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L, 5 S RH T R . TBVERR (ABA) SRFTER (JA) MIZEEH BB TFHAMWE AR, (4) AREYBRFE
E&BBGEIHRIEFRESM, WARIF R X MS b T & & & & pH AW ERAF, BT g m
Ca’* \Mn’* I Mg®* JEFREFH) C°° Al La' ", A R FEMEE R ZH CO, HRUSMBTHRERE M, (5)ZHEHAE
YA FAE 15 —30CH ISR, BoE i RIREER 25°C, (6)4°C FRAMER AT LIE K I FHMFRIFR R R R,
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Effect of environmental factors on fern spore germination
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Abstract: Ferns produce spores that germinate to form gametophytes which live independently. The gametophytes later
develop antheridia and archegonia and produce new sporophytes upon fertilization. Spore germination is a key step for ferns
to switch from the gametophytic phase to the sporophytic phase. Spore germination also is a good single-cell model for
exploration of cell nuclear polar movement, asymmetrical cell division, tip-growth of rhizoids and other unique cellular
differentiation events. Furthermore, fern spore germination is affected by various environmental factors. So far, fern spore
germination features in response to environmental factors have been investigated in about 200 species. The present paper
gives an overview of this research progress and summarizes the common responses to environmental factors for germination of
fern spores as follows: (1) Fern spore germination is affected by light intensity, and the action spectrum for germination is
diverse among species. The four representative influence modes include a) red light-stimulated and far red light-inhibited
spore germination which operates as a switch, b) far red-uninhibited spore germination, c) blue light-inhibited spore
germination, and d) spore germination in the dark. (2) Gravity directs the early nuclear polar movement in spores of
Ceratopteris richardii, which irreversibly determines the axis of spore cell development. (3) Gibberellins ( GA) can
function to increase the germination rate of spores or break spore dormancy. Antheridiogen has a similar role as GA, which
is to initiate and promote spore germination from many species. Abscisic acid, jasmonic acid and ethylene have only minor

effects on spore germination. (4) The spores of diverse species have different optimal culture medium compositions for
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germination and growth. Spores can obtain the maximum germination rate in their favorable mineral and sugar content in MS
medium. Moreover, spores from different species may need an optimized pH to obtain the highest germination rate.
Furthermore, the metal ions including Ca’*, Mn’* and Mg’" in spore coat, Cd’* or La’" in culture medium, and CO,
content in environment also have effects on spore germination. (5) Many fern spores can germinate under 15 —30°C , and
25°C is suitable for most spores. (6) Storage at 4°C or in liquid nitrogen can increase spore longevity and maintain

germination rate.
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TEAERY D, BRI 2 M — 0 AR T AR AT DA ST A 0 B2 . SRR 1™ A 1
TR LAWA & O BR A  S A I B TE 14, T8 O S VE R BUBT L 1 . BRI  BREAE M 17—
T R TREARAR , K58 B 0 VR Pl S8 B A MU SE R I S ST AR M , AR 5 38 0 T R X R £ 4 L 4 284 4 5 7 A A
HRAN R 22 AR JE AR A, J 22 A G A0 L Ak 52 3 208 B T4 o PTUL , 60F B JR SR BRESAE W A= 1 52 v 1) S B3R
o BIMEYMFIH AR E B B MR, BR_REIER WS40 M (TE8 4 W 40 e/ = 4100, Fh 7 h 2 40 i)
e AR . BRI AT & AR A AT DAY N ECAH T B4 - - F 7 B9 R AL AR AR 2
—, [t 2 AR B 7K ST BIF 58 O e 2 40 L A% T2 A% 40 BB R 30 ) S R M A R S 1 o0 F P A R G A
R BT IR E KT BRI ER R WIRE . 24Nk, B AHIE T R AIREEE T34 200 Fhkk
YT R B, W RBIMAE R F EFEAE LR E ) MR R (FRER S FER SRH R
IR IR RN TS JRESE . AT, B TR MR KL, 6678 Ao AL A [R] A Py 8
T B A5 BB RS W R R 0 R , t B i O A58 R 0 e B o Ak, KA LIR , ZEEI B LI R
BRI YRR &N LR E IR A& S, Fi, © B WA RBRZE Y 7 5 R AR e 2 Fh
ZHE AERIE R A KX PR A Wi BRI 78 7 0 R A RV HROE o A SCHE IRIBAESS T A RPFFE A
I T IR R B RS A
1 ERXMBFiHEEZNIE

H 20 t22 50 LR, AMT—EREC IR BRSHEY B I K W, B &P T 70 MRy 1
TR AP AREDEIRFARINRL . AR BRRM T ZEORAEY BRI &, T R R
BFEA &, RAAREETEM T A K TG TE MBS I ARk B TREEAM T B AT, tnBRZEM/R
JINEL ( Ophioglossum crotalophoroides ) FIZRIL A WA ( Lycopodium clavatum) ™™ o SR, B FRRIEHEPFEAZ , R
[ W e 6 WA 0 O R B i A 22 57 ARMETE LR — B U R BB R R F i R . BARZ L
BRI T (ARG EH ) A ZE TORRAGNEN , E20EERER &3 B RTFH A EER.
WNERF Bk ( Onoclea sensibilis ) i1 J& B WAL B FIDE 5 T 85 & 5401 (60h LAY ) MBI B M SR & &
A o FDEAEFIMEIN 3-(3,4-40EH) -1, 1-— FEEIRIGIRE I BRFBR (0. sensibilis) il 24
HRZHEWE . WATREREY, SFTH LB, EESBRIHEY T 9 & 28 T K
Fe R ZAR R . AR T35 & Xt 65 G BRADE IR e SR B A A A RIE K
1.1 &

X ERE R (Adiantum capillus-veneris) 18 & AN DR R, il F B R S B M5 1 A 257348
Wi BT S5, B R (JIIRE R A TE 28 ) S R0 m LU IR EE" o el B FELDEM
LT BRI T 38 LIRS (P, B KIS 666nm ) FIZE LTI Y 2 ( P, B K MR AT 730nm ) 6 i) 52 199
Pl AR —RERR Bh-S6MIE 1 O 23, NIRRT &) o FIRT, 8 T4 i e 2 44, T
ATERESBAE R T R L006-1m 400X 56 1 YR 2240 24 g B, AT @ i 56 1 WO 2220 3R Ml # 7
B TR LT 40 A% O D632 A AT DAZEBE BN T AR KRBk (A, capillus-veneris ) 7 8 % it # (9 55
2 RPN WA 224738, AR 3 J5 22 4R J5 16 20 MO P 22 RIR TR L. G, 28 6 T 40 M R PR S B 8 R vT DA
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FELLI/ LT e AT M 5 e AT 55 2 WA SEVEF , TR 22 AT R ™ o X A2 e ta R Ak
ZARU R i RS BREA R EFAERRER, FERIANUTILHIER

