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AHFRA 2016 SFrAKMGRAE "6 R 82K, ALFHALH L i "GR8k, MFAEALL1:0°3: 1
1:121:3%0:1 % 5AFRALAREGFFEXT > AHKBABRITRERETZ R AR FARIRE
ZEHE  RBRERET AF IR A RA (FPEM TSR 8258, ) ik 0 FER A3 e - 4G
Pom R FRTH 8 MIEILE 3 & Mym/Eh 88.7% MK E 28.7% » BL&E M F 5K %% 67.6% 5 448 2m sk
Fo 6 RIBIRE 3R 0 BRI W 65.6% BIKE 40.0% @ B E 3 F R & 39.0% 5 & d &K 2,379 kg ha
¥ B Rk A 4,986 kg ha'! 0 3 E MEE 109.6% © EE —MEHRBAERRGHRRZBRFREERL > 3
BATIVEIR Y %9 50.0% © AR RAMMHBAARBHAR G EARAE TR GHRBEER - R RA -
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M B—J7H > BEDUR T SEG SRR
BE IR AR - R4 T/ N 5 AR JTHY
0 HREREUER A R B N S R B BN SRR
INEE S RAR IS R - B s GUR M
NERE A AAf#E (Chien et al. 1989) - Chen et
al. (2004) WHTf5H - &GN 1990 FRTH
Al RS HUR oot - EPURERE = R S &
RARRy 1A SEPURFIRS 1.8 4F « BT it
BUURER » BT RS mE S 2EHE—
B R T AE A B 00 DA o A P/ N PR
AL Z AN R B A B G A i A R 3
BN E— RS dnfE 2 T B P A R B IR
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L1 FEACE A T T 0 PR T EERERT B
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DIREAMEAR B B MEPUR M AV ARRRE
T Ry B AR > BT N [F P A R Y sl
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G AL B — R B SR iy
PR > A& BEARETUHRERNZ
ZonfE (multiline variety) » J2 55—t ¥ 5
iR B A BN & S AT B B R A (Ou
1971) « A MMIEEEHEA L - HAH 1986
TERC RN B AR ST $ KR AL TR T BT BB
W AMENESREU > 22007 FE5
% % % Pia ~ Pii ~ Pita-2 ~ Piz ~ Pik ~ Pik-m ~
Piz-t J¢ Pib FPUR AR AL 11 {2 £ i fE 0 3
ERFE « T2 A METURRER TH » DA%
Fo 5l > 2004 5 7 7l 5 AR HE B AR ET Y > R E
T3 B0 1Y 7K FH T B &Y 5 50-80% > 2005 4F #E
BER B R EHHEERESE 10% LT > T8 LiE
BB A EE R 2 35 BB = K 2004 F£HY 27%
(Ishizaki 2010) » #A7R 25 Z fn e [ 06 FE 2V £Y
WRMHERE -

H—EEEFEER L BRI A CEEER
BEALHY (sodium azide; SA) H#E{TEEE H iDL
EAEEHEEL HEMZEFHRIE  BEE

4 EHE/DEESES (Chern & Huang
1984) o B EAL IR IE AR EE (genome)
HYELEZE8E (point mutation) (Al-Qurainy & Khan
2009) - A [ 3 7 B — IR B0 R A 2 2
B o PTG 2 28 88 2 SCTR 2005 s 8] G 238 2 41
b ATIE1S — R AU M AR R A 5] 89 4T [E] 5
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DUREPHEERIR LA - Ryt o TR Bun %
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BHAEAH (FEE MO) :
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ErRatEEA1:3 .
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RIKESHIE » PR S fy L (resistant; R) ;
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IR F R 2 R A R RN F AR P
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2sn,

Ds (%) = N x max(s)

x 100 (1)

H () H s REBIRES > n, KEZRHE
REIIREL - N AARAETAERRE > max(s) T2
PRI F A& Ty 7 e AR

ET DM

KRBT Z et ot LIE & e HGES
“R” (3.6.3 i) BEBEIT » o ifiikE - FEEL-
—PERICE RER . THE - HUnHEES
FEnEERE 2 mEERG#EHE - GFHH
“base” (R Core Team 2019) E 7 & 1 79
(analysis of variance; ANOVA) #17 - HEH
HIEEIREE » AUET SR = REE TS
& [h#r 0 HI#H ] “agricolae” (Felipe de Men-
diburu 2020) &7 fr/NEEZ F B (Fish-
er’s least significant difference test; LSD) #E
Tt -

