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Inheritance Studies on the Tolerance to the
Two Carbamate Herbicides

— Genetical studies on rice plant, XCII —

Takeo KuMAGAl and Toshiro KiNosHITA

(Plant Breeding Institute, Faculty of Agriculture,
Hokkaido University, Sapporo, 060 Japan)

%

B, BREHOSEIeE - €, BEBLRYIED, it
HEOHB, FYoEEILELE B4 DMEY4ET
T\Wb, KEDOHE BB, £ELTA x &4
HORBUEIMLHA LTV 5, UL, Fkotnz 1
F EFR—ROMRE OB Y - Ty, SHhicERI KT
HEEOHERER FR I L 58, OHA»BBRERIC
HUTHEOWMMEZRT X 574 A SBOBERADE L
ItoTib,

AHRTIL, TCCEAZEROFETHZ L0Mbh
TB 2O H — 04 PRREH, NvFdr—-7&
EY F— MCOWTEWY, it B 5 R 2 A2
THERTEA T VAR, IV Fs Rl o H
WGRIRBENT 1T - 7o

i}

MBS UFE

2SHEOBREHF, vFAH—~F (Fr—V) LEY R —
P ESBEAAFT A B, ¥, SvFdh -
DEHEFLS -7 meXv )N, N-Y=FLF F
= h =2 A bT T A ATRER & LG, B
FromENFHEZRL, HECSELsLE Ol XE
FWHHZ EPMORTWwWB, —J, &) &%— FDHFHK
T S—mF - ~F b F r-1H-7 4 & v-l-H L £ F

Fx=— FTHY, HEPEIISRT—SF R YE LT
REh, AREEILIE, FEOPCMEIZH - x o
N RBREHNC S R CIHE A B,/ E i RT
A F T B TR A 5 h, BEGEIREM2 B 519,
HIMBLRN R OBE M- T, T, A5 (Table
1) DREFEREF T, K TCHIEREOERN LM 72
KB AL DA T 7 5 AF » 7 FHDOK T € b,
BENTRIE L. 547 VAP OBAR#KIT Table
1FEDSRETHD, v F4H—7T121025ppm &
05ppm D 24, =Y & — Tiklppm B X 2ppm
D24 L, MCEUBEEE RN Ic, £EFTIR2
FBZR Gz, 7ol LAE2 ) 50 fEfk & 280 L ¢, &5

Table 1. Strains used in the experiment
Strain No. - Name Origin

A-133 Norin 9 go Hokkaido (JAPAN)
Mutant from the

N- 61 Jokei-waisei breeding materials
in Hokkaido

I- 32 Karalath India

1- 33 Surjamukhi India

1-35 Modan India

I-61  Bologona Ttaly

1-128  Taichung 65 go Taiwan

1) A RFERFAED TR R REMR

2) BER, BUBERRT REBEEREORERBRS, A%
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TP DFRMGE & LCiy, 853 2 BRES I s\ CEE ¥t
T EED B (RFR) & ABRK QR S/ARAEK
DR (FEXMERK) iV, HEtEtE TR
hoD % % AL (aresin V% ) L% VT,
HAYMAN® {2 MATHER and JINKS® D458 HE
WV SR RIT ot X4 T UARHMTIL FL BT
RECHDZ EXHETH -7, FI #HELTF,
BTEIED, FrofRocfvic. TREEA 7 vk
Wi, PIEDRIES 175 7R 0D X hEHE L7,
HAYMANY W X B R MBL VBNV FA A7
0.25 ppm PHEMAC D TL, X SIIRIES BRSO 5
FH R TFROMEE ST -7