(1) 2b-mAER LTI R FFRAER” B . 2R LIRS ZEBREME YT I &, Bk F ik (0.
sensibilis) \¥F 41> ( Lygodium japonicum) \YE k)& i) Thelypteris kunthii WRWAEE ( Pteris vittata ) %5, {H 8] BRI LT
TEHRI IR TR, AVREEBRIB 1 T. kunthii #7233 %% 18h 0GB & % 50% , T 7E 18h P [A]
P2 T 2L RR S (Smin/1h B Smin/3h) ¥ & 3 HE 30% —40% , %66 R Z0% B IS 30 /5 85 R Sk
ML, I i[RI LG RRS (8h) JE B T, kunchii 31587 & T 5O 21 0% FRURT (Smin ) 0 ] , SR T4 4k 2L 245
T 8h LIRSS AT DAIYR B L K (B R R 50% ) , B Re S 406 IR ST 10—12h, 5035 4 8h £10 Smin 4T
JEHR 2 G, B4 T 8h LGRS AT DMEBR R L6 MM I/E A, 753 50% LA b B85 & %8, (E 46 B [A] ( Smin ) F)
LI IR ST TCEEAR B BB AR o BRILKY TS BR ( Cheilanthes farinosa) 7 F-th B AR Bl A RL AR
H B, ST E] (5—10min ) £1 5% BRI AT DARRBR I L0 R S L Fh 2 (n & 18 L F5 46 Asplenium nidus ) 7185 & H 1
HIVER . WACIBITE Cheilanthes feei #F B RIS B 7E 2 NMLRY R 22 (KB, LB OB AT
HRBA XL

(2) BT IR HTLEX 8 R A MEIEM . AEVERIE Y Mohria caffrorum ¥ 1EFFEE 144h
LOGEGRLLG RS T #R AT LAIK B i 60% iy f R & %, I H B 210 (12h) BT 54056 (12h) -m 4008
(Smin B, 1h) FEET BT3RS M8 R RARL(Z140% ) ™ o BRFBR(O. sensibilis) #iF-1E 13. Spmol -m ~%s ' £1)KEK
# T5pmol-m s LA NIBAT FERREE S BAH L.

(3) BEXH T8 R IR E AR 5 . BEOEXS/NBAB A (Alsophila metteniana ) 1585 & A B B A1)
HIVER , BEOERRS P RF IR RN 7.51% ,mim/NF Hb L6 DRI T R R (5 =F Wi K25
5 68.78% .65.66% F163.74% )" o WEAh,C. feei HIFIEMWNIRE T My % HA 68% , i FIOLHILL IR
5T IR R R 435000 989% F1 88% ) o I AR BR (C. farinosa) fFFERRLT LIRS AT S TR 44 T 8
SRS, B AN o 5 RARML, ST R G R B ET IS 4RERBR (A, capillus-veneris) T B K o AR
T, XS HELE YR =, BEOEXT B R MG S s R E R . ANt BRI AT DAREARTE PR BR)E 1. hunthii f85 &
R(WFRR <20%) (BFHBASTEIMEI L, T B I 6] AR A (P, vittata) 774 B T BB —
B E)JG PR LR AT AB & o 5 AR, B IR SR REFR AR 22 JL 3R 9 Polypodium aureum 7l
TR, E B HOLIRNE ARG S (1.3.5d) W85 & 3 LS A LB IR A R R & . XA L
RS FI & , R 2 G R 2 ] DR B 7B &, indEMNBR B I M. caffrorum FFTELLEHRST 12h
Ja 4ksE FATE G IR S 72h AT LA3RAS2 80% HyB & R,

() fFTERREAL B &, AR B &, LG EOCIHIB & . WA BB (Psilotum ) B FA T BR P.
nudum Fl P. complanatum SH§ VG Bk J& ( Tmesipteris) F) T. lanceolata F1 T. sigrnatifolia ¥ R7ERBHEHEE % , B
RIRIE 52% —98% ZJi], BIR T. lanceolata FEGIRACMF T AT 85 % , (A FC F1A RAEK 21 2 ZUfas 3™ . &t
AW (L. clavarum) i FIELT FARE LK R ST LR LR IR G B B3N 95% —99% , T &3t e 41 -
LIIBET LD R AT FOR IR AT S T T B & REET 7% 5. 52 AL, BR 25 /R /N ( Ophioglossum
crotalophoroides ) B &% [FIFE 32 BIZL G HN OGRS M (W5 & 324 0) , 20T LATE B G 4006400  4008-
LLIE-LIE AR S8 A % (W R R 2 25% —28% ) ™
1.2 JBHRGREE

Ot BRSER BEXT L B & M I R I YRR et . SRR Y B FAEE SRR ETE N AR
R R —E X R , R RR S KNS ME T & o INBA (A metteniana) 1778 FR 5
BEM 20pmol -m s ™' _EFHF] 50wmol - m s TV, B & Feth )\ 55. 25% i L FHF 80.45% , T 24 HR R B 4k 4k
M 60pmol +m ~*s ™" FF}F] 100 wmol -m s~ B B K R F W T [ F] 60.44% , T _IJL, 50pmol - m % s 7! /N R
BT R NBREDCRBE  C. fei T KEEWEI MM 50umol -m s~ F] 100wmol - m > s ' ZH# I
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T+, 1A 100 wmol - m ~*s = F] 150wmol - m s~ FF4E T 5, 7658 4 100 wmol +m s~ "BPEE R R RS,
X BR)E ( Tectaria) 4 FpAaY) (T. heracleifolia, T. incisa, T. mexicana Fi T. transiens) -85 Jk ZRth [ % IR 78 &
TN, 7E OGRS S0 T B R RERTE 65% LA b, T B A F R BT R RIKT 40% ™ N TR 52
B} ( Dicksoniaceae ) ] Dicksona sellowiana 7E 5% .20% .36% .50% H SR YGMBKLME T, 35 3% 49d J5 Y A] 3L 3]
85% L b HIWA & 3R (R TE B & 01 (21d R) ,5% F1 20% HREREAF T & (L R4 60% )™ . 7EHk
T HAREKI Cyathea delgadii 18 5% 1 22% I H AREBRE AT LA 53 5135 5 83. 5% Ml 76% Mym k™, 52
FL, L PG 5 EBR (Blechnum brasiliense) 763X Wi F G HB 4 14 T B BA %& R43 51K 84% #176% ), 42 L Bk Y
P. lepidopteris 15 8% 1 22% [ #X Jt 8 i AT 3 B e K & %™ o FR3R BE 75 42 40 ) 2 0 BR ( Rumohra
adiantiformis ) f8F 8 & , TEBAROGCRRRE (9% 1) B ARG &40 T, 707 A B & o [ B 4 (8d) , Dt R 5 BE Y 9
2 54% 1 B ARG , T R ) R B AE K B 23d X ERBIG R, A B YT T R ST R A
o, 68 S 38R B AURR, B 2% B2 A R B AR IR (0. 01—1 mmol -m ™) S R4, {H 2 th AR HEBR A ] 5K
I 25 (51 FH RO BRI 1 R 4% B 22 R B
1.3 StHm A

K EHAN LI ZE W RER BB T ARMEATFHAFTEROCRNEIA EZR, FEATFFELSKH
[EERRA BEHT &, BB ILIRAE (A nidus) #IFZLOERS 4d KIBRR, Z EBRBH P. aureum #1F LY
MG 5d REIABIR KB A R, HEREN T. kunthii F7ERBFR I 4d |5, & FGELDG IR 7d BEIR B H K
Bk R, WA KT o JE i A 2056 B 5 (3—Smin) BRAEB K, WERFBR (0. sensibilis)'" | 8 EBR R
( Dryopteris) IR BEEBR (D. filix-mas) F1 D. paleacea, V) ]2 B-BR @ B Polystichum minutum %), YL H8 24h
W3k Preridium aquilinum (5T 752 3—5d #% , Y6 B8 12h ZHOGH 24h 138 3—4d B1R ™ o X SuFhiEl 22
FeBR T WA R AN [ B LASR AR AT BB B A [R] S5 30 2 Ao P O BRGER B2 S5 06 BUR IR BT 3K, AT BB AN )
HIfL 1 7 ﬁ?ﬁﬁ%ﬁﬁﬁiﬂ@o
2 ENECe WA TFHENE

