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Effects of tobacco bacterial wilt on meso-micro soil fauna in tobacco fields

of Chongqing

BAI Yaoyu® , PANG Shuai, WEI Shan, XIAO Yao, DING Wei
College of Plant Protection, Southwest University, Chongging 400715, China

Abstract: Tobacco bacterial wilt (TBW) , an important tobacco disease caused by the soil borne gram-negative bacterium
Ralstonia solanacearum , occurs universally in the main tobacco planting area of China and is one of the main reasons for the
decline of Chinese tobacco yield and quality. To date, there are no effective measures from agricultural cultivation, breeding
for disease resistance, chemicals, or biological agents to adequately control the wilt disease. The occurrence of and damage
due to TBW are closely related to rhizosphere soil fauna. However, only few studies have reported the effects of TBW on
meso-micro soil fauna in tobacco fields in tobacco-producing countries. Therefore, it is necessary to understand the
relationship between soil fauna and soil microorganisms related to TBW for effective control of TBW. In this study, field
experiments were carried out from March to September, 2015, in Runxi town, Pengshui County, Municipality of
Chongqing. Two treatments were designed in Baiguoping and Yingtaojing villages, which respectively represent the tobacco
field in hazard fields of tobacco wilt (HFTW ) that have been affected by TBW for more than 10 consecutive years and

control fields without this hazard ( CK). The modified Tullgren and Bearmann's methods were used to extract a total of 50,
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112 individuals of meso-micro soil animals, belonging to 33 groups. Among them, Nematoda, Acari, and Collembola were
the dominant groups. The individual numbers of soil animal communities as well as dominant groups of Nematoda, Acari,
and Collembola showed a decreasing trend from March to September. The relative abundance and density of soil animals as
well as dominant groups varied widely between the two treatments during different periods of investigation. For example,
abundance and density of Nematoda were significantly higher in CK than in HFTW in March (P<0.05); the density of
Acari was significantly higher in HFTW than in CK in June ( P<0.05) ; the density of Collembola was significantly higher in
HFTW than in CK during all investigation periods; and the abundance of Isotomidae in CK was significantly higher in March
and lower in September, compared to those in HFTW. The density of rare groups was significantly different between the two
treatments in June and September as well. The dynamics of several community diversity indices of soil fauna varied between
HFTW and CK during different periods of investigation. Although the richness index of Margalef was significantly greater in
CK than in HFTW in March and June, it was significantly higher in HFTW than in CK in September. The Shannon-Weiner
index of diversity was significantly higher in HFTW than in CK in March and September, but it was lower in June. The
evenness index of Pielou was significantly higher in CK than in HFTW in June. In March, the Simpson index was
significantly higher in CK than in HFTW in the presence of Nematoda, but it was significantly lower in the absence of
Nematoda. However, in the absence of Nematoda, the Simpson index was significantly higher in CK than in HFTW in June
and September. Similarity analysis using the Sgrensen index showed that the composition and structure of soil animal
community between HFTW and CK were highly similar, but the similarity declined markedly under effects of TBW with
increased severity of damage level from March to September. Stability analysis showed that the structure of soil animal
community in CK had higher stability than that in HFTW in June and September. The ratio of individual number between
Acari and Collembola (A/C value) was higher in CK than in HFTW, and was significantly different in March and June.
The results of the principal component analysis ( PCA) indicated that the occurrence and damage of TBW had a
considerable effect on individual numbers and density of soil fauna, individual numbers of Oribatida, Mesostigmata,
Nematoda, Corrodentia, and Onychiuridae, and values of A/C, which could be used as an indicator to monitor the
environmental impacts on the disease. In addition, PCA ordination diagrams of soil collection points in tobacco fields
suggested that the differences in soil animal community composition were considerably influenced by the damage and its
severity of TBW from March to September. On the basis of these results, we can conclude that abundance and diversity of

meso-micro soil fauna is closely related to the occurrence and severity of TBW in tobacco fields.
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Table 1 Physical and chemical properties of the tobacco soils in tobacco planting area of Runxi town of Pengshui county, Chongqing