RITTHE O3 X FHORHERBAAT - 1o TSR O RH
E LT A-133 Ebk9 B, §95RHE & L Cix 1-32 Karalath
BA CIEYZ AT, FIBTOAMC X » T
% #9400 EEHERT 2 & & bic, \OE O F, £/7H»
LB EA THA Uk D 102~138 i DiE s Faf
Har~vFth—7RBERC e, FABRE R
0.25 ppm & 0.5ppm @ 2 44T, A OFTFHI LA T
VAGHOBE LFETHS, UL, AEGEOHE
CREREREY 3By T, Thbh, fEl1EL
TRIEEDIZ LA ERL REFFEMSE, 2 & LR
OIEY BN AE L EE, 3 & LCRENESE
», AELEMLHB T AT LY R U EED
SEME~OE Lic, —, FER>-Tid, MElRc
BEEpE E L OReR, Bal HetHRREL T
&, BHE & AWRI 25 U CRIEIICERE L, BE,
FERFND Fo lifEmt 0 Fa /o T, WiFsHCif
A A JolgE Lo

¥ 2

1. ¥4 7LILBH

PSR L LTt BT 5 1-61 & 1-128, 5o
1-33 725 Ui Bl OREE &7 3 N-61, 1-35 %L fes
B4 T UARKD Fo B LOBEBMOTHERFE L LV
SRR Y Table 2 58 XU 3 1R Lz,

XA T VASHI R RS AHC, AR EENERED
LR RV TOTR LT 5 DDV THRE L, W,
Wik DR CHBIBIR L RD B &, TROML Lisotl,

~vFFH—7 025ppm r=0.7580**
” 0.5 ppm r=0.9383**
EYF—F 1 ppm r=0.9554**
” 2 ppm r=0.9545**

BT T 1% IKEETHE.

WTREIRECHG TS S Lo 2 RVWhid Th D03,
SR BB (Plate T 3 RO 1D BB L <ARERD
FERAVEE &L LT, AELER (arcsin /% ) 1T
TEE & LT, Licdio T, AEORE VL
HAEDE T & E e B,

HAYMAN O 1 X AR Hi DR % Table 4
LSRR LT, it (VR) OFTFIC Y » T, ThE
hOWEERBEOTHFRES AV AEA L ThbD
Rl A UTHELCRE L OZAfFRE AV 558
O 2T CEB LT,

FBEOKE & OXELERDFHTH OM TR B MY
Barlett O HEIC LI VBRELICET S, “vFdH—7F

Table 2. Mean survival rate (%) of the par-
ents and F, populations treated with
benthiocarb and molinate

Concentration

Molinate

Strain or

F, population ~ Benthiocarb

0.25ppm 0.5ppm lppm Z2ppm
N- 61 711 43.5 62.6 30.9
I-33 474 14.0 7.2 4.2
I-35 59.5 60.0 31.8 9.0
I-61 90.5 90.0 86.1 72,6
1-128 88.0 90.0 84.7 70.3
N-61X 1- 33 61.3 3.5 0 5.0
reciprocal 57.2 43.6 5.2 0
N-61x - 35 93.5 60.9 37.5 25.4
reciprocal 75.0 42.2 15.0 0
N-61x [- 61 83.4 9.4 457 30.7
reciprocal 73.8 11.8 64.4 124
N-61x [-128 97.0 23.6 51.6 37.0
reciprocal 97.0 88.5 90.9 45.9
1-33x - 35 78.3 31.9 24.9 11.3
reciprocal 89.5 21.2 9.6 421
1-33x1-61 90.8 6.9 36.0 11.8
reciprocal 100.0 89.0 68.7 42.6
1-33x 1-128 80.9 57.9 24.5 7.8
reciprocal 98.1 79.3 56.9 22.1
I-35x 1-61 92.2 44.0 54.6 18.1
reciprocal 98.9 83.6 58.3 26.0

1-35x 1-128 95.8 76.7 36.6 11.0
reciprocal 100.0 90.2 55.5 59.6
I-61x 1-128 95.3 96.6 68.5 47.6
reciprocal 88.6 90.8 70.0 544
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Table 3. Relative plant height (%) to the

