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Abstract ; Since 1987.the biological characteristics of INA bacteria and their relationship with frost have
been thoroughly studied in the institutes of Plant Protection and Agricultural Meteorology of CAAS under
the consecutive support of the National Natural Sciences Foundation of China. In this paper,the research
progress both in China and abroad was reviewed. From 68 species of plants in 17 provinces or cities of
China, 250 strains of INA bacteria were isolated and calssified into 17 species or pathovars of 3 bacterial
genera (Pseudomonas, Erwinia and Xanthomonas) by bacteriological determination. Of the isolated INA
bacteria, 133 strains belong to E. ananas.59 as P. synringae pvs,so these two genera cover most of the
isolated strains.which indicates E. ananas and P. syringae pvs are the predominant species of INA bacteria
in China. The species,growth and decline of INA bacteria significantly change with the latitude,climate,
weather conditions and plant species. Intensity of ice nucleation activity of INA bacteria is governed by a
variety of factors including bacterial genotype,cell concentration,culiure temperature, pH value, medium
composition and so on. Based on the formula of ice nucleation frequency presented by Lindow, we first
differentiated ice nucleation activity into 4 grades:especially strong (10° cells per ice nucleus), medium

strong (10°~10° cells per ice nucleus) and weak (<10’ cells per ice nucleus),where cells per ice nucleus
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means the bacterial cells required to produce one ice nucleus active at temperatures over —3C. This
criterion has been proved to be useful in forecasting INA-bacteria-incited frost injury to plants.
Experiments demonstrate that vacuum lIyophilization or freezing in sterile distilled water are appropriate
storage methods for INA bacteria. Under these conditions.INA bacteria could be stored in —20C for a
long term without significant decrease in the viability and activity. The field of biclogical ice nucleation has
developed rapidly in recent years,broadening from INA bacteria to INA {ungi. Up to now,3 spectes of
lichen and 8 species of Fusarium fungi have been found to be ice nucleation active,and the differences
hetween fungal ice nuclei and bacterial ones have also been thoroughly studied. Research in the molecular
biology of INA bacteria has also seen a rapild progress. Eight genes encoding bacterial ice nucleating
proteins (INPs) have been cloned and sequenced. Nucleotide sequence homology between different INA
genes ranges from 65.8% to 68.6%.82.5% to 98.4% in amino acid sequence between different INPs,
Data confirm a single INA gene determinse the ice nucleation activity of INA bacteria. Kim identified 3
kinds of INPs (155kDa, 75kDa and 50kDa) from INA bacteria of P. syringae and P. fluoresens, 2 kinds
(75kDa and 50kDa) from E. herbicola. Wolber purified one INP of 153kDa from Escherichia coli
heterologously overexpressing the INA gene of inaZ. Lindow also isolated heterologously experssed INPs
of inaW (180kDa) and iceC (150kDa). All these purified proteins showed ice nucleation activity to a certain
extent, although not so active as intact bacterrial ice nuclei. All these studies verified INPs were
indispensable but not enough for ice nucleation activity of INA bacteria, high ice nucleation activity
requiring the anticipation of lipid .sugar and polyamine.

Experiments studying frost have verified that INA bacteria are the key factors to incite and intensify
plant frost. When leaf teperatures reached — 2.5~ — 3 C,serious frost occurred in seedlings of corn,
soybean,tomato and some other plants on which INA bacteria had been sprayed, while checks of sterile
seedlings would not show any frost-injury symptoms until the temperatures dropped to — 6~ —7C. The
rules of temperature distribution and the formation and growht of ice crystals in plants are determined
when {rost incited by INA bacteria occurs. It has been found the existence of large quantities of INA
bacteria on plants can fasten injury to cell membranes,resulting in great increase in electronic conductivity.
A vast of research has indicated that with existence of ample INA bacteria.Richards logic can well describe
the relationship between frost,low temperature and INA bacteria.and a frost-forecasting model has been
established based on these studies. The relationship between the frost incited by INA bacteria and plant
species and air moisture was also reviewed in this paper.

pesticides and bio-control bacteria (genetically-modified bacteria and anatagonistic ones).which could
reduce or eradicate INA bacteria, have been proved effective in relieving frost injury to piants. In this
paper,a brief introduction about the progress in this area was also made.