LA O A H SH AR (CK)
Indexes Hazard fields of tobacco wilt Control fields without hazard
pH {H pH value 4.97 4.93
F LB Organic matter content/ ( g/kg) 17.97 35.21
2% Total nitrogen/ (g/kg) 0.31 1.64
4T Total phosphorus/ ( g/kg) 0.52 1.36
44 Total potassium/ (g/kg) 13.61 15.30
25T Soil bulk density/( g/cm®) 1.13 1.128
Fp7K & Water holding capacity/ % 42.36 44.07
FH S 732 4 4 Cation exchange capacity/ ( cmol/kg) 7.25 13.68
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F=5.64,P<0.05;F;=6.98,P<0.05) ;{H 9 H7EX 2 B 51T 34 0 Al FH 5 38 v X B (Fy, = 49.41, P<
0.01;F;=95.85,P<0.01)
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3.4 UR[EIHE S SRR B AL AR E P A

TR A K FE RO R AN ] A 9] IS W e TS Serensen AHBITE BB KT 0.75, Bl 2 26
A -SSRV AL T AR AR AL RR B 5 I &30 Cs {8 3 H s, 9 H BAIX, R WIHE TS 25 AU PE AR B o A2 224
S B B T R 1 T IR 52 (3R 2) o PR BRI 225 H S sh M RE R R e 1 S, /S, BUIEAEE B B A
[7],3 0y LB A F G B R T B B LUAEAR 22808 TR 6 9 H By U (E 22 80K, 3
X R R T HE AR (R 2) .

R2 TREEEEEE TSR R U E &

Table 2 Similarity and stability of soil fauna community in different tobacco fields during different investigation periods

FEYE AU Community similarity FEVE R E I Community stability
JHE Tobacco fields
3 H March 6 J1 June 9 H September 3 JI March 6 J1 June 9 H September
99 B Hazard fields of tobacco wilt 0.0019 0.0032 0.0022
0.87 0.85 0.80
XfHEH Control fields without hazard 0.0015 0.0111 0.0044

3.5 AN[FHH S SR A/C A ST

TE 3 A, W S R MR A/ C OGBS A BEKR B R 75 Rl FH 5 ELZ LU A AE W 20 F 35K
3 H>6 H>9 H;Hr 3 6 H Xt H V& THF A H (F,, =5.65,P<0.05;F, =9.96,P<0.01) ; Ui
B A/C IR AR S AR I R AR VIR (K 4)

ﬁ
»
H 50 . m HFTB O CK &5
= gz =
£ 40 £
) 2 * * = 2
58 30 = o
8= g2
= o
Z 5 EE
s g 23
£5 A
=}
wn

5
e %
# 3 .m;
s i@ 8
25 %=
®e g E
£3 23
5 o 80 s
ZE 55
£ 2 H F =3
“ 5 K K

A @ f

3H March 6 June 9H September 3H March 6 June 9H September

WAL P Two treatments in the presence of Nematoda(45 %k Ht) and the absence of Nematoda (J54 Ht )

B3 AEIEZEA EEE TR EEE S PR E AR ER)
Fig.3 Diversities of soil animal community in tobacco fields during different period of investigation (Mean + SE)

3.6 W HRSEE X LIEES RS T ERESR AR Y PCA b

ARWFFER L IESH YL R TR (1) DTSRRI R R E(D) B ERE(C) 2k
RERTE LA/ C O AH DA KOS ]9 A 30 ) DL AR AN o WL 45 T I Sh W RRIE AR Aok FH 2 1000 AT 1 4307, 1
SE T AR G R AT 8 ISR E e b, 3 R A B ISR B DL B A 5 £k L | g
H AT H BT H ik dop S5 Bk B RS Ak B A 7 28 004k, 3 A dE Rk iRl 6 A A
FE ARG R H 9 ARk AR BB R ESH H . AP BEEGET 4 NS, ik 3 s, Hid 3
ANV A (] B 22 DTHRAEAE 74%—85% , AT LML iR IR SRR AR i 4 IR (5 8

DABREAS T2 053 B AR o5 I e BB 4 1> 32 00 R AR 22 TG O ARV S AR -l 55 %68 07 1) 32 i o3
AT GRS BB+ e S PRI R PR O 25 5 408, SRS AT HER 2 S5 RN EE 4 R, & 4 nl A, KTR
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500 - 0000 4 R b X 75 5 1 22 1 4 7 1
FW AT, o 3 HEa4MERT 5 KK )]
W H YRR IR LR A/C
SR FEARBIEIIGK 5 A 5 3h W 6 b X 75 W5 1 % 2
fa B BN 6 G AMERG 5 &Kol sl
J ARSI G R R 32 06 ™n
R K00 (T A6 T 91) 3 5 A e /NI 4 e 5 CO—" 6 5
bR TR 1 R A 15 3 B M HURG 9 ) 458 A MHTT S R4 Month
RN L IES AR el PRI H HIHTH  m4 FRRSHAXERHXSEESR A/C LENDED
-3l 3 5, 6 WL I R (AR R ) CTRlibRs)

fli 5 /I\EF‘ /J\EQ i lgij]%?ﬁ 1‘/]?X¢%5 *E ﬁﬁ@ 7/{ ﬁiﬁ% EEliﬂﬂ Fig.4 The valu.es of A/C in individl.lal num.bers l.)eteren Ac.ari
e Fik 3 AN B - B SRR T 40 b 5 A ?I;,i :oill;n;bola in tobacco fields during the investigation period
B ENE I B TS bR, 40,6 A Bk m Al 4%

