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—FEN R R E R LR AMERE KA

WiER, EHE, KHE, B F, KaE, E¥Em
(P EWEFERFEREG R, IR HE  266003)

WE: hFHEE2RAEARERT HIBP AN NI ERNES I ERENELK, &
IR A LRERSFTE, AMNELTLRESNMERE. 2REEHAFEHE. 2
WG Ny EREfERZHENEERER, R T1.00~4.00 ug/mL = & 1t 5
(GeOXM HHE R A B TLRBEKAFAMEERE KNP, £FRET: OAEEE
YL AR T BE 3 SR SRR R B 3 H GeOyik & 4 1.00~2.50 pg/mL, 4 5240 41 14 deh 2 3% 47 %
FHHT67.33%=5.18%, H#RhtkAd KA H R, 200 ug/mLy HERE, HKRE T2
KRB HEKERS, EEAEAKRAZATHATIL00%, BFSEHTELLAFHTHE
H A5 4 57.47%+531%F0(24.55+1.01)um, S5 B4 25575 %; @ 3.50414.00 ug/mL
GeO B X ERMF B REE, ERHELWMH2LREERMENBTIENPRELT,
H F4.00 pg/mL GeO, 7] R #2 kK5 @ B Z W R /Mh E % A GeO, E &L
T4 d, A EGeO, 3B F 2 W 3% By 3 4] 2 ¥ (82.10%+2.40%)~(96.35%+0.79%), 4 &
TRREGeO Ny Tl 5, FEAELREKG MY ZERERB R ZHERN LI

FAEKR A, B EWE bR ] GeOy ik & It & T AH BT M .
R Bk, 2RE; MY ERE, A EME;, ZALH

FESES:Q949.2; S968.4

B ¥ (Scytosiphon lomentaria)F g T 18 %)
(Phaeophyta). #3 % 44 (Phacosporeae). & ¥ FF
(Scytosiphonaceae) . ‘& J& (Scytosiphon), FiZ i
WPESEZE, TR T AL UK RO A [A] U
W, ERE N TR R REER S
B T TR TR B0 A A R AR P S MRS K
FIN, PooEk, BilbKIRE Rk, BARED
AR EMED B AR S & RN
B, HAMREESEAR. NEEEEL
Ak . TR R R AT A, T H AR B
o EERE R — b R 0 b A R B R R, AT
P 7B T A0 M . il 4 M A5 22 o 20 A 9 TS
PR, (] B T R A B B AR i
R SRR TN, AR — T R Y I g Y
U5, BRI EEIR O iR i823.6%, T DL B
WA AR KA TN W 1. HI, EsEE—

FSBHEA: 2017-12-26 &R BHA: 2018-02-10

BEIEE : (LR E A AT RI(2016GSF115042); [ 5« )\ N ="

BEEE: SHE, Email: gxzhw@l63.com

MEARERE: A

Tl ELAG W R T v 3 B A B vt B R

R RAE 51 i B R 2 BNy
32 JE Wi (Pseudo-Nitzschia sicula)5 W Fr 22 T2 3 (.
Srustulum)BT5 9%, IR MR 23 5 8 T Rk se )
(Bacillariophyta) . P44 (Pennatae), A FffAE B2
(epiphytic algae), Bl A= fif i BOH i R, 54 RE
Jrui, o 22 RARXT 5 43 ROt R 0 B8
Wit T8z RikAERKEE ., RER%E, %
T,

Hi: 88 7 A4 3 S sk e v ) 5 5 0 v v ek
(Si)F BB A= 20 B rp i) — S A REY Y . B (Ge) S
EFE R IR PR M EE TR, —HA
FRAC AR UM, B LLRE AT DL IR R R A= 4
BEUSL e A K Heitt, AR (GeO,)
VE R e Sk ik B AR ARG, 2 BN H T
(Saccharina japonica)Fl 58 =% 55 F Y 28 e Vg 35 1)

AR R B RI(2012AA10A413)
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JRRAE ST 1 PEIE , AR B 2 0 it 5 o
Xf GeO, TR 52 1 22 58K, 113.00 pg/mL GeO,iifi
H AP SE (Pophyra yezoensis) F B 22 RAK 1Y 1K 18]
PR-AE, H Y Hk BE 5 T6.00 pg/mLi}, SBF 43¢
H 22 R B A K S Az 20 AU I v
BE T %5 GeO, 1T 52 1 BE 44.40 pg/mL, # & F
W B2, AR A R 4 R A KO A2 )
£ R