" checked plants in the parents

and F, populations treated with
benthiocarb and molinate

Concentration

Benthiocarb Molinate
0.25ppm 0.5ppm lppm 2ppm

Strain or
F; population

N- 61 69.1 32.3 41.3 16.1
1-33 36.5 10.2 5.1 3.1
I-35 49.2 40.5 19.3 3.2
- 61 73.9 75.8 80.2 58.6
1128 68.8 64.4 81.5 374
N-61x 1- 33 48.3 3.0 0 1.9
reciprocal 47.3 20.9 1.7 0
N-61x1I-35 79.7 38.1 15.1 6.0
reciprocal 56.8 22.8 6.7 0
N-61x 1- 61 81.2 11.8 38.5 20.3
reciprocal 83.3 7.7 67.6 5.7

N-61x 1-128 100.0 244 36.7 18.2
reciprocal 70.1 71.7 86.1 19.4

I-33x1-35 68.8 22.0 12.2 4.0
reciprocal 81.0 16.2 3.7 137
I-33x I- 61 74.9 5.1 19.6 3.1
reciprocal 91.8 90.7 826 21.8
1-33x 1-128 65.0 41.6 13.3 2.8
reciprocal 87.5 74.5 575 9.3
I-35x I[-61 80.3 62.5 356.4 4.3
reciprocal 76.2 73.2 58.9 9.2
I1-35x I-128 81.7 33.1 30.9 34

reciprocal 97.9 7.7 44.3 22.8
I-61x I-128 55.7 84.7 66.9 229
reciprocal 63.7 78.7 40.3 21.9

™ 0.25ppm, £ Y F&— D 1ppm ¥ L2 ppm T
BEDRERD BRI » Tedd, R vFF S — 7D 05 ppm
T3 p=0.025~0.050 TERDH % LR wbhi, T T
FALF N $3VF BRER B BT 5,

a. NvFAH—70.25ppm NE

DGV OERE Table 4a wiR L, WETOHEM
R ROED 27T a THE EHFEC X5 b HE AR
THolo b TILED by CEHBEIAS O F, g0y
HIRZE) by (% B HBEOTEE» L O RED T
V—UHIZE) 8 X0 b (& F BB e ERmE) @
SFBE, bHED VR (Z AR LCEELLRE L DX

IR X 5) KRWTOAEEThH-Te. Ef Th
ZhOBORHEIRYBE TS c T cic I T Ik
DA T B d ER E B EHE T oo, T DNE
Ly HAYMAN OESA T LTV 5 dicEilo
RS sy DI v e

Table 4. Analysis of variance of a 5X5
diallel for benthiocarb tolerance

a. Treatment with 0.25 ppm

Item d.f. Mean square VRV VR’

a 4 8847250  168.020%F 80.736**
b 10 344.081 3.178%  3.140%
by 1 1496800  56.952  13.650%*
b, 4 164750 0931 1503
bs 5  257.002 3696 2345
c 4 250778 1.016 2288
d 6 74.658 1278 0681
Block (B) 1 468562
BXa 4 52.656
Bxb 10 108282
Bxb; 1 26.282
Bxb, 4  176.880
Bxbs 5 69.540
Bxc 4 246.839
Bxd 6 58.415

