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Evaluation of Phenotypic Variation of EMS-induced Mutants of Chinese
Wheat Landraces Huangfangzhu and Haiyanzhong Resistant to
Fusarium Head Blight

LI Tao,LUO Meng, QIAN Dan,DONG Jing-jing, GU Shi-liang
(Jiangsu Provincial Key Laboratory of Crop Genetics and Physiology/ Co-Innovation Center for Modern Production Technology of Grain
Crops/Key Laboratory of Plant Functional Genomics of Ministry of Education; Yangzhou University , Yangzhou Jiangsu 225009 )

Abstract ; Mutants are valuable for expanding the genetic diversity of wheat resources, cloning of genes for
economically important traits. In this paper, 11 traits of the Chinese wheat landrace Huangfangzhu ( HFZ) and
its 11 EMS-induced mutants( F2 ~ F12,Mu4 ) , and the Chinese wheat landrace Haiyanzhong( HYZ) and its 12
EMS-induced mutants( Y2 ~ Y13, Mu4 ) were investigated , and these traits including type 2 resistance to FHB
after single floret inoculation method at anthesis, number of tillers per plant, plant height, flag leaf length, flag
leaf width and chlorophyll content ( SPAD value) at filling stage, and 1000-grain weight, grain length, grain
width, number of spikelets per spike and number of grains per spike after harvest. At least one of 11 traits
showed significant differences between the mutants and the wildtypes. Both the wildtypes confer a moderate to
high level of resistance to FHB. HFZ-derived mutants F6 ,F9 and F12 as well as HYZ-derived mutants Y6, Y7
and Y9 showed moderate to high susceptibility to FHB, thus were the ideal lines for understanding type 2 re-
sistance to FHB. HYZ-derived mutants had lower values than the wildtype in plant height,1000-grain weight,

number of grains per spike and grain width. Dynamic clustering analysis classified the wildtypes and their mu-
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tants into 3 distinct groups in both the two populations, which allowed for understanding the potential genetic
relationships among the lines. Those mutants such as F2,F7,Y2,Y3,Y4,Y8,Y10 and Y12, which had re-

markedly improved agronomic traits but kept similar resistance to FHB to the wild types, could be useful in

wheat genetics and breeding.

Key words ; wheat ; EMS-induced mutant ;resistance to Fusarium head blight; agronomic and yield traits
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7 PR A AR S B N TSR AR IR TR
FATET 15 ¥k, 1715 30 em Bk 5 em,
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HEAT HE TA) 0 2 , B A AR RD 58 AR A 4 1 A2 B AL Bk Ak 5
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lab R2014a #E47 5 26 73 M (R JH S /N1 J5 A BE
) KA ZEHE,

2 FHRE5HMH

2.1 RERT BRI

P IRPUE R /N R R IR B AR AL
INEERASNE K 0. 26 ~0.29, V44K 0. 28 ; 8 A5 {A
9 /NE R AR A 0.07 ~0. 84, FHH 0.37, %
mAREY By AR B 2R (P<0.001), H
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Table 1 Type 2 resistances to FHB of HFZ ,HYZ and their

mutants

WK HFZ /R RSS || RN HYZ /MR RSS
F1(HFZ-WT) 0.28 +0.02abc || YI(HYZ-WT) 0.08 £0.02a
F2 0.11 0. 06a Y2 0.07 £0.0la
F3 0.18 £0.0lab || Y3 0.12 0. 09a
F4 0.34 £0.08bc || Y4 0.18 0. 11ab
F5 0.45+0. 11cd || Y5 0. 35 +0. 24abc
F6 0. 84 +0. 10f Y6 0.52 +0.001be
F7 0.15+0.12ab || Y7 0.61 +0.30c
F8 0.36 £0.02bc || Y8 0.12 £0.09a
F9 0.73 £0. l4ef || Y9 0.67 +0. 18¢
F10 0.15+0.12ab || Y10 0.09 0. 05a
Fl1 0.2+0.09ab || Y11 0.45 +0. 02abc
F12 0.57 £0.04de || Y12 0.16 +0. 14ab
— — Y13 0. 34 +0. 27abc

