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Table 1 Severity classification standard

of rice brown spot
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2 min, #HIIA 400 pLL 597K, e HLH R E 2 min, 764
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J& , F 70 “CRY 60 min, BUHAEA ST, 16 % Rk
30 min, $52 i F 15 mg/mL {9 B 40 e 8 18 6 bk e 975 W
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R A5 1E AL e A 1) 4 B 1sF [ 5 2 TR A ST 5
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1.3 HIFEAER S

4 GC/MS i I FH % $E 48 MSD chemstation %
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2023 FEAE PN ARl K22 200 2, K 3 A 7K AR i
N T4 7 R A JRR I 30675 P T Ji 7K ARG 23k o P 2
FE WA 25 D OKFE S AN B s L. FhZe 2 ml L, X
KR A BRI B35 22 B A @ B 08 R 24, 40 30l kit
FEARL 4 55 A B8 155 0 17 48 B8 (55 1)k 20.74
2111, 350 KR b T 10 8 96 5 X 7K et 5 SRR I BXE
I B &R 5, 43k 7K 134 i R
622 Wi ART 25 WOEEDL 77 FIWiRAL 1578, S 1 36 £k
PIE 43 50k 37.04 . 34.44 . 37.41,32.41 F138.89, (5 ik
56 7K R it TP 114 20 6 5 X6 7K R 5 JRR ik BRE S 2 B0 A v Rk
()5 FE 114, 4350 8 B A& 2115 2= 4L 068 11 B
Peze i IR 6377 ZE 808 I 6203 .C M4 i .
ZEWIE 1606  ZEWE 2118 & W 16 MBI 7810,
9 % 15 B4 (8 4 51 oM 59.26.67.04, 53.33. 65.55,
66.67 .65.56.62.22.,62.23 .60.74 ,60.74 f1 5741, (i
55 7K it P4 A4 Y6 5 X6 7K R 5 JRR Ik TR 2 0 Ay e Ja
(R S FIAT 74, 4 SR NRR R 3877 (BF A& 959 (&
1750 ¥ A 46 168 14 7021 & Wi A1 534 1 5 7 4
1377, 95 'IF5 4 £ 41 (8 43 %l iy 75.55., 83.71. 89.63
84.81. 75.19. 80.37 1 72.59, & ik & /K A5 & Fh Y
28% o RO DO ] KR 3 38 K R i A Ak
HAEPLE AT AR 2 B . I Rl R = R
27K T AR R 2R 2% 38 7K e A ¢ B Js e 7R
FRAKRE R = R 2438 KA RIRE 28 — 2 42 38 /K R AT
I RUREAG 026 B0 AS [R] A B e

K2 254 KTE M X HA AR LR B RN

Table 2 Evaluation of potting resistance of 25 rice varieties to rice brown spot

95 A TR i<t i B G
Number Variety name Species type Mean disease index Resistance
HAM 2115 R = 2R 243K R &
1 L2 PR S ARAGORRT 59.26+3.76 de e
Yixiangyou 2115 Indica three-line hybrid rice Moderate suseptible
Z:4k 068 R = 2R 2 58 KR 23
2 ik PR AASORT 67.04-3.53 cde e
Taiyou 068 Indica three-line hybrid rice Moderate suseptible
I el 221 I = ZR A4S K A =3
3 | DR AESFARTARE 53.33+1.11 e PR
Chuankangyousimiao Indica three-line hybrid rice Moderate suseptible
Jefk 6377 I = Z 258K A &
4 ook PR = A SRS 65.55-+1.70cde o

