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1.1 MHSARFHERRER

SER A SR U A B K BB N AR
B b0 Fim e, T 2007 4 11 J 3] 2008 4 11
A ERBUE R I B RORE TR AR
T R4 T , 5 AR AR AL 30 BR T % SE B A ) O
SrAF TG AR RONAR
1.2 ESRFUEREFATZE

E 04161 R B A HA , BN v B PR B,
BT A B, T4 500 g, ZHMAL, 7L 8
FAT IR ERIEREERDEY ., RERKE
Phad HBEAR FH K B K b 3 WK, BRI S em A2
AR EA6AMIAKEEA 400 mL A (E
JE 32) 19 500 mL $EFE A, B 50 g BREL, R4
RO EE FHEFRMP, 4 26 T,200 pmol
photons/ (m’ -s) Y63t , JE M T[] 14 b/d & 4F F 1
772 d, R P a3 R 1R, BHEW
RIF AR S0 wm 110 wm W FL 545 2
I, AR A2y 40 mL R E xR 2 A
Mo M 10 pm RIFLITE B s RIEs P, &
g A E) 20 mL L.

R EF 6 cm HFR, HNHE 3 MEEA
(2 em x2 cm) , BT E R B FF LK AR, R
BT AR K@ R I, 417 I
HEA 10 mL 73, AR m g
FREMTFAEKNE, FIRE 26 T, 85 32,
100 wmol photons/ ( m’+s) Y38 , Ye R[] 14 hrd
AT HFENSHT G5 REE PR E £2
WA, MERTFHEHR. SGRTHEFERd
i CTHABRREINE FER 2B AR
100 mL 48T , BHAHA 172 3570 40 mL 1
il 58 10 #R, BRI\ R 3 ~4 IR, Bt 3]
400 wmol photons/( m'-s), g RsgumRE,
T rE TR % 60 d #8 A 500 mL £ (& 300
mL /4 750) , BEABL 20 M T H, £ L
B EMER X R £ 800 wmol
photons/(m’-s) FFH XES 0.5 h, AFHHEF
% 160 d, B 40 #RAC AR T i WL 2048, B
20 k(M2 MO BT EEF, B 20 KT
YR (KR 25 om, kR 1S cm, #RJRIFE 15 cm)
1.3 BFFEEREEREF RN E

MamRFHEAES 1 RG, 8MREFICRE

MR, S T A B
SREEEE, N2 HEETHFLANER
HEU, FEHLIE 20 R o
HAERITAE AR SCR=[(D,/D,)"" -1] x
100%
HF,SGR AELF W HEFyAKRBER, D, AL
WIS ESRE, D, AR TS ERES
Bt REWER.
Hir 160 d FREAEKBAKRE ik, €
T Bt i S TR 7K 0K B R TH K 53 TR, 28 e
BF R E, HAERRITHAR:
GR=[(W/W,)" -1] x100%
A, GR HE M ALERKE,W, g K
ERTFHEENER, W, Sk TEFENIE,

2 HR

2.1 WSBTFRIFEAEENR

FEBIRYI A LR &R Bon, R B
KB BN AR RO RIS B RAE 194y
B, BEE RIS ENERTEE MM SAE,
BRI M ) e R A A e I A7 A R T
HABHERE —EF T, A 4 AR 10 § 5i%E
VO TR R AR 0 R 0, T 11 H BRR A 3
HERDE WA TR, St BRMENER
HA, - 1 iR &, SR E AR B AR, A
LA K T L2502 b R A B B SR (IR L -1,
2). WEAMPUL TR EE, HA7E 15 ~25 um
L, RBRE MM (BRR T -3) . NI
PO -6 2 PR A, AN 40 B/ G e [ 128
Ha k(BRI -4) o REAE PO fol 7 P A B3, 9 )
7 RBEW NFE 5 LR, I H a4 ik
PR R, 7Y fi B BB, W
2 R R S A A M R A — S (B RR [-5) , 1Y
G i BAE SR G A P X R R A AR A, W R
[z b b EH slid A B B 77 , B By I S F T
BEFERER. T T LRI N2 ET
(B T-5) ik 2 B e A B B8 39 Y o 1
(ERR 1 -6) A8 /BB S U5 7 1 PR BR A —
A, XA HA Y S f TR LA O S i T AT K
SERE, NS RFREGSARBEEERT
B (E R 1-7,8) .
2.2 BESEFHHERETEHEHRNER

