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HWE . DIRNIEY, B EMRXKE (Erwinia ananas) RRBEIXF ER LR B KZAFHL, SEBAINABH SV EKACEEE
HMENBESBFE . ERFR INAGREEER EMHKIERE. FERA:EXARERKEHEBEEE M INA fidHE
K EBEBAGAMEKSISTANEERR, UMEZERBBAE 47 INA AEHERE, Bk 100~10°CFU /g, ik 15 2 fli
HEYE 2~3 M HER . LEHERTHEE 4a~5MER RN HEL  EXXAREH N INAAFEEIHEWMBE  ER
BA,HP INA MBS HAHRENKETA, UEFEMAQ.9X10CFU/g) > B %M (7.9 X 10°CFU/g) > B & A (5. 0 X
10°CFU /) ; BFo58 A FHIBE ZERAHEM EXR EA2HE INA AEBER L BHEG B LAZE I ATA) . KBERKE
K. BRBER HELEREL. M EEXRLETFHRBABME .1 INAAFEBE NS XEEEZFANFRBGC~20CRENERKIE INA
Mt KERE.HFE INAESTERERS.
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Dynamic changes of ice nucleation active bacterial population inhabiting on corn

in Northern China
SUN Fu-Zai', ZHAO Ting-Chang!, WANG Jia-Jun', MU Feng-Sheng', AN Jian-Yong?®, JIN Qi-Ming®

(1. Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100094, China; 2. Institute of Cold Crop Sciences, Shanxi
Academy of Agricultural Sciences, Datong 037006, China; 3. Institute of Plant Protection, Jilin Academy of Agricultural Sciences,
Gongzhuling 136100, China). Acta Ecologica Sinica,2005,25(4) . 785~790.

Abstract ; As reported in previous research, Erwinia ananas was the predominant ice nucleation active (INA) bacterial species,
which covered over 95% of all INA bacteria inhabiting on corn in northern China. The dynamic changes of its population were
first researched in this paper.

The population of E. ananas inhabiting on corn in Datong and Jilin was checked periodically. The bacterial population
varied greatly on different growing stages of corn. In Datong, during the period of heading to ripening, the bacterial population
was most abundant with a population of 2. 32 X 10’"CFU/g, while during the period of elongation to heading, the population
decreased to 2. 85X 10°CFU/g, and decreased further to 8. 5X 10°CFU/g during the period of seedling to elongation. In Jilin,
the population fluctuations of E. ananas exhibited a similar pattern, having a population of 1.2X10%, 6. 9X10°, and 5. 25X
10°CFU/g, respectively, for the 3 above-mentioned growing stages. This result demonstrated that growing stage of corn was
an important factor influencing the population of E. ananas inhabiting on corns. During the period of heading to ripening, the
population was at its maximum, being as high as 10°~10*CFU/g, 2~3 and 4~5 magnitude orders, respectively, higher than
the period of elongation to heading and seedling to elongation. When the period of heading ripening meets the occurrence of
early frost, the large population of INA bacteria will induce and worsen the frost damage to corn at —2'C to —3'C. This study

will be beneficial to predicting and relieving frost damage through monitoring and controlling INA bacteria.

ZEE&WMB BXR“THHRE BN A (2001-BA509-B15-31)

Wz 7% B 48 : 2004-08-17; %17 H 48 : 2004-12-25

fEE BT DB AE (193 BATBEULARA.FTENBTRAYAFERENED KEFEHI . E-mail: sunfuzai@163. com
Foundation item:National Key Technologies R&D Program of China during the 10th Five Year Plan Period (No. 2001-BA509-B15-31)

Received date:2004-08-12; Accepted date;2004-12-25

Biography : SUN Fu-Zai, Professor,mainly engaged in bacterial diseases and ice nucleation active bacteria. E-mail. sunfuzai@163. com



786

£ 5 % M

25 &

In Datong, three batches of corn were sowed with an interval of 30 days. The population of E. ananas inhabiting on corn

was checked on Sept. 10th, displaying a population size of 1.9 X 10’CFU/g, 7.9 X 10°CFU/g, and 5.0 X 10*CFU/g,

respectively, for the three batches. The results showed that the sowing time affected the population size. The earlier sowing

is, the higher population of E. ananas is.