Zhaoyou 6377

Indica three-line hybrid rice

Moderate suseptible
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4£3 2 Continued Table 2
95 A B A S 4 B E b
Number Variety name Species type Mean disease index Resistance
#1808 RIS = R A2k A &
5 ol IR =R 66.67+2.31cde e
Taiyou 808 Indica three-line hybrid rice Moderate suseptible
11Fhf 3877 R = 22 2 58 KR e
6 IR IR SRR 75.5542.22h o
Chuanzhongyou 3877 Indica three-line hybrid rice Highly suseptible
P 959 Rl = FR 2SS AE 7
7 HFARIL9%9 R = RASR 83.71+1.85ab o
Yexiangyou 959 Indica three-line hybrid rice Highly suseptible
#1750 R = F sk A 57
8 IR PRSI 89.63-+0.74a e
Taiyou 17504 Indica three-line hybrid rice Highly suseptible
EAL 168 IR = R A3 K R [t
9 L P S AASORRT 84.81-£0.98ab o
Qingxiangyou 168 Indica three-line hybrid rice Highly suseptible
11 7021 Rl = FR 2SR AE £
10 ‘ JIAR .7|‘II .ﬂ‘)k7kfﬁ ' 751942 67he S 4
Chuanyou 7021 Indica three-line hybrid rice Highly suseptible
116203 RIS = R A2k A &
1 it ME=RREAR 65.563.90cde PR
Chuanyou 6203 Indica three-line hybrid rice Moderate suseptible
CHiflte L 2 258 K R 23
12 | CmILES APPSR 62.225.77cde e
Cliangyouhuazhan Indica two-line hybrid rice Moderate suseptible
ZEWih 1606 IR 2 2 52 K R =3
13 ik AIPRPIR AR 62.23+3.33cde e
Quanliangyou 1606 Indica two-line hybrid rice Moderate suseptible
EWIfR 2118 R P 2 22K A &
14 i AR IR ISR 60.74-5.22de e
Quanliangyou 2118 Indica two-line hybrid rice Moderate suseptible
. 16 IR 5 258 K R 23
15 it APPSR 60.74-£0.74de e
Xiangliangyou 16 Indica two-line hybrid rice Moderate suseptible
g mifl 7810 IR 2 2 52 K R =3
16 it APRPIR AR 57.41+3.23¢ e
Longliangyou 7810 Indica two-line hybrid rice Moderate suseptible
S 534 RIS P 22 22K A (£
17 kPR AR IR ISR 80.37-3.54ab o
Jingliangyou 534 Indica two-line hybrid rice Highly suseptible
WL 1377 R 3R 2438 7K A =
18 kPR APRPR ISR 2.59-+3.03bed e
Jingliangyou 1377 Indica two-line hybrid rice Highly suseptible
75K 134 L KA
19 Fok 134 PERIRVKRT 37.04--0.371 i
Xiushui 134 Japonica conventional rice Moderate resistant
Wik 622 AL KA it
20 iR HEREILIRT 34.44+1.93f i
Zhehe 622 Japonica conventional rice Moderate resistant
i 25 R 35 KR -
21 AR FORTERRT 37.4140.37f i
Zhehexiang No.2 Japonica conventional rice Moderate resistant
WL 77 HIRL = R AK A
22 ATELiRL BB SRR 32.4140.491g i
Zheyinggeng 77 Japonica three-line hybrid rice Moderate resistant
9 Wi 1578 HIDREAE = R A AR RE 38.89-11.92f i
Zhejinggeng 1578 Indica-Japonica three-line hybrid rice R Moderate resistant
¥ L4 HINEAE = ZR 2238 K Fei f=Ei
24 AL HES S ARSORR 20.7442.67g i
Zhejingyou No.4 Indica-Japonica three-line hybrid rice Highly resistant
3 = SR= "[?ﬂ‘m'ﬂ‘” 3 Er
95 G 15 IR RS 211143 16g RN

Yuxuangnuo No.1

Indica conventional glutinous rice

Highly resistant

T RO R ING PR R AR [E KR S B R 1 HE 8022 55 . 3% (P<<0.05) . Note: Different lower letters in the table indicate that the dis-

ease index of different rice varieties is significantly different (P<<0.05) .
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TG PR BLSE T G B AR A e 4 FE A f v, it
9o di e CHIEREARE 45 ) B9 SOD Jil 6 M1 1 25 55 T8
AR (0 1750) . $EB 48 hE , 2 A2 I A B
JKAFI A H SOD F 16 VR4 I8 8) 1 e i e, HLA0 bh
o 14 WA (R L g ot Ao 14 W (T 1 1478 %6, HUva ity A4
RS P Tl 9 M L ] — o i A 2 TR A Ak 3 1y 24,0305,
SR o Y T O P LU R — o D R 2 T Y X BE
8.21 %0 H218 72 hJ& , B R % SOD il 17 11 2% 1% [
G, B S A Y SOD il 17 e 1ok o 28 A IS5 3 1A
120 hJG , B SRR G SOD 1 Pt [ 2] 1T eI 5 .