RTBE R /DR I « bRk 2, A AR TR R R AR
Tukey0. 05 ol 25 25 5%, BOA HH R TR Fon A 35 22 5+

The values represent RSS mean + the standard deviation. Same letters af-
ter values indicate there were no significant differences among lines at

Tukey0. 05, otherwise significant. HFZ: Huangfangzhu; HYZ: Haiy-

anzhong; WT:wild type

T R T A2 B /N R AR WE A 0. 07 ~0. 10, F
1747 0. 08 5 ZE AR (1955 /N R AR MR R 0. 07 ~ 0. 68,
IR 0.31, £ 5 REY RYIME 22 Rk
(P=0.013), A Y6.Y7 F1 Y9 3% 3 A5 45 {14
I /Nl e 34 B 2 R 1 4R R B R A R 3O
0.44 0. 53 F10.59, K sPRAREMR(F 1),
2.2 MEHKINZZSEER

B AR EP A R FE AR A 1,10 ~ 2,00 em, -
¥ 1.58 em, ARRAR R R 1. 36 ~ 1.98 cm, V-3
H1.63 em, &5 REM T EAMEEZS (P <
0.001) , Hirf 878 & F6 Al F12 M9 8 3% 96 T 8 4=
Y SR RS04 0. 40 F10.36 em (£ 2), B4R
AR K 18. 00 ~31. 00 em, F-44°4 24. 20 em, 58
AFRIHAASHE 7 13. 10 ~30. 00 em,F-354 19. 60 em,
HARAZ R F5 F6 ,F7 Fl F§ MK I 351K T B 2 1Y
(P<0.001),%r #4122 9.8 ¢cm 9.4 ¢m 10.4 cm Fl
9.7 em, HFAE AU AL WAL i SPAD {ELZZ i 4 29 ~
38.9, V¥ 35. 42, 5 AR & SPAD HAZ MF 4 13. 82 ~
41.87 -390 25.82(F 2) , 1M F8 275 2 1y SPAD {H
WEETEAR(P <0.05) 2% 6. 44, Hi F3 F4
F6 F7.F9 F10 F11 %878 % SPAD {f i I T 57 4 Y
(P <0.05), 4% % A 2% 13.54 .11.26.21.6,8.34
12.22 20. 88 H114. 20,

28
Table 2 Leaf width,leaf length and SPAD value of HFZ,
HYZ and their mutants

s 58 (om) K (em) SPAD i
Accession Leaf width Leaf length ~ SPAD value
FI(WT-HFZ) 1.58 +0.37abc  24.2 £4.96hc 35.42 +3.95¢

2 1.56 £0. 19abc  19.8 +4.08b  34.08 +1.95¢
3 1.5+0.12abc  23.4 +4.3bc  21.88 +5.30b
F4 1.64 £0.39abc  22+6.04b  24.16 +3.38hc
F5 1.36 £0. 13ab 14,4 £3.04a  33.18 +8.4lde
F6 1.98+0.04e  14.8+2.28a 13.82+5.87a
F7 1.34+0.15a  13.8+1.30a  27.08 +6. 46bcd
F8 1.48 0. 16abc  13.1£5.15a  41.86 +1.5f

129 1.7+0.2bede 21 +2.64b  23.2 +3.61hc
FI0 1.820.07cde 23.8 +1.48hc 14.54 +7.12a
Fl1 1.62 £0.21abe 28 +2.54c  21.22 +4.35h
FI2 1.94£0.41de  21.4£3.57h  29.14 +3. 44cde
YI(WT-HYZ) 1.34£0.11de  28.8£4.91  19.06 +3.39a
Y2 1.12£0. 10acd  21.6 +2.70 25.1+3.33hc
Y3 1.220.1bed  26.6+3.20  29.32 +1.30bcde
Y4 1.18 £0.08bcd  26.8 £5.06  28.36 +2. 77bcde
Y5 1.02£0.04ac  26.4+2.19  28.22 +3.80bcde
Y6 1.34£0.05de  24.8+2.38  32.72 +1.84de
Y7 1.08 £0.19ac  25.6£5.07  26.76 +2. 98bcd
Y8 1.12£0.21acd  23.4+5.31  26.08 +1.61hc
Y9 1.22£0. 16bed  25.6 +5. 12 38.0 +8. 15f
Y10 1.48 £0.21e  22.8 +3.11  32.18 £1.76de
Y11 0.96£0.05a  22.8+4.26  27.86 +5.63bcde
Y12 1.320.2lcde 27 +4.63  30.02 +2. 63cde
Y13 1.08 £0. 14ac  22.8+7.15  23.86 +3.50b