ABURE K B R R A R B 9 A A/C L RITATTA F R s R HE 4 ST R 4 A R 4
SRR R 1 A P B 5 0%

R3 TRPAEREMEBETEDMERSFHERSFERHRE

Table 3 Eigenvalue and variance contribution of principal components of soil animal community in tobacco fields during different periods

3.0
B HFTB

24 | OCK ¥

*

Acari and Collembola

W2 5 5 R A B LB AEL(A/C)
Ratio of individual number between

of investigation

P ] Bl %y FHIEAR Ti 2 TR/ % B 2250k %
Time Principal component Eigenvalues Variance contribution Cumulative variance contribution
3 J March 1 4.16 25.97 25.97
2 3.49 21.81 47.78
3 2.37 14.79 62.57
4 1.88 11.72 74.29
6 A June 1 5.96 35.06 35.06
2 4.79 28.16 63.22
3 2.07 12.16 75.38
4 1.58 9.27 84.64
9 H September 1 6.80 37.79 37.79
2 3.86 21.42 59.21
3 2.07 11.51 70.72
4 1.39 7.75 78.46

T A SOOI - SESh Y O HRN 8 D2 PCA 18 0 HEF B LR 5. f IR 5 AT 7E 3 182 B 75 i
P Ko LSt B FE 4% A SR AR A 0 A R0 B SR AR A A B, W 3 (R /D BB s TS R S sh W 26 1 2 25
FH (1% 22 B 2432 K, Ut 9 28 A S5 0 T 1 338 S W i i 4 B S 5 A AR DL B v, o )3 A A R i i B i
LA 3R SRR S E E S0 , 45 FERBE L AW IRE Y K6 AHH 4 281K,
IR RAL 5 HAE 3 N EHE S, B T B A B RS 2R K9 HA 4 DX, W
M RAE L RAE— D R XA ESo0A, S B sk UBHRITH £ Wk EURHE 35 s FE B A R s 2 R T
HE 3 RN AR H A X B R A R a5 22 BE R s U B PR A 3 Sl e v 1) 22 S B A T A e e R R A
RN R, 259 A>6 A>3 .
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x4 ARPEHEBIENVEIEZFEFEEREINSESERERF
Table 4  Comprehensive values and rank of characteristics of soil fauna analysed by PCA in tobacco fields during different period