. (1 7508 Taiyoul750 inoculated

3 #1750 K42 FH Taiyoul750 uninoculated

400 B i KE {1545 $F Zhejingyou No.4 inoculated
C Wi {45 4% Zhejingyou No.4 uninoculated

300 b a

200

100F

SODfEI%/(U/g) SOD activity

24 48 72 96 120
ALFEI}E)/h Treatment time

Ve R [ /N5 5 o 6 7 [ BB B i), RS 44 2 5 b 3 (P<
0.05). T, Different lower letters in the figure indicate that the ac-
tivity of the enzyme of different rice varieties is significantly different
(P<<0.05).

Bl RE/KERME S EEE T

Fig. 1 The SOD activity changes of different rice varieties

2)PAL 76 PE o Fh &l 2 A1 UL, 322 7K R A IR
BT , DO SR CHBE AR 4 45 ) 480 T A 33 /K i
I PAL il 35 4 0 305 v i e AV P v PRI T
HaH IR SR (ZRE 1750) B4 T8 I AR 1
e AEREA R FE TP R PAL S MR 0
TR AR . HETR 24 hE YU S AP PAL B 1R
T BT A KR, H TS PR LGB RS
37.75% , g 1% VR Lo R — & Bl R 42 A X IR
40.12% s 21 48 h J , PR d FP ) PAL 0 1 7 A
BRALG S ot o ) PAL Tl b T3 T e 0, B
sl P T PEATD AR LU R S Al R 15.47 %0, LB IS Pk L
[F] — it o A 2 T ) ) LG 26.58 05 218 72 h )R L Bt
I3 i B PAL il 36 M L T B0 5 2 W AE , BUIR SRR
PAL MG HC B A s 24,1094, Bb [R]— dvRp R 4%
B 9 PAL J 35 P X BR 755 29.94 %6 5 35 120 h )5, 24
R ) P AL WIS M 24 5 21 B 1K ek

B (/1 7504% ) Taiyoul750 inoculated
_ B3 #1750 Fh Taiyoul 750 uninoculated

120,
B 74 {475 4% Zhejingyou No.4 inoculated
T Wik {475 R332 Zhejingyou No.4 uninoculated
2 100F a
s a
2
- 80 a
é bb b LuMb babaab
3 60}
2
#
Ha 40F
=
z
= 20
0
24 48 72 96 120

ALPHES[H)/h Treatment time
B2 AEKEMMERNEBFEETEENL
Fig.2 The PAL activity changes of different rice varieties

I 75 {f:17504% 5 Taiyoul750 inoculated

33 #41 75042 Taiyoul750 uninoculated

50 B HiRE 4532 Rk Zhejingyou No.4 inoculated
> T Wik {45 Rk $2 Zhejingyou No.4 uninoculated
z a
S 40
& a
o a
& a
o) 20r a b
< b
2 o2 o o2 Y M d E 2 [ H
I
P 20)
2
2
£ 10

24 48 72 96 120
ALBEIHE]/h Treatment time

B3 REKERMSEEILEmEETL

Fig.3 The PPO activity changes of different rice varieties

3)PPO G, Fh & 3 AT UL, $ Ak R bk i 38
95 TR I, 21 i b e B A B KRG I R PPO BTG
PR B T AR A e 3, e B A ok AR R BT
Flt AL 45 ) (19 PPO Bl I P12 5 25 15 T8
(ZPE1750) o HeBhK R R oH BE5% 18 24 hole , P
it A PPO il 3% P T, 8% A PPO Bl 14 22
1 TH i B2 0 96 h i , 24 S Rl PPO BTG 35 1 Tt
BT S5 e W, YU T RIS 1 LB RS 54.23 %0,
PUIR a F O PR LG R — A R 4 TR Y 6 IR
74.99 %% 5 1B AP PPO il 5 14 L[] — b P A 422 7T 1Y
X R ¥ 20.39 %6 5 3 120 h , 24 5 Fl (9 PPO il 7%
PEIREAR B AR