TEER T A R K LG AR PRI TE A At 2R 1) A
FER(P<0.001) , B AE R SEAR IR 4 1,20 ~ 1,50
em, PN 1,34 em, RABIRAZ RN 1.02 ~1.48 cm,
P59 1.18 em, HHRAER Y5, Y7 Y11, Y13 58
BEAE TR AL, 5 EP AR50 22 0.32 em (0.26 cm,
1.26 cm 0.26 em(F 2) , BPA R AZ IR 21. 00 ~
33.00 cm, F-4574 28. 80 cm , ZAE PRI K AR 4y 21. 60 ~
27.00 em,F2IH 24. 68 em , (H4% 525K & K 5 1
AERITCRE 2R (P =0.33), $FE A g 6
SPAD {HAE 1 H9 15.7 ~24.5, -3 19. 06, 245 4
SPAD {HZAEI 4 25. 1 ~30. 02, 4% 29. 04, &7
SPAD 5 %A RIS AR . 22 57 (P <0. 001 ) HLATA
RALF SPAD HAB W M TR R (£ 2)
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2.3 KB DEHNSENERTR

BT FEHE A= R AR F A 113,00 ~ 128.00 cm,
4R 120,40 em; 58 A8 R B R AR IR R 32,20 ~
125. 4 cm ,“F¥H92. 7 em, BRETESS T 2 BIA H R
FFF(P<0.001) , Horp F2 F5 F6 (F7 Fl F§ %78
AR EM TR AR (£ 3), 584 A5 5 22
14.0 ¢m 58.2 ¢m . 56.8 ¢m . 52.4 ¢m . 88.2 c¢m, B
AR BERUIS IR N 3.0 ~7.0 4>, TR 5.6 4, %
AR 4 BERCIE MR R 3.4 ~8.4 DB R 6.4 4,
FI2RAE R R BRI A B E 2R (P <
0.001) (£3), B4 B/ NERCEIEA K, P2
4 20. 0 4>, 5 A8 R B /N FEEAB IR 12.0 ~20.0
DB 17.0 4, 48R F4 F5 F6 K7 F8 il F9
R/ NVEECE E IR TP AR (P <0.05) , H 22 {E 77
44473440 (%K3),

TEEERFRIES A R 2 AR i 135. 00 ~ 137.00 cm,
194 136. 00 em, 285 RAE A 91. 00 ~113. 00 cm, F-
179 102. 00 em, AT B8 AE R AR 1 KT
AFI(P <0.001) , 5 HF A4 HUHH 2% 23. 00 ~ 48. 00 cm
(F%3), BPAERIFEERUEIR]S5.0 ~7.0 1, P3N
6.0 1>, AR S BERUE IR N 7.0 ~17.5 4>, 73
910 A4S, HP Y3 Y4 Y7 Y8 R Y10 2845 i FR 47 BE
WL FRHARM, HRME9.5.5.12.6 4
(FR3), BpA R/ NEECE IR K, FY R 17,5
A G AR R R R /N B AR IR R 13,5 ~ 19,0 4>, °F
¥R 18.0 4>, HHE/NERAERREAREES
(P<0.001), HoA A5 K Y4 ~ Y11 R /NE AL i
T TE AR T Y12 Y13 28728 1 i 35405 T B A= 7
(P<0.05)(53),
2.4 TERE THE RKMRPET

