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BE

FRR LAYITEH R F 5’ (Dendranthemaxgrandiflora‘Jinba’) ik
M, SRR T HRERAEF M. FEFEERY. REHMETHL
BHSBRAREREMRBIZNL. EFMEEREHZKE] 40~50 cm £
EFREKOEESHNEEERRLE (BYE 16h) AKHBLHE (B
16/ 8 h), IRBILFMLH AR AN AR T XFHF &4 TH UWL &
ERENRBEHZ. FTFRERLTRER 8~10 cm MIEME S HISITHIE
7K NAA 1 NAA+CaCl, &0, IR T X =F B E LRI E TR UWL
BABAMRBIZN. REFEE LR BB EEN A EEERLE
(22°C/18°C, PFD 450 pmol'm?s™), W{&i#&35% (16°C/12°C, PFD 100
pmol'm?-s!) FEFIKEFF N (12°C/8°C, PFD 60 pmol'm™s™) FALEE 11
d, MEXMEEFH UWL REBEURBHEL. TEARLERUT:
1. BeFSEmNE (D SkMeH (D M, UWLRESM
119.31%, MEIREZRIRE 102.42%, ATP BN 148.61%, T PEREHY
1N 95.53%, ATEHEAREMN 32.52%, RSELSESA MU D,
MEREMUE V) RIEEREY (V), UWL BE. HREEHN ATP
HSEZRH TR TTEEEE IV N VHATRERREX, FEEXREKE;
THRHEEARE D, AN IVEREREKE, £ VHTREER

5 (B R BN 14.00%:; Tk & 4 16 H KA K B BA B A5 75 UWL

BRIE. MPIREE LK ATP. AN REEA RS BFERELRET
g, ERFeFS s UWL SrpioE 2RaEE B F A%,

2. FEAEFEMUES (D 5RAWHE (D A, BUBRLR
ERE119.31%, RAFBENKRNBE S IR H33.41%F41.32%, DNAF
RNAZ 845118 062.21%M32.12%, ZEBEMMCE (D, MEREEN
B av) M (V), BMBRENRABENDNAS EZH T
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BE; BERENRNAS EENDASEHE M, ZEEIVHMVATR, mk
H B E p 3 BT K6, RAEFBHER I8 E UL XDNAFRNA
HSETWEERD, BEARBRRENRES, RUBREFMLAHAE
MR HAKFRE, F5ERABETERX.

3. FIEIEESL BT R, SOD. POD. CAT B2 L LA
BT RS, HEEFMUENS AD SK5EH (D Bk, BEH
EFEHELAT 58.00%. HLRY, BHERFELFSLE UWL
KL REZ —, SFHREE RGBT LB AT E R R )
B UWL B4, XM ERBAEEFMCFN F UWL KE 58
SRR FERENRENREBELTLETMEX,

4, UWL 576 MBEAY HRMEERL, MBREEM F UWL A
RIS 0d FE 15 d EABIAFENEE, BOLKRLMRES UWL
PR BURIFER, SEMXEST, KM UWL EEFEMX,
BitE UWL EBERAMX. ZFLEHN UWL FMRAET, £id NAA
M CaCL ERAEHMERR, HRRLZT NAA LB, BERME. X
B UWL RNk 88 R AT iR AER B 5.

5. UWL B Mg it R E F2 B 3 K i, IR FRIE S5 a2
B UWL EEHRKEFHLEEN K. RIKEFLELEMF SOD FHitEmM
8 1~11 d FFEFLE EF, Tl FKE F5 6L EE SOD FEHERHH(1~5d)
EF, BE (5~11 &) TR, BEEREIEEMETERE RN nFeT (6§ T
K, WAEHEFHIEH F 5 POD EHiERE, EERTELESME, ’
Z# (MDA) RERE, FLEFFICLE IRIKE TSI X E R
FWEHNEE., XiLBEAK MDA 5 UWL BREMAERME,

KR Fik; UWL; e 1714 RESE: £BAN
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Studies on Ultraweak Luninescence and Physiological and
Biochemical Metabolism of Chrysanthemum

Lin Guiyu
Directed by Zheng Chengshu
ABSTRACT

In order to iHVestigate the physiological and biochemical metabolism of
chrysanthemum during the stage of floral differentiation, of rooting of cutting and of the
the stress of low temperature and poor light, we used Dendranthema grandiflorium
(Ramat.) Kitam. ‘Jinba’ as materials.In the rooting of cutting experiment, the shoots
were about 8~10 c¢m long,and they were treated respectively with distilled water, NAA
and NAA-+CaCl,, we studied ultraweak luninescence and physiological and biochemical
and metabolism during the process of rooting of cutting.In the floral differentiaton
experiment, When the length of plants were about 40~50 cm, we treated plants
respectively with short-day (daylight 8 h/night 16 h)and long-day(daylight 16 h/night 8 h),
then we studied ultraweak luninescence and physiological and biochemical metabolism
during the five stages of floral differentiation. In the stess of low temperature and poor
light experiment, When the length of plants were about 40~50 cm, they were treated with
the normal temperature and light (22°C/18°C, PFD 450 pmol'm™s™), the
combination of lower temperature and poor light (16 C/12 °C, PFD 100 pmol-m?s™),
critical temperature and poor light (12 'C/8 'C, PFD 60 pmol-m™s™) stress for 11 days,
then we studied ultraweak luninescence and physiological and biochemical metabolism in
the 11days. The results showed as follows: l
1.The UWL intensity of the leaves of chrysanthemum increased 119.31%, respiration rate
increased by 102.42%,content of ATP, soluble sugar and soluble protein of the leaves of
chrysanthemum increased by 148.61%, 95.53%, 32.52% respectively at initial stage of
floral bud differentiation (II) compared with those of vegetative stage of apical bud (I),
and then UWL intensity, respiration rate and content of ATP reduced slowly respectively
at stage of involucre primordial differentiation (1II), stage of floral primordial

differentiation (IV) and stage of crown form (V). Content of soluble sugar decreased
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mostly at stage IV and stage V, and the levels neared to those of controls. Content of
soluble protein maintained higher levels at stage II, stage IIl, and stage IV, decreased
mostly at stage V, but it still increased by 14.00% compared with those of controls. But all
of UWL intensity, respiration rate, and content of ATP, soluble sugar and soluble protein
maintained stable status in all stages of controls of non-short day treatments.This
suggested that the UWL has close relation to respiration and energy metabolism of leaves
during differentiation of chrysanthemum.

2.The intensity of ultraweak luminescence, fluorescence and phosphorescence, and
content of DNA and RNA of the leaves of chrysanthemum were increased by 119.31%,
33.41%, 41.32%, 62.21% and 32.12% respectively at initial stage of floral bud
differentiation (II) compared with those of control plants, then intensity of ultraweak
luminescence, fluorescence and content of DNA reduced slowly respectively at stage of
involucre primordial differentiation (III), stage of floret primordial differentiation (IV)
and stage of crown form (V), while phosphorescence intensity and RNA content increased
continuously, and then decreased. But all of indexes of above maintained stable status
during all stages of controls of non-short day treatments.This suggested that the
bioluminescence intensity increased, and close relative to nucleic acid metabolism of
leaves during differentiation of chrysanthemum.

3.The UWL intensity, SOD, POD and CAT activity of the leaves of chrysanthemum
increased quickly at first but decreased quickly after that, finally they tend to be stable
during floral differentiation in chrysanthemum. O, prodution rate increased 58.00% at
initial stage of floral bud differentiation (II). All of these indictors were higher in short
day condition than in long day condition.moreover, they maintained stable status in long
day condition. All the results showed that reactive oxygen species were one of the reasons
of UWL prodution. All kinds of antioxidase can indirectly influenced the prodution of
UWL through regulation of reactive oxygen species. This suggested that UWL is close
relative to O, " prodution.

4.The UWL, fluorescence and phosphorescence of the leaves of chrysanthemum have a
regular variation during the process of rooting of cutting, UWL and fluorescence of
cutting slips treated by distilled water have a higher value during the 0 day and the 15
days after treatment.The regularity for chang of phosphorescence is opposite to
fluorescence.Relevance analysis indicates that fluorescence has a significant positive

correlation with UWL, phosphorescence has a significant negative correlation with

4




~

WARRN KEFEEA R

UWL.UWL and fluorescence of cutting slips treated by exogenous growth hormone is
higher than the cutting slips treated by distilled water, furthermore, the value of cutting
slips treated by NAA and CaCl, is the highest. This suggested that UWL can relect the
condition of rooting of cutting in chrysanthemum .

5.The UWL intensity will increase when stress degree increasing and time prolonging. The
SOD activity of the leaves of chrysanthemum continually increased during the stress for
days under stress of lower temperature and poor light, but SOD activity increased in the
earlier stages (1~5 d) and decreased in the later stages (5~11 d). Membrane permeabilities,
POD activity increased, while membrane lipid peroxidization pricked up, following MDA
accumulation in chrysanthemum leaves with stress degree increasing and time
prolonging.The effects of stress of lower temperature and poor light more obvious than
the stress of critical temperature and poor light.

Key Words: chrysanthemum; UWL; foral differentiation; cutting: low temperature and

poor light
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31t (Dendranthemaxgrandiflora)BRRE+XKEHK 22—, KL
FUEFZ—, LERMFNKYIEZ—, FEAY BN TH AL,
HFREEEARTRKEKR, 25%asE, Bk, TRREER. =8N
HE—EHHVUTRES#VENIT, HERFERERIRBSR.

HiEEREEERERNEE . TREERAEYERBEN—
BAREHEANEEME, BREXEAFEREFESF, FERRERE.
AN EGN—FEHEE S, REREMETEYNEEER.
BEYBEREENENE TS EZABE BRI EE Y BAR R
SRR, FIRAHE—FIRAIREMEE RN (FRTH, 1988
MEEEE, 1989).

FREEEN—FREANTHEEEFE, cAFREERERE. &
BRiELEHANE. R&EHE. EEREE. EX, A KERA.
20 L BART, HFREENATHEREYNEE L. FAHL 40 =K,
BEEATAREKENTIEIRI, AIREREENEHERE. BERER
ZREMHIN, FEHEERNMNITEEERE TERARD (ERES,
1990; #EFRE, 1996; FERILFE, 2000).

EER, MELHRKENEDRRE, FREHBEARAF TRENHA
YrE, BEZFRAFXRZ N, FEEENEARANEREBA TRERE.
PR EZE, RTFHAHBEENARLETEEPERMNAE: —£
MRARBEERIFENE AR, BXMART TS B ERMHEHE
EH. AW EFRHEENEATENTR, KRENER EERRE
BEm. EEFVEMIRE, AFREENEABHRMEERKE.

Fie (KEFNLE) RANMNEBEY, EEE3BAEES~ENE
RIS o738t S h B AT R B A 2 . It RIEF ML RIK B S AR 4
WRIZALT L BEAFIRREERKE. FHEEFSUCHEHARR
H, BEHEMSE (1990) IATHKE BEHK M RELT 6 RAAK
HBITE E N LIATR, BRI EQSTFIFRAES X 9 M ER: IAE%(1996)
WRT HA 8§ NS 10 REALHMEF L, BERSAHX9
B HFEN M EFESMOEBRRFESH T REANBESHNEE
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M, FELBARBYST 9. ERYRFRFSUNESERK
R, EREEEESRIRERETRMAFEER, BEERIKE
SHER L B B R A R R . BB (1998) R
WMEEAREMERLEF ML, BHREEATEHMEESR. b,
Kardailsky % (1999) 1 Samach % (2000) EAEMBEFMKEFTRET
W AN RIERESMARER, XEERNEAERXEERA
.