* %% Significant at the 0.05 and 0.01 levels,
respectively.
1) Each item tested against its own block
Interaction.
2) All items tested against the pooled block
interaction.
3) a: genetical variation among the mean of
each parental line.
b : dominance effects.
b;: mean deviation of the Fys from their
mid-parental values.
by: further dominance deviation of the Fys
from their mid-parental values within
each array differs over arrays.
bs: part of the dominance deviation that
is unique to each F,.
¢ : average maternal effects of each par-
ental line.
d : variation in the reciprocal differences
not ascribable to c.
Block interaction: the sum of the interac-
tion sums of squares.
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b. Treatment with 0.5 ppm benthiocarb b. <Xyt H —705ppm YE
alCi2Mo VRA K AHEETH Y, bHTR
Item df. Mean square VR VR’ VR’ 0ZpHETH o7 (Table 4b), b DTl by
a 4 2994770  83.880** 25.102%* VR BHET, HEAGRENCHY T2L 5200
10 A77844 2175 4005kx 2 b TR2ZHD VRAFNCFETH o R, i &
b 1 307.004 0282  3.328 dRFCAR LY, BESRFRDLRL, Table 2
bs 4 356.992 4.964 2.992% FBLO3 LALLM, Mo 1-61 2 1-128 2
by 5 500.674  6.485* 4.951%% A IS G2 O By Cilsliseit o 8 f w kT
c 4 1419.290 59.865%% 11.897++  MVEHHEEAIRT S £A3 I-61x N-61 D% & % fri 1o
d 6 425840  5960*  3.569* LD ZHERLE # TRD B U,
Block (B) 1 105.813 ¢ Y F— b 1ppm s LU2 ppm A
BXa 4 35.703 1ppm & 2 ppm P 35\ TR — 0 {18 & 7Rk s
Bxb 10 219.655 EHBohi (Table 5), T/i>b, akb DEIETA
Bxb, 1 1406.700 BT bbb BEBLARIEENRD -, THIC B
Bxb, 4 83717 (X VR D, Tppm, 2ppm HLCHR L8 -7,
Bxbs 5 91.077 1-61x N-61 LI} T3, ittasio> 1-61 < 1-128 i &
Bxc 4 23.708 L& @ Fo i s\ M 510 5 X 0 SiiHEfED
Bxd 6 71.450 BB EHLNETRY, L LT VYFAa—
Block 2 119.303 7 0.5ppm OBE LFLT LR E o7,
interaction d. 7 v -5 (V) e 23600 (Wr) ol
*, ¥ Significant at the 0.05 and 0.01 levels, (v — 77025 ppm DHE)
respectively. (F AT s & OREFEJ@WIUJ{EM 6T v —RD5E
Table 5. Analysis of variance of a 5X5 diallel for molinate tolerance
1 ppm 2ppm
{tem d.f.
Mean square VR VR’ Mean square VR VR’
a 4 2982.140 26.961**  33.030%* 1724.030 11.621*  18.065**
b 10 298.687 7.779*%* 3.308** 294.003 4,906* 3.081*
b, 1 466.960 9.995 5.172% 374.233  376.114 3.921
bs 4 107.002 1.885 1.185 228.677 3.695 2.396
bs 5 418.365 18.986** 4.634%* 330.218 4707 3.460*
c 4 390.657 3.535 4.327%* 625.877 4,336 6.558**
d 6 133.130 0.889 1.475 176.452 2.035 1.849
Block (B) 1 183.375 576.145
Bxa 4 110.609 148.358
Bxb 10 38.395 59.930
B X b 1 46.720 0.995
B X by 4 56.765 61.882
B Xbs 5 22.035 70.156
Bxc¢ 4 110.524 144.359
Bxd 6 149.743 86.714
Block interaction 24 90.287 95.436

* #% Gignificant at the 0.05 and 0.01 levels, respectively.

)
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200 r

1—33e
Wr
100 N—6le

Wr=0.96Vr—45.89  Su=0.08
Wir#=190 49\'r

‘ 100 200 300
[—6l .
1—128 Vr

Fig. 1. Regressions of Wr on Vr for survival rates at 0.25 ppm benthiocarb treatment.

(Vi) 2ked, “h& 7 L—Ro Fy EIEEEE O 35 BU - BT AR H TRD DI ENRTEL,
(Wr) DBfR% Fig. L WRLic, EURFEIL0 EHBBE Wr+Vr OfELEE e, IREMAEES BRI E
BRLUIH, 1 EOEIERE TR -1, Liehh T3k Nichn oo, ETBOEHEE Wr+ Ve &0 B R
SIGREFEOEAIER (= A % v 2) 2D b hisd .