of investigation

F 1 F a2 Y3 B e E

ii[i sz; Principal Principal Principal Principal Comprenhensive ﬁii
component 1 component 2 component 3 component 4 values
3H AMA%L Individual number 0.579 0.739 0.108 -0.142 0.213 2
March  ZSBF4X Group number 0.150 0.393 -0.478 0.458 0.078 11
W Density 0.871 0.398 -0.025 -0.216 0.184 3
D 0.051 0.329 -0.702 0.551 0.033 14
H' -0.858 0.299 0.101 0.148 -0.070 15
J 0.536 0.051 -0.100 0.393 0.132 7
C 0.706 -0.292 -0.008 0.144 0.091 9
A/C{H A/C value 0.263 -0.081 0.799 0.106 0.148 5
£§ 1l Nematode 0.776 0.461 0.007 -0.359 0.165 4
F5E B Oribatida -0.166 0.794 0.354 -0.082 0.133 6
P TTIE H Mesostigmata 0.157 0.370 0.716 0.390 0.223 1
HI T H Prostigmata 0.007 -0.266 0.280 0.718 0.078 12
JE Bk BB Poduridae 0.716 -0.241 -0.222 0.279 0.088 10
BBk B Onychiuridae -0.172 0.844 0.007 0.174 0.124 8
2 Bk BB Tsotomidae -0.410 0.588 0.064 0.256 0.060 13
KAk A Entomobryidae -0.284 0.411 -0.453 -0.334 -0.081 16
6 H AAAY Individual number 0.855 0.432 0.254 0.037 0.240 2
June ZEBEEL Group number -0.544 0.276 0.412 0.472 0.032 10
W Density 0.855 0.432 0.254 0.038 0.240 1
D -0.876 -0.012 0.187 0.304 -0.105 17
H' -0.769 0.582 0.130 0.004 -0.029 15
J -0.713 0.589 0.033 -0.129 -0.039 16
C 0.722 -0.620 -0.135 0.106 0.024 11
A/CAH A/C value -0.024 -0.399 0.830 -0.295 -0.006 13
2§ 1 Nematode 0.964 0.136 0.051 0.130 0.201 5
H 57 H Oribatida -0.557 0.386 0.222 -0.073 -0.020 14
I H Mesostigmata 0.585 0.417 0.633 -0.011 0.225 3
H{“I T H Prostigmata -0.003 0.238 0.434 -0.708 0.017 12
BBk LB Onychiuridae 0.091 0.904 -0.108 0.042 0.146 6
2 Bk A} Tsotomidae 0.137 0.766 -0.324 0.023 0.109 8
K AABEHE AL Entomobryidae 0.378 0.632 -0.299 -0.134 0.119 7
S Ak A} Neelidae 0.147 -0.342 0.399 0.690 0.073 9
Wi H Corrodentia 0.192 0.888 0.038 0.350 0.202 4
9 H AMABL Individual number 0.677 0.685 0.108 -0.023 0.229 1
September  ZSHEAL Group number 0.925 0.100 -0.262 0.133 0.169 6
W Density 0.924 0.106 -0.253 0.141 0.171 5
D 0.825 -0.178 -0.381 0.121 0.099 11
H’ 0.557 -0.805 0.076 -0.045 -0.005 16
J 0.046 -0.937 0.246 -0.150 -0.109 18
C -0.372 0.811 -0.259 0.079 0.024 15
A/C A A/C value 0.111 0.227 0.866 0.274 0.163 7
2§ i Nematode 0.428 0.861 -0.032 -0.060 0.191 2
H g7 H Oribatida 0.661 0.245 0.370 -0.260 0.172 4
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ES % T2 FEH 3 FHS 4 LiA A E

i i SF% ¥
j_‘l 1 by Principal Principal Principal Principal Comprenhensive By
Time Index Rank
component | component 2 component 3 component 4 values
AT H Mesostigmata 0.617 -0.039 0.653 0.144 0.187 3
HI T A Prostigmata 0.717 0.087 -0.130 0.273 0.154 9
Bk B Onychiuridae 0.733 0.030 0.330 -0.206 0.156 8
TR AL Tsotomidae 0.358 -0.327 -0.391 -0.255 -0.041 17
K AAPEHEEL Entomobryidae 0.720 -0.058 0.033 -0.474 0.089 12
A Bk Neelidae 0.638 -0.289 -0.212 0.174 0.071 13
3 H Coleoptera 0.613 0.066 -0.099 0.000 0.112 10
[ H Hymenoptera 0.094 -0.299 0.000 0.841 0.046 14
1.0
=
%
Q
&
e
<
(el
&
-1.0 |, ) | ) )
-1.0 -1.0
1 Axis 1(25.97 %)
1O e 10
AIX
Pros
s 3
\(:l/ 29 o
~ (el
= &
20 A
-1.0 -1.0 | 30
1.0 1.0 -1.0 1.0
i1 Axis 1(35.06 %) Wil Axis 1(37.79 %)

5 HESHBEREERIEBTENMEZTEEN PCA HFE
Fig.5 PCA ordination diagramse of soil animals in tobacco fields and its control during different period of investigations
O M 18 H SRAE 5 Hazard fields of tobacco wilt; AfRERITT Hli 4 I R A £ ( CK) Control fields without hazard; Ori: W H Oribatida;
Mes: 1T H Mesostigmata; Pros: 1 “<. [ ]3I H Prosfigmata; Pod ; J5 Bk # B} Poduridae ; Ony ; J B H Bl Onychiuridae ; Entom ; £ £ Bk 1 Bl
Entomobryidae; Isot : % %5 Bk Ht £} Isotomidae ; Nee: % £ #k 1 B} Neelidae; Cor: M Ht H Corrodentia; Col: #53# H Coleoptera; Hym: JI& # H
Hymenoptera; Nem ;: Z¢ H{ Nematoda
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4 Z5iie