Bob, FEAFSNBEEAHESHEREUBUMARBELEE. A A
B, EEF¥ (1993) AT BER LFEMOBAEPSREWL, MIT8e
RNEFINEREFATRETHFE, RNA AERRESEHEEIANEMH
LEHA L E, T DNA FIELBRFARBEHE, BROBULFERSTHK
DETFES. AN BN EERETENBUBTHAR, ERETSEAR
SENTUNEEZKE (EEL RNA) HEXHEM., BIEEHIKEE

. B AEHEE. XEMRAZR (EELE RNA) MEARERFM

HEFEREEMEH. 5% (2007) EdHAH AT HD M A
BRI, HEMOEREFENNMBOKLEY (ATEERE. B, ©)
KERE LT TRMES, BREFFHRKUEDHEHPHES. X&
ZUHRALFES I ERESHBEKLEINS . :

BEAMABREEVEKARBHLESY, LEFAEY) BRES
AHTIEXRRER. EYELE KRS ERYEALZERANETHEEN
RBEHAA, XHBUREWFSEVNELRE, TMEREZREYEA
FIYRT BT GFRE, 1998). BEERPHEE mARMEFEM,
A BEREERPHBELAEGT, RESLCHRARGEVEKNEEZR
%, RERECHERAYNERATRMG. REMSENEERE, %
BATHHENEEERKRTE, SARLVEFHNEESERLH (FX2,
1998). Hit, HAREVAERRFTLEEPREN RTINS, ML
REZRBHEYVRYRNREHNTE, MEERERERUVAETHEMNE
X

REN_HHEZ+ERREAFLEHABKEBENZATEDOE W,
EEALKN—BREEA, EXBIARTEFELE—(REBME—FHrxX
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HMYREEAE, THEERESERERNTFRERD . EERNTIA
0, B—OEE. B0 5REF T I EYEKERERR
f9. Bk, FFEYRHEET M A TR+ NE.

1.1 % KHLE

1.1.1 BAHEXRE

KEERABLEUARZ —. TAHLKREZHHLY, REOFA
WA R SRR E R MM, AMTXA SRR E
BE T AFREIAR.

BHMOENRDBERBET, 45 MEHRNERERLRER
WS, ERS RN AT AR b2 i i BTG A KBS A B, X
FIEA R R .

M FREWREHIRE, YWRBREETF. S FHR, EFXEET
BFRREREHMENET. BFITUESRRALRMESHRS T
STARGESEERNET. RTHFIREFEINI, EEEMRS T
i BT Z AMRSH S FRENES . S FORRETEHNRE. T3
REFEFRA S BIX R R F K B F R RN EMEEER. MR
E., E, 71 E #HRXRLA=HEHRENEE, S TFHGEETRE
E=EAE+E,. EAHTFHRFSTRRES, RE-TREVEERE, 4
RAEMBES. FEHREFLTHESHNGE, WUHES. 470
B F ek 2 IR RO BRI AR SR AT Ok S FRIE SN T B Eh
H54% (8] MO BRIT AR5 VR BOE LLAR 965 LR EE BN ALk ) MBR T 2
T AR, R D e o

AFRBEBHEREREMNESKI RS, LTFHESHLF
HTERENGEETARE, RESSRANEREEN, BARENERSE
RES, IMIBNEASHBREIE (SLELD. $EENREEE
UK, GAE |G U b
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L1 BRES FRBBITE

ENRBREERAETE. S TFAREEBRELS (S) HNRKRS)
RER AL (So) BKIERTHIERS, AR, FTHFOCHEEERE,
F10%s £h. BTASRBKRTESIGEE, Bt EsRIOLELES
BIRABAE . 7 TFABRKER=ZES (T) NEKRSGERRES (Sy)
BRITET B ARST, BROABEN. SERAFARNESRRERREERE, KT
JLRIB/N, BEFEZHETNERE. ERERITEH T, SHKF4AW,
BrUABe e mTik 10°~10s, EZEJLA4,

SFRTFES, BAETEHEFN AR BLBEBRR. BRE0ETFL
FHE kAN, BREEBRET, ERTFERIFTAHRIE, INHEEL
SPRRBBES, FUNMBEERSHENEE -SE_BEHRES
%, hTFEERER, BAEFERIRERZE, BEMZRANBEEE
BT . ENWMBRESINFE, WBFARTFZNENBEERK, SeF
—ANEFEHEFARE, NTTEBRNMBFEESRAER (HAHEFT), X
MBS FRELT=ZER.
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FEHMBEFARESRAXTXFEH. AERERR—BTFHREN
A RESN ek A B B FEUR A E], BR300 T DL GER L UK
RERZREERASRESHIRE. REAXNEENRZBEASRA=EX
REK B KT .

BESI TR TR EFHEENFERERS, ETTULGEES
AL RERBEAN. BEHRBREBREERUR—MERN LIS
R, ITXMREEBEREBAREBESHABTER, BRGHES
MEERAREEHAORES . MULERNES FRECEEELTEE
EREENLERN, KERNLGFEERNSR: F—SEAETFHR
b, I RBEEAERATEESENRN, MEBOERMN; BE-S4RIF
BB, ERMRMNMERSERRN, LA RN,

HUERNEEFTHBER. FAL. KEUEER. B, FMLmsR
HBILRNEE.

1.12 hERIEEENER RN
BESIRMABRANERRS, BEBREMNMHETSH:
(1) X3 K} (Photoluminescence)

(2) BIRSEBURA (Cathodoluminescence)
(3) BB KR (Electroluminescence)
(4) $k%¥ K} (Chemiluminescence)

k% &t (Chemiluminescence) BfRfEME{LE RN R K. {LEFE
RESBPEAT RSN RN=Y, FEE=5TRERIREHIEE
71, MafRENXTF, RNELRERBIGRBREEBERESTF, BHX
o FRIEAT.

ARG R IR —MBHENEBRNEYERR, EMRABERE
WER BRI G . EREIGNEDERE TRHRRN., £Y1L
ZRNFBBEENER . EVMRERNATARNER.
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EMRGR L
IR BHE N

KFRUERN KAFEMILER

Y% % (Bioluminescence) ZEYERRBILEGE BT A G
g, EMRARUEREH —FRHRER, BEE5RABAEL, ERE
FREFZEBREAVNEA . EMRARAEDFE—SHEHL™
EREYRNAERKERE, MaRERNTRL EPRAER—IMELE
MBI EVERAR, AEFEDRIEKNBENRCED TN . B
EERBEFRMNENER, REETHSFHRE, INEBFETE
VIR BIRB MG Y FREST (Ultraweak Biophoton Emission) AR, J&
HEMLERARKR S, MEDRAMERRRUFE R EERE
MENREUZERACE ZHNHTHERANEZLER. :
1.12.1 FX AL

HEZEVMELSBRFHEMRN, BEBIHANBRBREER, TR
NAoFHEEREHRE, LTI PENERS. MEKERHARNAE
5@, AFRERRTEAZRE, KF—MRERBULE, B

R K R ERNIEPER LN FERE. FEY) RAEdH
THE RN, BT RENP=ERNERE RN FERRERTEE
F BHE—BTERABREKERIFBEEZESH ENMRIERN =45
STERAE BB RS HAT. WERNAESTEIMERE RN URELEH
BREE, ANRENARN.

ERAMBENIETERRNFBERNY K 5 M =ERRE=Y)
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P*, RE P*EBBOLFEIZIES.

K+M— Pp*

p*  _, Pthv

MafE B, (RS AEERCMEER . BEERATEN
YHE N RN BEESMUERICRMN, RNERER:

A+ B -— C*D

C* —> C+hv

B AR B, BdRMEEBFEAES C 5 CHRERRESNK
HXF.

BlEER R EMIEMERNEAEERL, MEEER —TRFERKX
REEMTREC), PRARBREXBTA—YRMAN, HidEA:

A+B  _, C*D

C*+F — F*+C

F* —» F+hv

AP CHAHRERE, PPAREZRERERNIE, {¥RAETHH
4%,

(1) ARt E WA (a4 ) R A2

RSB AR — MR E RS SN PE &, & iEE SRR AR A
BE, ANKERR, BEAERAERNNEERE. WBHEKES).
BEak, IFRE BRI EVRMER LS.

(2) ERBEBARSENLERN
£ REASYEREN R H0: B O, MR ERUZER AR

(3) BFEBULUERN

BFEAENEFZERKBEFELERRN, MEEREHENE
YR .

(4) BIEHURILERE BEFREY R (Bioluminescence).
1.122 244K %

M EW RN IRENE K KR REFKE LRt
Fal. £MRARER RIS, BIBRINLERE EREVHKR
WA ETARERERE. EMRAR—NBREENEDFEI
%, RREANEYFHERE, EIVFRNRESVEFHEYRE, £F

12




URRI R F B AR

VAREAENRFEETSH.

EWMEINELRKABEZ LA ATKE, PRENRE—RENES
RREEFLMAAEARER.

YR REBREMGE R R . Lee BEY R LRI I EL
RE, §—MEYRAETUEFRPIINRN, AAEENKERE
RAEEFH—AIRN. FRRET ERTBENLER, LH, R -EELE,
A BHBIEAEF.

KM I: E—LHy+A— E—LH,B+C

XM REARNFENL, R AEEKRTEE ATP;

RMI: E—LH,A+O— E—LAHOOH

X—PUmMERN, BEMNEARAX-FFEN, TATESE—S
BRI

RMII: E—LAHOOH+M__, E—LAO*+H,0+M

X—RNMRHKRERE, BABEEMLERNAEY. M 2SS —HEEAE
F, Bl BEAEYRIETH Ca®t. ¥ E — LAO*EHKRMN KL KRk

RMIV: E—LAO* —> E+LO+A

X— B R B AT .

PR AFNE R EB R ERE IR AN, HmFE
B
1.1.3 AYIHEHS RN

HRKEARAER—FTANAKMEDRAIAR. BRFFREBREHE
YWRT LT, FEKRE: EREFHEEREKTFROEFHEY; &
ZHREERENROECESR; EEM EFRANKRGEHY: EETER
et RtER, FERCEYEHE - IMHANES, BIRHEA
HEESHNBRAERN THRZEMRET L. R0, EEYFRELE
FEE A RBRARLEN R A—EDRBHMEE K.

KRR EETEE & 180~800nm, BER 10~10* % F/em?s, &
FRER 10~10°, ARATHEBREBHAZHICHEE. B
XA IER R AR SHAR BRI . MEER. &1ER. ARKS

MAFETUREKATERASHBERR. HCXHARKAEYRENE

13



BEEMBREREBENARBHTR

T KA, BIAEEMSS RN (ultraweak luninescence, UWL).

XFAERLERNE BUEAFRIRS PET AR KA RAA R
R . ngkhiis. FARUE—SAMAEERNERES, MEEER
AR EAFITHER L, BROY. 0%, FHITUEHRA.

NEVHEELEGY CLEEER. BAR. BRRAIXAFENY) 25
RS ERHITHR, BEYRERENEUBEDLERLT HAFES
1% R IR K A E RN TR B R AHEA AL ZE R R FRE E
BB EYERE, XREEEX EMEVEFHHFERG. EMATEE
MR FLFEGER, EARSTEREFYHRINELFTR, RNEE
SYIBEHEE X, EE EBHBEDLERGRE KB T EMNRE
Rk, XFEESMRMEMESIEEETIMX.