Key words :ice nucleation active bacteria; gene; protein; frost mechanism; bio-control bacteria
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BAVLHEMBG B AS FENREREL ML,
1 RKBEMKEEW

BEEHRKGRESEEN TS F VK. KEHREBEUTHRRSEARS IRELRL. W
# 1t ¥ £ 4E F (Supercooling) /MMERA KT IR H B —40 CH ALK, KABREREBEHRERE MK
KB RS, BAKSFE SR KERE R KE, €40 CBMILKES K AEK S TR
MKBERNBFRKE. ZHERKEEEASEXKEESE —IOCI L RLB—8C. R¥ L —~9C, 1.
BR—10C, H 1974 5E Maki®¥ XA F B P o BB — LY EEFEDEANKE -2~ —5CHKM
REBF . GERIKZHAE BRCHAE I IR 19T ABHARAER D HPH 13 M AIHDRESH
B 547 1988 & Kieft " HREH—MHE-1.ICAFRKEFHBXANLE DRI KAMN
sh, KR 8 AR R ) 8 & (Fusarium) X KB AN AIKE KW= E K EFEAAEDKE E—2~—
SCH%BFREFKEFH .EEAFKERISHEREBRERXE . B INA AEAFFEE N THHBRE
W ATEHEHK EREERLHERE AARAR. BERMU R ERAFT OB EERT T,

|1 KRN K N
Table ¥ Species of INA bacteria and INA Fungi

¥ LA 2% Rk

Scientific name Chinese name References

Pseudomonas syringae

pv. Syringae THEHERNE T HEHRTW Maki ez af. (1974)
Vali et al. (1976)
pv. seami THMBAKES K KT #H Lindow S. E. et af. (1978)
pv. lachrymas THRAKNWE LB K TR Hriano 8. 5. et al. (1978)
pv. pist TEHERBEANNEMNIRE TR Paulin J, P. # Luisetti J, (1978)
pv. mori TEBRENEEEEY BRTMH o BF £ (1985)
pv. coronafacien THERANNEFZETRN Hirano er al. (19783
pvs THEHAKWNMAE LR FIEIE (1988)
P.marginalis BHBEME PP EE (1988)
F. fluorescens XKW E Maki(i978)
P. viridi flava WO XTER W Paulin(1978)
P. sp. 3R MR B Fh A 4E (1988)
Erwinia herbicola pus HARR XK MAEEEMS PhH & (1988)
Erwinia herbicola BERR M Lindow(1978)
E. stewartii EXREXCXIKH Weaver(1978)
E. ananas AR TEN S C1981)
E. amylovora puvs MokBRMWEET R AR TE(1988)
Xanthomonas campestris
pv. cerealis EREAERERSHRT W #h 4 7E (1988)
pv. hordei RPN CESRTMH Kim(1988)
pv. undulosa REREAENPEERTR Kim(1988)
Rhizoplaca chrysoleuca 41 W W b 2 Kift(1989)
Lecanora dispersa W 57 w4 Kieft(1989)
Pertusaria flavican P: 2 g1 D V4 Kift(1989)
Fusarium acuminatum ALt FaN Pouleur(1992)
Fusarium avenaceum MW Pouleur(1992)
Fusarium monili forme BEASN Tsumuki{199()
Fusarium tricinctum =t;2 YN Tsumuki{1990)
Fusarium oxysporum LIRETIN Richard(1992)
Fusarium graminearum XEWT N FhARTE(1998)
Fusarium sportrichioides HERE N PR TE (1998)
F. monili forme var. subglutinans BN TIW Subglutinans B 4 Tsumuki{1990)