AR A TR B AR IR 34.6 ~37.2 ¢, °F
Y1oh 35.9 o, HGARRARR R 27.7 ~37.7 ¢, F¥I N
32.0g, THEEMBHMARDE EZS (P <
0.001) , H:rp R7AZ & F2 F3 F4 F5 F7 .F8 F9 F10
WL T R AR 5 3.7 ¢.8.5 2.6.2 ¢
5.454.3g3.2g.8.0g4.8g(F4), BHEAKK
MR 6.2 ~6.4 mm, P34 6.3 mm, H 52 R AE
I} 6.05 ~7.15 mm, P38 6.6 mm, KiAKTEM R
B AW B %25 (P <0.001), HH F5 F6 F7 FI2
FRAR ZMA A ) 0 2 TR AR A AH 25 1,25 mm
1.25 mm.1.35 mm 0. 35 mm(F4) . BFERUK 5 K
3.1 ~3.4 mm, FIE K 3. 25 mm, FHGE AR AR 5575 i
472.80 ~3.50 mm, 124 3.0 mm, F4 Fll F7 5878 &
L5 B B TR AR A3 A 22 0. 4 mm A10. 45 mm,

x3 EAHMEBRMBFERMRTAKS SEHRNEHE
INFEEL
Table 3  Plant height, number of tillers and number of

spikelets per spike of HFZ ,HYZ and their mutants

P B (om) SRR R/MER(AY)
Accession Plant height Number Number of
of tillers spikelets per spike
FI(WT-HFZ) 120.4 £5.59de 5.6 1. 67abc 20 +0d
F2 106.4 +8.44c 6.6 +2.30bed  18.5 +0. 70cd
F3 111.8 +5.89¢d 6.4 +2.51abed 18 +0bed
F4 108 +8. 7led 6.2 x1. 30abed 16 +1.41b
FS 62.2+16.99b 3.4 +1.51a 16.5 +0. 70bc
F6 63.6+11.56b 6.4 +1.8labed 17.0 +1.41bc
F7 68 +£5.70b 7+1.58bed  13.0x1.41a
F8 32.2+0.83a 6.2 £0.83abed 17.0 x0be
F9 112 £7. 48cd 9 3. 74cd 17.0 +0be
F10 125.4 +2.70e 8.4 +2.88ab 18.0 £0bed
F11 110.4 +6.42cd 4.4 +0.54bed  20.0 +0d
F12 119.8 +13.53de 6.8 £2.68d 18.0+1.41cd
YI(WT-HYZ) 136 +1.41f 6.0=x1.41a 17.5 +£0. 70bc
Y2 91.0 +0ab 8.0+1.41ab 16.0 +1.41ab
Y3 91.5+3.53ab  14.5+0.70cd  18.0 +0. Obc
Y4 112 £4.24de 11.0 =0bc 18.5 +0. 70bc
Y5 109 +0de 10. 0 +0ab 19.0 +1.41bc
Y6 102.5 +£6.36cd 9.0 x1.4lab  19.0 =0be
Y7 86.5+0.70a 11.0+1.41bc  18.5 0. 70bc
Y8 112.5+2.12¢  17.5£3.53d 17.5 +£0. 70be
Y9 112.5 +0. 70e 9.0+1.4lab  19.5£0.70c
Y10 95.5 +£0.70abc 11.5+0.70bc  18.0 +1.41bc
Y11 107 £2.82de  8.5+0.70ab  19.5 +3.53¢
Y12 97.5 +0.70bc 6.5 +0.70a 13.5 0. 70a
Y13 110 £11.31de 8.5+3.53ab 14.0+1.4la

7 A TR 5 FeOR BRI A 44. 00 ~ 48,00 i, SFH K
46. 00 i, 58 75 7K 1 R AR i 4 19. 00 ~ 45.00
R SF-34°8 34.00 ki, HoH F4 F5 F6 F7 F8 9,
F12 AR B B & 8 T EF A 8L (P <0.001) (%
4) , 5EFERIP 22 10 22 19 27 (12 14 F1 20 i,
T ER AT A AU TR H AR IRl 41,0 ~45.0 g, °F
¥Ih 45,0 o, HOIRAR IR 2 23.2 ~39. 5 ¢, Pk
31.0 go BR Y2 ZRASMRAN, A 11 AN R
(P<0.05) MK TEFAEAIS. 00 ~19.42 (£ 4), Bt
AR ASIE R 6.7 ~7.0 mm, F3 K 6.9 mm, H %
AARI KNG R 6.1 ~7. 1 mm,FH 6.7 mm, i
RIERK FAWBEZER(P<0.001) , Hd Y3 Y4,
Y6.Y8 Y10 Y11 ZEARARIA b (IR T B A= A H 2%
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Table 4 Number of grains per spike,1000-grain weight,grain length and grain width of HFZ,HYZ and their mutants