A BEMBEANEATESHIAHL 20 FR. RAMEH
Schmeinzky (1916) UIBESRHIEBESERMABEBAR TR, KREEHEY
XA RF, EiRERH—EHEEES, XMENRFEAFELENLEK,
FEEHE A RHTRYL Ludwin (1918), BEREEFTELT w X, B
YT NRK AR TRAERIRE. 1923 FREFHAREDFERK
Gurwitsch T —/ANELNER . MG EEH RNEFEBRBE /M IED
EARNFEER, MEAFEL-IMFHBFLNERE. BA—IHEK
BENEEREEREESRENEL M. I—RENARET, ¥—
LEFEREBURRMEREEE R —FERNMEKE. JLNRE, BTRER
MRESK B ERNERER, F685 —FRMKE AR RY
i, EAAENABRR — MRS, #F—PHRAKR, Z—RARERE
B FHR A4 e 2 B0 BT = AR B — PR IR A58 BB S BB . AT IEA REXT
XHMAES RRE M KERRTIE, RMER—RAERMLNEER
B ARSI TGRS, NHREE R —FA 350 nm KIESME. RIBX—
524, Gurwitsch 3RE—FERE: SRNAREBERE—FMHE , DER
SRR, TURBSRBARTITELSR, FREXHHEDD
A SR

50 EAAY], BTARBERAALREEEN AL, FRE—DH
FAEYIRBMEE R ATRE. Colli A (1954) FIREFELBEEHEN




WARRM KEBR 224783

(R IR 2 T BB AL 2 R AR NFE AR T REE
SSEEBYESEMLERCMBEMRIE. MU NE. XS, MREA
EXRKAH R FENTRAE, WRER RGNV EHEFEHUSE b
ke S, ERICIREE R 250~700 AT/ s-om?, FikiEE 400~600 nm, ,
HE(E KL 550 nm. MATERSRBAUTER: (1) BTHTRHH
HAT T RN E, ATEAFRRBIRKER R B EESGMARELAH
MR Q) XEHENBUBRNBEBYENBREN, £ 14~17
HRRHEZIRKME; (3) BUBRALS pHEXREY], & pH7.5 B A%
HEK: (4) YshEEEe, BrEELEKRMRLRE 2~3 .

60 FERLUE, HHRBRKAREFEDBHUBEARRE T THRKH
Xk, HITTRAZHEANAR. BTHEYZS, TR THEZIIVHRLL
B E5). HY. EXKEEDASFRNER L, REEVBHEE
BHRARU=ABELER: (1) B THERRERHE, EEHEES
—RFHBER, XHEMFRSHETFHRRREESGERK, ME—F
SR, BTERAERETSERPIHT, FUXHZERATESFS
BRTHEAEHER. Q) BREATFEHNEERELERN, XRNATFX
SRE5EPASNEEREEX. Q) £EUBHBRESEEEY XL
BRRE, YBEVEASKEAE. EFE. BH. X%, RSHEYN
WHSYEFAEELEEY R MRAFEMBRE. TEEYRAH
BRI K THEMBRNHRE.

70 ERUE, EEXERYSENERANERFNTENEYHER
FRABITRETF. NFHT —EBERSNEYBEMSE ZLEN
. REABAAHNREREARBEENTIERE, LURDERS, REX
sk RE  FEABGTHIRRIT R IESE: DNA BAEWBMTE XK K — MBS TR,
EYIMIBRBMB R AT AT, FRUEEYEHSZ KSR
B RE AR % BMEAROTIREANT ST REKE, EF
SHEYA. ARBEHEREFAFRRENET: SREEHAHE, MR
FFokIiEk, Rk, 40P RITLRR, BYF R R ERAE 4 4
Ik, SARSHE, HSH, KEBEFHR, ZFHR/MTRARSE
EYEME R R EE S MM AL DNA MR FEE BEMMEXXE: 7

15



BILBHUF R REBEURBNTR

HARZAHK DNA K EERS N DNA EHELSHATF, EETRKERES
BRBLMTNERL, FEARENNEDRENEHUBELEERA
BREENIR, BREVEEAGEEN MG, EYEUBRXNAE:
as RBEE, —RENLANZ/LEM N TF/sem?; Fi A 7E 200~800 m;
EHETHEMRK. b RAUZLE: GEHAE. &R, EE. IHEYN
A& Rt AMUEDAME, MEEYKRE. 44, 4R, EEL£
DNA 4 FH#EeE N RBH LT . o XHAFHESN REMEHN—KT
2, REYEREESNERFETEES HRY, REREEDENERN
B, FREY. aRSR. RUMELRTE.

80 EMRUUR, EEEZHUSHARNINEY. MEDFAE, A
FEMEHEAHA MK FRTR, EFENAA MR HAMKF. 2 FRIES
FKFFEITBHIB LD R RS RRAILE], YT RGP
REMEN, NAFEEEN . CHERIRL. EXAEE, FER
L ZW L TIK.

BRTHIBF AL EIRAN, CEEMAEL, T REXKAE UWL TR
FEMFEHEARE (ROS) MEREMEYMBELTE, FlmEHAREMLE
BEABA=4ER Oy HyOpw OH. '0,%. MRS MM RETRES
DNA FH1RKHIKEK.
1.1.3.1 A2 5455 L XHH

BT, M TEDIEHFLZR B RIHRER—NEE S ANEX
BRIEE. KEBUBEYHZERAAAZEE AL ERNEER], F 5l
REN RN EIHAT RN RAEE R RS EIEHT RN KSR
wmF:

I FBRKBISEENRNR ™ M*

1x2x3...xn S Y FE E KM (a)

I M," <——_ M;+hv(b)

M Mythv __, M*

IV My* —» yly2y3...yn Y% E R

MNERKAERE, EWBHFUERNALR EREFRZNUER
K. EEENITEPEANEESPEYR '0,*(=C=0)*BHE, —&H5




WRRWKFR LA

REBELUETFRIEBIRE XK.

BT EYMEHBUERCMBRR UTILHER.

BB BKEVLH:

EEVEANEBEMRNERES, R TFESHEAKBEERTE
BES, ATHRENEASRE, CHBREERFES. BHEEN
FEREH. B, XF. BFE, KPUATFEABRRGEEHNTREMEKE
Rk, NBHMBEMER. B TEVBENREEEEE—RFIL
ZRYEE IR, HERNTIRHNEFREFEERMESFA 107,
10°~107%, EEFEK. FHit, EVEANAFEERTEENTFIES.
RECHREMNBMBFTEILERAEK (180~800 nm) &, BEKIE
B EZE DK 1.55eV AR E—MATF. KE. PE. BR. XEZR
HEABTHEZRIBRNERTHE 2.0~2.7, 1.77-2.48, 234,
3.27~4.97 F1 1.67~2.62 eV. XM R AIBERT RHE S TEILR B Z /ML
EH— X mre.

TSNS

OFRAHA_—E (MDA) FMITE/Y) (HOOH):

QBESYR: BELEY(R=0"). AEASHTE(0,") FME (ROH).
R=0"F1 10, 1B #0251 & i B Fe LK.

EHENEIE B HEEAEMBEYUER R, EEET BHER
ERMBEFIBEANAE, REFNEREHET R UWL WrlGtE. —&H
AL S RN BRI EE 8 & 480 KJ/mol (3.028x10° MeV/mol) & BAF=4: K
%5 230 nm RIESMETF. R, B FEEARELRNZHELTIME,
ENEREHE BhE. Bk, EYEEERBEIEF AN EEER
HEH, BEESEEMLEREERK. ERLYEMEAHRATEMLF
MEIERZ M FEEERE, SRTELTIREE RN, ER3#H
ARBREREFITHE HINE, BEBRICRERN B, BIHREYE
WM/ EVZERER“RNARAR”.

EHENE RERBREIERBEDHERARS, XiRAEEEN
R EBHBEDERANERZ— (AXK%E, 1997,

BEMEER: EEVEMNBTEEET, ATFFVRETEMNE

17



BB R REREURBAR

BRESAER ATP, M4 BHE RMNMSIE UWL. XFREERFE
.
AR R IeHLH:
PLYEAE YL A B, A UWL 5F AR KRG TEERRER,
INAXFENREERBETEMERERE RN, WEHRENL. BAER
1k, H,0, FIESRR. TWENGBRHEL. IFBEMETHIENK. B
KENEE. EERNENERPRELXEHEEBMBRIETRIERLA
EE, HAEEYBENBERETSEFSAMEANENR, ENE—E&EGT
LA R A SR AL EIHA TR R Y. Bl RN R E B HEE
ERHESTRMNEHRNERX, MEKN A —FE hE, Eik, ERiE |
St BRaBE—BHESIRT, SIRF4A—FEHRE, RAkEHE
RNSERE, FrEsS, NAIFEAEZNEEHE. AEMEHR
MEMNERFEEATEENEHEE, TEHWEHESE S RERL TRARE
Bt g4y, HIBEAEE A4 UWL, ERME—KEXA:
D 3%KMRH __, R
2) HEMEL R+0, —> ROO
3) #MF B ROO+RH— ROOH+R
4) BERMNEBRBERS
R+R —_—
R+ROO —F—»P
ROO+ROO" ——
5) ARDTELFN, BEREEWES R, K=Y HE. B,
ER

P*—— P+hv

6) METHBLAMEAEE. SELER. EAR%N, WR4E
BBHE, FELFEE, ENERTEESHNRELET, BEFEH kS
BEEBRKES M. FNEFEHRET LIRS RN R ARE.

P*+AK —> P-AK*

AK* T AK+hy

7) AR EEREA RN EIF T W e EF TR EL, Tl
MEEHEER, WL iEEEk.

*
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WIR RN KRS0 247 18 3T

R RH

ROO+A+l,—/> ROOH — I[*+A (A NHELAD

L+0;, —, 1,00

“R R VHIRERKIER B S HE, BNEFELFRT RS
L RN FIRNEE, R, REAATUERREFAFEUAREEE
A, KIEEREURN. DRI AR ER LS BT ELHTR
R, BWBRNBERRACERERBRNRENBEZEXR: AYRIYX
B MM OGRS B E LB H AR LU MSIfE A BERT BR E (L BSHD
#IF Co?*s Mn®'. Hg? 1 EDTA (Z RN Z.8) SRR IMNEIBMTEE
Yk 2 R 6 AR AR B 75 18 B A0 4061 57 NaN; B B0 SE 56 2R B, NaN;
MERFZCHBUFEDULZERATETE N%OMEHER (BXESE,
1988), EMLBAEYF FRUREDE 12%NBHULER N EFRAH
LEE A RE IR RELREUSEVUER N EEREZ

“REBRAVFIEEET BHEEHENG, G BaEERSES
AANFHE, EFHEEEHESIEBEMFTEILERE. £MHTE
O, FETERT, BBIEAMER 0. ELERENBNIERATZERENLAZ
R, RNER H0,. ELHNETHEKNFESHE, BEML™E 0
FEAREEEKN, FEE5FREMAE, NTEHRAMFEEERER
FFiEE.