N 1S S e o . Table 7. Estimates of the components
ol & f”@}mﬁﬁﬁ‘ﬁrf BoleD Tﬁﬁyﬂ%@?ﬁb)/ﬁ in a 5X5 diallel for 0.25 ppm
B hic, BRERFTZLEROBE L VL THCHS benthiocarb treatment
DT, BHGEFPHNBRI D REVETLD, T

BHAE DR 2 BT, T-61 & [-128 2B RET % g 1 4:2:232
%<hh, FBIAERETFEE LD EHEEIRE, H, 534899
Wr & Ve e FaAnb i sh sl xd - F 199701
CAPEDLERET B, £T7 v —D Wr—Vr, Wr+ E 109,583
Vr OED 58 Wi 1T - %2 (Table 6), Fo5E Wr— JED 2317
VI HB T, TOZEMLLZERAZ VADR uv 0.308
i i h} 0.456

Table 6. Analysis of variance of Wr—Vr ) )
and Wr+Vr in a 5X5 diallel for hi 0.290
0.25 ppm benthiocarb treatment K 3.048
K’ 2.517

Item d.f. MS VR -
h%: heritability in broad sense.

Wr+4Vr Between arrays 4 89374.9 2.25 h%‘-_ hetitability in narrow sense.

Within atrrays 5 39676.5 K= (mean of total —mean of parents)?
Wr—Vr Between arrays 4 3762 0.03 - Hy/16

Within arrays 5 116994 K/ (maximum of parent—minimum of parent)?

4D




B/ ART :

1 O BREFIT BT B BB 397

Table 8. Correlations between tolerances
to benthiocarb and molinate

a. Survival rate:

ion
Between characters Correlatio

coefficient
Benthiocarb (0.25 ppm)- = oskok
Molinate (1 ppm) 0.6052
Benthiocarb (0.25 ppm})- P—
Molinate (2 ppm) 0.6215
Benthiocarb (0.5 ppm)-
. Molinate (1 ppm) 0.6606*
Benthiocarb (0.5 ppm)- 0.5803%*

Molinate (2 ppm)

b. Relative growth rate:

orrelation
Between characters C

coefficient

Benthiocarb (0.25 ppm)- *

Molinote (1 ppm) 04068
Benthiocarb (0.25 ppm)}-

Molinote (2 ppm) 0.3748
Benthiocarb (0.5 ppm)- -

Molinote (1 ppm) 0.7078
Benthiocarb (0.5 ppm)- 0.5799%*

Molinote (2 ppm)

* %% Significant at the 0.05 and 0.01 levels,
respectively.

Wr=—0975 ke, 1% KETHRET, EBHEHROX
T OEHEAMERT A ERTRE LT\ 5,
e. JBRESHS ORE

4 OB OMEEE Table 7 IWiR Uic, B2

R (Hy, Hy) 3MmgzhE (D) Wit~k &<, FHE
g WH/D) 122317 Thoto, ¥ BERIINE, I»
FEBDHE DK X Ieh o7 (hE=0.456, hg=0.290),
BHRTEE 2o XL o BB LR, Thbo#
EfErr. MATHER and JINKS® @ K, @445, 0
HEERL 2~3HBE CH » 1o, S hb O E R IBIER
BETORNCHLTE EEZ5RB0, vFsth
— It RS 5 MG TR HE v B v E AT X
WThHAHS,

2. RUFFN—TEEYR— F\OWHHECHETS

TEME

HA T L AGHC A IRAE & Fo R0 P %
HWT, RvFdn -7t s €Y % — Mtk oo
BHBSFRA A L7z (Table 8), AFRKIBTIL, TN
CTHESHBERGRA AL h, HEERTLRvs4
—~7025ppm &% F—  2ppm ABEEEERT, F
DT TERE MBS HRA S S hic,

3. FRHXUF RRKICHIDBESN

Ny FA A - T O E R LR B R, A-133 2
9B LHERMD 1 >TH%B 1-32 Karalath ) CarisR
5@’.5_’??07‘:0 )
PIFRH & B3 A 2o Fe £ oW ¢, s E
YA LR % Table 9 iR Ui, WHRHOMC
30.25 ppm T#% 0.5 ppm LI T E I 5 A B8 i itk
DENRBE NI, FFAOEREERIZIBDTAE
<, 025 ppm DUBEHTH - Th, 0.5ppm UETH
- THRHEO /M L EF I T 5L U
b, THESRORFPINC S ERCRET A EGL A U,
C 0 k5 ABEDONE F 1k MHOSERC X Dtk 7