F A 7] R 78 1A 35 o 53 X Ge O, 114 it 37 FIR &
FEEZE S, 15 GeO, i H T2 i 22 IR AR 1Y P A7 Al
PoHaHT, NSeh ol HOE Ay VS EL, BEREA
P A A ARG, SR UE 22 R R B IE A K
H5%F . BT A WFFHGeO, 7 b & B 22 4R 1k
PRAF AN 1 o A rp ik S Y B HGE PR AR 5K
5 FOLRED e 22 R PR R B A ek ol O SR R R AR R, OF
FEA I JE GeO 0 22 R IR HE K R B MRE w4 K
MR, R JL PR B 2R AR G AF A 1 0 72
HTR A I R B 0 A SOV

1 MRS A

1.1 SKIEMR

S B FH 7 22 AR AR B AR S 5 A T
o BT RIR AT AR SR, KR AR
J£(22.0+1.0) °C, SEHEJEIMAL : D=14 : 10, JEHHR
J& 466.3~75.3 pmol/(m*'s), FEFEM MELEE W,
W20 dfs, W 22IRAR T 5556 .

B /MR 2200 3 5 0 288 838 4 8 A 55
BT 2RI, e R AT el SR, B
F5 S5 J9 I EE (20.0£1.0) °C, JEREEWIL : D=
12 : 12, JEHREEF 429.7~32.2 pmol/(m*s), ;3
W R = #5538 B (Phaeodatylum tricornutum) . i J
ZZIE B (N. closterium)¥5FRWRIVY, 1538 B XA
K T35 .

1.2 LWHE

PR AU RALFT 0 22204k, Bl S 43 00 4
300 H F1400 H i 25 1 38 H- W SE U8 W . 15 18 mmx
18 mm3 3% H A £ HA290 mmAy K5 R ML,
DRSNS, MR ES, MG WRE10 mL 1
WU TR RO, JEEE ek de, & 2RIk
HNMZER B, 2 RIESFEREIE . 201K
S/NMIZZIE AR ZIE ML R R, &
Ja, FIUHFIE SRR LG FRAE R E A 230 mL,
HAh 1% 9% 24 M IR BE (22.0£1.0) °C, SRS FAIL : D=
14 : 10, SEMREEFF67.4~73.2 umol/(m’-s)™",

http://www.scxuebao.cn

L SRR RS 24 WE HEATER LR BEAS, 7
400 S 1S T BENLIE OO LR, Goitsag) 220k
DA 200 L K5 R0 R A ek S A M B, e AR R . B
JE A GeO, ¥ W, W JEE 3 Sl 5 41.00, 2.00,
2.50, 3.00, 3.50, 4.00 pg/mL, JFFi% & xf B4,
AU BEAR B E 3 PATAE . R 2R BTG 3 itk
I8k, BkE e EHmRERER, HEUE N &
PR AN RE IR, DL H 88 KR A i 22 4R
TRy s R AR

K = [(InN, — InNy) /1] x 100%
Krp, KIURE 2R H B RKR, NfUFR R
1) 22 AR R B A R NARSR OR B RS
WL AR LA E AR LS KAL)

ERRE R, BRI R P 4Ge0,
Ab 3RS A 22 ARAR K B K o gk 2 DA 25 B R
F Y GeO s W, B JG X HE AT R E T 2604
WA XTSRS I, IR RS
GeO b LAY 22 IR U B % IR 4H , 155230 I 481t
PRI R T T A ] IR T AR

FER G = B AT ZIREEE/
PR TEEL < 100%

1.3 BEESH

FIFHSPSS 19.0F1Sigmaplot 10.0%K £ k47 24
RIS AR, B R R A H AR I i
44 M 1SCapture.