By T oAl 5 FEOHIR [EDR Z EL B R R i
WE -~ EERBEHREENZZE  FRER
REEERRN 2% R FRERBEZ R
6]+ S 3R 8 R B F L E R A “base”
EMETEELEE (simple linear regres-
sion) ° 55 DI EEERHT[H]EFE (logistic regression) %f
IR A EL B BLRE R = B PR 2 BB T E &
I3 o B (BN HETT 3T 0 B S R R E S L
FPuim R BOR RV > DARE IR E 4R 5 Gtk
L S FERY 73 57 > H R F 4N R S 4R
ERBPUR » FRNECRIA 5 85 AR R B -
R AE IR s EOR BB P BE HL 80% HYERHE B
AR E R} - DURRE S E Ry SR > IR AL Sy
B 2% JH “base” B (1T 1 B [0 B i
BHURHRBIR o HaR 20% MY ERHE &5
ERIE AR SRR H R B FE# (confusion
matrix) DUSFAL R EAL > FHHIRUR » JRFHE
PN 1 FoR

F 1> FZHRAEPF (resistant) » S
U EUR (susceptible) » a (XA A IE HE TH M
Fs R o BIEFGYE (true positive; TP) AY{E%]
b R B B R TR A s - B (R Rtk
(false negative; FN) fY{E & 5 ¢ (AT HEE B &
P B8 TR By B0 > BINA RS 14 (false positive;

1. JREEM -

Table 1. Confusion matrix”.
Predicted
Observed S R
S a b
R c

“S: susceptible; R: resistant.

FP) {E% ;o 072 LA TE RETEN 2 55 + 1

FLetE (true negative; TN) f (Y - 5P (5f5E

> FARASAT

I. TERERE (accuracy) : FURIBHH 2O B RS 4
RITE ek -

a+td

Accuracy (%) = <a+b+c+d

) x 100 (2)

2. BUERE (sensitivity) © P50 T HI EU A (8 20
IERfER -

Sensitivity (%) = ( - j - > x 100 (3)

3. SR (specificity) : U ML (BT
FHE -

Specificity (%) = ( 5 i] d) x 100 (4)

EES
R RHIREEVRTIRIE R EERIR
2016 FE55 — ~ IHI(F AR A BN R EUR
ZURE R EERE > AEGROR 2 FR -
FIEARE A ERBER P RAERE
B2-34 MWEZHEREHEEER (P=

0.019) » F K B WMI1372 2 24.2% > 5 B
WM1543 27 32.5% » H 715 B 8.3% o fH G2

PRI FREI 3-5 P MR ZMARE
SEtBEER (P =0.122)  ATAEZE WMI354
Je WMI1372 55 18 ] # B R P 2t > H A
WM1543 7 31.1% By > WM1354 2 50.7%
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P o BAIEEER M RERTEEZE
(P =0.064)  JFAFTREH AR WM1354 J
WMI1363 B & R # 7= # K fr i plc > H oo DL
WMI1543 7 6,892 kg ha' Be o weffE WM1370
~ 3,855 kg ha™' -

5 IMESR B A 2 BRI I R AR
EW3-4% 0 BRE R ERHEEER (P
=0.118) » MIRE e WM1354 7 44.1% >
i & A WM1370 2 37.0% - 1R RS 200 F 59 7
E R PE WMI1354 F 7 4 sh » H AR
0-4 4 2 [H » HREZEESRTEEER (P <
0.001) » DL WM1543 7 15.2% E (& » WM1354
Z 66.3% Fyfrm 0 2R Ry 51.1% o B AEITEE
BEZHEREFEHEER (P=0.151) Hf
L)L WM1543 7 5,573 kg ha'! B » BIE 5
WMI1354 2 4,629 kg ha™' -

EREREHREARIAMREREER
1%

2016 55— ~ IR B B B R 20
MZIURIE R EERT > HEGSROR 3 Fr
e HMIEERBYR TR T - B
4 MO EbiEr - BEER AR ELBI 238 I - EER B
TR A S 8 A AT (R 3 &) > REIRIEDS