X FZHRIEY S J'ﬁﬂg%ﬂ; MRV T AR FEER R, R X KBk Ceratopteris richardii
HIBRTST B, B HH T8 Rt A R MR S M B R T ORIBIIIE ' o 8 C. richardii 171 % i 72
o HETEE 1 IRR 220 BT, A R A R T B gl , TR GE T 60 4 L 9 AN X kP R BAR A 1 B9 7 1), 3K
B PR BERR o “ TR B B 7 o Roux HHAVEH T BT B3, T8 J7 76 M i 300 %k 40 6 26 sl phe e 1
o TEESIZMT B2 94% - BARME S 4K, BE 6% flFBAR M 577 m 5 7 e, i
FER TR T JUMRE R BN BEALE 3 , ARt 7 1)t BEHLAG ™ o S I8 7 7 7 D300 4 e 40 R A2% ) %5 3
J5 1] B TS e . AT E ) T I E R4S T FOLREUCE & 07 S 4 T OR RE, #A 92% —
3% AR Sy . AR T _EEIEE )5 0 45 T 0 BRE (B ] W & 1 L RIS I B 98% , T 7E 16
TR T IR S 1 T A K A BARE H R [ 2 81% 2417,
3 HEXYRNBFHEEZBOTME
3.1 RER

SMIETHEIN )RR (GA) R AT B E i e 7 i & 2 mRNA 5EARK-E BOREMB Tk,
filFNIE GA AN & B BILNFES, 206 AT AR R CA, & i, #HM IR FI& , IR RY
WGV (L. japonicum) #F1E GA, MLIEHES T A RIRF ™ . CAHILIEEY, GA Fh 5 b 38 B (VR
FIE[E]) XA AT R e 2 5, FERIEL T ILL | 56 1, CA L3 ZHOR R 2B
YT 8 R A AEHEVERT 40 - (1) BRF} (Preridiaceae ) i RRUH K ( Preridium aquilimzm) f1FTEAR S GA; Y H I dk
LA Ad B R, HEN 2.89 x10 " mol-L ™" GA,J5 3d 8§ &, GA, YR 5] 4.33 x10 "mol-L~"f} 2d B ] 84
£1.(2)1 x10 77 mol-L~" GA A f# 5 5 F} ( Nephrolepidaceae ) [ '5 5k ( Nephrolepis auriculata) #1715 & LIRS
15% 5 (3) 1 5.77 x 10 mol - L' GA, &b 38 35 Bk B} ( Athyriaceae ) [ BE B 25 Bk (Athyrium multidentarum) %1
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F 2—10min J5 , #0F 8 K I 18] LEA AL FEALF4RAT 4—10d" 5 (4) GA W LUZHERSFL ( Cyatheaceae ) A HITF
BEASRATREARIR . 42233 0. 14 mmol - L™" GA, FiAb 3 (¥4 5 [ RO ( Sphaeropteris hainanensis ) #1F %& H B il
HH R B L EL o 2 UL B A B 22 B R 466 1147 TR A8 (Alsophila spinulosa) #1F-45 JLAF 1 PR BRI, #5
1.44 x10 ™" mol-L "' GA ZbFERSBHF 2—Smin, AT LIFTHALFIRIR™ o 55 2, RREIFH2E GA X4 HTF B R AE
FETELES  IM/NFERR  (Schizaea pusilla) 72 BAE AL EE 20d J5,%F 1 x 10 ™* mol - ™' GA, ,, 5f GA, &b
BB, GA, ., X8 & RILF- TR, T GA,REMEET & RIBRE 15% 247 . 553, GA kBt A% #7
R RWA M, N TEFR (Anemia phyllitidis) #1724 GA Zb3 12h F1 24h J5 , ¥ & 343512k 30% F170% ,{H
kSN GA LB EHEF B R RBAH I E . 5 4, CA LBEX A RIS Y 1070 & AR #E1E A B B o
YEFH. tn8.66 x 10 * mol-L ™' GA, A] LMEFRSE (P. aquilinum var. latiusculum ) 7 {BAR 8 1 i [ $2 R4 2d, (B
HAREWFIHEE , T 8.66 x 10 * mol-L ™' GA kb3 %% ( Sphenomeris chinensis) #iF 15min J5 , 1 F
B &% (38.07% ) GREAIMFH K2 (39.37% ) HATEH .
3.2 FMTER

BKEF#E R (Antheridiogen ) 2 BRASHE VAL F 1AW B —KHAK /N FEER LR, 5HRBR A E ML
TR AMIEEKRIBRIE (Preridlum) X BRIE ( Preris) % B IKJE (Anemia) FRF JRJE ( Onoclea) |4
V)& (Lygodium) \JKBRJE ( Ceratopteris) F#) 50 FERIAE Y & BNE THEK™ I B4k T Apt,Aps,Aan,
Aon Aly Ace % ZFh R FREE ™, T & LR TR RS REBREHEYTH L. SERETFERM
TFREG B MROCIRIE RS s &, A el AR R Bk B ( Adiantaceae ) (¥) Bommeria spp. fF7£ BB A i
K, It BT8R RSN 78 Rk R E T E A ERKER (C. thalictroides ) H NG T3 %K (Ace) Fl
Phlebodium aureum ¥ NS T3 % (Aph) REEIEHE B B FMEEMHRBFEREHHE . SR 7
AT R AR FLEA MR A, B HBEWE 3 B B L7 WE &, A0 FLF5 (Lepisorus thunbergianus) \J&
W& ( Phymatosorus scolopendria) . % /& Bk J& W) P. pellucidum . Campyloneurum J& W C. angustifolium 1 C.
Phyllitidis Microgramma heterophylla 1% FER/& (Anemia) HIHI ) SRS TR R REEBIA S A BB TFH LS,
SR, BRI BR (P. aquilinum ) "8 () BURS T 363K (Apt) AT U S H E M TR A0 F A" o 1sh,
TSR NS 7 2R Apt B W] LAFS B BR FBK (0. sensibilis) #3F SEiRFELE Cs B Cy B BR X L & # 40
R
3.3 5XRAM

P& ER (ABA) A MR AEYI 25 B (P 7 ) IRHR , H B AP & AR . SRT, ABA XBRAF U5 & W
MR /NER TCR M . Chia FI Raghavan™ fBF5E 32 B ABA ¥k B M 3.78 x 10 ~° mol - L™ B ¥ £ 7+ 3] 7. 57 x
107° mol- L', L ABG & VPRI AEMNBRIB ) M. caffrorum H1F B R 3R M 89. 6% % #iF% i3] 80. 8% , 1] ABA
AR SRR ( Matteuccia struthiopteris) #1F- 8 & BA ™ o AR AT Bt FIRBAM BB Y T E L
B BT T AR mRNA (G H BT S AHSE Y RE B ) 5T , 3% 26 A 77 7E B W B AR IE T i R I R 6%
ZM, TS FEZ S I ABA B, 5 2 A AL, Camloh %™ (B ¥ B 0. 01—100pmol - L™' 5EHT R
(JA) X U6k BEAf Bk ( Platyceiium bifurcalum ) $ ¥ & B SRR i 4 H 3 e, (ERE A AR BRI B K
B RBEHAER . XFFERE THEFHHERA mRNA E20 U EHATE, KX A JA REHE K
mRNA B AR XHERARER AR B 1R R B R DA, (HX THF 8 R AR BH
3.4 i