RTFREAEAHIHEE, Valadimirov B HIEER NG, A
ERETRE=EMTEUYRERE; ERE—RIARERERA R
R REMFENTELERERE S ERRNZESTEUYBBATH.
— AR ERM R ETTE B RRARYK BRIEH 75%. HEEH
A TR~ EMIEFRELERE. EREANZRL. SEAYEE
et Rk, THZ2SEURBEXHTLIR=ENBHNESE, HE
YR KT Tk

win, LR R HLUEIFAGExT UWL BET RS TR R, .
XHAEYIBHEE ROCRIFELH BN S F I HEdIRNERA . EBED
P& 7 40 i 8] ) 8 TR X 48 DA KR JE IR R 6 A T8 AN 5 45 T 8 A X et 4% T2 Rl R
BEHTEERE.
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FEERBREREREURBOTR

DNA & X:

USR5 E (Popp %, 1984; Wi, 1989) 1Ak, DNA ELUF—4
RREERBROCTEER?, BRRNEREGE—EER, BHTIE
ELEPEICE MM . DNA THREREYB R — M EEEERATENRE
(Rattemeyer %, 1981). LAARRKIKERBRILZE (EB) 5% DNA
MEBAE HE AR IR HEEE AERT, AEYIH) UWL 38/ &b DNA MR KSR MK
E. BRARMEFIREEE D X DNA M4 RKPH 535 UWL K
SIRAMXN, TEAEARARMEIFACUEAMAER, FRTS
DNA. RNA &8 x4 RdBHr=%E UWL BT aett (BREF,
1988). EHMiEEA, DNA #1 RNA 2 FHIE&R KL RER—A =% UWL
BB, Fit7ERSMEI DNA 5 FH, HEERBIXMHFHN.

gz FETiR, ERRICHEIER R R E S EMES REIER, XMEF
(1997) ¥ B FALE MBS 5Y FA AR B ETFREHRTEY
RFHERRFHEE, MREEASVHNE—EHTTHRNETT.
BEEEGE—ANEREEANESRR, SHEYHEAAFEEFFMERN
gEH, B UWL REREVMAZSYESHEN—A, EREEEYNEFTE
RS EE/RMERIBAXEK, S8FERENEYEGER, FENGER
g7, BRIAMINERNREEE —EMNRRYE, IR EEERNELRT
EHITHRERAR R
1.132 ¥R mBLAGAE

UWL 5K REKESEE X, EREYEKSRBEREHE
£ (ER. EH. W% KEEmH UWL FEERERLRE,
AU AT LA A EMAA4E.

YEEEYEREEFS, EXEY UWLHERNEERSHAR
WEESBEF XN —ERE, A, BE. 0% EKEEEEE UWL
RIXEAAY. LHEYE N, PR SFE UWL EH REFEK (Abeles,
1986). 7E 3%H O, FHJ UWL R A B KER) —3 (Yafarova F Veselovskii,
1969). % O, BIWRBEM 0% EF 3] 20%0EF, KEREH UWL BELEM
(Veselovskii %2, 1963). EFHRERNEEHAANLRFHIERTRE
HEGEN, FRfRsdsykrt GEAKSE, 2001). HYERIK




WRRKE AR

T M. BERVERGESENGEN, LB UWL AR (HRHES,
2002; Sk, 1992, MBik%: 1999, Chenetal, 2003a; Patricketal, 1998).
AREILUBAROTEFESET UWL ®FH (Salin A Bridges,
1983). BEEHEAKHEHESERANEETENRADNRNEE,
HEFIEESEEMENLEBEATREAEEENER, BRn®HEN
KBS HEAEBEWNSE, T UWL SHEE KB E — R
gzt %% (Abeles, 1986).

HEREHRRS, MEWLF. RENEF. £EBREFUKFERRE
BE D S4FEYR, ENHEZINZEidANEAER UL ERE
R, BTUAXT UWL REARBEENEZW (BHHR%E, 1997; Maccarrone
&, 2000; Michel, 2003). AREHERE (1996) XK, ¥HEHKE 6 h
72 h B/PNERERENRA, 2HMAEE 1% KMnO, %, A& UWL
EHAHEREKFEEHR 6 hEFHRMEN 1L, FER25F AR
FHFTFEEYFRAHRAFAREZERNER. FRABHAEFH NaN;
S K 4R B UWL Bk 72% K30, BB SRR E & D S RAE
By, SSFEYVAREIE UWL A E (EXES, 1988). s,
AEMEBETHEY UWL tERFREENEW, I CUdENSFHE
Yyt UWL FF%, 71 Hg? ol UWL 340, F 0.2 mol/L #) Co(NOs), %
L EHEYIR TR A UWL ZRRE(K (Abeles %, 1986).

HEREBRUEEEN, BREYHE UWLHERETRE, WS,
pH. 5. XRA. BEURKEWES (TEFE, 1988; IWMAESF,
2000; Evaand Humio , 1991). {XE&$%fE UWL 31N 40%, &Hi UWL
Bk (ZEAKEHEFH, 1995). KERRTE pH=9.2 KIFFEFHEIFRAH
UWL tb7E pH=7.3 M EFEKNER, MREKN pHERFERZRAS
RASEH UWL X E B K (Grabiecetal, 1968). FfFE BB AE KX
SRFEFERSENS (BEXRS5EEMR, 1989). AR UWL
BEEW, EFKBHEN UWLEBXTERRE, HIKELK, BXE

- 3 (MO, 1998a; TMA%, 1998b). BEYIK UWL B2dE&H

B (UXZR, 2001; RICEE, 2002), Hin, PR RS> H

JIN 1% NaCl #120% PEG F (#%4F-5.96 bar) Bf, RABERD TR
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BLBME R EBEMRBHTR

(ARFGER], 1996). IAA NATHED KGR RKM UWL, RMEZGE
", B IAA BB AN AA 5 H0, — 3B TEENEF LK, K UWL
#EFHE% (Salinand; Bridges, 1983). XL AT SEPEKIFEER
BEH XK.

1.1.33 MBAAYEA

(1) EYEZTRFINA

HYIBHMB R ENERESGERNARRE—EEHERRIE,
EABRE. HEERSFINUEZESCEAVEZTEARTNA.

BlEEY, haETEARMFHEREKFEAER, EHAT
BRAHREHERN S HAXKNEE., P&, SR LEELYIL
WERF R RN A TBHS R UER.

MREWR K, 0 ERIEFHIERARARERREN AR ZEN,
HiERSH I T HWRTE. BiTARERRE/LVFER MR RE,
FHURAE X547 (EEREER). Stemolm F (1973) RHETH
EREREHENFHEROAA. IRHAFHEREE A HIALER
F. BXRIERBAMERETURDORME, ETFRKNE (Allen %,
1976

MHT ZHAR, BRRGE, HRATFENRBS RN EARE
RIZ, BT REDHRYE (WE. WR. W& URBESHERMNFER,
A KB A THELM. B EARKESRREERBHBRL. &
WERNZFFEHIENA.

(2) FERKNHA

ERIBEARBTUATFHREFFE/EFNORM. . OXZRK
VM. B R IR BZS A0 R T bR B 7 W A SR R M E XTI R R
W, EEREHEAEYEKER (WEKE. HE, HERS) E/d=
AMER; OQTENIE. VRN EEZERE FRER, AEDEM
BEATEEME Ca. Cu. Zn. Mn. Fe ZREMNKE; OXHEFY
FIE. EMERAERR SO, N EYEFMRE, L IERNIFEERS
BE; MNEK. BE. TWEKFESRRBURENIRN, RBETET
25y 2 LB ER.




WIZRARNY KFER 41 8 3C

(3) ZERAAHI
EYRRBNBRE: EYHETARTAEMBRLBESTE
B, 8 (EER) REBE (ARSZ, 199%), BARFHRE, Al
REHNEEETERROMER. FiXx—A, BAERLRE, 3I0E.
XS . RENERAOARETR, RO REERZZER 10 £4£(Colli, 1955).
EREFS, EEXRR. ¥. B B, FORABEEX. HATHH
RER, FHHAABESTEMY, ALER, FHRAEHEINEIER
B, TEMHARIFHEK. EYHRTRED, BUBRANHETLER
HIEHS, RN BEHRLPNEEEN 2~3 /%, RABESAR
KB EHEKRES. EEUHREERHRTED R IEE S kR,
HUN B ESERYROMRAE (EELREAIHRIAL)
Bk, B-BIESHANREE, BEFREE: EEEER0ER
FEYREATIAR. AREDHERBEBRABEETHAR, L@
ERBEAESPE-FK, RETENETEENE LHER. HFEHM
BEABESEEYRNSBE X, SRNERTHANZY, BESERL
WS TR TSR Clus. B, ATP SEERMEX, ANE
PNb )t
Cis 2 S BREARY, XR—EEBYR—BN. EYFFRNERIIEE
ERMEREEWUEE, HERNFREH, BBE MRS TR
ERETR. HERET, SRR EERRE ML, BRAHRAT
RAEFITR: HASERYE, SRR AA RS 2R, BUBRE
FNREE. loh, FRBEERCOFREMBREBELEFAR, #5
B REHEXREM, FEFR<PEIFR<THER: REHE 30 KR
B, AR TEHR, SR T EENREARRTE, &I RR
T Bk RGN E Y R E A B R,
BRARMTIES: SHATRIMELER TR %A Loxl.
Lox2. Lox3 KA &4k AN FrHAEM A HARMNRCME, Tikk k>
Bk s > TE B A, RS KAEEM A HEME R SIEHRELE
B R 3%, XL RN SR M A AR S AR REE
Bk, BRTERAANIEE. BAMISHEREEERR, &R
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HASMALRS¥P, Loxl+Lox3 IR BEFRE (Wang &, 1990) IR
. BTFRMEEEEENFHRETE—ERE LRBFRFEINRD, &
REBHTREINEENRIGEEMBREENSRFENRFREY
ERERBEZFLHARR. AEBHUBRABRELENFEN FREDLX
RHE#HF, HTFRHFEOHNEHREMEETA.

PRI BEYERBIEEAMF FTEEMILT, BUERAREENE
RAEWBIAR, MAXNMRETURREYRHNZAGER &G, BEEY
B EEENRRRERFAFRELETHUSB R HNEFNERAFTE RN
BERNARERNTFE. CHEXEREUSBRAEN MR EH. 12
s, FIETIZEHURKIER.

PLEbiR F NaCl EBF FHITHESMEAE, ZRER, BRAR
MHUREZNBMBENAEEYBTRELM, WEEENRLE. Al
MAEKEETL RN, BRSHUEBERE. hobhalFEREMS
BIEEE, F 0.15% NaCl B R AZRABEBEETFXE, B
UWL B R4 G W2 BN ERHE (Ohya 5, 2000), EEMEK
AT, HEHE, UWL 8. Bdx e TEESHEIHRER
W, PEELIREREMN, UWL R8T (FRES, 2004). fEWEEH
B FERIFERARE LI, T 2% NaCl HEBRH R AZREBRER
ot FR IR NaCl W RN B . HMEsIEME AR T Y
thmER, B 1% NaCl BRHERNINEZERABEANRBEEZER,
KEMERHAE, XEENPEBFREEY, MTAEBARHEED. B
TEREEYm EhEe S, BT BEREHERE, TR 60 min KX

AR

R TREHT, NEHERNAZHTHRHEAEZRMAOLEREA
HEBENERHTENS, JEEYHTHEMB AR TEA—FEEH
EEAERFOEIE. ERAERNTE GEHE, 1990). REHEE
EHRI, ERETHAREBNERM THENBHBEBREAER TR
B EMFT, WEEWHTEMSE ORE R e EEER R
M —FE R TE. BIRBENLENER, FREIAUWL 5T




WRRI KFEMEEM R

BRLEMX, UWL AR RIAKS T (Ka %, 1995). BEIXERS
WA KI, BEELENEMERK, UWL £2HRRMES, #H,
UWL REhE RN ENEREARCEBERUENE R —B (kF
%, 2004).

i UWL B2 —F RRFIAERITRIER. ME. EXXARERT
B R UWL ERFSEREEAEME K, UWL HIEEREEER G
BE, BEEFEENEK, TLANEYRAERRS (IR, 1994),
ERMEVIH, FEBROETFEMBRETRE, [EE R EMERE
MK, BHBREKNBESEH LF, H7E 48 b MIKE BT BAKF (B
ME, 2008). EEMET KEXNBHBELS SFRERLITHEME
J&, $hEK UWL B EARTRMESR, #FEFRNSHE UWL AR
HEFE, FEUWL REBSEARASNERSEMEBEERUENER
—3 (HFPE, 2006).