2 AN EWEWNE

2.1 RE INAHEREERS R
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R RR RS R TR (R AR ERR .8 1986~1903 FE A RERTMEIH,
FERFEEEURM 17A4Y 0 X0 68 frl L, 2B 250 4k INA Fl X HAT THARPE . E=
e REHRAAEBELNELSENERENE RERBEHF 3 1M (Pseudomanas, Erwinia,
Xanthomonas)17 i B is B fh INA . 7F 250 Bk INA F P E. ananas 7 133 ¥, 4 53. 206, Ps.
syringae. pvs. B 59 B &5 23. 64 .FHEIXY 76. 8% . HERBEXH INA @ #HE . W Xanthmonas B INA 28
HH AR S AHELFEABRROAARES L. HAKERUTEEHLARBELR.

X2 BEERNHRIEA INAGESPEANERI G ZHHESGE SBEEH HPBRXOAFRFZTHE
HMHAHBER, NEREHZHE.TANIERHBE, TELAH R E. ananasINA . 5 800014 b H R
Jb. B AL LR R, FEAH Ps. syringae. pus, i 52% IR E. ananas. &y 40%;: [/ —fp Y L a]
FET7EE LA INA W ERADHERR INA AEFLERERBRBLERFR K . MEKB. AR .EX.&F
KXY L ITELHE E ananas; EOE BN E ETEN R E Ps.syringae. pus, S HE TN T
ERRREE ENRS S INAGE, INAAHEADER ELNERERELX. ZRERK. AL .8
BAPDERELR, SSEBEHE 10~25C. AL EFAX . NEE.ABERREVH, K INA i HA
WEG KRAHR Y EHSEBERT0C A TERBEEENH INA AR HHRRBS . BEZRELUR
B,

2.2 W INA AR KEHERRIEY

INA R KIS SR REAN AERE B pHE BREA2EELREZSERANEGR.

(DEBEE SEREEAESX100~5x10%cell/ml BEE—2~—7CHEBEA. XBE— 8, ¥
R KIS E e BB BRIE R,

()AWF BEINAHAEMHBREEER 20C. B2 25CHRAAKENAB TR . AR FTREBEER
K. EEE20CHFEFHINAREMNEEXNER . BRF O-1CHMREBRG T LRABPNRIRE
SBERBRHHRAKFENE ER 20d EHABEEHNABE HR EVCHEF U ERERLEERKE
R

(HpH{E KEABERM pHERB KN 5.0~9.0, BB KR 7.0, {8 pH2~ 4 BIRRYE M W pH10 A3
PR AL BEIR INA ZHM KI5,

(AEFERAS WKBEHAETH A EMHREANRR. HErERMENH D AR G R KBS, i
B H M R M AEIE B INA SR R K 154 . 1 LB 5532 B33 K E AR B T4 B 1 o Bk
R INA W T KBS, TrkE — 20 CREMIR KR IETE . — MW IF INA HH Y A KB HFHRE AR
BB,

GYREER INAMNMAKEHDRE -MAKER . EXESRE F. 657, 0K E . A28,
SDS. HOM MY HBEERSEANRER RN R RS8R RN KERKINAAF.AHA
—~EERKEANRKENE, HFRER. EHRFEBHRE—F INA Bl 23X ERN RENZERN
BEEELEREEHSSHREFRE TR EASETEEERAAY LKEEHE.

2.3 INA B KBEHESRR 5 RHpFEN

HEEWNRERE IONE. T HKRER 42 FHB LK 100 Bk INA 48, R Vali KRS, 78 MR %
ERBEEESHAGT HHAZEHEHTEREHNE &REWH, ARIFASH INA 4008 5 05 2 8] K
BEENEHERELR. BT Lindow SARBAXKERLN, BXRU-3CTARN INA 455509 862K K
REE WP — AN RKEFRBREEENTRRE 100 5 INA HAOKEESEMNZ 4 TR R
(10° DB/ KD o o 7% 8 C10°~ 10 M/ XKD 17% P (10°~10° MEARE /oK) . i 642659
(0 U EP s/ k), 5 12%., HLEW RE INA AR SEKEBEENTEMB. X —RES
VY E INAFERNKEEHRSRE IHAMBAREBENE R MA — S AN,