Table 9. Indices of benthiocarb tolerance in the parents and F, populations
Treatment Strain or [, Index?V .
(Concent.) population 1 3 Total Mean t
A-133 82 22 14 118 1.42
025 I-32 24 3 64 91 2.44
o PP A-133x 1 32 352 16 43 411 1.25 0295
I-32xA-133 334 8 41 383 1.23 ’
A-133 56 13 33 102 1.77
05 I-32 6 0 102 108 2.89
PP A-133x - 32 146 20 236 402 2.22
6.306%*
I-32xA-133 71 22 321 414 2.60

**  Significant at the 0.01 level.

1) Tolerance index; 1 means nearly normal, 2 means an incomplete development of first
leaf blade and 3 means retardation of growth.
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] DA B LD S bR icD T, Fy R KR T
504 A-133 CEHEMESHC 20T 5 LR VERARVGEFLLR
I X 3 2o Fa T3 0.25 ppm AT $o \ ~ CIE R O P4k
40 (n=138) fERC A BEN R B R eh o feh, 0.5 ppm AE OB 4
o
o8]
= 30] A-133 S A-133 |32
; x
3 = - 32 l
- 204 = 20 (n--102)
. : A-133
I-32 2
104 l 104
1.0 2.0 3.0 (Index) 1.0 2.0 3.0 (lndex)
304 304
g g
£ k=
s 20 3 207
10 10
1.0 270 5.0 (Index) 1.0 2.0 3.0(Index)
Fig. 2. Frequency distribution of the mean Fig. 3. Frequency distribution of the mean

indices of tolerance in Fy lines at
0.25 ppm benthiocarb treatment.

indices of tolerance in F; lines at 0.5
ppm benthiocarb treatment.

Table 10. Relationship between benthiocarb tolerance and marker genes in F; lines
. Concent. Marker Tolerance index i
Cross combi. (ppm)  genes 1.0 1.2 1.4 16 1.8 20 2.2 2.4 26 2.8 3.0 Total Mean ¢
cA 27 8 11 4 2 2 1 3 1 9 68 162
FETPURTE + 201010 0 2 5 2 2 5 5 70 160 0%
05 CA 2 83 5 2 5 4 4 9 811 58 227 .
. + 1 1 1 6 6 3 8 214 7 49 231
cA 6 312 6 12 4 7 4 1 1 66 171
- soxAims + 4 811 5 4 7 0 3 52 155 1847
05 cA 1 0 5 9 8 7 3 2 615 5 224 ..
- + 2 1 5 3 4 4 4 3 10 10 46 228 Y
025 BMBhBhs 26 4 8 2 2 3 0 3 1 6 5 158 ..
Amex -3z + 30 14 13 2 2 4 3 2 5 8 8 163
05 BmBlBhs 0 1 2 4 3 3 2 5 8 11 39 240 .
: + 3 3 4 4 8 410 6 14 7 63 222 =
095 BmBhBh; 12 8 9 4 6 6 4 3 52 163 .16
- 3% A-133 + 18 314 7 10 5 3 4 1 1 66 165 9=
05  DBmBhBh; 1 1 3 5 7 4 3 1 6 15 46 231 e
: + 2 0 7 7 5 7 4 4 10 10 5 221 O
+ 47 13 13 3 4 5 2 4 2 10 103 156
2
Aczax g D g1 95 8 1 0 2 1 1 4 4 35 176 6%
“ + 3 2 4 8 7 4 9 11 15 13 76 228
0.5 gh—1 0 2 2 0 4 3 3 0 7 5 26 230 013
+ 2 10 16 8 10 9 6 7 1 1 94 164
I- 32% A_133 025 iy 4 1 7 3 6 2 1 24 163 0047
05 + 2 1 8 810 7 6 413 22 81 229 .,
- gh—1 1 0 2 4 2 4 1 1 3 3 21 213 =+