i THRHE(g) HiK (mm) HLPE (mm) RHRERIEL(AS)
Accession 1000-grain weight Grain length Grain width Number of kernel per spike
F1(WT-HFZ) 35.9+1.83d 6.3 +0. 14abc 3.25 +0.21be 46.0 +£2.82h
F2 32.2 +1.13be 6.4 +0. 14bed 3.05 +0.21ab 42.5 +2.12gh
F3 27.4 +1.41a 6.1 0. 14ab 3 +0ab 40.0 £4. 24{gh
F4 29.7 +0. 42ab 6.3 +0. 14abc 2.85+0.07a 35.5 £4. 9efg
k5 30.5 +£0. 70be 7.05 £0.07e 3.05 +£0.07ab 23.5 +£0. 70ab
F6 37.8 +0.28d 7.05 +0.07e 3.1 0. 14ab 27.5 +3.53bed
F7 31.6 +0. 84hc 7.15 £0.21e 2.8 0. 14a 19.0 £7.07a
F8 32.7 0. 42¢ 6.5 +0cd 3.1 0. 14ab 34.5 +0. 70def
F9 27.9 +1.55b 6.15 +£0.21ab 3.1 +0ab 32.0 +2. 82cde
F10 31.1 0. 14bc 6.05 +0.07a 3.25 +0.21be 43.5 £0.70h
F11 37.7 +1.83d 6.15 £0.07ab 3.1 +0. 14ab 45 +2.82h
F12 37.7 £0.98d 6.65 £0.07d 3.5 £0. l4¢e 26.5 +0. 70abc
Y1 (WT-HYZ) 43 £2.82e 6.9 +0. 02efg 3.3 +0f 44 +8. 481
Y2 39.5 +6. 36de 6.7 +0cdef 2.8 £0a 28.5 +7.77bed
Y3 28 +1.41b 6.6 0. 01bed 2.8 +0a 38 +5. 65def
Y4 29 +0b 6.6 0. 01bed 2.8 +0a 34.5 +4. 94cdef
Y5 29.5 +0.70b 6.9 +£0.01fg 2.9 +0ab 23.5 +4.94ab
Y6 33 +0bc 6.4 +0.01b 3.1+0.01cde 25 +1.41abc
Y7 28.5 +0.70b 6.7 £0cdef 2.8 £0a 28.5 +2. 12bed
Y8 23 +1.41a 6.5 +0.01bc 3.0 +0.01bc 35 +2. 82cdef
Y9 35.5+0.70cd 6.7 0. 01def 3.1 +0de 32.5 +0. 70bed
Y10 29.5 +0.70b 6.1 £0a 3.0 £0cd 39 +1.41ef
Y11 28 +1.41b 6.6 +0bed 2.9 £0.01a 33.5 +2. 12bed
Y12 34.5 +0.70¢ 7.0+0.01g 3.2 +0.01e 17.5 +0. 70a
Y13 32 +0bc 7.0+0.01g 3.1 £0.0lcde 23.5 +0. 70ab

&5 0.3 mm 0. 3 mm 0. 5 mm 0.4 mm 0. 8 mm .
0.3 mm(%‘:z4) o BPAEARUK GEEI R 3.3 mm,ﬁﬁ,ﬁ\:%
ASAKT SEASHE K7 2.8 ~3.2 mm, FHH 2.9 mm, 5EAF
TR 534 B B AR TR/ 0.2 ~0.5 mm( £ 4) , B
A R FHOR RIS RN 38. 00 ~ 50. 00 i, SE-2°H 44. 00
7 SAS IR B R A 18. 00 ~ 39. 00 i, -2
30.00 ¥, Y2.Y5.Y6.Y7.Y9 Y1l Y12 Y13 %FE
BB BEMC T AR (P <0.01) , 5 B4 R 5
%16 .21.19 .16 12 11 27 F120 ki(F£ 4),
2.5 BEHW