The population of E. ananas inhabiting on corn in Datong was about one magnitude order lower than that in Jilin. The

higher altitude, stronger ultraviolet radiation and less rainfall in Datong than in Jilin might account for this result.

Key words :ice nucleation active bacteria; corn; bacterial population fluctuation; frost

EHRS.1000-0933(2005)04-0785-06 HESXKS.Q143 CEKIRIAAG.A

MAER—FMHEHNERKE

GEBEEENILVINABRRBXAFREYD. REREXBAARECERSENERZ —. FRE4

72 ORI AR 3400km? , X EAE I 7700km? , E ARV AL TFMA A 10{2E T, AP HKEBRHBAEELESFIR BTN MREA,
BMNERKZIEAEUR, KEFRIEH Y EBERART EEAEE KZHAHE (Ice nudealion active bactria & INA)E

MA 318 (Pseudomonas . Erwz'nia\Xanthomonas)ZO_/i"ﬁﬁﬁ(‘yﬁ@ﬂ]mG

EBH.MEX INAHEFENEY, — BRI —6~—7TCHEBAAXEREERMEBL:, FHHEH

I f"'l"

FEAINEENELEE THBIA

MEHEL L INTERREMY HIHTRAAR Y B A BT 5072, B INA AR BEREH T

CKEHKBRBSHEYEANSRAKERSR

b+l

I T —2~—3CH R EY 4R BKE K5 E

E3~4C,XEHTF INAYIE™

ET&SKIBLREANKZAReBRAMNEEYRENERAR X —AKIA

HOEYERAREAEENRERERARERE RN HYILBE N RBHMEY A L INA

&1, IE7E DT, B E BAE Bl

XTREZHABREHDE LN HENHRKRELSL
FARAFEOMHNERAINR  RAEEEHEM BRI E AU AXKERAFEERX EAR

MEMEAEEHEEXRR, UHERHKBEHAFEET R EAERISISHAR. Y HUMREKRBELERE

E SRR ANUE, 2 H AR RIRE A CAERE L7 (WX

HY R EER—ABAHR

H

H‘Jhﬁ?ﬁ%‘ﬁ"ﬁﬂ@ﬁﬁﬁ*ﬁﬂ?ﬁ
KA HEXNAR B NERE FRE. S8 BB HEE BREENMEYHEFAR M KEAFFE RIS EL

TR FKE R NERKEHAA S ARANESHRRR . F—EFENSEME. FRMEDT .