4)CAT BTG M. & 4 0] 0L, B Fp oK Rg 61 Rkt
TEMR TS 24 i A Az T b B A K R I b CAT
it % P 0 IS T S B A A A FE A A AR b
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iR e AT CHPEEDE 4 5) 1) CAT BTG P39 0 2 i T80
ARl (ZE01750) . $EH 48 hitd , 24 WAl CAT B 1%
P27 T SO S Al CAT il 3% M 3k ) 5 KA
TLIF it o b T P LB o 1 21,09 06, B o A i
T 1 E TR) — A A 482 B A 0 RS 20,13 %65 8218 72 h
Jei PO A AR CAT i P 38 2 B KAE, B & A i
TP LB S R R 49.01 %4, HU i A S 4 LL ) —
it R T 14 X BRES 56.00%6 5 HE T 120 hJF L 24 b
i) CA'T i 175 M 340 WA 38 B A1

16r W 72 4):17504%F Taiyoul 750 inoculated
3 #1 75042 Taiyoul1750 uninoculated
B 7 FE {4585 Zhejingyou No.4 inoculated

1 WikE {45 R4 Zhejingyou No.4 uninoculated
12f a

CATHEHE/(Ulg) CAT activity

24 48 72 96 120
ALFEIHE)/h Treatment time

B4 AEKERMITELSEEESE

Fig.4 The CAT activity changes of different rice varieties

5)POD B M. H1 5 AT UL, 2 K Fef R i
DR TR i, O it R CHTAEOIG 445 ) A T Ak 31 000 7K e
- Fr POD B M B8 T e I B AR 8 3, S
il (Z& AL 1750 ) 42 1 4k 2R A 7K A5 1 R v POD Bl
P B T v IS B AR T e AR AR A AR
b R RO R POD i35 1 1 5 35 s T I
o HETE 48 hJF , 24 i il POD BT 1 2 3 31 f Kk
(B, T it e 14 DA (BT B J8dig o o ) e 755 13.49 04, Bt
T it PR R PR LE TR — R OR B T R X TR
21.35%6 , J%pg it Tl 14 0T 2 L[] — o A o 422 1 18 X
MR 7.95 0 s 4518 72 hilld , U b A POD B 1R 2218
e ALK, B it o L S A 381 5 1505 3678 96 h s,
P it A POD TG P4 25 3K )55 24> /) i W, 47008 ity
FIRY Rl T 11 L SR it o ) T 4 8 6.68 00, 2 i A Y
EEITS 1 L[] — ol o 2R 42 1 A 0 R g 17206 5 #6181 120
hJE , 24> f A ) POD I VAR R 3 B A At
23 AEKERMIERGHYRNFHELSSE

i 3ok 2 AR AR (3 - B3 I T A (7890B-
5977TB) K , Z& M 1750 FEAS SLAG I 1 81 4> 16, i der
G 4 S REAILAG I H 82 4~ 0 e AR RLEE 7026 A F 1Y
W FEAT 2 PR AT A5 3 54 R AL &4, b 13 R0 N A

B ()1 750858 Taiyoul750 inoculated

3 #175058 32 Taiyoul750 uninoculated

B RE {45 4% Fh Zhejingyou No.4 inoculated
500F T3 WikE{a'5 AR 4% Zhejingyou No.4 uninoculated

6001

400p

300

200p

PODJii%#/(U/g) POD activity
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Fig.5 The POD activity changes of different rice varieties
LBk 50 v om A B9 IE & B F1 23 OE A b R
(C8~CA0)IRbRHH Y 13 ], HoAx 41 i Sk i f
Yy s il ik e e A SO S B R S R AR A i =
LR 2 (TMS) 2 BRAS BK AL P Y 18 22 7
P (£ 3) o X & B AT J5 22000 4 R
7, 18 Fh 22 AR g 24> W AR R A AR L
WAFTE—E 22 50 (BN 10 35 5 7 4 Ml JRR i SR T
J&  Hoe RN CHPREE 4 5 ) i Fr P g T 28R HHR
FWEEE VRS RN D~ %5 HE 55 5 Fh 22 S A iy 5
1o TR A R (ZR0 1750) 5 [R1F, B0 it A (i REAG 4
5 ) RS Bl (FR 0 1750) 2 B2 B e )5, AR I
D-H%HE 2,3, 4- =25 TR FRIR L O- T RUW Ak
Ji5-D- () - A4 5 R AR A X R A2 B AL BT,
SR ERm.
3 =W ik
3.1 mMEHMERXE