B70% 3

AR 23.0% AR £ 67.6% - FERIEVREL]
RIS AR BERE AR - MR SRS 6 4]
AIfEE 3 4R IR A F H 33.5% o] #
S22 39.0%  (EEERFITH - BEEELYH MO
i > SR ARMH 2 WS 72.8% WiRE 2
109.6% « 55 DUR 2 LG R B 8 8 > 53 R B
975 P55 e E R Ry RIS S - ) P B 4R M [l B oo A
PRET R Z L B L0 1 e 7 R FEIAN E RERH (% -
FC 8 5K A5 Bl B AL R -

Vb Za b ) B EE A s M 5 T 2 [ B A A A
= (5):

y, = 84.76 — 57.84x,,, (5)

= (5) # oy, ARRHEE (%) » x,, REBIEARLL
B > (o s A5 Y B 1 M B AR E T B KR (P
< 0.001) » 58 2 IR0 Z EL B 36 0 1 BE iz
(B[ 0.25) » e & B D 14.46% - TR 7E (5 B
R*=0.911 » FoRIEAIA]ERE 91.1% (4asE R
& o M E (lack of fit test) AEHE (P =
0.1204) » R Z LB BELRE NS [ 2 [ 2 43 1
B

Vet 2 L 1 R AR A 2005 e [ 2 [ B 5 2 4
= (6) ¢

*2. GR825E ) FELAIEHEIURIE R ERRI -

Table 2. The performance of grain yield and blast resistance on ‘Tainung 82> mutant lines.

Leaf blast

Panicle blast

Line Disease scale ~ Disease severity (%)

Disease scale

Disease severity (%) Grain yield (kg ha™)

1* cropping season

WM1354 2 25.0+2.38b"
WM1363 3 31.0+545a
WM1370 2 255+2.14b
WM1372 2 242+135b
WM1543 3 325+1.64a
2" cropping season
WM1354 4 44.1 £3.39
WM1363 4 41.5+1.70
WM1370 3 37.0 +£2.80
WM1372 3 37.4+£3.39
WM1543 4 39.3+4.49

5 50.7 +10.68 6,707 £1,951.2
5 40.4+£4.21 6,475 + 1,403.1
4 433 +£6.19 3,855 +£643.0
5 38.1+11.88 5,975 +964.3

3 31.1 +3.85 6,892 £ 417.6
7 66.3+945a 4,629 +490.7

3 25.6 £5.77 be 5,499 +730.7

3 341+7.80b 5,268 +87.2

4 38.8+8.41b 5,303 +£399.9
0 152+548¢ 5,573 +175.2

“ Means within each the column followed by the different letter(s) are significantly different at P < 0.05 by Fisher’s protected least
significant difference (LSD) test. Percentage data were arcsine-square-root transformed prior analysis.
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y,=58.33 - 20.33x,, (6)

2 (6) (BRI R B MR B A ST B K (P
=0.002) » ERIFTIR S LB o0 1 fE B A (3
0.25) > TRV 5.08% » R EHE R =
0.416 » FoRIEAU TR FE 41.6% MK R E -
R i E B (P = 0.0413) » BURE &REE
BB S 2 f 0T g 2 IE4R MR (% -

SR F EL ] B B o T A B 2 [ R A 4 =X
(7 -

y,=3,079.5 +2,300.9x,,, (7)

X (7)o y, REEMEEESR (kgha) > x,,
RFRLLLH - Ol R NS AT 8
ZIKHE (P < 0.001) » FERISRIR S EL B0 1
EEEAr (BP0 0.25) » E = HIIE 0 18.68% » HhE
BB R = 0.575 » FoRIBEAI AT #RRE 57.5% (944
RS - GURMERE BEREZE (P =0.0028)
HUTRR AL pEE 2 2 M 2 IEE MR -

5 HA/E EAE4H MO BLE 240 M1-M4 2
EHAFRERERE RAG SEBEEZME
mAEFEER (P=0.852)  FARRAIEZ R
ZEL 55 i e iR S 0 HUR A EL B R (K M1
Z2.1% $2 5 FE M4 7 6.5% o FEAE EE M E

B70% 3

BRI R3% > SWRE L MEEESRE (P
=0.336) > AR KR/INEBEE R 2 EL B i
iR E » ek M1 2 35.5% » B f&fy
M4 7 -4.7% - B AR & 2 s 2 52 (P
=0.772) > EERINAHE > DL M4 2 5.4%
e 0 M1 R M2 g BEAE 4 MO 52 35 f i Ok 2
A -