i, W6 A IR e i GO Bm EE 2 5 T,
Wic By K% U LM X 0 ECT, HEk 102~
138 (Efh R L, Fa e L CikERBE{T - 7.
T DBELARS A0 BT ODRHEE L 57D T,
Fy OBETFRI & 57501 Fy RFEHME 270 b Kk X
RTWBE0Z X5, 20 k5 i Fy R >\ T
DS A% MBS A & 2 A4 Pl Fig. 2 & Fig,
3R LTz & A R AR Licdy, 0.25 ppm 4L
PEGAFT D A-133x 1-32 iy, 1.8 %8 & LCH{ME &
SRIRIE 2 C &, L2 CULiE D - §5=99:39 &
WO OBERRL, BEBIES 1 EOBAE T 12=0.783,
p=030-0.50 THRILAWMET 2 LA Ihiz, Lich
-0 MR L OEERETFHFEIS T3 E LT X
Vo L LEDMDS TR D X 5 BRASHSE e BRI
B EAERDORILI o T, TEATHER T oW i
DEDHEZT -BEC L b, TXTHEEEAED LR
feirotedy, 0.25ppm T4 0.5 ppm T IE ¥ 25 #RC
AR RHRT B L5 Th oo, WTFhofsgky
THBRF L 0 b S EEOTE 2 F 7Sy Rt
LTl 0, B EOEIA R 25 T,

4. NUFFH—-THEESERELOMOBR

AL G20 Fp €13, FHER, Fifhk X OENG
DWTOHEER A U, ZASIHbBBETIC2WT
BRHD b OBEEFRILFRROWL TH 5,

A-133 CYATP  Bhi BhyBhT gh~1"
1- 32 C™AP" BhBhf Bhy gh—1

Hopr U Fy Ml TH %2 HTRE, ER
L MR 2 55 L C Fs R % fE - 7o, Table 10 @4
W, vt h—7D 025 0.5 ppm OB &t Tt
AR EOMA 2 T, BRI &S oz
Wit R Tl N CHEBENRD bR o, L
Do TZhsOBECFRLSEREET oV, Wit
PR T & ORI S H /B IGAVHEBIRIRIZER D b s
Mmaols,

CI

LFER N THMF ORETH L T3 BREH
PCBA % X U DBt O B3 #: 1o € FiER]
HEREABH SR, B LSO SMRIET R L S
ZEDRDLREY, T, BREA S ez — LT
W RB BB OV T BRBET LB X% arylacyl-
amidase DFAEPEELTW5 Z EAVRIREY, 2o
X5 e EEHii OB EREA B b ovic T 5 & b, B

MR- RT A > olhEFm B+ 2 BIRSH 399

KR R oo SR b Tl EHORBHEREE o ks
MRS CMET 2R HED B L B2 %2 5
ha,

SEHER L3R, 7 —S A A FROBRER D~ v
FAN—T(FE -~ EEYVER—FTHY, WThiR
HHROYZECHRO MR B Y 52, BRECR T
BRERELIRD, Y F— b AOfiftc LT,
TTCEANEEINTHLRTE 0, EMAET 72 %86
232 ppm & 4 ppm ORI X 5T 4 B it 40
BT\ %, KBgE Tz, ¥ TRAREORNS 5 &H#
T, 4T AR, FLy KB fEb s &
RREED o, F,oHME X5 F EFaERE &4t
EAT VA HHICAGTE, EYRECY > TIIEE
Fleo%, 2ROBELEMHY AT, REETIENY
BlEER T2HRBIEELLE BEECHEBOENL
LRI T, EFFER LA RR T LI, THFOM
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Summary

This study dealt with the genetic analysis on the
response to two kinds of herbicides, benthiocarb
and molinate, for the purpose of development of
highly tolerant cultivars.