NE KEBEREREBHUFBANEE, KETHI) 7~8d WEXFRK
HEBEARZRTH=42Z2—, BRENKER, HESMHRLEBEEES
FARAESF (i, 1984), MERBEYAHIE UWL Kz H%¥
HRER, BAGLENRBED RO N FBEZRA R TAAEHH
ME ERRERFEEE RS N E ML B XK FH 3 AP
ERAEFEMERES BFHAAE—BRR, AMERERFRET—
HEEANLSESNE (BFR, 200D). HIEHNTRESEVRREFHNMRLR
B, BHTARAEEYESRNEEM EREN . BERENTHETREH
AN I MRS, HMENEE AT~0C~4C) FRIEF, B
RIENFEZ TR, RABUBRABEHNRMENRS. KESRBH R
N TFERAR, BEENEEIHICRERENZRT, 4%,
AERIEFRAEEREEERL, MAFHLBEOFRLEEZEEZR (B
A&, 1993).

PR SMNEBRTFREBENENR. KRR, BENBZHAR, &5

2 Luminol (—FRCHEIER) MR E, KAMMTERRAMETZ

FUGIEEYBEStTMEERETET H,0. M 0. K. BARL
BEHEMEHUSE R EEE, IRAAEMBEGT, EY=ET XE
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MEN A B, XERH RO R BRBERATUERE
mEREE MR, ATFEREAASHEESBREYNEH. BRER
Sy T AT K AR B AT SRS R4 (Iyozumi
&, 2005). ENHUEBRASMNERENERAR, SHRERBRENALK
RERE. BLEEEES, HARP LM R LEUB R, i,
RS R B EIUR BN R TR, SRR AL
HIRET —MEHHER.

B, BUMBERTEEZHNAE, FEBESRFHLEHE. £
*HF, EIBUBRABESHNEEE—ENEMXY, BHBE
FBIBAMEMTHERTA (ATES%, 2002). AFRFMHFHEM
BRAEBESNE EMETEE. BRARK. RERSRTMELFKIEH,
MRARREAG RS EGOBELBEREETEREOAND. WH, KX
G T A BT — SIS R R R A =R I 5 R . BB
BRI B AR NS, BRRASEER RN/ NE R TR
HRI R A R B R B E A AR S B R R ERE N,
KIRBE ) RF (BHERE) >STRAMSTIERLF. Bk, FRBNE
BB NS ETHFERERESHOKE. REESMZRLEN
GithE RHEF, BAEAKSRAREZNSHST, TELGRE—, &
TS,

12 KARHWEHEX

MERMHL EAATH LT ESREN—NEEKES
F, M4 10 BERE S B—EEEGRTHELE XS, REEE
HAfG LR SRl BF D HENAEENRSEFHEER
&, FLlENTRESHEESWESSEHONAAFLERREEL W
oo a%, BRI D FEERNSHFNE. FERFHETENSHE
FR, HIFRTEEIEXARARBNLHERELRROUEL, &
ZHREMTER, MEENIERHBR. B4t HENEHASLER
FAFYRMER, KRUAE TREEHMUERERELRE, UME
AR AR MBS . BREFROHR—H, HRIEESL
WEESHRTEARNEE, REE4RERER, E4TEEHBKX.
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WARRI KB LA

AT R EREE, BATKA—MEH R E—BHT RN TSR
RHEHH Lt UWL SEYRENENARE. ARAT. KEER.
ERKBTURGERRFAFTEVINXR, FERAFUE, HE. ki
MEERERRR, B—MRENFAREGAZOFTHE. B, #SHAR
®¥, UWL SEYNFIHEEMEX, wTLELSHYHERN REEF, B
i, UWL EA—REZENEVYERR, WNHENEE, EFE5HEE
MEEEMNEN. ZRIEN THEREIRT, FHLFSIGIEUR
{RBEME T E UWL ML SaeERGFHMMEREMIIRZ A%
R, MENEYYBRTEBRSH LT H—LERE, HRARSH LN ESR
FRUKFRAEY UWL ABENE> SHARSREERKE.

2 MR EFE

2.1 ¥

RETFURRIKRERMEMEETIEZRPOIRE . EHAREER
LR EURLRRY KEFRKX EESE#T. AR A BarE L XA
FEEERUIEFE MM M’ (Dendranthema grandiflora Jinba’) .
2.2 Kgit
2.2.1 HAFSE UWL A EE AR

2007 £ 5 ARBAEK—HHIHKEL 50 cm K5576 (—&—#k, 3£ 240
) BA N ALSZES#HTEH RBAE (18:00~8:00, 16 h B5#, SD)
(120 ¥R), MBABAZ —MALSBEZRHITKEABLE (21:00~
7:00, 8 h BEH#A, LD) (120 #k). BE®RN 2CE/18CH; XE 370
umolm?s'. BEHEE (2007) Hik, EMERBLEEFMLEHH, #
BERSH (D; TeFSMLEMN (D; BESR ML (ID; /ME
BRI (V); HERBEEE (V) (LRE). &9 E4 8 EREL
BHE%2d (180); MG 4~5d (1 H); LHEE 7~8d (N #); LEF
14~16d (IV #1); A5 18~20d (V #1). BN, ERRTEESLE
DAMERRUTE 5~6 Wit fr, MBAZHSAREFS U RE
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Bbt, Hp&EBER. EE3 K.
222 HIFEERTES UWL RAEBEMRBKZRL

2009 4 3 AEEKM@HE, TRAFHELAMEE, BEBKAN
8~10cm, WEZHMM K HHE, 4 5EEEREA NAA. NAA+CaCly, I
AKRERALER S, KABHE30s, BEHERTFETIARE. HEH
8% 4 — Km0k, AR £ 9 SFFIAHEER 2 h BE— K. 2 BIEFTERE 0d.
#5d, £10d, £ 15d, %204 f5E 25d B, BUM BT EUEME T AR A0
A, EE3 K.
223 {KEFHINE T UWL RAEBEAMREIIZRL

2009 4E 3 AELRRVKZESMHITEN. BITHERGEER
FHEEFELGNBEE (1) MEZS A& 14, EAXEERER
THITEFREKER® 40 om. M 20 FEAR, ShiEREHE, K
B (3 120 88 BAATIRER, 7£22C/18CT@EM1d,
ERSHEEIVIEE, £2 doRBATE™ GXZ BAREFEAR
FRERER T1 (B/HEE 16C/N12C, XETFEEEE PFD 100
umolm?s™). IFIERIZIE T2 GRAE 12°C/8°C, PFD 60 pmolm™s™) By
B, DUEEENAE (B 22°C/18°C, PFD 450 pmolm™s™) %t
B (AT 40 #5). AR AIER 16h, BR 8 h. EIEKLEHE
§5~6 B0, ZERHAAEENE 1. 3. 5. 7. 9. 11 d MEETiGF. EX
3 Ko
23 MERBSEHZ
2.3.1 UWL Kl %2

BEBELTREGHEERET A (EKAUTE 5~6 T4, UEE
0.5 g ZEAE MK A AL (A I~V BIRER Bt 15 AR, £R5RUT Ok
28 10 pmolm?s™) MBS 5 min /FILEIHA T BRFHE (NEAEITFiat
B [ A1 2 8D« X 38K P B R B A Y YRR ST A ) AR T R O
W& 1% (BPCL). MESHCH: WEBEN 800 V, FrHEIFE R IEEE 7000
counts's”?, ZJEIRFE 5 countss”, SEAERTIE] 200 s, KAF(ABEATE] 1s. B
ARERTGR 3 K, BPEHE. BRBAANBENEERZERER
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WRRIKFREZAIEX

(20£1°C), BE (75+2%) &M T#H1T.
2.3.2 FRERINE

KR RIAXTE (HIL F4500), ¥R ¥ EX & 440 nm, Kk 5% EM
B 500~700 nm, 4% EX/EM ¥ 10.0 nnv/5.0 om, FHEE 12000
nm/min, F33 88 EX/EM 24 10.0 nm/5.0 nm.

2.3.3 BEASERE RN E

KRR E (HIL F4500), BURY EX K 210 nm, k5% EM
K 400~500 nm, 48 5% EX/EM 24 10.0 nm/5.0nm, 3% & 2400 nm/min,
3 #7]f% EX/EM 24 10.0 nm/5.0 nm.

2.3.4 ATP £ ENE

SR IEENRAMTEE (1986) KA ZEME.

BABIERNEEBER. (1) 0.05M HEBRHEREZ AR H: FRE
0.66 g HEBHE® (0.05 M), 0.247 g MgSO.H,0 (10 mm), 0.0372 g
EDTA(1mm), iR & TZ&M@/K+, FH 0.5NKOHAZE PH=74~78, E&EZ
100 ml,&F, WHEBTRFEKER. (2) RN 1| ml HEBRHER
ZHBEmMAGLLEED | mg, UERBENREE. 3) AR ERR
40 mg HIEERY, BIABKBOXRAN, MASHFLBFEEAK 005 M HE
BHERENEBR, HER, BT 3000 #/min ELOHLFEL 5 min, HH
LEBEH, BBTTEIACESHTRERK.

B 0.5 g Fem A BI8E, B0 10 ml EBEFKF, B7K%E 10 min,
KBAH, 85, o2ml B LFER, H7ESmm HHERF D, HHEHR
BAEHREAS, XHBE, BEACSHEFOREERK, FHa
FREHEIEEEBEANEE, HR LR T HERERL, RERHEN
ATP Fr#EHIZR B ATP S &

2.3.5 FPIRGE R U E

EEARHEKERKAUTE 5~6 MM A, A COMB0280 & 0,/CO,
SAESHTRE, BoLRA T, L& E R AIPRESRE, A7 pmol
COz‘m'z's'l °

2.3.6 DNA 1 RNA & EllE
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FBMBE RO REBEWRBIRR

FREX 1 g BEdh, BETHA KBS, 01 ml KK 100%5F BEKBHTE.
S%F 4°C. 4000 rpm B0 10 min, £# EEH, FBNEEBUTESE
#1T, RIRASFHBREE IRAS—#HEREE, BE 10 mn 5H
OFEELER, FIATEE4C.

HEWALR (Fi) —10 ml KK 100% FELKAHTE (4000 rpm 2L
10 min, TR —2ml % 0.05M FEAFEE2 K (4~6T) —2ml 95%
ZEE: 2B (2D BEAWKE 2 K (4~6T)—1ml 0.5 M T EEYE 2 Ik (4~
6°C) —2 ml 95%ZEE¥E 2 IR (4~6°C) —2ml 95%Z. & 20s, EF 2
K—2ml9S%ZEE: ZEk (2:1) BEWEZH 20s, EF 2 K. HTHIT
$EDN 2 ml 0.5 M KT & # 80°C/KAE 15 min, B.LKE LFE®R, EX S K,
F{IX 1ml, WEELEBRES.