AR RBINREERBNESR

2016 FEE— ~ “HERE A Z BREMR K
EEBRERMEELER R 4R - F—H
TEEEE K —HBECET e mEE =R > K
fatke - RERATHNEEEHEEZRZZIH
H - WM1363 73 HIERR m RS B R H
RS 4R 119.3 cm 7 94.3% : ifif WM 1370
AR AR > 4351 F5 106.2 cm F2 71.9% - AT
HrEE > HIDAWM1370 22.29.3 g By » WM 1543
Z 245 g Ry

5 AR AE AR B TR B T R SR
2o Hntks - —EEICERREREEE
EHRZIFH - WMI1363 FIRELE —HHEMH[E
oy AAE PR = BRI B R B i s v Al
106.8 cm 2 92.3% ; MR EXRREKEEES
WMI1370 2 70.4% - —FEFEEHAILL WM 1354
BE R 122.6 1 {5 WMI1363 22 100.6 fiI

x4, "BR82HE ) FEL BB E BRI E RN -

Table 4. The investigation of agronomic traits and components of grain yield on ‘Tainung 82’ mutant lines.

Plant height Panicle number Spikelet no. per Spikelet fertility 1,000-grain weight
Line (cm) (no.) panicle (no.) (%) (g)
1* cropping season
WM1354 108.3 £ 10.90 be” 12.0 +£2.65 131.7 £31.98 85.7+7.58Db 25.7 +1.06 be
WM1363 1193+5.19a 13.0+3.32 109.3 £19.07 943+£224a 26.8+0.92b
WM1370 106.2+4.39 ¢ 11.9+£2.89 121.0 £19.77 71.9+£17.99 ¢ 293+1.67a
WM1372 107.3 +3.64 be 11.1£2.26 110.7 £17.10 927+148a 29.1+£0.77 a
WM1543 110.5+4.21b 13.7+3.16 1174 +£31.32 90.8 £2.70 ab 245+4.40c¢
2" cropping season
WM1354 94.4+393¢ 8.9+ 1.96 122.6+8.11a 87.5+£3.99b 29.3+0.98
WM1363 106.8 £4.94 a 11.1+£2.85 100.6 £9.76 ¢ 923+2.28a 29.0+0.97
WM1370 97.1+3.33b 10.7 +£2.50 115.7+12.97 ab 70.4+895¢ 30.0 £2.50
WM1372 98.8+3.46b 9.9+£2.09 1122+9.94b 88.8 £5.36 ab 29.6 +0.91
WM1543 105.6+3.43 a 10.3+£2.24 109.6 + 8.81 be 91.1 +2.68 ab 28.24+0.48

“Means within each the column followed by the different letter(s) are significantly different at P < 0.05 by Fisher’s protected least
significant difference (LSD) test. Percentage data were arcsine-square-root transformed prior analysis.
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ERRECREMNRESBNER

2016 FF5E— ~ HIfFR S B 2 2R
KEEBMNERFEER  NWRSHR - F—
SAMEAERE B O — R E Oy P g
Hitotks s RERKTHEEZ E«E%?%‘e
ZHH > M—HPUR Z4 M4 Ry s - $HIRA
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Table 5. The investigation of agronomic traits and components of grain yield on the treatment of mixed-line culti-

vation models.

Plant height Panicle number

Spikelet no. per Spikelet fertility 1,000-grain weight

Mixed line (cm) (no.) panicle (no.) (%) (g)

1* cropping season
MO 88.9£4.59 d" 13.2+4.26 89.1 +24.00 673+£6.15b 221+121¢
Ml 97.1£7.10 be 12.3+3.84 87.4+£12.23 69.3+£10.77b 243+£271b
M2 96.5+7.24¢ 124 +3.92 85.9+£11.40 78.7+6.57a 252+£293b
M3 99.4+7.440b 13.3 +2.00 83.8 + 14.60 74.4 £8.31 ab 25.8+£2.02 ab
M4 105.7+733 a 13.3 +4.05 86.2+9.24 80.4 £ 14.06 a 272+201a

2" cropping season
MO 108.0+3.69 a 13.1+1.83 107.4+11.44a 85.2+£6.94 25.0+1.35d
Ml 103.3+4.80b 11.7+2.27 89.0+£18.19b 85.9+4.94 26.1+1.00c
M2 103.5+4.11b 122+ 1.85 94.4+10.88 b 84.0 +£4.06 27.3+1.78b
M3 103.9+6.35b 12.8 £2.49 87.4+£9.07b 85.3+£6.26 283+ 1.21 ab
M4 102.8+5.79b 13.0+£1.95 84.9+10.29b 84.6+7.32 29.1£0.83a

“Means within each the column followed by the different letter(s) are significantly different at P < 0.05 by Fisher’s protected least
significant difference (LSD) test. Percentage data were arcsine-square-root transformed prior analysis.
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Table 6. The confusion matrix and the results of prediction on the regression models of the ratio of mixed-line culti-

vation models and the disease scale of leaf blast”.