1 #MBEFx
1.1 #$

1.1.1 FEEXRREHBERFR
Ve Fr i B ) , I F AR 22 113. 20° 4646 40. 6’ , % 3R 1067. 2m, LB HH 130~ 135d, ) FBHY 9 A

(DA KR T (g4 B 2

20 H, A FM I 5~9 A, FEFHHE 2670. 6h, FELHFEKE 371. 4mm, TIEGEFEL LB S

23 H¥EFb, 200345 HFAIZE 9

(DFEREERT (FAHRE KB R Je ), -

AR ERERREFTHEREKEDR 217. Omm,

M ERAIE R 35 5,4

H, A B8H5~9 B . AEFLHH K 2785. 3h,2E B /KE 520mm. HPEFEH , BaiE 4, MEEXRNEHE 209,4 A 26 B

. 20034 5 HFAIZE 9 AHH

EREREZFHEREKEN 440. 4mm,

1.1. 2 KBA %j%g,%iﬁflhlzj

1.2 FE

1.2.1 REWRE HFUREBSEEDRT(REDRXE A EAKE KRB BEER (A

fh, ERHLAE 135 5), LB L, H

B 2 BFRETANGR

H

F IR 2 124. 48,3655 43. 31, ¥R 200. 1m, TTEEY 144~156d,®EH 9 A 22

%

F I8 )X I R T vHARAE, B M 4R 5
A —B. 4 A TAEMN.5 APA(EXSEN S HIDFARE.EE 9 HF8 (ERRBD

Ak, BRR— K AR GE 10.20.30 HRE) . XKBEMALBREE . SKXE 2 M . BRFEERT (BRFHER L
ErRE®RS). SA208Z6 A 10 HREN ,HEXHE/N EEI-SHH . SHEAHLETRES 2.3.4 Kt 5, HE T 5
Wt % lem M R AERRE . ABEHEK  EESTCENBEILRAE, BRXE e 2700 . REYH TH.TB,
HA2488) . N6 H20HE.EZ 9 H 20 HiE , M ERE EFE T HE 3.4 KM BV BUH Z PR

BALERN, BEE R IR 12
(FFR B,
2.2 WKBAIE S B T

KEAERD,HWRES, RO E. F
T AESE 4> BB 0. 1ml Bt A KBA R EFE F 5,83

BE.10X ;102X ;10° X #1 10X , ]

b

¥ S B 3K B AT RE AR RE B 0. 2~0.5g KA E R TIE &

b IBARAE B A Bk, 0 A D i

10ml XKD 3 KKRBBALZHAEN . RHI)E,

~F22CRMAKEF M ERAELR

BLKZARE U R FRTRBE ., e %,

1.2.3 VKBTS PRI E st

/ML ERKBBER 4 T8

%

] Vali /NEHREEE - AEMARDRARLBMBE R, 2 HRMARA EE KPR LOEN. RS
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A W% BB Y ¥R TE

CRAS BB H4E L, B 10ud, 4

BEERERAEFEREBKAEERERE L EER

KRR, KB HERESFE. TEEELF
1.2.4 KBRS Ehe
AU G sl b, HRELEN T HRENME

2 ZRESWH

2.1 INAHEEEXK

FHK A

ZHEYERE.HE

GALFE 10 5. E
FEJISE 4min, i RS LHEHEHERE. LEE S
FEH 1g TS KEHARE.
ok b 8O0 2 0K B 41 R 2E O
(Pseudomonas syringae. pvs)5F .

15 3K, R ERE KO,

CHK 200 LA B3, BIRE 9

Bk X KB (Erwinia. ananas 18 ¥R E.

—@— 35 INA 4§ ¥R’ Average No. of INA bacteria
—O— P i FF %R Average No. of bacillus

.--x - "')( '-)(

2.1.1 INAHEERREK FHKEHE 781l 7K R X M No. of all bactoria
EXEAS AR CERE RS HEDES 9 B da (ERRB
HE), G RE— KM AR, B IR ERRE 12 MG AT o
KBS ENRERN, ERENE 1ML 2B . KEHEE
EX MM BERIEBHSEREREENBRE L, R H 3 5T
M ER . < 7r
B1MBE Ms AFAZE6 ATH. EXATFEHPBERD % s | X
B2 INA B Y 8.5 LOCFU /g A AR 0~3.3 5 | XXl
X 10°CFU/g BB ISR 5% (B 1). WiE INA 405 M % / o ®
LA BB HZ RN, ; 4*...6 AN
EOoME MN7TALHZE7TTH.EXLATFHRYEHED, & 3cpf
T3 INA QB E K 2.85 X 10°CFU /g, W 3 1B B 34 3. 3 X 10° =, L
~7.9X 10°CFU/g, W HRHEH M E A 33. 3% (LE 1 Az L
2)., WE INA BB EH EABE, SEAKE P S K>

FRIE.