BARCHKREMFR R ST DR HA T &, BRHEH0E 5T IMSIBCEEY R iR . W8
TR DNA & AU A% B A Ay R M F I R ZIMWKBERE] 1 pl-L7" RL LB, BRFBR (0.
sensibilis ) FFB K R [E 2 40% o HZ , X Fam i 4E FE AT LABOE BRER 73 KR , 76 20 AL 33 45 T Im 4000 B 5
b, BRFBRAL TR RN 75% , T4h T WORMLLE I & 350510 67.7% M1 57.29% ) o A KB4
23 CO, %%, To CO B, 1 uL-L™" ZHM M FHF B R RN 10% , A 1% CO, REME 8] R RIBH F 65% £
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FHM L R, 2 RES e A H BEE R TBR (0. sensibilis) T8 & o AN, ZIHF (2-H I BERR) B
A O K5 R A 7 A ) 0 T AR R B B R I BUK BR B C. richardi JF 8 & 28, ZIREAR T BRI F 1)
AR, FAZHALERBBOKEKRE C. richardii #1F 4d 5% 6d, L #H & F W FE K 3% —4% 3 ) 42% —
62% ;SR , I Z A AL AR T 8d LW 2 RENI 51% TR 42% 17,
4 BEFERSEMEZEEXNBETFHEZNZIME
4.1 RFREXAMESTHEREGE

R A NS SR8 e B A R BB A TR &, B E AR E T RAR TR FEFR, A
J2: , Camloh ™" Xt s BEFABR (P. bifurcatum) FIBFFE 2B, WA S 73 U U R S SR L E A TR R &
B, MHANERA T LR, NGRS, 25 LB B B2 A [F 28 B9 Fhowt 335 37 2 op TTHLER VR BE 1)
B3R, A (Pyrrosia lingua) #1F7E 1/8 MS 5, Knop’ s ¥ Fr 5 i RALHR , Befh 6d JEFF IR EA & , W5 R %5317
ik 83.2% \84.1% , T #E MS 35353 P T T 880 9d JE A TR A & , B R RAUN 59.5% 1 . FZ AR, &3
( Osmunda japonica) #l-F7E 1/8 MS ¥532 P T K FR W15 95.3% , 15 THE 1/2 MS B33 A MS B34 F
W & = (JEWIE 530 80.2% F150.3% ), BBRIB (A. podophylla) #IF7E 1/10 MS 5% 1/5 MS ¥
HIBH & R (4 67% ) B T7E MS 35373 ERBH R R (41 60% )™ . REBBRIE M E EREBR(P. cretica) M7
B RUEBR (P. wallichiana) # T 76 1/2 MS #5323 H Al RLiA E] 80% LA b 9 8H & R 28 S 8% F 3k (D.
varia)7E 172 MS 5 52 35 FH T HIBH R R (38% ) B b MS #5372 I E 5% ™. B 8L Bk (Adiantum
raddianum) 0F 8 & M BGE R SRR FE 1/2 MS BB AIA 3.0 mg-L™" GA 3 g-L ™" 1&E MR 30 g- L' i
WA 6.5 gL g,
4.2 FEHESHTEYR

BE IR B R AN URT DA BIR , AT AR I T B B, X I SN AFRMERTFHER
. HTAFERSSHF RN 7R R, DR AR Y R & R ZER, BT R SR ERIE M E
BERYRIB EENERAF . BRERE/NT 2%, EEREBR(P. cretica) #F 8 K %1 80% L) |, T HE
WY BETE 3% —5% I, B & RAUH 50% —60% 1 o 52 HAAL, BAR B BEREVE BE (/NT 2% ) H3E T 5 (P
lingua) A RBEEHR(D. varia) FITH K™ BEH T K HoE MR N 2% —3% 7, ik Ly
At T LASE RL B Sk b R = B BREMEVR B2, RN BR (P. aquilinum ) (B S5 BRIE ) A, filix-femina ] 15 8% BBk
(D. expansa) FIZHERR (A. phyllinidis ) 5 4 FHEY)HOFIEREVEUR BE Jy 6. 8% B A R 2 = T MR 1. 7%
FITCRER T A 2 R

AN, FEHE 3% FE v 3 I OB R B R B AT LA 4 ) B fm 5 FEBR (A, phyllitidis ) F1 % Bl Bk ( Preridium
revolutum) HF-HIBT & R o AWK B HERE A — VR B AR KA B IR (AR I B H R R A R
W5V Z R BN R R SRR SE) , ATEREBR (P, aquilinum var. latiusculum) WA & 3, bR & BB, I
R PR AT TR BRER R I HL 2 Eh 0 3 B e 50 ) £ 20 B4 A6 ER N BR (P aquilinum) 55 R
(A. phyllitidis) FERFBR(O. sensibilis) ZH1F 8 &> o FEREFRFHIMA — 52 B (5% 10% ,20% 30% .
40% F1 50% ) () 25 25 2= ( Eupatorium adenophorum ) $& B AT LA B4 B4 ( Cibotium barometz) 151 /& i [B]
FEIR (B & BT R BRARAE R AF 1L, I ELFEE 1 o0 2 v 28 20 22 SR OB L A 38 1, X618 2k 19 52 e i ¥
Ko H,50% 2255 22 R BORT LT 85 & B R B3, AT a5 & 2ER 4—7d, I BLEEE & 3. 98% T %
3] 18% ),
4.3 pH{E

ANFEIFPSAE YA F B R P B R3S SRR () Bl pH HYS A 257 . B LY+ BRI 1E N Y pH YE
HeAR TRz , QiR )& 1) Drynaria ortunei #3§7€ pH {8 3.7—9. 7 Z [AI#REE WA & , 75 id pH {H 7. 7 BB & %
A[iA% 63.3% Y C. feei #F7€ pH {H 4. 5—8.5 Z A T T X REWI &, 81 & @ pH E N 4. 5 (B AR
92% )\, ALY T RIEMRBRTE S T &, W/NBRE (A metteniana) #3776 pH {H K 3.7—6.7 Bt
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REBH &, FE7E pH {H 4.7 BHAZIR K & % 65.6% , Tife pHAE 7.7 BAREH & o A LW 7 R 72E i
PR T WK, AR K Marsilea vestita RALF8§ & K pH {EYEHEN 78,
4.4 SREET

BEREEH Y Ca® Mn®* 1 Mg®* B AT AIVE N T8 & 3 B 1 15 540 F 58 G (B PR G \ATP B A% FF
FREG) B A B, IR UEFL 785 2 V1A 40 MR PR S, DA e 2 S5 BAR A K 1 2 o A B 15 1 , DA TTSE 2o SR IE
i & 3o A FP ) S AR M e 2 P B PR S SR AR R AR M A o B SRR E IR T A BE/ R BE P SR &R
F(m Ca®* Mn’* Hl Mg®* %) & FI FERFBR(O. sensibilis) T Hi & . i Cd** il La* " 4T Ca* " MBS
JB B PR, NI AT & . SN 0.1 mg-L™' A1 1.0 mg-L™" fy Cd** REEFIEKBR(C. thalictroides)
78 &S, fH 2. 5Smg- L7 5.0 mg-L~" Cd** BEAE M W] 149% F1 36% M7 T35 &' o esh, SMEIY
La®* B4 8% E 3R B ¥) Dryopteris paleacea T %',

4.5 EMEE

il FEMEEIE T EMEF ISR AR R 54 KA 0], NN E 179 & i A KRR f
BRURNPFESHH. A, BHEEAMUSENRER TREET, baEmaTieg™ ., £H(o.
Japonica ) T4 Fh % B 43 51 Sk 100,500, 1000, 2000, 3000, 5000 4~/cm® B, 1 F 85 & 2643 Bk 0,12. 3% |
46.1% \71.0% 95.4% 67.2% , 1 HH] I, SR BE g 3000 A/ em® ZE AT IHAGE FEH M TH &™),