KO RAENSATFERERET 3 ~5d



44

B OE, %S KORENG R T R R T T

333

AR RS, 2 Gt Pt 05 T B 2R
BE, 087.1% +7.2% (I O-1,2), # 10 ~
30 d HEFFRE Y, PO 43987 50 0L i 2k B R BA R 1Y
SRR, R ER(EERT-3,4,5 R
BAHMFERY 10 d AREFEREHR, BE
BT, B 30 d AR EREK, BEAK
BORA R TR E 7 40 d ZA R C LA R
WRA BB REF B 7E 29 d W BRI B 44
Ab, KESITEC SR EAEHETE 40 d B A S H B
R, EER 90 d ELMES R TR MrRE s
R (B IT-6) (H 2 HA K818 i BT A1
BE BRI ABERIECR(ERI-7). BT
KRR EE, R R AT &K 10 em (E
M-8) 3372 200 d EAHR, £ KERIAHERT
RPN PR RNESR(ERT-9) .
2.3 BFHEENERERRREE

To 0y 8 2 A Ve B BO S, BE T AR TR A
XN (PMF 0.1 mm) , Bt K B H 4
KRERH(6.3£1.1) %/d, FEERFHTHREE

Wk 42 d AT R 154 #R IR B B R 3
£y 1.5 mm, KAFEE MBSO AT 100 mL
Rk E Y, B 160 d JF KT X 4.0
cm 4,

R FH G E g R R (R
1), LR BE R BT B ey
EHMERBLE MEHEERRE LR
(12.8 £6.3) %/d, )5 EHEF(2.4+£1.4) %/ d,
i BRI A AR R TR B R
BARFELAM, RO RAMN LI ER AL
R EITE T A BT R A EA K TR, B tny
Pl SRR S B AN I T SR

1 154 BEHF,43 s FHERAEPER
TR, HeRFEEIE T ZE KEREE—
HirAR T RANESK, REELRE AR
fFo MMM 2240 d BE KN
WIR AT AL F i TS A K 0. 5% , Bl 5L
WRA N BB T EFNRFERRELY N
0.1%,

F1 KOFHEETEREXRENSELERNERKSEIL
Tab.1 Growth parameters of gametophyte of X. alvarezii cultured both indoor and in the sea

= FI%3E cultured in the door

8 L 3% cultured in the sea

AR WE & HA K Wk %7 (g) HAKE
initial weight final weight GR( % /d) initial weight final weight GR( % /d)
1 0.098 0.127 1.9 0.314 1.932 8.7
2 0.051 0.064 1.6 0.351 0.526 %
3 0.038 0.053 2.4 0.180 1.369 4.9
4 0.043 0.072 3.8 0.160 1.349 10.6
5 0.056 0.07 1.6 0.057 0.308 13
6 0.038 0.053 2.4 0.134 2.605 17.6
7 0.057 0. 077 2.2 0.059 0.884 12.8
8 0.027 0.032 1.2 0.075 1.073 14.4
9 0.037 0.043 1.1 0.060 - -
10 0.028 0.031 0.7 0.054 0.833 19.4
11 0.046 0.059 1.8 0.049 0.136 6
12 0.033 0.049 2.9 0.039 0.306 12.5
13 0. 066 0.078 1.2 0.062 0.912 14.1
14 0.066 0.095 2.9 0.052 0.553 15.5
15 0.021 0.056 7.3 0.049 0.168 8.7
16 0.026 0.041 33 0.033 0.657 21.2
17 0.025 0.037 2.8 0.043 0.828 18.3
18 0.050 0.079 313 0.037 0.317 13.8
19 0.030 0.043 2.6 0.136 1.767 13
20 0.031 0.038 1.5 0.043 1.267 20.9
JEX{E average 0.043 0.060 2.4 0.101 0.936 12.8
PEHEE SD 0.018 0.024 1.4 0.090 0. 640 6.3