TR E A AN b 0 & A LB A Rt — PO N AR A 7= BRI B A R, e H R T4
oK 5 R0 25 0 DA FE /AT RSN TR I, S 0200 35 B0 WA T M RO BEAE AR Wk, BF5E 4 Hh XEAR P
AL T AT T B A W B I, 0 A g S AR R A W R S S W 0 A SR G R T T Al
EP e SAR ARG A AR A R RO R D, AT R R A R R 2R T
WA B ST R, 75 A 15 35 R 5 AR s - S5 2 0 i o 0 R A A L AR DG AR R g SR — 2
FHT, H P Ll AR P /N SR ) ol 2k R RIS R S R R, AR 2 B AL T 95% s AT R B 2R
K UL ISR T A 75 A 1 T ) 55 B ) e o A 5 A8 T A ) 4 A= 1 35 BE 8 35 R il rh /N - 3 5y
WIRETS I 2 P S AR AR, e ol L gk e g 2K R 93 e R T 32 S X AR P 75 Al g 114 AR AT AR R AR
o B, KERFE RV E RO IE R R A e % 5 L A Em IR P B S L3 s i e &
TRy, B ARGE  Ah AR AN [ Iy S0 9 e 25 SR SR B A 3 Sl W e v AU EL AT B S ) 2 R AE ORI
HEzh Yy R BRI B R R TAEE L B0 3 A >6 A >9 A WA A - 38 2h 4 1% 5 2 LA A I Oh o i g
& O LAY i 5 30k o2 (s R o B 32 i B AN R 27 - 3R DL R PO [ 4 R B A A
HRAY N R HEEH > 25 AR 5 X 40 R 2R 1 S R - SRR A R | S S B T B SR B AR Ak, B
LT LIS A A R BN PE PRI, 3 A0 AR R AT D AR B A 2 R AR B R AR W
SRR S K LA ARt T i R 0 DT SO F B R A 0 S s R 2

LIRS IRETE N A ZRENE (a2 BEVE) F8 1R SONERE TS P O RRE P , 32 AR IR B e v 2 AT
BEESY S AR, T A LS Ay e 2 AR R Uk AR R R TR A 2
A I LR R S B W35 [ IS 5 At o 0 FHY R XS G 38R LS B AR X 22 B2 B I A
(7] 5 WA FE AN [RDAR A 7 i BERFIE L A 2 RE A A 22 50 3 T MR ORBRID , 5 Al L RR I AL 342 1 2 ek ik
BB A B HORERIRT T F | 0 AR R SRk OB 6 H ARRIE I, 75 A FERR A O S R il L H 3
HEE T e 26 i ORI A B TR} 59 ) A e, 75 Al TERFAE DL FA SR o A Bk LR R T TSI
FL, X PO R 7P A B D Aomn s WL b BT , 5 R T 25 i R R Y g, 1 2% 18 3 K
TR B s AR IR A I, F5 A R =0 H R0 A ik R S 2T ek B 75 At 119 4 At g 8 28 5 )
A 2T S ) )2 3l M OHE R SRR A B A . 2 S SR AR A/ C LUt 5 75 A ) R AR A
TEEVIRFR , TR F QX LS AR B0 4 T W52, HaX S8 A e AN ] 2= 45 52 B AN T
Margalef 3= & &£ 541  Shannon-Wiener ZFEVEFEEUAN Simpson A8 8 th VM8 BOC7E A [ 22797 52 75 Aili s e 35 1) 5%
WA 5 T Pielou Y2 48 BOFE 75 Al Sz O SR AZ AL A/, b 3 o 638 1 5 75 Al 522 Wi 46 L 6 288 R i 2
HUEEIEHAZERE A R A AFAE B VT RAHSCHE . RO AOWTSEHE Y, 75 Rl o It o 78 138 T R 2 s Wi AN [) 2= 1 0
2R TR | L TR RV B 55 S E R 5 AT o 4 S 5 R e 3 35 R G T AR R
WA EAEGR " o L3k E LAY B AR IR T U Y I REVE S M A AR 1 5
R R DU v I, RESE W U ) AR AT BRI, T T R O R A
FEECA R R T L AR MRV B L AN A | B ) IS WiV B AL AN S RE R A T AR