B iR SRS IR BUKZE 260 nm A1 280 nm KT, H 1cm REEE
FEE, Pt 0.5 M BT SER AR, MEREEE. BERRIRE
(mgml™)=0.0629 A260-0.0360 A280.

DNA ZEMERAZKXEERE, RN ERTHBRRIK 1 ml i 2 ml
RN (820 ml —EEAR (1.5 g ZEKET 100 ml KB+, B
1.5 ml WERES, PETHFEEET) 0.1 ml ZEEH (1.0 ml K
BZs50m) Ak, FRAEREARMES, ZBHKE 20~25h. RN
G, 7 600 nm K T EHE. LUN-RER DNA 43 A45HE, FREL 5.0 mg
/NEFGRR DNA 45th, ¥ F 5.0ml 0.005 MNaOH, RE 5% 8/ I N it
EEIR4. 70C/KHE 15min, REAH. DIHAFERBRARKRE, &
BB _ER e T sE R R T . AT AN BB S ERZE DNA S
BB RNA T E.

2.3.7 BERAE FRBOER N E

KRABREENE. B 5gHEME, F 6ml65mmol/L B4 (PH7.8)
B, 2NUEYSHitiE, ERE 5000xg &L 10 min, B EFE 1 ml (4
0.5 mg BE) MMABEE 0.9 ml A1 10 mmol/l EEFALY 0.1 ml, 7 25 CIE
& #4538 20 min, X 0.5 ml 3EFRMBAKIKIIA 0.5 ml 17 mmol/Xf & R HER
0.5 ml 7 mmoV/l a-Z5f%, 7 25 "C R 20 min, 5589 8 G A REERIE
TEZSES, #F (BEL 4F, BUETEAMAN AS80, AMEAR
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BEREZA. WESESAFRENTERENKHZE, EX2ROET
1500xg B> 5 min, W &5 4 EKIKAHBR AS80.
2.3.8 SOD. POD. CAT /EFH. MDA 5AIEHEASENNE

FREUH F 0.5 g, THFEE N 5 ml pH 7.8 £ 50 mmol-1" B ES 22 i,
TKEWTEE, 0~4'CTF 10000 rpm Z5.0» 15 min, _EiEREILEREE. (LB
iEYE. MDA 2 EMTRHERNE.

SOD &£ A NBT i&£ /& (Giannopolitis, 1977): 3ml RN#E (K
2.7 ml 144 mmol 1" BEE®, 0.1 ml22.5 pmol I BIEIIM, 0.1 ml3
pmol-I"! # EDTA-Na,, 0.1 ml 60 pmol-L™ B E &) A 20 pl BHEEUR,
60 pmol'm™s™ £/ YB T KN 30 min, F 560 nm HifE, LL#EI NBT %
R R 50% A — NEEETE R AL,

POD &t K A8 AR (Omran, 1980): 3 ml RN (HF H,0,
RIVRE 2 0.1 moll”, ABIABMKES 3.5 mmol1”, A 0.1 moll” pH 6.0
FIBERRZE PR ELHDD A 20 pl BEEREUR, KM T D L ODugo
14, M —4H40%— K, LK S 80 2 min # OD 1, ¥ #£ AODyyomin™ g 'FW
IR

CAT %1 Chance % 75773 52 (Chance %, 1995 ),3 ml R R7#%(0.01
mol1" pH 7.0 I BEREZE i 20 ml AN 0.1 mol1™ # H,0,5 ml) A
100 pl B, SZEMVEEX ODaofE, ®RE— 440X —IK, EKRALAT 2 min £
OD 18, EHLLAODyymin” -g'FW %75,

MDA S EMEARARE L ZBE (BiHA%, 1998); BEREIGK 1
ml, 12 ml0.67%H] TBA ¥¥, #/K¥% 15 min, 4000 rpm B§.L 20 min,
F 600 nm, 532 nm, 450 nm FH . MDA & &L pmolg'FW &R,

AAEUHEOSENNERAZLRRHAE (BHEA, 1998). K
BB 20 pl (XTEEAN 20 pl /KD, 70 3 ml EEHEE (100 mg L HEKE,
BT 50 ml 95%H) ZBF, b1 85%KI%EE 100 ml, EH Z 1000 ml), /A E 2 min
B FF595om FHE. THEHEEAESEN mgg'FW E75.

2.3.9 A[EMERERTE

AU ERAEREE. 0.3 g 84 10 ml 18K, #H0OW%

K# 30 min (2 1K), EARITEA S0ml BHEMP, PERE, E&.
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AR 1 ml, INZEIE/K 1 ml (RFEEHN 2 ml Z4BK), MEEZEKRZEER
(PR 1 g BB T 50 ml ZBRZEEH) 0.5 ml, IIKRERER S ml, &Y,
KB 1 min, BRAHGE, F630nm FHE (FE4E%, 2001).

2.4 BURSHT
KR Excel SEANEBMIE . 41, KA SPSS ST

3 GRESHH

3.0 FHAEFSUE UWL RERERZNTN

3.1.1 TEFEMLEE R A UWL B4k
AE 1.1 TRUE S, WRBEEIH A UWL BEMERNEMER, B
BEE, EREHIEET. SARLEMNHENH UWL BEEL

2500 gD
ol
o LD
% g 400
32 3 300
X<
g% 200
=100 %
.l
> 0 Z
I I I v \'
EFEMB B

Stages of floral differentiation

B 11 HEMCHRHEEUE RABEMNRL
Fig. 1.1 Changes in UWL intensity of chrysanthemum during floral differentiation
I, R4 1, ZEFEMLESIM: [, BESUE: IV, DMERESCH;
vV, R, TH.
I, Vegetative stage of apical bud; II, Initial stage of floral bud differentiation; III,
Stage of involucre primordial differentiation; IV, Stage of floret primordial differentiation;
V, Stage of crown form. The same below.

FRoWE (D AIXBHELRAEEER, HHLTREFAKF (176~




WIRR MY K2R 4246718 3T

181 counts-g™-s!), BLHATEFHMLESNR (D B, UWL BERE L
Ft, BB SRS UCHAFEIEM 119.31%, Z/EHAEBE TRER, HEL
RS (V) TRIEEEX, B5XBMHEHH#EMN 52.63%.
3.1.2 feFSMEAR e A RGE R

ME 12 FTRLEY, XREOFHEH A EREEER NI LRS, H
REFER, BRUERER, EFRAFHETL. ERABLENFEH
FPRERERSAH (D EXREREARER, BERFMMLESNDT
(II) RiEMEH, ShETSRSCHMHELEM 102.42%, ZERESLE (D
FARESUE V) EATE, BENREBREKTE, BEELBERK
8 (V) BETE, B REN 16.72%.

w
1

oS
aLD

N
n

Respiration rate/(umolCO, m2-s*)
N

—
n
T

BIRS8Ic
DA

e
(%
]

I I v

TEFES B
Stages of floral differentiation

B 1.2 #FMLAR IR A PR R 34

Fig. 1.2 Changes of respiration rate of chrysanthemum leaves during floral
differentiation

<

3.1.3 TeEFSUEIBIEH i ATP & BRI

ME 1.3 TUE N, XEIHEH i ATP & BEEMARIEFHL
TREEARE. EHRLENZHIEH i ATP §BERSMUH (D X
BALKEHEER. BEERFMUESH (D RE LA, kR S5EKS
W (1D LB 148.61%, Z/EHIEH TREOER, EEERHH
(V) TEEEBX, E{txEAEL S E B M.
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N
W

3
- 20
2
mo
@515-
[~ 9
;%10-
) 2%
St
I 1 111 v v
HEFEIMLHR

Stages of floral differentiation

B 3 EFMEHFH RN ATP FRAEN

Fig. 1.3 Changes of ATP content of chrysanthemum leaves during floral
differentiation

3.1.4 TSR TEM F SR & B

ME 1.4 TTUEH, XROTTEEESEEENRIMEEHRFHR L
Ay, EREREERERES. SHRLAENFH R AATEEESE
EARSUPERBHALKEREER, HFLTRIEKE. BEEFSLE
A (ID REEN, B 5RMCEAHEEIEM 95.53%, REELREBHA
S (D BHED, BNERFREKE, ZERERD, ENERE
SHGE (IV) RERERRE (V) SXRALEEEERER.
3.1.5 EHEAUPHET A ATBEEEESENRL

ME 15 TTUEH, MRAFENFTEHESSEEEMARIRE
b E U KEES. GHRBLBNFLT FARHEEO RS EERSF
K4 (D EXBHLREEREER, BEERFIUNES D,
AR EA RS EREM, LA SXRAELIEM 32.52%, REELE
SAGEE (D FUMERZESMEE (V) BB BIAKXAEML, EREFRREK
¥, BREERBRERE (V) BERD, EftxtBEEE N,




WRRIY KEF AR

250 asb
= 200 @LD
s
[=]
g o EISO
B o
T3S
3

I II I v \4

EHFES MR
Stages of floral differentiation

B 14 EFMLBHBET A TBRSEES BRRL

Fig. 1.4 Changes of content of soluble sugar of chrysanthemum leaves during
floral differentiation

MHEHEASE
Soluble protein content
[(mg-g'FW)

I I 111 v \'
LR B

Stages of floral differentiation

B 1.5 FMLBFET TSRS RS BOZN

Fig. 1.5 Changes of content of soluble protein of chrysanthemum leaves during
floral differentiation

32 FHREFSUH UWL 5EREERTL
3.2.1 EF L EH r UWL R34k
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ME 2.1 FTLUE H, S RREI S TR B M EE ROtREREE N B MH#S,
BREEY, EREHARERN. EARLENFEMN FBHSE RS
BEFRSWH (D ANEALREEEER, HELTRIREIKF
(#5200 countsg™-s"), EBHFAEFHMEFHNH AD &, BRELH,
BBt St RAHLLIE N 119.31%, ZfEHRER THEYE, HEREAM
(V) THEERK, BSXRALGRFEREKF.

500
400 |
300

200 +

s Rt IRE

UWL intensity/(countss 1-g*)

100 |

0

N N

I I I v

S H B
Stages of floral differentiation

B 2.1 EHFMLAHBEN FBREERERBENEL

Fig.2.1 Changes in ultraweak luminescence intensity of chrysanthemum leaves
during floral differentiation

3.2.2 TeF o BAE Tt Rt R E RN

ME 22 ATUE S, MREBEH FRABREEEMEFMOIES
BEHURAENTH. EHRBLEEMFEN R REBEERMME (D
ExBREHEER, BERFMUENE (D REMMN, WK SR
FILL IR R 33.41%, EDNEREMUE V) MEREFERS (V) BT %.
3.2.3 RSB TEM FBEERE R

ME 2.3 ATLEH, WREFHEMN FuLREEBNEF T HERL
BEAK, EX4TFRRE. ERELEMBEH ABLAREEIRS
SNREHFHEER, B 0 HREMM, WK S0 BN 41.32%,
ZJETE L1 BAgkatitpn, HhatHuxt BR8N 69.11%, IV Hif V A AT T M.
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500

350
300

(coonts's-m?2)

100

WIIRME Fluoresence intensity/

450 -
400 +

250 | [
200 r fo
150 | |

I I I v v

TEZF LB B
Stages of floral differentiation

B 2.2 FEFSUHARIET A PPRE R AL

Fig. 2.2 Changes in fluorescence intensity of chrysanthemum leaves during

B% Y63 Phosphorescence
intensity/(counts's'-m?)