FI3IBB M8HLAZEIHPA, EXKAL T HEE MR

o i i I L

I I [ 1 ] ] |

05-10~20 06-01~10 06-20~30 07-20~30 G8-01~10 08-20~30 09-10~20

B, ¥ INA AHEHE X 2. 3X10CFU /g, ENEE R 1. 7X

106~7.7X10’CFU/g,#
2). HiE INA G5 R K
2.1.2 INA 408 75 %5 bk 3
BEREXLE A5 ATAEC
RBOME, BRI RE — KM

TR AR BN 85 4 (LA 1 F
R ZAERBE.

X EMERKRSE BEEHKAE
SR A SHEDEZ I AP (EX
EWEE BIREERXE 2IMES NHEHBTKZAETENRERN. NE25REW, IKEH

Tong)

HEEXREHNBBERISEA . SEXREREAFTHEA R, BN 3 T E.

1 KZ4EEABMEEX LR EREWLERCKE, 9H 10 X%
Table 1 The population of INA bacteria on corns of different seedtime (Datong, Sep. 10th sampling)

05-20~30 06-10~-20 07-01~10 07-20~-30 08-10~20 09-01~10 09-20-~30

K HEBT ] The time of sampling

K1 KEABEEEKEHEKIISAROIR(KRRE)
I 7 Fig.1 The eat and flow of INA bacteria on corns(samples from Da

ERETR(A/H)
Seedtime (Month/day)

BEB(CFU/®

No. of all bacteria

¥ INA HEZR (CFU/g)
Average No. of INA bacteria

FHFRTERRCFU/
Average No. of Bacillus

B A& Bh (7/10)
Jul 10t

FHARE R (5/23)
May 23

EHFHRL/23)
Apr 23

3. 4X 107
2.2X107

7. 0 X107

5.0X 104

7. 9X10°

1.9X 107

7. 9 X 10°

4, 2X10°

1. 0X 104

EIME MNSATHZ6 ATA,EXLETHHERTH(ERA
0‘CFU /g, FHE IR LB ER A 6. 25% (I
AU ELBB R 2.1 X10°CFU /g Rz B WM Bt . X B

g » I 31 1 BE A

) e DG

6 H K A4 & 2

SHREBLE. R EE INA M, 8E 2 458407, LR ERXFFE 10~10°CFU/g §) |

F2ME MT7TH
10°CFU /g, B ah i@ B4 2. 3X10°~1.3X 10°CFU /g,

A E 7 MR, EKAE T HRCT Em M ONE IR B A4
R B RO 30. 60 (AL 2 Mz 2) . JLIA] INA IR EZ#1 L F

;_

NA #1H .

EREARD,

KD, EFE INA YAEEE N 5. 25 X 10°CFU/
B2 f1z 2), HE INA BEBENLRE . BZEBRL>.NE
IFERHVE.H6 A L.

HRIBFIK R ER ERRE, 8

F 5 INA HEEE N 6.9X
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B RP R
H3BrBt M8 HLAIZE9AFA, EKRLT HEEE LAY

(K FE A

=K H),
BENRN 1. 2X10'CFU/g £ 2. 4X10°CFU /g,

A 98. 3% (L

B EX .

e

W INA AR B EIL 1.2X10°CFU /g, E 3

T B AR HY B R
EXREHBERS

2FFE 2), HIE INA AE7E

HWEBAER. /D . RZREHE.

2.2

10 H
1% 3]

)