B -"RLEES - AR,
Notes:“ -7 indicates death or loss,“ * ” indicates negative.
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BT KoFIHENSAFROREEERLERE
L RO RMHERKARI A, B 100 x ; 2. REZMRNHHETBESM, BCER 400 x ; 3 EERBE LR TRENR
B 4. REEM M TE; 5. SAERERAERNAETE; 6. WRBRNWAET; 7. WHRTERREERE LR
TFRYRTE (FRAR) 5 8. VA T BT B TR (AR YT ) o
Plate 1 Formation and release of tetraspores of K, alvarezii

1. Tetraspores on the epidermis, 100 x magnification; 2. Epidermal cells and tetraspore, 400 x magnification; 3. A tetrasporangium
evolved from a epidermal cell; 4. New developed tetrasporangium; 5. A tettasporangivm released from stem; 6. Tetragpores collected in
petr dish; 7. An aperture left on the epidermis afier tetrasporangium release ( surface view of epidermis) ; 8. An aperture left on the
epidermis after tetrasporangium release ( transverse section).
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BRI KOFHEETFEEHERDTE
L AT RS 4) WIATFRARION 2. £l 12  RETHRE, BIFAMNS SEV, BRIEHFK BERK; 3. £ 18 K
KB A KM IR BRATK ; 4. 25  RHBI0. 1 mm AIRE R K BB DSWH: 5. E—BERE29 49
R BRARE R 6. 288 dRTANC KGN, BRESHE; 7.8 113 d RAFRBEA/NORT W 3. 43T 130 d 3
T KRR T A, BERTAIER0.54 g; 9. T FASS LHH S MEAMMETER,

Plate I The development of tetraspore to gametophyte of K. alvarezii
1. A mamre ungerminated tetraspore; 2. A 12 days developed embryo with no signhificant increase in volume after several times of cell
division; 3. A 18 days developed embryo with long rhizoids; 4. A 25 days developed embryo with shrank rhizoids,(). 1 mm in length; 5.
Further developed embryo, the growth of rhizoids stopped; 6. Gametophyte about 2cm in length , the rhizoids disappeared; 7. Gametophytes
with different morpha; 8. Gametophytes with 0.94 g in average ate big enough to be cultuted in the sea; 9. A gametophyte cultured in the
sea for § weeks can be used for seedling.
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wEEFIRFNE 1B, RFEENEYH
AEEFEIEREI T 10 %/d B E(F2), LER
BAKLFNEI% ~6% MAEKERSRE,
FAMBHERG M, 16 120 SR TR B E K
B A% 20 %/d LA L, BAE R R DL A E N S
R38R0 R TR R KR K R

10% "R ERERE, 44 EEIRRIRT
R R, A —ER/ DB, 7T LU
AR PIIFE T B & e T4, 7T RLSERE so
E/IDEE G B b S L SR 2 2
W, XTI R ML T AT AR AT S R d
AR HE— A .

£2 FOFHERTEEEF LEFNERKSY
Tab.2 Growth profiles of gametophyte of K. alvarezii cultured in the sea

GR(%/d
ja w(e) 144 24ﬁfﬁﬁ$ : 3;H 44-H
strains initial weight
1st month 2nd month 3rd month dth month
1 0.314 8.7 - - -
2 0.351 * 8.8 - -
3 0.180 3.9 3.2 13.2 4.1
4 0.160 10.6 - - -
5 0.057 13 3.2 % -
5 0.134 17.6 6 7.2 3.1
7 0.059 12.8 3.7 10.6 *
8 0.075 14.4 4.2 9.3 2.3
9 0.060 - - - -
10 0.054 19.4 7.5 4 =
11 0.049 6 7.3 6.4 15.1
12 0.039 12.5 5.8 6.3 2.5
13 0.062 14.1 - - -
14 0.052 15.5 - - -
15 0.049 8.7 5.5 - -
16 0.033 21.2 8.7 4.1 2.8
17 0.043 18.3 4.7 6.1 ®
18 0.037 13.8 7.1 37 #
19 0.136 13.0 7.5 6.7 ®
20 0.043 20.9 7.9 7.1 *
14 average 0.101 13.9 6.1 7.1 5.0
1REE SD 0.090 4.4 1.9 2.8 5.0

W." -"HrwER, "« "AH,
Notes;“ — " indicates death or loss,” % ” indicates negative.