60 + [

a0 L |-

[ 3
<
T

o

floral differentiation

I I 111 v A/

bi L A
Stages of floral differentiation

23 THFSUHBHET FRARBREN TN

Fig. 2.3 Changes in phosphorescence in tensity of chrysanthemum leaves during

floral differentiation

3.2.4 TEFCEASTEH A DNA F1 RNA & B354

ME 2.4 FTULEH, XTEAE DNA fl RNA 5 BEE L EMMLBEHE,
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LB R REBEUARITTR

DNA EERB T2, RNA SEBFFEmM, ERERE, EARERERS.
55 HBAEKFE LM F DAN M RNA 4 E7E I B3R E R, 4R/ DNA
SEHIEERL>, RNA SEE I #dkseem, RETH.

45
40 + @SD
35 ¢
30 +
25 | [F
20 1
15 |
10 F
5L [
0

DNASH

DNA content/ (ug-mi?)

I II 111 v A\

THFEMLHTR
Stages of floal differentiation

100 -
90 a0 3
80 - alD :-::
70 e
60 | 3
50 [
40 | |-
30 ||
20 ||
10 -

RNASH

RNA content /(ug-ml')

I I II1 v v

LHES B
Stages of floral differentiation

2.4 £EMLE%IEH A DNA #1 RNA §E /3R

Fig. 2.4 Changes in content of DNA and RNA of chrysanthemum leaves during
floral differentiation

33 HUEFSUEY UWL RBEMRBEFENHTH

3.3.1 fEFMLEIsTEM i UWL K2
ME 3.1 ATLLE W, S EB RIS T A B i s ROt iE R A (8] R
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BREEY), ERFHAZETNL, SABLENEEH HBHMEE R LR
BEEFERMME (D AINBHEEREEZEER, BYHALEFMLE
;HE (D B, RELFA, W SXRBALSEM 11931%, ZEHAES
TR&EE, HEEEEAE (V) TRIEERK, E5XRMALNGEER
EKF.

1
W
[~
(=

o Sb
400
300

200

WSS R RE

UWL intensity/(counts's -g!)

100 | i

(=

I II m v \'

"FS UK R
Stages of floral differentiation

3.1 EFESLHEEH B UWL K354k

Fig. 3.1 Changes in ultraweak luminescence intensity of chrysanthemum leaves
during floral differentiation

332 HFMMBRFE N R BERE FRBUEENZ

B 32 ATLAE W, SR FEEH ST B & EERRKES,
BRH D), BERAEENEEST . EHBLENFEHABEREFE
HEERFSESIH (D MERREME, HXBEMT 58.00%, 8
LHABESUH (ID K, FETHR, ZEHAZETRMNEE. £k
BERDE (V) 518EXEF—H.
3.3.3 eI TEH A SOD &L

ME 33 ATLLE Y, XBEFEH A SOD Bk ERm#ES, B
BB, EREHABETH. EHBLENEEH A SOD MistEE
HFERSAH (D AXNEALREREEER, BERFSMMLESY UD
B SOD yEHE SXT AN T 23.42%, FHIAEE TREY, B4 SOD

39




FUBUBREREBEEURBHNTAR

EHTE TR, BAMEFES LT RS SOD Gt tE X B &, BI{F7E SOD
ENBREATEREAI (V) SOD iFHH LT B L 21.43%.

40 ¢

35 f 89
%o 30| BLP
% 8
’ﬁ=§25'_
B S % 20 I |
v 3 7 i
mE e 15l
B & 8 10t[=
g6

I I m v \

LB
Stages of floral differentiation

3.2 LFSHRET FBEAE T E aEFEERNEL

Fig. 3.2 Changes of O, production rate of chrysanthemum leaves during floral
differentiation

900  0OSD
800 | aLD
700 |
600 ||
500 ||
400 | |
300 | |-
200 ||
100 | |-

SODiE#: SOD activity/
(units.g'FW)

I I m v Vv
G UK B
Stages of floral differentiation

3.3 EFSLHRIEH i SOD EHERIZEL .

Fig. 3.3 Changes of SOD activity of chrysanthemum leaves during floral
differentiation o
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3.3.4 TeEF L% A POD EHERIZRL

ME 34 ATUEH, R TEH 4 POD EHEEN MM#S, B
BHEK3, ERAFHAEER M. EARLEMHEM 5 POD KEHE
Bk LA ETREES, FEERFMUESNS D ERB/HE,
BT 12.53%, ZEHAZBTREY, EEREERY (V) 51H%
FiEB|—H. BMEFEES POD FEHEHX B E.

120{ o sD
100 | @LD

(OD470-min-g'FW)
(=3
(]

POD i % POD activity/

I I m v \'

HEI BB
Stages of floral differentiation

3.4 TEFFHLZIER Fr POD EH A3

Fig. 3.4 Changes of POD activity of chrysanthemum leaves during floral
differentiation

3.3.5 EEFESUWRFE F CAT AT

ME 35 ATLUEH, CAT EHMELERAEL LS SOD, POD iEFH:
—3, XWERMFHEM ) CAT FHEENRNEYS, BREES), BRE
HREETN. HHELERFEEMNF CAT MEEER A LA E TRK
B, FHERFMMESE D ABERE, HLYBEHEMNT 78.02%,
ZEHAZETHRER, EXARAE (V) SIHEXLE—H. 24
HES TR CAT FHE AT EE.
3.3.6 TLF LIS TEH i MDA S ERTL

M 3.6 TULEH, MEBEFHEMN F MDA & BRMERAIMES, &
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BEKS, BEREHAEESL., SHRBLAENFEENF MDA SEEHR
% EFETRKNEY, FEERFSMESNE D A2&EHE, LR
BINT 37.44%, ZEHAEBTRER, BLETFR. BNMEFS
iTFEF MDA & ELX R,

[ o

N7

N

O = N W hHE O N0
T T ¥ T

CATIEYE CAT activity
(AOD240-min"-g'FW)

TR

Stages of floral differentiation

3.5 WFESMLHIBTEM I CAT WEHEMERL
Fig. 3.5 Changes of CAT activity of chrysanthemum leaves during floral
differentiation

10 r ALD

MDA& B MDA content/(ng.g™!)

I Il m N \'
EFT UM B
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Fig. 3.6 Changes of MDA content of chrysanthemum leaves during floral
differentiation
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Fig.4.1 Changes of UWL intensity of chrysanthemum leaves during cutting
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B, HIKN NAA 4HE, WEHELBERE.
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Changes in ultraweak luminescence intensity of chrysanthemum leaves under
the stress of low temperature and poor light

ME 5.1 PETUEH, SxtEAEL, KEHEHESBEH A+ UWL
mE LA, BREEMENRIAEK UWL FESEM. BHE 11d)E, R
‘IS EMIEFEETZ A A X BN T 2.61 550 1.25 £, 3T UWL
ZUA K.

3.5.2 fRIEFSERHE T TEM F SOD iEHHZE L

ME 52 FTUEY, REEFEMHET, MK SOD F—K
F EFES, ERREFELAESEH FK SOD EHaTHE L7,
HREIFLHHERT A4 5d B, S4EH F ) SOD it &%, RETR,
XN FAMME AR —EEER, SOD EHSTMH. EHE 1148, SODiE
HETHHERTREE, RARERNKES e RARSHEBEERK, H
BEXMENGEERAKREN. B8 1145, FLEK SOD EiHE 45 Fl8xt
BHET 18.52%H 8.15%. XA SOD FHEHA K.
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Fig. 5.3 Changes of POD activity of chrysanthemum leaves under the stress of
low temperature and poor light

46




WIR R KFE B 24T

3.5.4 KB FEIEMHE T 5 1EH I CAT &R
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B. BB 11dJ5, WIKEFHEAERRERKESCAEK CAT FHE 45
BN KT 57.57%H 27.27%. 3T CAT EHEHARK.

80

-
o

CATH#:
CAT activity/(OD240-min *1-g')
wn (2]
(=3 (=]

'S
[=]

30
—— T2 —8—T] —&—(K
20
0 1 3 5 7 9 11
b it (6]

Days after treatment/d

5.4 KB FHLMHA TRHIEM i CAT EHHRN
Fig. 5.4 Changes of CAT activity of chrysanthemum leaves under the stress of
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HE 5.5 B, SR, KEFLMEFBFELEH F+ MDA
B LEF, BREMHAREINEK, MDA R BN, MHE 1145, RIK
55BN R EEF A EN MDA S ELHIRNBFE T 2.63 %
1.25 %5, XRALEREFEMES, i ARESESARREER
Bik. 9, GRREFCLBEEKNARERIEEEAEE. STEN
MDA & EBZUAF K.

4 g
4.0 FHEEFOLE UWL REREERZRTL

BUBAREEYBFEET AT EBEREMAETERSAR. £V K
SHBHBETFEEVREANENRS . BRIR. EESE. LKk
A A MAREIKNGE R ARNRRANTEEENEMIETNERR

(Slawinski, 1988) . BT KKK EE T ETURNEAEY ERTES)
FER T TR AMIRE—RFIVEYUEAYBEERFES. Bal, fEd
VIS EE RAEK S EHBENEE, SHERET R (REES,
2008) , Bk, F UWLREREEEYTEF LR, 7T LURDXTER
s EM=ERIRD .

Y EIESHENEFREKAEREEKEZTHER A, AE
Wik R TG BHERK, £ &, T EHPRAE A RN REHNTH R
EE%, 2008) . EYHAKNERTESTEELZNIFRERERKIKERE
BYE, ERNEREFEENERAFRRENSEEEENENR, MEHER
SRR X RBEVER, MM5IE UWL KFHIER (F£F%, 199%) .
ATP B A& BB ELBRULITY, REMENTREENREEET
%, BE—EKFH ATP SEREYHITEMEINEENR. HEE
Beig YA G RRER R . A MEUEFE ATP. NAD (H,) . FMN

(Hy) KRNI SBES B LU TFRRABRRE R, mHI UWL
ME. NERBERER, HEMH UWL BEEERFRFH (D LTE
BKF, MERFESMLESN (D REME, ZEHARHEHES.
5EIR, MPRGEEM ATP 58, JRERATEHEAREBHREA
ETRBRMIE. HXESITRA, F ML F UWL K 5K
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EE,ATP NEORSEEMREEMRX, HXEES % 0.8916. 0.9038
07717, UWL BESTTHEEFESENMHEXHEAEE . HEESE (2008)
AR R, BHEFMUEH A aTAHEESEREN. XARXRER
BRI, & IHM O HRATEERSES UWL B aREREU, B
VAR V BRDIBER KR, X5 ER BN XERTE R,
FEERFR ML, BHEBRFER, SfIEFMMLZ BHE X (RFE, 2008).
IR AEKEE (2006) INA, EBELFMOITGHEARNKERER
HEENEZY REM. XRRERRY, FREFMMLESNTENE
BREEREEM, ZERF-—BRHRREKTE, BHFK, XTaER
TERFMLES, E-EBAFUKREEEEE, FEA4EA0ERT
BHEAR, SR EHADRENEARURERFIUTERREE
ARYEE X (NHBE%E, 2004).

BEFRREER, WABHEFMUBE UWL 5 ATP S ERE.
BAKUEVRELREYRAHURFREZELBENXREY, E
bk, ATATHERTHAEF I UHAIER, BFREBLSF AR
MEAFAFREFGTEEARANEMENRE, Bk, EFHF S ENG
5.