AR,

U

5 KK §

EXRFBH T KEZHAEH K S W
A WP K [E]
XKEHZEMU A 2

F9H 10 B, GEH &R ERAL T REMD, 2 5] X A
SR A, —

THE—#k, B —-EHEGT,23HBME
3H),HHAEMG H 23 ). BTG A

I“-'l

— K&K 12 R A AT UK A 5 8

ZARMNRIAEH, 23RBS LHENEEER

HAMEY, HER D
BEH2.2X107~7.0X10'CFU/g,{B 3 MBS A E KM A

— A EBR,EE 4.2 X 10°CFU /g, I 3h

FHEY INAYARBEHEZE R, BPIEFEHEMN Q. 9XT0'CFU/

g)>H
ZE RN,
Fw, ZRIBK.
2.3 HEH

ERNEL
BRL(FHiA 10~10°CFU/g)  tk IR T Z#BEHEE 2~3 M HER L EHER T

B ERXALEE, MESIWERE: —F,INAE. ananas) ME H— R LB ME BB 5~20CTHHE

)L b T E R BRI EKR B, INA g

R R (7. 9X10°CFU /g) > #& #h (5. 0 X 10*CFU /g) ,
EARBHAR . MIKZAFANREBHERTHARK

TXEXLE INA @ H KSR

Lin)

—X— R No. of all bacteria
—@— F15 INA Y B F R Average No. of INA bacteri:
—O0— FHF R % E Average No. of bacillus

10

9

log B & log(No. of bacteria)

05-20~30 06-10~20 07-01~10 07-20~30 08-10~-20 09-01~10 09-20~30

06-01~-10 06-20~30 07-10-20 08-01~10 08-20~30 09-10~-20

K AW} 6] The time of sampling

Bl 2 KEAEEXLEHEKIITHRABYER GEHRERE
HE2TEH, KEMERFEHRBEMERLEEH£8 A Fig. 2 The eat and flow of INA bacteria on corns (samples from Ji

Bt 4~5 MR K 4 INA A5
MA K, YR T

FRBME S/ E~9/9) , SBFEZEHFEKEHER 19~19. 8C, A KEA N 12~14.9C), ERIR Z K, HIE 45 5% £ (58 H ¥l
BEE4UY%~46%)  REIBEEAKEH . AAMMPEGIOAEEUICOHMRAERK . MFRFFH LA 1.2), 1 E , W
INA(E. ananas) A S HEeMAEYEFESFYTLTRBMAL, —F L E. ananas fiW A BREEEXK WA . AHFE —ERFE
UM TARA KB ERERKBERNEAGEENSEERFE AT INAAFEERKMERZK.
X2 AFRMERPERABRERKETHREYINAGRYBEFERFEHIME
Table 2 The average number of INA bacteria and the frequency of samples with INA bacteria on corns
of different growth stage in Da Tong and Ji Lin
FU i 2 (Y
o 5 KR E M RILEE A/~ A /fp LY ICRUE) R AR O
Position Growth stages Length of stages VErage o 0 requency oF sampies
| bacteria on leaves with INA bacteria
H BRI 5/ ~6/F C 10 5
the period of seedling to elongation May 11t to Jun. 30 '
PNL R YT B 2 i o 5 7/ E~1/F 2. 855 105 33.
Datong  the period of elongation to heading Jul. 1* to Jul. 31* ' 3
i R 3 22 AR S 8/ k~9/m 2 325107 85.
the pericd of heading to ripening Aug. 1% to Sep. 20t ' 4
BRI 5/~ 6/ _ RN 3
the period of seedling to elongation May 11%* to Jun. 30% ' 25
& $RY5 3 2l o A0 7/ E~1/F 6. 95105 30.
Jilin the period of elongation to heading Jul. 1% to Jul. 31*% ' 6
H i R 2 R 8/ kE~9/+ 1. 25¢ 108 98.
the pe f heading to ripening Aug. 1° to Sep. 20t ' 3
3 Wit

b, HKEHPEREA

(DFEE MR ] BB KB (Erwinia. ananas)

|y )

LK EIEBOKZAE RN, & B4R INA HE 90%

= BRI H (Erwinia herbicola) M1 T H B M E (Pseudomonas syringae. pvs) . T2 7E K [E 3 K F
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MM EX L, BBE E. ananas WHLBIE R B 95% U E FAXUEBTRXEKEAEZEN R, BRMAEREEIKR EHERHE

x3 EHREDER . BER.EHERENEREXRE.EH# (2003.04~09)
Table 3 The AHT, ALT, AT and rainfall in each phase (10 days) in Dateng, Jilin (2003. 04~09)