KR8 AN [ i b AL AR PO 1R 22 AR K, A E AR
FRUTE VIR AR B 1 5 X 119 A 2K et il b (48
IR 73 RS ) HEAT 7RSS JRR et B T [R] S 48 5
KBTI ST 204, AR SRR 17 26, SR i
AR5 AR 8394 5 1 LB i 4y BE S Al X
294> 7K dt B OBERR ) AT 7K R JRR Ik RE o 0 P 22
SE B R BB T T e RS R AR A R K
R it 4 20.7 %6, e SR K RS R 79.300 5 B
fi O X AR A 30 AN KR AE 3~4 SRR R i
B HEA T HUI PR S 5E R IR 3 Rl Y B K A
ol X A R JRR P SXE S o, SR it R o R 86.7 %6
Riangwong %5 %k 3, qDP1.gDP9 .qDP10 3£ [X 57k



196 LS PN S S 1 5 44
x3 ARk FERM=MEHFEEXEREDERS REAXNEE
Table 3 The main secondary metabolite components and relative contents of
three leaves in different resistant rice varieties
H/r /% Percentage content
P 4t tyg/min  {RFIER %Fiﬁlj 1750 Hjﬁ*ﬂﬁﬁél 5
Bl ” Molecular ~ Retention  Retentio Taiyou 1750 Zhejingyou No.4
Compound name . .
formula time index . . . .
Hew S e R
Inoculated Uninoculated Inoculated Uninoculated
T Z#% Butanedioic acid C,H,0, 10.113 1320.7  0.14£0.00b  0.2440.02a  0.27£0.0la  0.22£0.00a
H 2 Glyceric acid CsH O, 10.560 1344.2 0.44+0.02c  1.45+0.03a  1.04=£0.01b  1.11£0.02b
2-THi Z ,(E) 2-Butenedioic acid, (E) C,H,0, 10.721 1352.6 0.16£0.03a  0.18£0.11a  0.15£0.01a  0.2040.02a
PIRER Malic acid C,H;0;4 13.786 1507.0 2.18+0.03a  0.88+0.09b  1.99£0.03a  0.95£0.02b
K%z Salicylic acid C;H;0,4 14.092 1521.5  0.33£0.0lc  0.65£0.08a 0.41£0.02bc  0.59=0.02ab
L-5-5ARH % L-5-Oxoproline CsH,NO, 14.360 1534.4 1.354+0.66a  1.97+0.61a  1.70£0.05a  1.78=+0.24a
4-5FH TR 4- Aminobutanoic acid C,H/NO, 14.504 15414 0.09+0.03a  0.20£0.09a  0.28+0.04a  0.3040.02a
2,3,4-=3 7
- fé%Tl’&a L C,H0O;4 15.484 1588.5  0.2840.0lab  0.18+0.04b  0.37£0.0la  0.044-0.04c
2,3,4-Trihydroxybutyric acid
O I D (=) A
. R DA ),7'(*% CsH,FsNO; 18.050 1712.8  0.3440.02ab  0.284+0.02b  0.40£0.0la  0.28+0.03b
O-Pentafluorobenzyloxime-D-(+)-xylose
AN Xylitol CsH,,05 18.911 1755.1 1.1540.09a  0.10+£0.01c  0.4840.02b  0.16£0.07¢c
HHHEE Ribitol CsH,,05 19.002 1759.6  0.6040.04b  0.50+0.03b  1.14£0.05a  0.314-0.00c
O-H 5 f5-D- bk
A . A C,H5NOy 22.059 1913.8  16.87£0.87a  5.2440.12c  7.14+0.24b  5.68+0.06¢
O-Methyloxime-D-fructose
e e _D_ + >z i
s (‘ - C13HgNO; 22.421 1932.8  0.20+£0.00a  0.46£0.06a  0.13£0.0la  0.1740.17a
O-Benzyloxime-D-(-)-galactose
O- 5 -D-Pi i
A . b C;H;sNOg 22.556 1939.9 17.440.76a  8.774+0.22b  9.4440.23b  9.53+£0.06b
O-Methyloxime-D-allose
O- 5-D-(+)-¥5 B Hk ]
ZEF5 . (+)-BDH CgH;NOg 22.871 1956.4  4.55+0.32a  1.95+0.19b  2.03+£0.08b  1.85+0.04b
O-Ethyloxime-D-(+)-talose
JLEE Myo-inositol CeH,5,04 25.964 2067.8 1.014+0.07b  2.84£0.38a  2.2840.13a  3.264-0.07a
D % D-Glucose CeH 5,04 27.480 2218.8  0.35+0.03b  0.30£0.17b  2.1940.21a  0.604-0.06b
HERH Sucrose C,H,,0y, 32.014 2.25+£0.24a  2.98+1.19a  2.574+0.23a  2.21+0.08a

