med 8.755+0,799 9.575 2.0425
Fy Py x P, 12.425£0.559 3.4756 -
P, X P, 5.145+0.678  5.4024 168744
Nonganbyeo (P;) med 10.395+1.393 .
Milyang 126 (P.) low 5.560+0.156 7.98 6.8990
F P, x P, 7.935+0.205 0.0176 3.3455
P, x P, 8.660+0.382 0.2823 '
Tohoku 149 (Py) med 9.975+1.167
Milyang 126 (Py) med 9.785+1.351 9.88 0.2129
F, P, X P, 3.370+ 0594 58.5263 -
P, x P, 19,365+0.431 51052 190583
Tohoku 149  (P,) med 9.975x1.167 9.37 1.7255
Seoheabyeo (P;) med 8.755+0.799 :
Fy Py x P, 6.385+0.516 4.8852 11339
P, x Py 7.860£1.640 3.2869 :
Tohoku 149  (P,) med 9.975+1.167 777 7.5018*
Milyang 126 (Py) low 5.560+1.156 ’
Fi P, x P, 3.865+0.290 1.7678 10.8115%
P, x P 8.640+0.834 0.3952 ’
Saikai 198 (Py) med 9.785+1.351 9.27 1.3127
Seoheabyeo (P3) med 8.755+0.799 ’
F, P, x P, 14.910£1.245 10.9515 -
P, x P 482540431 86311 1031
Saikai 198 (Py) med 9,785+1.351 .
Milyang 126 (P,) low 5.560+1.156 7.67 6.2155
Fi P, x P, 7.815£1.068 0.0675 7 1543*
P, x P 3.935+0.191 1.7692 :
Secheabyeo  (Py) med 8.755+0.799 .
Milyang 126 (P») low 5.560+1.156 7.16 7.8498
F, P xP, 6.920+0.721  0.1487 L4800
P, x P, 9.075+2.821 1.2003 :
+ : Estimation for germinability at low temperature
Pl + Pz
Fi~—t 2
# - —._2——__
’ P, +P;
2

* * : Significant at 5% level and 1% level, respectively.
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