HFEFEEHOC) CIREh 47 CIR 2 HYEWRE (mm)  FH YR
HEKEBHEA/AD AHT of each ALT of each AT of each Raintall in Frequency of the
Growth phases 10 days 10 days 10 days 10 days days of dew
A B A B A B A B A B
~6 \Y% '
RFER(G/H~6/F)Vegetative 0 o 2509 10.57  14.57 18.55 10.83 1162 312 6 12
growth (May 11" to Jun. 30™)
BEXmERE KWL G/ E~
7/ P ) Turning to generative 29. 00 27. 14 14. 16 19.12 21. 57 23.13 25. 00 35.76 13 13
growth (Jul. 1% to Jul. 31%)
< ~ G '
ERER@/L~0/M)Generative 0 o0 51 67 12,00 1496 19.01  19.80  16.80  35.46 44 16

growth (Aug. 1% to Sep. 20*)

AHT Average highest temperature; ALT Average lowest temperature; AT Average temperature; A XA Datong;B 3 # Jilin

B 2112120 REEREN . INA(E. ananas ) I BATE RKFE EX EWBEHE KT, Sl 2 g (2. 32 X
10°'CFU/g)> IR T E Wi (2. 85X 10°CFU/g) > B ER T (8. 5X10°CFU/g) s INA(E. ananas ) IEHEE MR E XK L KA
BHKAZL, B A2 BB (1. 2X10°CFU/g) > IR Z iR (6. 9X 10°CFU /) > E#H E&R T (5. 25 X 10°CFU/
g). ZERRH,INA(E. ananas) MIETE KRB EREKR LB BERKISTUEERNERKREATHEFIMHEXGERLE 2,
Bl INA A B EBEZ P SHEBRERE RN EGRK. BUREZERBM G/ E~9/F)> BV HEWMBER/ L~7/T)
> HHEERNTHG/H~6/T), AIAAEKRBWABER KT HERELW INAE. ananas) AIRETEER LB A SHERIES
THHNEERE.

PRI E RESR AN INA EBEEL,. 5k 2.3X10°~1.2X 10°CFU /g, KR I E M & E 2~3 MK
BR HLEBERYTPEE A~ M RERAEL 2O, N —BIEEMEHO A 20~23 H),REE —2~—3CiELMMEE XK
BHEAEE GERTERE"Y. ZER I NN BARBALCEEEIRZHEFAGAMESTERAZAEBEERNERN EXEBRL
T EUETREKE.

(ORI RRTH, EXRBYAFRI INAE. ananas) IE N B ESHREZMEZE (LR 1D, 9 H 20 HRHHE INA 405H R
Bt R EEERAIRE FHEHZRBS . PHEMLETFRTHERES ROBMLETEHZERYH X INA BE S
WELLD,UEEEBEA.9X10CFU/) > P B (7. 9X 10°CFU/g) > 3 B (5. 0 X 10°CFU /g) , X & R & W, INA 411
BEABELEHEXRTEBPAARERZTNEBEDHEL.

MRERAEE . EHRLEREERLE INAAFREERZEZS  BEEFHE T HEBRULE 2 ME 1,2), XA R KE#EK
(1067. 2m) Eb F #K (200. 1m) &, EHMR RS 3B KL INA @A Z R K2 Fet, E XL F WM KE, KFQ17. 4mm) Ik
B A40. amm) D EXBHBEARAF F INAAFEKFT X, BEHE NS HPFHE I AT HE, KFEFHREN 19. 14C,F K
FHBE RN 20.93C(RE .M INAYEBHEEKMNBEEN N 20CEAF Y, Hilk, IAHFHEBEX INA AENEEHKEZL
T RKEm .
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