2 iR

2.1 GeO,MHEIFEHFERELKEMNAEZRE
s8N :0p A1)

INR 28 W) U6 25 B D (19.09+2.64)x10°
A/em’, 52K, 3.00. 3.50f114.00 pg/mL GeO,
SC A N ZE I B A K C g A,
JE 43 B 3 (15.20£1.27)x10* . (15.19+1.52)x10*
F1(12.80£1.16)x10* 4~/cm®, T AT 1.00 pg/mL
GeO, 32 55 41 FURT B AL i/ INBA 252 T 35 %5 B 00 1R
B PTG IN, 43510 (19.38+1.74)x 10*1(20.80+
1.55)x10* 4~ /em?(El 1), FEFTI LIS T, /IMA
F2 0 B 1Y) 5 347 I ) 19 B 07T RIS, AR [
W BE 1 GeO 0 HAE K I MR AOR AR [F] . 514K,
XF BRZH b /NP 22 01 i3 K 878 398.19%+31.42%
(F1)o 1.00 pg/mL GeO MR T, /MAZEIE B
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9(6.24+0.99)x10* 4~ /em?®, 5 & 5 T HAL 5256 40
(P<0.05), 5014H % BEAH ELAY T F4%67.33%+5.18%.
2.00, 2.50F13.00 pg/mL GeO,SZH2Hf, /MK
F2 T W B R LA ) 28 53 501 O (4.29+0.86) % 10*
(3.65+0.75)x10*, (3.19+0.37)x10* 4~/cm*F177.53%=
4.48% . 80.87%=3.94% . 83.31%z=1.93%, I [H]
25N (P>0.05), 3.50F14.00 pg/mL GeO,#k J&
T, INMAZEIEEEE B 530 % % (1.78+0.60)%10°
A fem?Fl(1.05£0.34)x 10* 4~/em®, ¥4 &g AR T HoAtb
S (P<0.05), H A H0 ] #8315 90.69%+3.13%
H194.49%+1.78%.

25

density of P. sicula

INNEETE B FE/(x 104 >/em?)

2 4 6 8 10 12 14
FfA]/d  time

E1 TRLRESNMIZEREREFRFET
GeO, 7 MAZE R R E KHIF I
Al — R A B 17 5 B 2R 22 57t 2. 35 (P<0.05), T A
Fig.1 Effects of germanium dioxide on the growth of
P. sicula co-cultured with filaments of S. lomentaria

Different letters in the same day indicate significant difference
(P<0.05), the same below

F1 HEF4AEE
Percentage decreases of density of diatoms after 14-day co-culturing %

Tab. 1

UNVESIA- Dok-8 ¥:2 N NI =Sl A
PP IR, X B ) 8 i 2R R AR 10K 4
LTS, HANER R A O B B A R, M BT 4
45 (KIR-1)0 4.00 pg/mL GeO,SZ 5 4 v 22 4R 4K T4
2R AHIET:, R AIMETIE , H 5 e @
AR Jp ) e A0 (K R-2) 0 7E GeO, ¢ FE X T°4.00 ug/mL
WA, 2 REARKRERL, HEH
HI KB AAEZES . LR 14K, 1.00. 2.00F1
2.50 pg/mL GeO, ik i T Ay 22 R4 H B35 R 3
5 T3.00713.50 pg/mL GeO,#k J& F i 22014k H
KR (P<0.05)(E12), Frf12.00 pg/mL GeO, 5L 5
i 22 R H BB KR 11.50%+0.15%, B 3%
15 T 7 Ao A0 A S 55 4 v 9 22 R B KR
(P<0.05), HZZARIRANMIT 7R . B NIk (4
(FIh-3).

22 GeO, M HEEFERLZKREFMERELE
=28 N: 051

W 2290 000 B 603 D (19.08+2.52)x10°
ANem?, 3.00. 3.50H14.00 pg/mL GeO, % it 25 T
W P0RROR E (E3), 2K, LaRsigedlh
e 22T 58 B 0 1) 1 P 22 (13.45+1.33)x10°, (1473
1.25)x10*F1(13.36+1.32)x10* ~/cm®, T1fij1.00 ug/mL
S50 2H RO B R 22 T R R O 1 &
(19.80+1.89)x10*1(25.41£4.61)x10* {~/cm®, L5
H14K, XTHRZH iR 28 P B K A B]517.71 %+
33.84%(F 1), UL &L Ahir BB AR
Y2 mi, HA4.00 pg/mL GeOZ% R fefd:, il
T3 496.35%+0.79%, i 3% 75 F1.00~3.00 pg/mL