Five parental strains showing various degrees of
tolerance for the herbicides were used for diallel
crossings. For the diallel analysis of tolerance, F;
seeds which were obtained by selfing of F; plants
in each cross were used together with the seeds
of five strains with two replications. Bioassay of
germinated seeds was carried out in a green house
using plastic boxes containing the culture solution
adjusted at a definite concentration of each her-
bicide. In the evaluation of tolerance, the surivi-
val percentage and the mean plant height percen-
tage to the untreated mean plant height was
measured at each plant of the treated plot. The
transformation to the angles (arcsin 4/%) from the
percentages was used for the statistical analysis.

Variance analysis of the survival percentage at
two levels of concentration in each herbicide indi-
cated that additive and dominance effects were
significant in common and a maternal effect was
detected at 0.25 ppm of benthiocarb and 1 ppm and
2ppm of molinate.

As a result, only the data at 0.25 ppm of benthi-
ocarb proceeded a further analysis satisfying the
propositions advocated by Hayman. The relation-
ship of parent-offspring covariance (Wr) and array
variance (Vr) showed that the dominance effects
were more prevalent than the additive effects and
no epistatic relation was recognized for the toler-
ance. The two strains, I-61 and [-128 possessed
more dominant genes which are responsible for
a higher tolerance. Estimated heritabilities in the
narrow sense as well as the broad sense were
relatively low and the number of effective factors
were estimated as 2.517 and 3.048 respectively by
two ways of calculation.

As the correlations between the tolerances to
benthiocarb and molinate were significant in the

possible combinations of the concentrations, it is
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probable that a similar gene or genes are concerned
with the tolerance to the two herbicides.

Besides the diallel analysis, F; populations and
F3 strains from the reciprocal crosses, A-133 Norin
9go (tolerant) X I-32 Karalath (susceptible) were
used for the genic analysis. Since the non-heri-
table variation was quite large in parental strains
on an individual basis, it was dificult to classify,
into tolerant and susceplible classes, F; populations
by the treatment of benthiocarb. Therefore, the
seeds of F; strains were obtained from selfing of
F, non-treated plants and tolerance of F; lines
reflected the ability on an individual basis of F,
populations. In F; lines of the cross, A-133x1-32
at 0.25 ppm treatment, it was possible to classify
into tolerant and susceptible groups by a discon-

tinuous variation and a single dominant gene was

responsible for the tolerance showing a good fitness
to the expected ratio, 3:1. However, in the other
segregations including the reciprocal cross at 0.25
ppm, a continuous frequency distribution in Fj
lines made it difficult to separate the two cate-
gories. Thus, multiple factors and/or polygenic
inheritance were assumed for the quantitative
tolerance to benthiocarb. It was noted that a
transgressive segregation occurred in all kinds of
Fsline variations suggesting a possibility to develop
a cultivar which may show an increased herbicide
tolerance from the tolerant parent, A-133.

In addition, no significant correlation was recog-
nized between the tolerance and the characters
caused by marker genes such as anthocyanin col-
oration of apiculus, black hull and gold hull and
internode.

Explanation of Plates

Legend for Plate I

Inhibition of seedling growth by the treatment with 0.5 ppm concentration of

benthiocarb during two weeks.

1. N-61 Jokei-waisei (Japonica)

2. 1-33 Surjamukhi (Indica)

3. 1I-3 Modan {Indica)

4, I1-61 Bologona (From Italy)

Legend for Plate 1I

Inhibition of seedling growth by the treatment with 1 ppm concentration of

molinate during two weeks.

5. N-61 Jokei-waisei (Japonica)

6. 1-33 Surjamukhi (Indica)

7. 1-35 Modan (Indica)

8 I-61 Bologona (From Italy)

Legend for Plate 111

Growth of seedlings at the two weeks after germination {Control).

9. N-61

10. 1-33 Bologona

Jokei-waisei (Japonica)
(Ttaly)

Various inhibition of seedling growth observed in F, plants of the cross, I-61x

1-33 treated with the respective herbicide.

11. F, plants treated with 0.5 ppm concentration of benthiocarb.

12. F, plants treated with 1 ppm concentration of molinate.
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