5 BE

TR BT AR W 65 & o A rh 2 M B 1 5 & RV B A 15 4, T LR DG B R M 2L AT . (RIR
SPR A TEFIEE TS M, T R RS M RDCE AR MTEE, AT mAE 7 AR, BRARABREHEY M FE 15—
30C KA TH AT & (H A R8I0 T A B B R IR A 22 5%, X AR AT RE R B TS [RI AP 696 7 i 45 0 AP AE
ARG IR ZESRORN R T8, R EEXS 1B R e 2RIV LT 3 Mg

(1) ZHFEA TR BIE I ZIRE N 25CEL . FHBR(R. adiantiformis) #1F1E 25°C I 87 & i 8] (8d)
55 F7E 30°C F1 15°C B Ay 85 & st 8] (10d 0 12d) ") #E 25°C B}, Microgramma lindbergii M. squamulosa . 2Bk
J& B P. hirsutissimum P. pleopeltifolium F1 P. latipes Adiantopsis radiata .\ JEFR)E K P. denticulata 51T 85k
Yy 5—8d, #4M A FAEH B IR E (18. 4°C 21, 7°C\29. 4°C) B fy i 6" o 76 25°C B, , 8k A Bk
(Asplenium trichomanes ) 5 Xf JF Bk ( Asplenium scolopendrium ) T 1E55 3 KIFIRA &, MIRE FFE3] 15C 5
10°C B, ¥ & B[] A B4R 2d 55 84" B -4k 4 5% (Asplenium ruta-muraria ) 7€ 25°C B4 16 RIK BB A B
K WA 1I0CH EES 28 XA R 1 MIFH K . AN, FHEH M. vestita .22 JEBRIB I P. pleopeltifolium
1 P. latipes®™ ¥4 )& (Woodwardia) [f] W. radicans'®’ .C. feei'™ /NEBROHE (A. metteniana) ™ LI K% LB
B T. heracleifolia,T. incisa,T. mexicana F T. transiens'™ ZERMIHT 25°C 4/ F ER 0T LAZKAR A B IO B 2%

(2) B LAY T MBS W R IRETE 20C A4 . Culcita macrocarpa #3F7E 20C ¥ &R F Ky 87% , & T
15°C \25°C I 10°C W HIBH & %R (76% \55% F1 7% )7 o %k 8 5 ( Microsorium pteropus ) #3F-7E 20°C ¥ 35 i} i 8
KRR 85% , T 15CH 17% 5 25°C ity 20%

(3) BB T WEE RN 30C L, /NERBHFLE 15C 20°C 25°C H1 30°C i K535
hy46.17% \67.26% .68. 78% F1 72.37% o 7] W, ART 15°C B /NERSS 7 H 85 & AR, 7E8 R IR B I
(20—30C) KB B R B E" o BT B (0. sensibilis) 16 30°C i} fE 15 ) 5 K85 & R, £ LK) 1) P.
hirsutissimum FRUEBRIB K P. denticulata HTF7E 29. 4°C ¥ R REBREB BTG , 4354 95. 7% F1 67.2% !
A RS - LE RN = FOTRLBE T A B RSB, in 2 R BRIE ) P. pleopeltifolium #1F7E 29. 4°CH K Bf[a] (5. 6d)
5T 25.2°CHT(6.3d) ", LR ( Sphenomeris chinensis) - T-7E 28°C i (8 % BB 5 F 20—25°C ¢,

6 EFEFHNRFHEZAZM

BRISHH W) AT 1 75 A R AT 57, & MR 7 M F A B (A 10d B 1a R4E) A& MR 5 1Y

Fa KL, EEMRER, KIEEL( Equisetaceae ) \ 2 FHF} ( Osmundaceae ) A<M Bk F} ( Grammitidaceae ) | &
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%} ( Hymenophyllaceae ) % & BBk & ( Lomariopsis ) %5k J& ( Christiopteris ) \SER k)& ( Matteuccia ) .BR T Bk )@
( Onoclea) Onocleopsis \Marginariopsis . % EJkJ& ( Blechnum) )2 Bk (B. nudum) ZEF V)T KE&FH 4
1A, X e A TG RS IR VE R I B & IR IR, RERRBIEAE 3d (P73 1. 46d) WHE & , (HRHTE 71 K4
HE la B E /(T 48d) . MEZEEREHEY A FAEHEE, BRACNFEE KR A7 ¥k (4210
d,F3#9.5d) (HEEAEARE (£ 1045d) ,

il ¥ Far 5 R BB KERZ RIS . — R = 38 2 TR SRR e Kl 7. 0
ACHEAZIA/INSREIR (S, pusilla) T T K REH T 2CHAEMNTT™ . FREAMET - 12CHEEH C
delgadii FWEGERIFHE E£ZE™ . HFERBH T. lanceolata F1 T. sigrnatifolia 1 F7E - 70°C 54 21
MHE AR SH e RN E RS, WA, TRATEBRRFRAETERK TS 4, EHEKR
adiantiformis) T 7E BA A7 90d JE T AT Ik 2] S e 7 HE B & R, B it ge s . EHEE I
0. regalis I FRIER A PHEAE 18 M BBEBRBI A, tenarum B AJE I Cyclopeliis semicordata . L FRE
W) T. incisa F13%58 %1 Bk ( Macrothelyptris torresiana) #1 T FESTE R R P ARTE 52 N H , RUBFRJE I Pteris sp. |
22 5L A ( Cyrtomium falcatum) \XF Ey Bk ( Polystichium tsus-simense ) A I FER AP /TR E 75 1~ H .
SR, M FREEWR A, TR SRS BT 7T, 0 - 20°CIRAER] LB BRI 2 5K (S. chinensis)
AT AR, THREEIRIE - 20°CHEFEAE C. macrocarpa FIN4 & i) Woodwardia radicans 72k 3 1%
P, T 5°C 1 20 CRRIRAF AT (A FAR R IF B R
7 CO,MFEEARIFM

EE COYRER TA TR P. piloselloides K, TEWHEIFEHAE CO, 0, flF MEE 6 RIFIHW
%2, B5 17 KRB K2R 64% , ik 37355 CO, ¥ ELE 0.02% .0.04% .0.05% 5% 0. 34% i}, #1745 4 K
TFEGEE &, BI5E 17 Tk BRI &R 90% DU L o (B2, 3R K COWERAEMH BT B K. 2% CO, %
BRFBR(O. sensibilis ) fl ¥ K BAAEATINE (B R HH 95% ) , CO, MR EFE B 5% 1 10% B, 8 & 4051 F
W2 65% F125% , i T1E CO, M LI 2] 15% —25% T A &,