MERHIAMANT N AR INARE. BT SMRFITEN I HBREALE NEERER . AHERT
A INA N NAKBERATEEAAAARREAERRFRESR TXKEREYHBX., UREYE
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HTRMKE KBS HE. T 20 CREN INA BHENFEDMKEFBFEAERE N EHT - RKEZEHE
< B R T
2.4 KEAHSKERENER LK

WMEKERMPIR CHKEEN R BB KA. 5 M 1992 4 Bouler H ARBKE A LR, HAY
EAKBEEEFE 4RI AMHLE D B3IMABKERF . HE PP RMBAEAR (Fusarium) , R EHE
EHR AR RERIR . BREBEIR. XM EALOEARIE LS AEFTHKELEHE,
FIFFA RS LA 7E 40~50C 43 10 min G A B IKEENE, MAKKEE ST 25 CRE#H
THRGEHE.MEZCLAE 2min KT EHEREE; AN KZ TR, &£ pH2~11 BREAXKEEERE, M4
MAKEEpHI~OEBNRE KN IKE L AR IKEI R K5 MEF A L% R KE A A
KEXNEOBERER RAREREEEYESRERRA AR AKEFREREIATERAE ML SH-F,
MAKKERE. KERANNXEETAEEE L. 5B ANIMEHE. AN KB BB H KB 40 8§ 0K 8
EHRE . FRAFENANR.

KEHRSHDAKEXEAEMTRA BNCHFEF M AKBEHERERTIE . HYE — €8T
ERUEFER FIERE=-ILHMEBLARED HE RHAKAZERZLE™E. XS KBKEZAEN
FEHEXAMBRAMBETHREFRE. X - FAEHEARANR A TFTBREL . HAHEHPHAEEE L.
2.5 KeHda FEDERR

(DKM K EE 1983 4 Orser M E. herbicola TN TH — MK EE iccE 255, B84
FTAYEXRCENKEARTZRT 7 T KEARAAZRTHIFAEZD . N A AKBRIEENF
FERAKEAERNRRAAFREEN 65.8%~68. 6%  KEAMREMMLUEL 82.5%~98.4% . E L2V
THREFHYHRANSHERRER, ZERBZAEMS INA AEXKBEEEER KEERME FRHEAR
FRIAA SR ER A BRE . ST EEARXERTH 4 ARENFAN,BHEE2RF;
GCCGGTTATGGCAGCACTGACC, MiEMAH XL XA T AR TE RN /AK AGYGSTLT #X i KA
TERHER DNA 5.,

x2 SXNENXEZEER

Table 2 ina genes that have been sequenced

X H Gene W Bk Strain X 7 Size(Kb) 4+ W Isolation M I¥ Sequencing
iceE Erwinia herbicola M1 4.9 Orser et al. (1883) Warren and Corotto(1989)
inaA E. ananasIN-10 4.3 Arai et al. (1989} Abe et al. (1989)
inaU E. uredovora KUIN-3 3.4 Michigami ef al. (1994) Michigami et af. (1994)
inal Pseudomonas syringae 5203 4.4 Orser et al. (1985) (GGreen and Warren (1985)
inaV D. Pridmore, pers. comm.
inaW P. fluorescens MS1650 7.5 Corotto et al. (1986) Warren et al. (1586)
inaX X anthomonas campestris

pv. transiucens X565 5.3 Zhao and Orser(1590) Zhao and (rser(1990)
fceA E. ananasl10 4. 0 Tang et al. (2001) Tang et al. (2001)