Training sample

Test sample

Predicted Predicted
Observed S R Observed S R
S 409 56 S 101 12
R 71 259 R 19 73
Accuracy (%) 84.03 84.88
Sensitivity (%) 85.21 84.17
Specificity (%) 82.22 85.88

“S: susceptible; R: resistant.
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Table 7. The confusion matrix and the results of prediction on the regression models of the ratio of mixed-line culti-

vations and the disease scale of panicle blast”.

Training sample

Test sample

Predicted Predicted
Observed S R Observed S R
S 62 25 S 16 4
R 37 40 R 5 11
Accuracy (%) 62.20 75.00
Sensitivity (%) 62.63 76.19
Specificity (%) 61.54 73.33

“ S: susceptible; R: resistant.
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Study on the Mixed-Line Cultivation Model of Rice
Variety ‘Tainung 82> Mutant Lines for Resistance of
Blast and Grain Yield

Dah-Jing Liao' and Yong-Pei Wu""

Abstract

Liao, D. J. and Y. P. Wu. 2021. Study on the mixed-line cultivation model of rice variety
‘Tainung 82 mutant lines for resistance of blast and grain yield. J. Taiwan Agric. Res.
70(3):170-181.

The materials used for this study were rice variety ‘Tainung 82’ and its mutantlines. All the
lines were cultivated in 5 different ratios of mixed combinations, 1 : 0,3 :1,1:1,1:3and0: 1 in
the first cropping season of 2016. The goal of this study was to investigate blast resistance, grain yield
and predictability under mixed-line cultivation models. The results revealed that when the ratio of
mixed-line cultivation increased, as compared to the individual cultivation of ‘Tainung 82’, the dis-
ease scale of leaf blast decreased from level 8 to 3, disease severity decreased from 88.7% to 28.7%,
and the highest efficiency of improvement had reached 67.6%. The disease scale of panicle blast de-
creased from level 6 to 3, disease severity decreased from 65.6% to 40.0%, and the highest efficiency
of improvement had reached 39.0%. The grain yield increased from 2,379 kg ha™ to 4,986 kg ha™', and
the efficiency of improvement was 109.6%. However, the disease scale and severity of both leaf and
panicle blast in the second cropping season decreased about 50.0% when compared to those of the
first cropping season. As a result, there was no significant difference on the control effect between the
mixed-line cultivation models and the control group, which could be due to typhoon during the ex-
perimental period. From September to October of 2016, there were several typhoons attacking Chiayi
area, and strong wind and heavy rain decreased the spreading of the pathogen. As for the analysis and
predictability for the disease scale of blast and grain yield under mixed-line cultivation models, the
ratio of mixed line cultivation increased 1 unit (25.0%), the odds of resistance in the disease scale of
leaf blast increased by 3,766-fold, the disease scale of leaf blast increased 7 times, the disease sever-
ity of leaf and panicle blast decreased by 14.5% and 5.1%, respectively, and grain yield increased by
18.7%. The accuracy, specificity and sensitivity of predictability for the disease scale of leaf blast un-
der mixed-line cultivation models were greater than 80.0%, the disease scale of panicle blast ranged
from 73.0 to 80.0%. The predictability for the disease severity of leaf and panicle blast would be
explained by 91.1% and 41.6% of variance, respectively, and the grain yield would be explained by
57.5% of variance. Overall, the mixed-line cultivation models exhibited a great impact on the inhibi-
tion of blast and the control of rice blast and stability of grain yield. As for the predictability of mixed-
line cultivation models, the predictability of leaf blast was superior, but not in the panicle blast and
grain yield, indicating that factors that affect panicle blast and grain yield are more complicated than
those of leaf blast.

Key words: Rice, Blast, Mixed-line cultivation, Mutant lines, Logistic regression.
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