8 HZE5RE

BRISH YA 87 R R A S i 18] N 58 U AR BRSO B R S R S P A R A LR RS & o 72 . LR HRE &
B PTEX B R R A AR PR REA , B2 A & RN RS R 1 XA R BRZEAE Y S BB T R e
HIRERPE T o Ak, BRI RA D BARE A R RS R BOR O T BRE 78 - F = Z A ZEH &
TR R R SRk R, BB A R AR W 2 BORAH T BRZE A R AR R AR A G IR S O A
PRIZRHRAE "> SR, SX L BF ST AT RE 5 2 T R G R BB B R I AR B B B o TR L, DA R T 26
WA FREENS . AR, MY S FEYFEE 5Tk M & R E 2 AR BRAEY fFi &
Wel R PR R F i 2 FALER IR L T AT BB, BAA B AR WA RIB KR (BEY)) W2 EE ARG R, (HEKBK
EST %3 i (#81:3 5000 4~ EST) #l cDNA 3/ (#832 3000 4~ cDNA) ZE AW F &, i B A%y 70% LA L #) EST
SRR R A BB AR o IR BRSO 4 2 AR I B e AR W, ZE R A B (X TR Ak (F
HBR TR 0TV FEARFIGE LR, AMTRTE AR F B 235 AR T RNAL HAR M+
A E AR o BAh, ES KRR 85 & 2 FUR 4P s AR h R, R R R A S E R
JRHRHE A 58 AR R, 2 E AR 0 A W) 2= D BRI A PAT & , BE B I BR I TR R A I R E S5 RBTE FR i 407
PLE> M BARAYEALRERRE, CAmEREARA¥AEHEREORAFRES . #H
iTRAQ £ R 454G LC-MS/MS AR #47 € B £ R KRB HEB A HR C L0 THEY 4 E B B4
I X EER A AT A R R 2 AR TR I T B B LRI B T R, R, 45
PEZAR K BT R LA T BFSE : (1) BESLAR RSB RIS M7 3 R B IFRAA R (2) OB IR V) RS
WS E L TE— BRI AR, 0 5 B G A RIS Y 7 85 A R O PR IR 9 A B A ML (3) R
YAV SERRAFEAR TR E M-I RN IR S B W EERERN/EET; (4) F
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R TSR, B R BRI 705 2R3t , v iR M 25 5 5Ty ™ & , RIS BRI AR 5

References :

[ 1] Chatterjee A, Porterfield D M, Smith P S, Roux S J. Gravity-directed calcium current in germinating spores of Ceratopteris richardii. Planta, 2000,
210(4) : 607-610.

[2] DaiSJ, Lei L, Chen TT, Chong K, Xue Y B, Wang T. Proteomic analysis of Oryza sativa mature pollen novel proteins associated potentially with
pollen germination and tube growth. Proteomics, 2006, 6(8) : 2504 -2529.

[3] DaiSJ, GaoJ, Mu HF, Song Y Y. Comparison of germination between fern spores and spermatophyte pollen. Chinese Bulletin of Botany, 2008,
25 (2): 139-148.

[ 4] Whittier D P. Red light inhibition of spore germination in Ophioglossum crotalophoroides. American Fern Journal, 2006, 84(7) : 1156-1158.

[ 5] Whittier D P. Red light inhibition of spore germination in Lycopodium clavatum. American Fern Journal, 2008, 98(4) : 194-198.

[ 6] Raghavan V. Chloroplast activities of dark-imbibed and photoinduced spores of the ferm Onoclea sensibilis. Protoplasma, 1993, 175(1/2) : 75-84.

[ 7] Towill LR, Ikuma H. Photocontrol of the germination of Onoclea spores 1. action spectrum. Plant Physiology, 1973, 51(5) : 973-978.

[ 8] Furuya M, Kanno M, Okamoto H, Fukuda S, Wada M. Control of mitosis by phytochrome and a blue-light receptor in fem spores. Plant
Physiology, 1997, 113(3) : 677-683.

[ 9] Raghavan V. Germination of femn spores. American Scientist, 1992, 80: 176-185.

[10] Huckaby C S, Raghavan V. Photocontrol of spore germination in the fern Thelypteris kunthii. Physiologia Plantarum, 1981, 51(1) ; 19-22.

[11] Raghavan V. Blue light interference in the phytochrome controlled germination of the spores of Cheilanthes farinosa. Plant Physiology, 1973, 51
(2): 306-311.

[12] Raghavan V. Phytochrome control of germination of the spores of Asplenium nidus. Plant Physiology, 1971, 48(1) : 100-102.

[13] Nondorf S L, Dooley M A, Palmieri M, Swatzell L J. The effects of pH, temperature, light intensity, light quality, and moisture levels on spore
germination in Cheilanthes feei of southeast Missouri. American Fern Journal, 2003, 93(2) ; 56-69.

[14] Reynolds T L, Raghavan V. Photoinduction of spore germination in a fern, Mohria caffrorum. Annals of Botany, 1982, 49(2) : 227-233.

[15] DuHH, LY, LiD, Dai S J, Jiang C D, Shi L. Effects of light, temperature and pH on spore germination and early gametophytic development
of Alsophila metteniana. Biodiversity Science, 2009, 17 (2) . 182-187.

[16] Sugai M, Furuya M. Action spectrum in ultraviolet and blue light region for the inhibition of red-light-induced spore germination in Adiantum
capillus-veneris L. Plant and Cell Physiology, 1985, 26(5) : 953-956.

[17] Sugai M, Furuya M. Photomorphogenesis in Pteris vittata 1. Phytochrome-mediated spore germination and blue light interaction. Plant and Cell
Physiology, 1967, 8(4) . 737-748.

[18] Whittier D P, Braggins J E. Spore germination in the Psilotaceae. Canadian Journal of Botany, 1994, 72(5) : 688-692.

[19] Hiendlmeyer R, Randi A M. Response of spores and young gametophytes of Cyathea delgadii Stermb. ( Cyatheaceae) and Blechnum brasiliense
Desv. (Blechnaceae) to different light levels. Acta Botanica Brasilica, 2007, 21(4) ; 909-915.

[20] Pérez-Garcfa B, Mendoza-Ruiz A, Sanchez-Coronado M E, Orozco-Segovia A. Effect of light and temperature on germination of spores of four
tropical fern species. Acta Oecologica, 2007, 32(2) : 172-179.

[21] Renner G D R, Randi A M. Effects of sucrose and irradiance on germination and early gametophyte growth of the endangered tree fern Dicksonia
sellowiana Hook ( Dicksoniaceae). Acta Botanica Brasilica, 2004, 18(2) : 375-380.

[22] Viviani D, Randi A M. Effects of pH, temperature and light intensity on spore germination and growth analysis of young sporophytes of Polypodium
lepidopteris ( Pteridophyta, Polypodiaceae). Rodrigu sia, 2008, 59(4) : 751-761.

[23] Brum F R, Randi A M. High irradiance and temperature inhibit the germination of spores of the fem Rumohra adiantiformis ( Forst. ) Ching
(Dryopteridaceae). Revista Brasileira de Biologia, 2002, 25(4) : 391-396.

[24] Shinomura T, Nagatani A, Hanzawa H, Watanabe M, Furuya M. Action spectra for phytochrome A- and B- specific photoinduction of seed
germination in Arabidopsis thaliana. Proceedings of the National Academy of Sciences, 1996, 93(13) . 8129-8133.

[25] Haupt W. Effects of nutrients and light pretreatment on phytochrome-mediated fern-spore germination. Planta, 1985, 164(1) : 63-68.

[26] NiuJY, LS, XuZM, Qin S H, Lian R F. Effect of illumination and exogenous substance on spore germination and seedling survival of
Pteridium aquilinum. Acta Horticulturae Sinica, 2002, 29 (6) : 584-586.

[27] Edwards E S, Roux S J. Influence of gravity and light on the developmental polarity of Ceratopteris richardii fem spores. Planta, 1998, 205(4)
553-560.

[28] Kagawa T, Sugai M. Involvement of gibberellic acid in phytochrome mediated spore germination of the fern Lygodium japonicum. Journal of Plant

http ://www. ecologica. cn



7 KIER 4 PR T X BRI T B R e 1891

Physiology, 1991, 138(3) : 299-303.

[29] ZhangJ W, NiuJ Y. The effects of culture ground substances, GA; and B, on spores germination and planting rate of Pteridium aquilinum. Acta
Prataculturae Sinica, 1999, 8(1) ; 62-66.