42 FILLFSUH UWL REBRSHNTL
EVEARRBAEVATHLER —F O, TERBSREY £ G
BFEER T RIANRE—RIVEVHEMYEERGR. BT, HkEY
HEMEBEERAE RS EMENEE, MEKBIRER, TRAEY
RAREREEEYLFMGERE, TROMEROGEN=BIRD.
BRI RAMBATRETEWERL, EN=FRAHNELR
RERE. BEMS KKK GER BLERE, MBI MEER
REMIR Bo6EE (ARMBER, 1995) . RAFBEARIER WALt
BAT, 2 TFRBINREERTEARENRES, BMRERRE, 4F
EFREIZESHRHKATEN . KT ARSI TFARBHEREZSH
EEFHEMT4, MBEAUESTARBBRZESAESRKIN=4%.
BHit, UWL BAFERN, RAFBLEAE K. BAEREE UWL 5
BN —EEIERR—HERNKRER, MRAFHBEEYEHSZER
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RIS, BEBNNEDE UWL IS RBRATERRR. BEAHH
3% (2008) WA KM, HRHHEREME TEMTS R, BT EY
B, #EEREEEZFEMAX. ZXRARERERH, FEEFIU
EHE (D) BHBEL. RLMBLESEEM, HABREFME
;Y ARYRREAEERHER (5%, 2008) .
EYBHEFREREREBEKIEES, BBRKEEREERM (FDK
w5, 2007) , MERHNENERRBHBREATERELZ—, TIHERH
EFRERESEBMBRIENEERE, 5 DNAKRERIEMA&EX
% (Rattemeyer, 1991) . XARGERRH, HEARFFULEF DNA
1 RNA S EBEESMLESE (D REMM, FEERFTUKHERE,
DNA 4 EZ# />, RNA HFEESEMLE (D 8Em, ZEEH
Bb. 2 SPSS 4447, UWL. %%H DNA & 22 B EAHX; BHtE RNA
SEEBZEFMX. RNA £ DNA EX&587Y, RAREREHA, £9
RAERETHARNARGEREMTE, ENBRERFH—PHR.
BEARBERINN, BUBEL. RANBARCRERES, 7
VERREHI B IETE F LN E e dR, BEFH—DRAFR.

43 FHEFMMLBH UWL REBEREFFHTL

EYRBEEBEASHERBEETXRER, BREREEENREW
(Boveris % 1981; 1984) . YFINEFREKREEEKKIETF, #
YT —AEES, FHEAANETHENEERE FEHESER
&1, XNMBERETFEHESBMALEMNT 58.00%, XH5I&E
RENMBERSERES, SHEEARETFEaERFRER REHTHENE
B RAEHAETFERS, BAVETFERENKFREL ELTR
FHRE (B32) . BERBFHEEYMNEZ —ETBIEELR
1, MTTE RS T ELF=Y MDA & BRI (EH4, 2003) . Eik
MDA S BHNEWERENEFEHENBRRLBBELARE BN, 2
FARMESITR AR FRECH 0.9032,

B EH LI F MBS, Fr A UWL 2I5%E LA B TRAE
#, X5BEAETHELEEE—BN. LYEYEANRRATELTIM
S ek M FERBRE, AANENTIAER T, FBEA
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AREREIHF G BENE, BISBORCRERR RN, B HREYEY
FEPMLER R RNIRR". LR EENRNENERAT R,
BERBETFHEERSREE, UWL BERSHENAIBEK.
EFPIEAEN UWL (W, BEEIEHEEAE FHERLXE
EE W UWL. SOD M{EARKEENBE B hEHBRA H,0,, FEH

POD. CAT BHBATHERKNE. ERFMMLMH, dTFEHER -

RRLF, EFTHEMBRAN/G3), XK SOD # POD. CAT KiEH
SRRFE, KE—MEEKMKFEZE, BTEDEABEEENERTR
FALEE R SIEF)F 4, SOD #1 POD. CAT HiigtttbaTiE (B 5.2, B
53, B 5.4), LR XRAKEHBAER SOD f POD. CAT KiEt: 5%
MR UARBK, XFTRERETHLLFMHTR—RE /B IR
¥, Fi, BERAEFHKFHN MDA SERERE, ZRAL5IEEH
PLEALES RS KR IR .

BEFREER, AALTHXESITRYE UWL SBEREFEE
EEMX, SHAELET UWL W, SEEIEWEERAETFHE
AL R B #: W UWL.

44 FHEFBERTED UWL REBEUAHRIT K

MERERPEI, FHETEERIETBIOFHEM FES 0d B
UWL 57 6BERK, X aEfEAEERINGEIIETRIEEAR
—FEN RN, EFFESE 15d EREEADLTM, &R ELAG
R AEEIER, XRSB UWL 5RABERREM. BAHRLARS
UWL ML BERZARER, SEHREMTERA, RAEMUWL £
EEFEMAX, BtE UWL EEE MK,

UWL 244N ERR S, TREMBEANRLE I FHR™
£H, BIEIE R B SHRARKERN, MEENRHK. BRiEFHERER
R R SR R A =F AL B UWL M ET, £33 NAA il CaCl,
BRAENES, HRRELE NAA BB, BERXE. AN, 238
FALEK UWL M5Ot IR e E AR Bl 21261, RAURE (2008) BFR
R EFE NAA EAK S EY#ME T MEHER, FHELREN Ca it
B A LR E MM 7 SOD. POD. M CAT HRIFEBAIIE I EK MDA
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B, NTHREFRITEER, HESTHRELA.
RAEEPABRTRLIABKTERN N, BREFEHRIULEHAE
AR, XA RER B TAARNTTURAKETF 4 FRERFRNS THER
HRE, BEHRCRENBEERRZEFE, KPR NRAT RS
R, B ESRD, RZIME.
MELRLERPRATTLUF S, . BOLH UWL EFHEERIRET
HIL T R, BT UME AT B AR E R AR BER.

4.5 K23 METHE UWL REEBE LR STL

FEEAT, SRAEBHENFEMERL TIIETFE, FEUET
DATHOX PP (REHEZ, 1994). (K18 5568 5 o] fe 3T P4,
S ERENRBERREENLEN, BRTEEZIEE. EUEKH®
R T —ERMPLERBERXEN BREENYRE, RFEAEENHRE
ES{F{° R %, 3% SOD. POD F CAT (EE L%, 1988),

AREF, FHAREFAEMEATENT BESNNERN, FIEBT—
R MR EI BT, RIKEFALEFFHENF 8 SOD EHE—H
RF EFr#as, HAREEBSALBELBETH AN FPERENTEERE
—EREBEA, MTTE#HT SOD F#r LA (L%, 1985); IEFK
BB SHM H ) SOD EHTHRE LA , FHURETE. R
H £ B T HEYYUEEFE R TR MBS, kT EESEEELEETH
FEAAERANEESHE ERENRENA R, EEENENEK, &
HEFETE, BT —ERNIRME, YA N FEEEAUH K&,
—BF AL RE N AF RIS E ST SOD REEEMGHEIER, MERM A
f SOD JEH I T (B30, 2001; RLHS, 2003). MRZRATETLL
B4 SOD XHK IR 55 6 A IE L1 NIFE B2 T 7 PIALIE () POD HE 13
BEE AR M HIEK EE EF, CAT BEHNERE K. X2 HT 4%
HZAREFCHEESETEEE~ENEMN NTBST PODEH
AN, #EA POD XHRESFNEE RIFENHE (BHEEE, 19900, CAT
WA BEABRERME, KEFETEERK (B%EEE, 2004).

st S REEBEABMNENRTREN—RIBHERN, BiE
HEAKFEEYR A BE, BREFYAN MDA, BiETEWERASTIR
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MBI EB RS FRMD-FREIMIE, {F4HERKNEHRThAE S B,
EHE—EREE L MDA BN BRI U RAREE T E/InEENE
YT G RNAESE (EBESE, 1989).

FRAREREZH, REFALEFHLH A MDA & E18n, gHE
EHEA, REEKIBEESRKESCYENGEZHEETENER
N, BEKEEET, AACESMENME SR, TEEESHENFE
E#iZ SOD. POD il CAT FMEMRMIEREE S, HWEREERIE
HEFIEEEIERNL (MDA SEMMMN), SBBAKK R . REET
B EAERESEAEUREES L EMEENERE LY RE.

{RIE 55 68 T 34 A UWL ERE%E B i [ G K R a 2 g
RIS R. (KEFSCEEMELRGT, MDA S8, XiEHAZEA
MEERENTHEEER, ARNERERENEGE. BEYERNRRR
SUFMEWERZ BRI FEEBERE, SRNELTNTERNIE, &
AEHANA TR SRS I I E B B iE, ¥ SBORBREBA R, BIHH
EYBM B EVNERANARR. ZLRLERERA MDA S EM
UWL 2k EFHX, AN BHESIRT UWL B3k, XF4 UWL
FEAEK B HENE. RN, UWL fJUEARREDENZEEGEERE
B —FhREETERF.

5 &ip

51 HERFSUH UWL RAEEE HRIEH T

FIEM R UWL RS A BRI MU AR B M E. 7
FA AR UWL AP SPFREE, ATP AEARSBEREEH
%, UWL BESTHEERSBNAXEREE, UWL. %6H DNA &
BEEFEMR, BtE RNA SREEEEMX. FREFMLILE
FEAHBTHRREES UWL BEFEMX. SHASILER UWL
MEW, #2ETEWEANETHELREAZEYH UWL. FHit, ATP.
B, DNA S&FMEBRITHM B FHTET UWL f7-4H
TR, FIEIEF LB UWL 07 T RS HIFERF R mAR
RZEMALERANEE4R. UWL ARTRUHEEFMUEE,
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52 FEHEIREP UWL REBLE KRBT L

UWL 5%k, #FFEIRTHRUARERMER, MRLAEKEE,
EFELRANE 15d HARI B, UWL MIRAEEEZEMR. HHELE
RO UE S UWL MIRAKZAEEEFHER, SIEMAXET T
RAPOLH UWL B E & Uik,

STERBELENERERNESHBAEBETARERNR
i, HHLid NAA 1 CaCl, BREAEMRATHRS, KA EIRHT 5d.
55h, 3EKFELEIEER UWL IRAESEUNBAER, KR
Bl UWL MOt HE R AT HEERIE L.

£ L TR UWL AT 3T R R4 Pl .

53 {KESEAMBTHTE UWL REBE LRSI
EEFHRAEE, A+ UWL 7, HbigFREERK UWL &
EETRKEAN{E. SOD FHNTHSRESFEMEMEESRX. WK
BFHNEHET SOD FHEHFH EAKES, IFRREBLMELHET
SOD &t 2H5E EFE TS BAEERFHCLAER POD FHEAR
F0 CAT iEHEFE(K, MDA & B, HK I FX 8 55 %4 POD &£ MDA
SEHREEB AT, HEREEFLLEEN CAT FEHETREET L
¥, MDA 5 UWL WB{LERRE—HH, HXEITERH MDA 585
UWL EEEFAR, XA UWL FAREEENFIRE T LRKIE.
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Explanaion of plates: 1, Vegetative stage of apica bud; 11, Intiad stage of floral bud
tifferentiation; 1II, Stage of involucre primordia differentiabion; IV, Stage of floret
primordid di fferents ati on;, V, Stage of crown form
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