T HES PRI A AR (B 2RI ) H8 b 35BS ARV ) PR I5E S oM ) DR/ IN e RE s T Aol 4 i ) 22 S
H 5o bt — B TR SRS R SR SRS — e B A S T AR ST BT AR R4S SR
P A RS R P AN [] 2255 - S sh Wy e v ) b 2L ORA B BE AR ey, R P2 FH Ay S A R 22 ) i o
AR AR 5 S AN, AR () S M A A2 ) 1 R G 18 T B A AR e LSRR P AR (L B
AR TRBHIFARREAC I . 5380, BR T ORBFD], 200 F - 33 S Wy i T Ao P8 xR R R 17 i T, 13
B8 1 P = S Wy R B8ORS TS AT 54 22 | B sl W b 21 o A ARG B8, i 1) ol 24 1 R Ao . ISR
FH (3 b 22 55t W] 25 B8 75 95 91 166 2/ ( Cascading trophic interactions ) ) 8% 17/ F 47 H £ ( Bottom-up/top-
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down theory ) VSR AERE . UGS X BT RR FIE (14 S A N 7E LA O B R R A b (R e T R
oA S R G0 BB 5T N 25 AR R AT 4 oA v O ) 3135843 ( Aboveground-) FTHE R #5543 ( Belowground- ) A= ¥ B
A9 A= A K ( Ecological linkages) SOSTL Bt WA TR BE R A T S R SR | ) (S e
W) FIRE YA 2R 00 H A ) T BOE A E AR AR b 38 0 A= K S ss (FTEAE EATERD) , ez, Al H A Ak
PR AR A (LA I S R ZE T A e H R A W SRR R D ) 2 B AR AR A A A, DA TTX -3 )
(AL T Rt o JL o 0 LS ) ) 4 A 7 A T RS (TR T ATVE D) | S 3 il 28 40 FH 7 v /N B - 38
SNWIRETE PRI R b R 2

TG HT A R — 204 S IR0 5 M A A AR 1) T3 B ) AR R AR AR ) 25 e AT AVE S AR
DX I 3 T Al 16 5 A T Y S 5 RR e 8 AR, 0 - S s A8 35 BE AT A/C (8, LR AT (2l
6 H Bk JORH R A5 Bk RS SRR . J3 A0, FE T PSS H I S Y VR O SN R DL 3
O3AFOr Y R RER AR SHE P A SRt — 25 UL WG 2SR FE - 48 S W A 0 A A R 5 , L+ 358 sh W A ] 1 5 T
PEW IR AZ 3] 1RGS2 PRI, 23200 A W B 16 i A 7 S e 1N 58400 58 FR] T -3 S s
T SR X Se oA T . BRI D7 T AR T R A /b IS s A 5C N 28 ) LRl a9, i 48 i
HRPRZE B 45 S5 MR PR 504 25 R G0 A8 BR R B8 5 i s, WHAE A 0 2B KU R BT MR AR Y 5]
TR Rl T A A g | A S R B 220 AR SE 4 L Meloidogyne incognita B4 I 25 E5 1 Jy B/ 1T
P95 TR S R e R ™ B S AT, T LSRR 3tk Hh B A e PR B i A 5 e A AR s LR, T
PR LR 22 A 2 40 B 119 S50 5 1T — 2L - e Wy RE REFRAIR— Se i B A sh e, LRIk — 28 45 1
Hehy (el BRI ) i L 384 A — e g ) b 9 D TR T () RN R
JRAEF IR, Dromph F1 Borgen' " #5820, %15 Bk B (Y Folsomia fimetaria F1 Priostoma minuta GEREAR
Fe b2+ e rh AR JF R/ N RSB TR Tilletia tritici 240F- W LB 5 H. P. minuta FRER R RY I 035 0 12 25 0k
DT INEE BRI R R Wolfarth 251 s WHFSE A PR, 46 Aphelenchoides saprophilus F15% 17 B HUBH A H
Tk F. candida oS R 25 & A AR - i) 7 AL AR @I B Fusarium culmorum WA I H.
X I A R TR RE AR TR A

B B AR /N 3 Sh ) 5 U ) (RS T A IR ) AR SR B E SR KR
JEE IR R MHECTT ARG (05 & 8 5 AR 2 R S K HH 4= 45 v /N AU Sl 1 S 2 T = 498 vh /N AR 3 4 T ot R
T bt 110 2 A R 1 5 A B S8 A e s VR 5 2O 2B 7 2B | I e ] e 28 AR 00 HH 2 75 Ao A W B
16, AN WIS 1220 i T 5 -3 v/ N Bl ) A 28550 R BRI T 5T

BGt: VY P R AE ) AR A A B W A RN 2= A g [ A i B T B ] 3 A G 1 University of Missouri #(4% Qisheng
Song #f MM T L SCH 2 7R —IF B LR G
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