[30] LiJL, Yuan Y B, Cao Z X. View of the cytology and biochemisry of sexual reproduction of algae and pteridophyta. Chinese Bulletin of Botany,
1995, 12(2) . 1-8.

[31] Guo Q X, Shen Y X, Song X H, Zhao H T. The effects of spores germination and planting rate of Athyrium multidentatum. Chinese Agricultural
Science Bulletin, 2007, 23(2) ; 343-345.

[32] Jiang SJ, Zeng X, Wang S P, Zhuang N S. Study of tissue culture of Sphaeropteris hainanensis. Tropical Agriculture Science, 2002, 22(6) : 9-
12.

[33] ChengZ Y, Zhang F L, Lan Q Y, Xu Z F, Tao G D. Study on the propagation and conservation of geramplasm in Alsophila spinulosa. Acta
Botanica Yunnanica, 1991, 13(2); 181-188.

[34] Guiragossian H A, Koning R E. Induction of spore germination in Schizaea pusilla. American Journal of Botany, 1986, 73(11) ; 1588-1594.

[35] Zai GY, Bian K, Jia K G, Zhu L X. Effect of GA; and MS medium ratio treatments on spore germination of wild Brake. China Vegetables, 2007
(8):21-23.

[36] Ren BR, Xia B, Li W L, Wu J L, Zhao Y Y. Investigation on spore germination of Sphenomeris chinensis ( Lindsaeaceae). Acta Botanica
Yunnanica, 2008, 30(6) ; 713-717.

[37] Chiou W L, Farrar D. Antheridiogen production and response in Polypodiaceae species. American Journal of Botany, 1997, 84(5) : 633-640.

[38] Haufler C H, Welling C B. Antheridiogen dark spore germination and outcrossing mechanisms in Bommeria ( Adiantaceae). American Journal of
Botany, 1994, 81(5) : 616-621.

[39] Pringle R B. Interaction between antheridogens and fatty acids in fern spore germination. Plant Physiology, 1970, 45(3) : 315-317.

[40] Chia S G, Raghavan V. Abscisic acid effects on spore germination and protonemal growth in the fem, Mohria caffrorum. New Phytologist, 1982,
92(1): 31-37.

[41] Jarvis S J, Wilkins M B. Photoresponses of Matteuccia struthiopteris (L. ) Todaro I. Germination. Journal of Experimental Botany, 1973, 24(6) .
1149-1157.

[42] Camloh A, Ravnikar M, Zel J. Jasmonic acid promotes division of fern protoplasts, elongation of rhizoids and early development of gametophytes.
Physiologia Plantarum, 1996, 97(4) ; 659-664.

[43] Fisher R W, Miller ] H. Growth regulation by ethylene in fern gametophytes. IV. Involvement of photosynthesis in overcoming ethylene inhibition
of spore germination. American Journal of Botany, 1975, 62(10) . 1104-1111.

[44] Edwards M E. Carbon dioxide and ethylene control of spore germination in Onoclea sensibilis L. Plant Physiology, 1977, 59(4) : 756-758.

[45] Fisher R W. Reversal by light of ethylene-induced inhibition of spore germination in the sensitive fern Onoclea sensibilis: an action spectrum. Plant
Physiology, 1979, 63(6) : 984-988.

[46] Wame T R, Hickok L G. (2-Chloroethyl) phosphonic acid promotes germination of immature spores of Ceratopteris richardii Brongn. Plant
Physiology, 1987, 83(4) : 723-725.

[47] Camloh M. Spore germination and early gametophyte development of Platycerium bifurcatum. American Fern Journal, 1993, 83(3) : 79-85.

[48] DuJZ,LiLH,L YQ, Yin X H, Huang R S, Chen R. Effects of different factors on the germination and growth of Pyrrosia lingua spores.
Guangxi Agricultural Sciences, 2009, 40(2) : 120-123.

[49] Yuan Y, Tian SN, Ye A H, Lu P L. Studies on the rapid propagate of the Osmunda japonica Thund. Acta Horticulturae Sinica, 2002, 29(3) :
247-250.

[50] Zhang YL, LiY, Ji M C, Li D, Shi L. Spore sterile culture in Alsophila podophylla Hook. Plant Physiology Communications, 2007, 43(6) ;
1139-1140.

[51] XuY, ShiL, LiuY, Li D. Studies on spore propagation of Pteris cretica Albo lineata. Acta Horticulturae Sinica, 2005, 32(4) : 658-662.

[52] Zhang K M, Shi L, Li D, Zhang X C. Development process and spore sterile culture of Pteris wallichiana Agardh. Acta Horticulturae Sinica,
2008, 35(1) : 94-98.

[53] Ouyang C J, Tang Y J, Wang R J. Spore culture and gametophyte development of Dryopteris varia ( L.) Ktunze. Journal of Tropical and
Subtropical Botany, 2008, 16(4) ; 344-349.

[54] Tian XY, Liu Y J, Wang S. The fast establishment of micropropagation system on A. raddianum using spore as explants. Journal of Food Science
and Biotechnology, 2008, 27(4) : 103-106.

[55] Sheffield E, Douglas G E, Heame S J, Huxham S, Wynn J M. Enhancement of fermn spore germination and gametophyte growth in artificial media.
American Fern Journal,, 2001, 91(4) ; 179-186.

http ://www. ecologica. cn



1892 E oA ¥ W 30 %

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]
[65]

[66]

[67]

[68]

[69]

[70]

[(71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

Haas C J, Scheuerlein R. Nitrate effect on phytochrome mediated germination in fern spores investigations on the mechanism of nitrate action. Plant
Physiology, 1991, 138(3) : 350-357.

Bao M, Wu X M, Ding L. Effect of sucrose and the growth of auxiliary substances on spore artificial propagation of Pteridium aquilinum. Journal
of Qinghai Normal University (Natural Science) , 2000(3) ; 39-43.

Sahi A N, Singh S K. Effect of sulphite on spore germination and rhizoid development in the tropical fern Lygodium japonicum ( Filicales:
Lygodiaceae). Revista de Biologia Tropical, 1994, 42(1/2) ; 53-57.

Bannon M, Kordan H, Sheffield E. Effects of Oxybar biturates on fern spore germination and gametophyte development. Alternatives to Laboratory
Animals, 1991, 19(3) : 308-315.

Zhang K M, Shi L, Jiang C D, Li Z Y. Allelopathic effects of Eupatorium adenophorum on spore germination and gametophyte development in
Cibotium barometz. Acta Prataculturae Sinica, 2008, 17(22) ; 19-25.

Chang H C, Agrawal D C, Kuo C L, Wen J L, Chen C C, Tsay H S. In vitro culture of Drynaria fortunei, a fem species source of Chinese
medicine “Gu-Sui-Bu”. In Vitro Cellula & Developmental Biology-Plant, 2007, 43(2) :133-139.

Gupta M, Devi S, Singh J. Effects of long-term low-dose exposure to cadmium during the entire life cycle of Ceratopteris thalictroides, a water fern.
Archives of Environmental Contamination and Toxicology, 1992, 23(2) : 184-189.

Scheuerlein R, Wayne R, Roux S J. Calcium requirement of phytochrome-mediated fern spore germination: No direct phytochrome-calcium
interaction in the phytochrome-initiated transduction chain. Planta, 1989, 178(1) : 25-30.

Song Y Y, Gao J, Dai S J. Sex differentiation in ferns response to environmental factors. Acta Ecologica Sinica, 2009, 29(9) : 5030-5038.
Ranal M A. Effects of temperature on spore germination in some fern species from semideciduous mesophytic forest. American Fern Journal, 1999,
89(2): 149-158.