ARIKEHREKEASHR T 5B T inaY . inaW.iccE.inaX MK BEASBIPREIRK (5 E8EK
FHIR 81 %) N- KR C-EMEXBAHNE 5% A% . FREFEHRAES. 16 MBS M HEKAEY . X —
FREMNET TR K> FHIIRKREEMEZEKBEERARE. XES N-R W08 LK.
aRE RIS A LR, T C- R WS WAt A, 4 inal BAFEREAF R N-RERBB LSS T XK
BOKBEHEN—2~—5C) kG, BHRMAIFEEHREN I Y RKBEQKERR —5~—-7C.— 7~
—9C) PR EHEEHNBARE TR KBREAREEE AR ERF S AXRAUKMET WAL, X
MK AN EEZU LR BT S EERARANNAT S ERKEEL EHKEENEXR
R KB KENERERRM I ZEREC-HEINSEREMNEDNKBENTELEL, THELERK
B, B ORI P 5 4 # 4 R 2K S B AR Cice template) B C.N Bi 5 R M TEHXBA SHWEAR R
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BEPNHEFEEEH. hREVHEERAYEPARARE R [ Erwing. ananas 110 KA KR
B.erZ 5EEN iceA,7E GenBank FHIEF X5 H AF387802t%1,

EFREHRMAESASMBHNES L. WARARKEAEAY R UM RIS IKETE TSN
B.A¥YENFEREAMTERERS.

(ORBEHEWKER? HA—S85FARMNAXAECEKEANEIIEKZEEHEER FILE
MAZENEH AR - MHEOF. Kim BXRNAKBEHERSMNER S8 LB R KkEEtEkES(—5.5
~—T7.5C), M P. sysingae F P. fluorescens PR EH 3 FKE A (155kDa, 75kDa 1 50kDa), M E.
herbicola BB B # K FE B (75kDa 1 50kDa) ; Wolber PR NI B EB KB ERB (ndZ)W) KBTE Y 4
B A 4L Bk T B (153kDa ) ;Lindow LM BRI F A E. coli 4y Bai{k #] inaW K& 1 (180kDa) #l iceC K
E 1 (150kDa) , X B R IEHKE S RKEAE KK IFEYRAZL . it Turmer & 3L 55K 8 B b
BRI A, %) SR KSR AIERR (R EE . W R BR R B RE 08 1O 40 B A R KB TR
PERICIEN K AN KBRS REAN X BAOIEZ S5EEKEDERNE N . Kawahara i
| R A B FIBE B L M o B KB Erwinia uedovoraKUIN-3 ¥ — BB SF ok B3 8 I
MEHAD R B AT% ML IK . MBE10% . B 12%. ZEREH . KEARKEEEDREEAN
By ERAZEEYROERLTFERE WML - BEAPDHEEZS5,

3 AR REAYRAENE

FPRRMEHERFMSLFSEFRTKEHEE SHEYME X RIF . IEH 7OZ 48 5§ 889 % 2 AT
EHOBRSG . HERAAEKRNT .

3.1 INAHERAREYRGEHEERER

REPDEERMKERMBEB K RESL KT EE M5 KK L2 F42RERBIKELLT HFEKE.
RAATHEERANARBEBAFTE . UEX . AS. BN . ELANXSEFHYHAE. SRRV . WK
INA KM HBE—2.5~—3CRRECERF MARXERMNE —6~—7TCHAEERE . NEH
E3I~4C.ERAKEARTEMKEBRERADENTIAHSKERSHRE FEKBFE.ESIEW T INA
HNRERANEREDBENEZERER.

3.2 INA AR RERE S AR

Bl —fEw. . Fl—8. LEE —4SBHOAREE. XEKEHNREAER -H. HRE—TRAE. X
PHRENARBESEAERENRERAFRRN EEEMEEN A INA AWM EEE LR INA M
EREA K. FRESRER®, &S 5SS R IR A0 A, #UR IR 4 A6 il 28 88 W 3 IiE 2% 41 76 T 2 %
MEEN G RUBWEEFELFRHEHNBERSIEL.

3.3 INAIMSKBEFEYEAKREAR Y

WATANREMEKREETEANER SREH . EHEKEINAARI A EFELRKNTBMAY
ERAEGK BBEXKBEEENRLTFEAHNRENE T MER. KEF VIBERRE (THOMREKMNYE X, H
E2EEXE.