R T SRR A AR A R LA AR AR A,
FeXt 11 AR ZARRIEAT F L5 0T, PR ECET 3 4
TR BFTTHRE 76.9% ) ARG KT RT3 DK
A3 FIR e/ INEL N R B A sh S SRSk,
PP A A S HAEA AT 11 MR N 3 2 (Kl 1a) 58
BEtds 6 i & AR A BY(FL) (F2 F3 F4 . F9 F10

FFLL SEIAAE 3 A4S &R A4 F5 F7 R RS 551128
45 Fo A F12, HA TOREZE S 11 MR B F 3
{8, JAE 2038 F Tukey B 4T 2 8 HO &L, M T
FE MR AR AE R A B 22 5 (P <0.05) , FERT
KA R 20 1 280 R R E T HAPIE,
SR 2 = T HAPIZE (P <0.05) (£ 5) .,
Vi AR Az 0 R GRAR AR 11 RT3 4> F2 AR
53 BFTTRRR N 69. 1% HRIERT 3 > Tl FshR
7V IR B A 78 S AR AR SR R 3 25 (Il 1h)
55 T AUAREER (Y1) Y12 F1 Y13 55126045 Y5,
Y6.Y7.Y9 Al Y11; 255 M2 AL $6 Y2, Y3, Y4, Y8 HlI
Y10, ZH RS SRR WA /N A /R
BE AR SEE AT B 2 R (P <0.05), %1
i R TE ST BERR R IVEERORIURE 58 TR R B T3
PR ; SR I/ Vi 3 B 2 s T8 1 RS 2 ]
RS AR EER Y R TIE BRARA L (£ 5) .
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Fig.1 The clusters of HFZ(a)and HYZ(b) with their mutants
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Table5 The comparisons of 11 traits among the three groups

Pk O AE R R AR AAZS S HFZ and its mutants AR B L9 AE (K HYZ and its mutants
Trait 1 I 11l 1 I n
K LL 23.17¢ 13.77a 18. 10ab 26.2 25.04 24.24
5 LW 1.63b 1.39a 1. 96¢ 1.24 1.124 1.22
4% SPAD 24.92 34.04 21.48 24.31 30. 71 28.21
FHALEL NGPS 40. 65b 25.65a 26.91a 28.38 28.6 35
/NS NSPS 18.0 15.36 17.25 14. 88a 18.95b 17. 6b
Jii /M RSS 0.28a 0.32a 0.71b 0.20a 0.52b 0. 12a
Bk PH 113. 48¢ 54.13a 91. 70ab 114. 46 103. 45 100. 46
JrBENT 6.65 5.53 6.6 12.59b 9. 48ab 7.0a
T-HIE TCW 31.7 31.6 37.75 36.36 30. 87 29.95
Rt GL 6.21a 6. 90b 6. 85b 0. 69b 0. 66ab 0. 65a
RiGE GW 3.09 2.99 3.30 0.31b 0.29a 0.28a

R VERBE R A NP IIE A AR BRI R R IRTE Tukey 0. 05 JC 35 25 5

The values represent the mean data of the 11 traits within groups. Same letters superscribed the mean value indicate there are no significant differences a-

mong groups at Tukey 0. 05, otherwise significant. LL; Leaf length, LW : Leaf width, NGPS: Number of kernel per spike, NSPS: Number of spikelets per

spike, RSS: Rate of symptomatic spikelets, PH; Plant height, NT; Number of tillers, TGW ;1000-grain weight,GL:Grain length, GW ; Grain width

3 GiSitie

3.1 REGSHFAAEREFRAMAEANESR
T IR/ NAE T B R B, ELE A T
JTREFIEER AR TR T s R TR, P S S (A
TEBESE M A —ERBE M, H— 2R
TRIRALIR  IX R H AU/ N A M7 A EEK
A IARAE ARBIE S T B TR 98 AE R K6 K9