Pangua E, Lindsay S, Dyer A. Spore germination and gametophyte development in three species of Asplenium. Annals of Botany, 1994, 73(6) .
587-593.

Quintanilla L G, Pajar N S, Pangua E, Amigo J. Effect of temperature on germination in northernmost populations of Culcita macrocarpa and
Woodwardia radicans. Plant Biology, 2000, 2(6) : 612-617.

Xue C L, Wang W J, Gao Y H. Artificial culture of spore of Microsorium pteropus. Yunnan Agricultural Science and Technology, 2008(5) : 16-
17.

Kiss H G, Kiss J Z. Spore germination in populations of Schizaea pusilla from New Jersey and Nova Scotia. International Journal of Plant Sciences,
1998, 159 848-852.

Simabukuro E A, Dyer A F, Felippe G M. The effect of sterilization and storage conditions on the viability of the spores of Cyathea delgadii.
American Fern Journal, 1998, 88(2) ; 72-80.

Brum F M R, Randi A M. Germination of spores and growth of gametophytes and sporophytes of Rumohra adiantiformis ( Forst. ) Ching
( Dryopteridaceae) after spore cryogenic storage. Revista Brasileira de Botanica, 2006, 29(3) ; 489-495.

Pence V C. Survival of chlorophyllous and nonchlorophyllous fern spores through exposure to liquid nitrogen. American Fern Journal, 2000, 90
(4): 119-126.

Quintanilla L. G, Amigo J, Pangua E, Pajaron S. Effect of storage method on spore viability in five globally threatened fern species. Annals of
Botany, 2002, 90(4) ; 461-467.

Ong B L, Koh C K, Wee Y C. Effects of CO, on growth and photosynthesis of Pyrrosia piloselloides(L. ) Price gametophytes. Photosynthetica,
1998, 35 (1) : 21-27.

Salmi M L, Roux S J. Gene expression changes induced by space flight in single-cells of the fern Ceratopteris richardii. Planta, 2008, 229(1):
151-159.

Imaizumi T, Kanegae T, Wada M. Cryptochrome nucleocytoplasmic distribution and gene expression are regulated by light quality in the fern
Adiantum capillus-veneris. The Plant Cell, 2000, 12(1) . 81-95.

Salmi M L, Bushart T J, Stout S C, Roux S J. Profile and analysis of gene expression changes during early development in germinating spores of
Ceratopteris richardii. Plant Physiology, 2005, 138(3) : 1734-1745.

Stout S C, Clark G B, Archer-Evans S, Roux S J. Rapid and efficient suppression of gene expression in a single-cell model system, Ceratopteris
richardii. Plant Physiology, 2003, 131(3): 1165-1168.

Dai S J, Chen T T, Chong K, Xue Y, Liu S, Wang T. Proteomic identification of differentially expressed proteins associated with pollen
germination and tube growth reveals characteristics of germinated Oryza sativa pollen. Molecular and Cellular Proteomics, 2007, 6(2) : 207-230.
Dai S J, Wang T, Yan X F, Chen S X. Proteomics of pollen development and germination. Journal of Proteome Research, 2007, 6(12) ; 4556-
4563.

http ://www. ecologica. cn



7

KIEE % R FREEDETHLKNEHE 1893

[81]

Dai S J. Research advances on pollen proteomics. Chinese Bulletin of Botany, 2007, 24 (3) : 319-329.

[82] YuJJ, Dai S J. Research advances in plant proteomics. Chinese Bulletin of Botany, 2009, 44(4) . 410-425.

[83] Zhu M M, Dai S J, McClung S, Yan X F, Chen S X. Functional differentiation of Brassica napus guard cells and mesophyll cells revealed by
comparative proteomics. Molecular and Cellular Proteomics, 2009, 8(4) : 752-766.

SEHK:

[3] WMAZE, mf, 20K, RER BSEYAT SFFRYIEH IR KR MYk, 2008, 25(2) : 139-148.

(15] #aa, 245, 27K, MAE, £HEE, A5 SCRRBER pH EX/NBRMP A7 iR R RIRFAR R F P m. £ 2R, 2009, 17
(2) . 182-187.

[26] AN BRIELE, REPH AT, JGIRAHE RAMNIRY) BT BRSEAL T 8 R R . Bl 25541 ,2002,29(6) : 584-586.

[29] K&, 4R Y. HEFFHEBT ARE R AN BRSA 0 R B RS SEL A, 1999, 8(1) : 62-66.

[30] ZJkse, JUkis, Wast. BWESSHYABRISRYA A A A A YA AP IR, =il aR, 1995, 12 (2) : 1-8.

[31] EBERE), Wa®, REE, BIEH. BB SR 70 R R R R T ERIEHR, 2007, 23(2) : 343-345.

[32] M7, Bi&E, B, EWt. BROUNPRTFHSEFROTIRE. Pk, 2002, 22(6) : 9-12.

[33] #WAKE, KNE, 253, WEE, WEDS. O RIREEMSHRREBARNPIR. R/, 1991, 13(2) : 181-188.

[35] e, WA, BT, RALET. GA; BARIE L) MS SEFRIEXT BRI T 8 A I, IEE3E, 2007 (8) : 21-23.

[36] fEukim, Bk, Z4etk, RE=, A DBRATHEIIR. ZREYHIZ, 2008, 30(6) : 713-717.

(48] #L&F, ZRIE, ZMERE, FHAL, BRH, Wik ARBEZEXAHRFHRRAKKZR. JrERILAE, 2009, 40(2) : 120-123.

[49] 7, HME, MHEE, Fieg. FHPEEMERMII. EZ34M, 2002, 29(3) : 247-250.

[50] K4, 24, FHW, R, 0F. BOPRTRLERSE. HYAEBLER, 2007, 43(6) : 1139-1140.

[51] i, A, XHE, 2R AERRBBRATEHEARMII. EZ3M, 2005, 32(4) : 658-662.

[52] IFHy, A, 24K, KIER. PIRIRUBER(Preris wallichiana Agardh. ) R I MHA TR K. 254, 2008, 35(1) : 94-98.

(53] BREHWRSR, FEURIT, EHRIT. ZRBERNMFERSRFERLEVR. ol WA, 2008, 16(4) : 344-349.

[54] HBEHS, XEX, Eok DRFAIMEEGBRMRKRA LS. R SEYHEASEM, 2008, 27(4) : 103-106.

(571 #aff, R2A0], TH. BERERA A BIY BN R AL N CEFH IR, IR 2220 (B ABAR) , 2000(3) « 39-43.

[60] BkIFH, AT, REE, 20T, FEFLNSTHRTH LML FERFRABMER. B2, 2008, 17(22) : 19-25.

[64] REZ, W, WAE. BRMEYPERIMEXTEREERIRRL. A, 2009, 29(9) : 5030-5038.

[68] MmN, ETUL, MK REEHM T ALERVIE. smALRHL, 2008, (5): 16-17.

[(81] WAZE. WEMECARUITIERE. MY, 2007, 24(3) : 319-329.

[82] WifHIA, WMAFE. MYWELRAFPIRE TELERE. YA, 2009, 44(4) : 410-425.

http ://www. ecologica. cn



	07b71.pdf
	07b72.pdf
	07b73.pdf
	07b74.pdf
	07b75.pdf
	07b76.pdf
	07b77.pdf
	07b78.pdf
	07b79.pdf
	07b80.pdf
	07b81.pdf
	07b82.pdf