3.4 INAIESEYREGEHLE S

HINA GEHK.EREMRS —2~—3CHERAERGS AYRMERG HESEIBN R . EEE
B 10min AHETERFEME. SRGENBBK GHER™E, HETSHRIC., ML INA 405 o8 bk R
FABHRE AR RARMEBEERETZH N X HEBEREMEII -6 CHEBETREITELEIE. A H
HASHEKPARKEERK. AMETE AR INA IR HEKAERGEPZERRERB N HRERE
I PR B ] R R, OH R OR B B R &S R B ] 3 K B A R R A R &

3.5 WM& RBMKEZERAERXRES

X ARMARKEMFEHEN SHYEE X INA AEGFEEN, A28 ¥ % (Logistic) F iR
BEHABRESHEBHXRBSERRN:WAE INA AW SEREINAAEEERN HSFEK. 5%
# (Richards) T @R F MR E AR INA SN T MK REAN INA GNZ=KBHWHREXRK . ME
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MBI b RS T BRI R R R R S A Bk RIE M B
3.6 INANIERERSHERREXRDY

(DS5EPWER FARXVNEREPHESHERR MENBERA ¥, ER-1TBE.HAR.W
LEATHBERHNHBEHA R EMARANERICE. EAINANEFENRAGT NEBRES
K. RREY M BEIZ KRN BER—EN. BT F W BEED XXEDHARR - BERELK. A
PHERERK . MEEENTES FAEKIER NHE. XA AMARES: P ERBEED X
KUEWIE—2.4~3. 5 CRHER HANRESR SYRERS LA - EZ2WEHN 2ROREKITRESE
K. MEXR.ZH BEES . HAGEY - IXEDHAANEEEKEHYEBENEREN. REART -
6C HMBEETHREAK WHE OXNAXEEEY KR INA AR MEEYRENELSBHELS
MR SREMEY L BHIEASREGSK.

MOEBFEHLE RRBREREW.YMHHEINA AHEEN ERAKUNBEXABRKNKFET .
MEBERE.
4 FHRMEBWHME R ®

REPHEEESFABA Mk BEFEE 77 F k', GEBEE EXEMKRBEA 7LEX.B
BEHEERVEFELAGMBRNEE., AROFRITEA AYABARGFREFNZERYRAMKERE X
AN EEAERE YKL INA AHERE VX 3N EEEEN, . KEARERRAMERDBR
HMEEEE. B RELCE. DBMER HEBR INA BHBEREDBAEF RN BTN E
EHRMRS EEMEFRT ACEBEN.
4.1 ZABIW

BB 0% e B ER INA M AZEN ERAEA R K INA AN AR KEARKFEHEHThEE, b BERE
B B3R . Lindow B AR X GOOX 10O FMAKEGH (L. 25g/LIBBREXKE B LI INA 418, 4 —4.5
~—5CREBEH ERABEMBABERAAT 1.5~3F. AFTHEOFEEM[BE _HFRE
(OBDA) . REA B INA M KB EHRGE. CRATRAWEN. XEAH-XRIBLAEFRREESY
(CRYOTED) M i vt i . 7 B AR, B AL INA 40 RO MR MMk . (EA M 102 B R,
WA AK INA AN X EBRIFKEEHENAER 8. ZALREGAURENE AP ERBILARN 1
ERNBEX LEFHMBMEN ATHHEXRGAHRA SBHERERN 3.5~ 3. 7CH, AAMA 1 5
HEX1EHBMESVRESOUM1IY . YMHKBER—5 Co . FIFE R BB K 49% . X P FZH
ATFHHAXNENBHLERENR. AGNRRE - REERR XRTEAHL —HRHFARE,
MAEAKKEAR LEERABEABEHE. REBEKE . XEXFNFRA RS AXKRREBEAAHARURM
RENE N
4.2 HBiHENM