FFI12 (/MR S A AU b 25 25 53 Hoh F9
F12 W R AR E 9 (0.5 < RSS <0.75) , T F6 Hy w5 &k
(RSS>0.75), [FIEHEEFT Y6 Y7 Fl YO RAZ R 5HF
AR /MR LA B 25, W/ANEE A T
0.50 ~0.75 Z[a], J& F oK, ik, X 6 548
SRS AR TG PR B AR, #5074 5K
FREERHUIE QTL AT 3BS Al 7AL F1 b b 4%
QTL {3 F 7DL 1", [ J S g B A 70 15 98 72



1098

N7/ A

T ¥ 17 %

TR Z TR (Rt A% oy B FERAAR , 45 1 2 700 6 R v 3 et L PR
RUHT , S 08 5 i, T I B AR 1 5 Bk
FRQTL Mt KR, 5 R R MR IR E NPT
WP AR RS, PR o B B A A B 2 AR, Atk
AR A A T R Bl 2 R R
AR, XAV VE BN B AR EAS, i F2
FUET  AREEI = T, (R 2 0 A 1t SRR AR, 40 B
BRI A AT Tt s | FRAR B A PR B A
RV TR, B 22 A 3 (BR T F2 TRIE A
%), MEERFRZRARIR Y2 Y3 Y4 Y8 Y10 F1 Y12 Hifk
5 RPAE RUARL AE bR 5 S R T HFAE AL SPAD {143
BRSO T ol TP AR A BRI SE G AR R T A
KARARAC T HP A Y iy T4k =7 b B A B B S R0 L
Ut , B A R TR PR B AR A
3.2 KREZEMFEHEXERNTRE
HOFFERAS AT T F1 A FLL A, HoAy s
REAE L AMRR SRR A E R E XS, Hp
F4-F9 AR RTE 3 ~ 7 AR b 5 0 AR AU 7 B 3
2550 Horp AN BRI RSO B0 3 /N T AR AR
F5 FlF7 #kmr S TR g /N TR AT FS F6
FF7 378U BB A P AR A o 288 I, {H kL
A P FARG, DK 5 o 67 75 A9 52 W) K ok K
FHSCA T 2B, i 5 FOR £k i 5 50k 5 bk
5 R RN B B R 3 B A G (P <0.05)
TR 5 i BR8N b v O 22 2
(P <0.05) 8tk B & HAHK (P <0.01) . FELEHHA]
AL R R IRAR T B B 28 AR 057 o5 1) — P 230UV E
FIRE, R /N SE R e R, AN [R) 9878 2R 78 [R]— 13
(] e 2 5 AR F A R ARAR 05 43 ip ] 22 Ak 5 2 (B
IEAHZE 3 2R ) 78 HoAth SCHk bt A iz il , b an ik
VOISR XA i R R BSR4 b R
AR I S ORI W IR AR G, A PO T Bk
A A TR A SGEE, AN, F3 R FLO 2848
FRATETRE E RS0 T R AR A AR B S
AR R TE I 3 2 S, AT SRR AR A A AR
Vi AR o S L AR IR T A R T 3 2
SON A GRAR R 5 B A R A /A 1 ANEIR AR
P YN I VAT L YA E O [ D AR T 5
THF AR A BT R 2 IR 9 -5 4k = ATk
FIEA (P <0.05) , HEW 28 48 037 5 ] BEAERLTE Bk
TR E R — N 2 EH, AR ERIE R,
Y4 Y7 ,Y8 il Y10 7545 BERUFN T A8/ N A -1 o 2
ZTHPERL g ER AN R AR PRR 2 8] A 25 H G 56
R ETE A AR A b B, 1 B RR 1 A O

LT A O, W7 15 48 ZERAR 5C ) AR £
RAE 2 AN i Bp G R AR Z [EIAR ] EANTR]
RGBT EANEAR A 35 LA SR TR PR
[N S P v N G D 5L 7 S R TN T
R FAL PRI D AR AL E B B, XA A A
FARRI SR RER GV TP A RS AR R LA
RGP Z [ AR DU RN 22 57, 0 J5 2 HARTEAR 1Y
PR AR AR R BAL A BT —E 198 TR
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