2.4 BFEHEES
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AT T BAL . FEFRIEN NS T
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KB EH S SREH VI HERTFE T 255
7, KB E P RE ) AR B,
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Sk, MR B A BA R B2 B, ok
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R, AR RS 4 1~ B UL E R FRE 238 540
Wi, WHRFNETERERSTEHRRAT
BENZRE, NEREIER L, KT AT T
Ay, 1A F BT HERER, Tms
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L2 2R, TR 2B TOIR, e B e, £ F
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R ANEEBL, ETH o FEY (FRI-8),
IV & R, ERET SRR, BT E T
AR, o R, BT (ERRIL-9) .
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LORGRIE; 2. RGQRIE; 3. RERIE; 4 REORCGRCARE; 5 R8—CRaioRM BT A 6. 1 - TH4;

7. TR T4 8. LD BB T4, 9. IV BIAO T,

Plate I Embryo,gametophytes and tetrasporophyte of

K. alvarezii with different morpha
1. Brown embryo; 2. Olivaceous embryo; 3. Green embryo; 4. Olivaceous-brown cytochimera; 5. Olivaceous-brown tetrasporophyte;
6. Type [ gametophyte; 7. Type Il gametophyte; 8. Type I gametophyte; 9. Type IV gametophyte.

3 itie

VRRE LB (ice-ice disease) REZIRK.LF
M= B B £ AR, 2008 AFFE RIS (D
BAEEAERE, SHZEmEER,
Largo 417 & 2840 I Eh | B B 45 0 0 41 T 1%
BEERZNGE, BEE LS RAEKHALER.
g A A R P P TR R K B R R
2008 £ KL FMBERBRT W ERE, &4
REAKORIPENSAFERRAE T, 4
Ry#) 10 R ATEERESEEE KO- RIBEN 5
PR AR T ERY, ZEHRTDLERR
BEHBE I F6-10 HR&ETSH, KO

R P T R O R B AS A I, B YR
HHMEERE LR HAD L, T RR
IR R A 2, B I HE BT PO 20 1 B R A2 4n
B B  FIRSFNE R R A ek
FEUKHHERR AL, HANE T st
WA WTRE S A A A IR Bl e, R
HERREAERN T KB RTFIR iR 5T, N
PRIEEET A A I A4 7 =5 IR A9 W0 RE o
FbRIg@®R TAEE KD 10 d AR
AL BUEAR , AR IE A A T R A TR
A T4 MR E AL L EmE S —
MHENEFRUEER, BEBBEREZN
WAk R E R, F A L2 ATRIBR LR ias
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20 4RI EEBEHCYIEIARZ R AREK
ML TR, ERZERSENERZ 2N sm
TRRAT T B BT RARAR, AR SL88 A AT
4% 0. 1% ,Panla 2™ 0 Bulboa 251 1 i 4
LFREN AT EFTHBRPIRTER . £
Mazzaella Inminarioides {8734 3% 97, Santelices
2 U0) sogiim A Ca® FIHE & 7 T3 AR ET LA
Wi RS SMERE, AR TS AE—
A TEREEE, HINRE N S AR
FME SRR AN, 2T S BBk
BEFHNERRETFEHPREFRTWEME,
A, R EETET BCR R R W RE 5 B R R
BRI KA 3, IR Wk R KO RN TR
THHEZSE TREE AL 1048047,
B LB R B TER 5 BT s A
T 160 d(E 2) . £ BARKMTRAEFEN I
LR REERET, 43 H AR KK
(INFES /MR TR F R HE) KEME T
ENHER MY (022 70 ) 25 vl fER H
-

TWERE, KO FIHEAE K EEFER AT
., Azanza-Corrales 25! #ff i 1% 38 B SR 7T 5K
BHNERENEAORELARKER?2 S
% /d,Dawes S A B RS B A K o
1E(4.4 ~8.9) % /d, Hayashi 2 72 B PG %
WAEKEHRTE(L.3 ~6.6) %/d, Hung %P7 3#
AR ER M ERERERLN(1.6 ~4.6) %/d,
Luxton % 75 % 89 58 [ AE K HR (2.3 ~
5.3) %/d, Wakibia '™ 1} 38 ) 1% B 75 B R TV 1Y
HAEHEE(3.1 ~6.0) %/d,Panla Z" R85
BETHEREBHEFRMILE KEEY (0.2 ~
4.5) %/d, TABIE FER E¥ R hA
KM, AR TEES 1N ATEE
10 %/d L B KER, XRS5 % LR
TEREFEYTHRNNMEMRD, RE 0.033 ~
0.351 g H IR, B & BRI AN b AR 4K 1 32 0
TR(FE2),