MERRMMELrNESHEEDh. R INASEAEER . BREPFE DR MARRFERR
BB AT T AT AR AN AAYEL UM ER SR X INA R, ZB B BHRESN
BH&.
4.2.1 HBEHPE Lindow BAMNEXR L BB — b M232A H ¥ B (Erwinia herbicola), Al 8 X
10°CFU/ml (i B X EREAA INA G EAN =M EXS. FRAALBEE —4.5~—5CK
BEATME SRLEBHEWEARMEAM 30.75. XA M232A 4H .om kEMEHBEX . HAER
R —1.5~—2 5 CHBER..SRELBMERE N 0.83, W BEHERL 2.09. 5K+ B¥. Lindow FA
B E AS10 f1 ASO6 54 JH TR BN ERE, SSBRN —3CREBH MG WK E 5 5 B K
83% M 64% . PELKBMEF, XD 83 #%3 INA IEARHAERANER . 23 ATBEANEHRK
B APEE A EE. BT HRMBEAELRES - ERR TEBHRBAERMK1.5~2.0C; AF
FEkH T RNASOS R4 31 MM Epidisk . MAFMN. A . EME LR BEBRFHFE.LLEAN
HERR, ATHBERENRE YE—3~—6CREMBENR,BFUE 36 % ~5000;: B W EXRREMM
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%LU -5 CRAEBEGABEGE 13%~31% . 4 MR RNASOS HUEBY 31 WM. W RAE TR ZEREE I
ME ESHER SRR THEGAMEREBEARL TN ATRSTHRBOR . FRUAHAMR, RS,
B. H.Cho % ARl Candida sp RYRE S TR B FER IR A 4K b INA 40 06 0 XK B T8 1

4.2.2 RXETHEAGE MEBEIEANR REEEAHNAR . EXES . EHEHIMAB R,
I ERFEEN INA AW . PRAEUEARATE G INA HEAXKZEEEEBRIER X AMEKB L
KEENHTRERTER . XEBREKBEEESEN . ERFFE INA AFNIEREDERE R THR
INA MR RHAYRE. XMHFE. EANARRARMEHIIARRIER R,

1985 4. 2 E AGS N &, RABE THE I, HiFic % (marker exchange ) AR . R B RE E INA

HEP.SHMP.F)MT DNA BAME KB THAREESRERFRERNTHREN . SREN-3CH,THE
BEWMHEBEM 60% . 1987 4E Lindow A INA i (P. )R KEBEEF UM 306 ~50% . BIEHER
EEAEER QELTHERATEARE TEMNINA.p.s. ), 1084 EHMARRKBE R LW AEY - INA 6
HERLEBRETSMF. 233K 2.5~ 5CHARMETLAGE LHEH N BBEFREMK 80%:1988
IR AL AT B INA 4008 SO KRR 10 65 BVRMAS 2~ 4 18 . hE AP B (AR 57, R R B F i
A AR X INA 48 ISL1CP. flurescens ) BRI TT TIHE KRG S BRIKEIEHE R ETKR AP R E L
PFT-8 Bidk, RAR MMM . RAEMEAEN EAZHNAHERKREREN . HE - 3~-6CREMES
MG W EXEHBERE U ~41Y., XEFRLERRHA. RAEYEARAEEBUBBEE TR
THBESR . E—RBEERZ.HBEAHFRTAKRE,
4.2.3 MEEHE WEEARFLEYNEENIN-MAAE.CABYHEENERYERTTASER . BRE
SERMARMEGTET. B LERRNHMHAWE IR ERBREYIRRE L& INA 418 K5 . Kozlott FA
M E. herbibola (INA 1B F 5 BMAIFREEEF LREHELHEADE L SRKALE 2#4h RERER
HEE . ERECBEEEBLIEER 204 ~25%:i@THRRE . BERBT 40%~50%. SUANFES
UEHERHEBEEARE INAREXEEREHEYREA R REBHARTNEZNBBERR.
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