T JBPARRNG PR R R — W) iR R AL FE R ) 20 & 5076 0.05 7K F 225 B 3% . Note: Different lower letters in the table indicate

that the percentage content of the same substance under different treatments is significant difference at the level of 0.05.
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JER SRR E 24~144 h N TR 5 5 0 H 45 KRS
SR R S B 20 I HE AT e s VR 8 5 R
an FIEK L /INET I 5 4228 5 POD \PAL APX . PPO
CAT.T-SOD . GSH-PX 7 F B i B % 1 &% ASAFR
FHLO, &R sh 281k, 45 58 SR, kI 8 Sk M
INHT 35 22 4% 5 WU AR SO 25 AR 7 F g5 )
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Evaluation of resistance to sesame leaf spot disease and physiological
and biochemical mechanisms of disease resistance in main rice
varieties in Sichuan Province

LI Wentao', JIA Yan',LUO Xiumei'*, PENG Anchun', WU Chunxian’, WANG Xuegui'

1.College of Agriculture,Sichuan Agricultural University, Chengdu 611130, China;
2.Rongzian Planting Industry Service Center, Zigong 643100, China;
3.Plant Protection Station of Department of Agriculture and Rural Affairs,
Sichuan Province ,Chengdu 610041, China

Abstract The resistance to sesame leafl spot disease of 20 main rice varieties and 5 control varieties
in Sichuan Province was evaluated with potted plant disease resistance identification method to study the re-
sistance to sesame leaf spot disease and the physiological and biochemical mechanisms of disease resistance
in the main rice varieties in Sichuan Province. The activity of 5 defense enzymes was determined in the
leaves of different resistant varieties. The secondary metabolites in the leaves of rice seedlings in resistant
and susceptible varieties were analyzed with gas chromatography/mass spectrometry (GC/MS). The re-
sults showed that Yuxiangnuo 1 and Zhejingyou 4 were highly resistant varieties , while 5 varieties including
Xiushui 134, Zhehe 622, Zhehexiang No.2, Zhejingyou 77 and Zhejingyou 1578 had moderate resistance,
and the rest were susceptible varieties. The activity of 5 enzymes including superoxide dismutase (SOD) ,
polyphenol oxidase (PPO) , phenylalanine ammonia lyase (PAL) , peroxidase (POD) , and catalase
(CAT) increased first and then decreased in both resistant and susceptible rice varieties , but the activity of
enzyme in resistant varieties was significantly higher than that in susceptible varieties. A total of 18 second-
ary metabolites were obtained , among which 4 metabolites including ribosyl alcohol, D-glucose , malic acid ,
and 2, 3, 4-trihydroxybutyric acid had significant differences in content between resistant and susceptible
rice varieties, and between inoculated and non-inoculated treatment of the same variety. It is indicated that
rice resistant varieties can resist the invasion of sesame leaf spot disease by increasing the activity of 5 de-
fense enzymes and the content of four secondary metabolites.

Keywords rice; sesame leaf spot disease ; disease resistance ; secondary metabolites ; gas chromatog-
raphy/mass spectrometry (GC/MS)
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