WL RO T - R B R N
s ERSE, AMUERT T REEER
e mMAENTAS EATEE R £1%
W IR B2 v R AR R VR AR, R LR D
AR A2 F A T, H R 6 — B WA A I o i
FRFANTR D REE T Tk, VA T B

BB TR B TURBE A B T HAA, B
THEWR PR, H I KRR R,
M2.5 %/d $)21.2 %/d A%, FWAELZFE
WA AT AR A KB TR AR B . 5341, 3
BCH A AR R R P AL B A R P AR R
W, R R R A, TR 4R
BRI B 11 HE 2R 4% B SO SRR A IR
EHHATERR R MR, A WAL K HR
i B AR B Wi — S 3 e 0y A1 B A 3R, DOV
EMRERAAER
KREFBIEL N ATFETHERTFES T
A5 AT B AL R ERE I T, W B
Pt B, T HRARARLEFEREENT
2008 4 KHUBH AR 2 AL T8 T 3k i K&
AT REK X AL E2MIET, BRgERE
WA, BT A L AR R KR SRR, 5B
ShEFHT AT ERRE N TR
N RN, B R A RAEHS ERKEE K
AFARE AT EORISE , KRB RAT
R Rh BB R E R, B EERN T3
T AT MR T SRR, DR Wik iiE
AT HE A FFRE e,
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The morphogenesis of gametophyte of Kappaphycus alvarezii

PANG Tong"?, LIU Jian-guo'* , LIN Wei'
(1. Institute of Qceanology, Chinese Academy of Sciences, Qingdae 266071, China;
2. Graduate Unaversity of Chinese fcademy of Sciences, Bejing 100049, China)

Abstract: The formation, release and germination of tetraspores, together with the morphogenesis of
gametophyte of Kapphycus alvarezii were investigated in Lian Bay, Hainan Province, China from
November, 2007 to April 2009. The results showed the brown Kappaphyecus alparezii, originally gained from
Phillippines in 1985, were tetrasporophytes and the tetraspores were mainly formed and released from April
to October. Both tetraspore germination and embryogenesis could be induced artificially in the laboratory
and great variations of embryos in color from brown red, yellow-green, olivine green to olivine-brown
chimera were observed. Rhizoids were formed and then disappeared during the embryogenesis period. The
germination rate of tetraspores was about 87.1% +7.2% and the mean specific growth rate of embryos was
about 6. 3% = 1.1 %/d for indoor dish culture. After 160 days indoor cultivation, the germinated
tetraspores developed to young gametophytes. Then, 20 young gametophytes were cultured on the soften
raft in the sea. The average specific growth rate measured was over 10% /d in the first month culture in the
sea, and the highest specific growth rate for young gametophytes was over 21.2 % /d. However, the
specific growth rate gradually reduced accompanied with the frond increase in size in the following
cultivation. Four types of gametophytes with different morphology, density of branches and growth rate
were obtained as follows: Type I shows thick buds, cylinder-shaped trunk, taper terminal, and sparse
branches. Type 11 shows thin buds, cylinder-shaped trunk, blunt terminal, sparse branches. Type Il shows
thin buds, cylinder-shaped trunk, taper terminal, and dense branches. Type IV shows thin buds, cylinder-
shaped trunk, oblate terminal stem, taper terminal, and dense branches. During our experimental period, a
large scale of ice-ice disease broke out, and the vitality and resistance to the ice-ice disease in some strains
of the gametophytes improved significantly compared to their parent plants.

Key words ; Kappaphyeus alvarezii; teiraspore; mean growth rate; gametophyte

Corresponding author ; LIU Jian-guo. E-mail ; jgliu@ ms. qdio. ac. cn