BEEETHEAENL

HREFAR  co-cultured systems

GeO, ¥ [ /(ug/mL)

- BRI — MR
concentrations of GeO,

filaments of
S. lomentaria-P. sicula

B RN R R ST
filaments of
S. lomentaria-N. frustulum

BRI — M TR S R 2
filaments of S. lomentaria with
P. sicula and N. frustulum

0 —398.19+31.42 —517.71£33.84 —457.14+23.35
1.00 67.33+£5.18° 82.10+2.40° 67.88+3.86°
2.00 77.53+4.48° 88.74+2.15 80.00+1.16"
2.50 80.87+3.94 88.74+3.92° 81.57+1.21°
3.00 83.31+1.93 91.23+2.56° 82.97+4.33
3.50 90.69+3.13° 92.47+1.58% 84.25+1.85
4.00 94.49+1.78° 96.35+0.79° 90.51+1.33°

e AR R 7 BN 27 B #(P<0.05); R

Notes: in the same column, values with different letters mean significant differences (P<0.05); the same below
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N
ey
~

Ko 5%

L2 R AR H B A /%
daily average growth rate of filaments
of S. lomentaria

e

=
=K

FfA)/d  time

2 ERENGSMIEREHE
TEUENLREEKBFEN

Fig.2 Effects of germanium dioxide on the growth of

£HT

filaments of S. lomentaria co-cultured with P. sicula

~ 25
5
52}
s 3
—_ =@
T2 s
e
K i
i‘?ﬁf;m
a7
£

FfA)/d  time

B3 TRZLRHSHREMELERFGT
“EUENEREREE KN
Fig. 3 Effects of germanium dioxide on the growth of

N. frustulum co-cultured with filaments of S. lomentaria

GeO, 256 4H 1 (4 il Z (P<0.05) . 2.00~3.50 pg/mL
GeO,t [l P 114 ik S5 410 i) 3 25 55 01 AN B 38 (P>0.05)
1.00 pg/mL GeO, Xt i |- 22 1 i 1 411 1 850K e AR
W5 AR REBEM RN 82.10%+2.40%, BFEEXT
Ivi) 309 JEL b S 56 201 A e 958 1 761 2R (P<0.05) .
FELLRIE ST 2200 s s Rk R, X
T2 F114.00 pg/mL GeO, S K 21 Hfv il 5 38 22 R 1K
PP I2RAFMIET, RE 5 b o X 2 s
22 AR IR 22T B A A S > e
WAL, 45 BR, 814K, 1.00~2.50 ug/mL
GeO, 31 [l N Y 22 1R 1k H X354 3 8 3 15 1°3.00 0
3.50 pg/mL GeO, ¥k B T [ 22k A H #4936 K: 2K (P<0.05)
(14), Hh2.00 pg/mL GeO, 525 4H 22/ 4K H 15
B RN 11.18%+0.06%, i 2 7 T[] i 30 He Al

http://www.scxuebao.cn

GeO, ik T ) H ¥4 K 3 (P<0.05), H 22k 4
FARAE R (E RR-4),

w
s 25 o —10ug/mL
- 2 1.00 pg/mL
= § e 2.00 pg/mL
RE 20 | 2.50 ug/mL
o S o === 3.00 pg/mL
° 3 A 3,50 pg/mL
= § E sl mm 4,00 pg/mL
5 = § b
o E |
£ 2= 10|
S~ = .
% on i
3 9%
<
5 S
ful &
r:_? 0 2l kit E £
= 2 4 6 8 10 12 14

B [E)/d  time

4 TELREEHRERERLEREZHT
“EHENLREE KRN
Fig. 4 Effects of germanium dioxide on the growth of

filaments of S. lomentaria co-cultured with N. frustulum

23 “EHEMHBEFERLNRESNIE
MR ERREE KN MW

17 0 B IR FR RE B R D 4R B R (2544
1.97)x10* A~/em?, AR R 2200 3 o Ak e A Y
50.12%+0.09%, SCEEE 14K, X B2 i ks K
FIK457.14%+23.35%(F 1), 4.00 pg/mL GeO, ik
JIE T B B R 2 (2.4120.34)x 10" 4> /em? (8] 5),
b AU At 52 56 4 v A A R R (P<0.05), i
BEAMH 2 R 90.51%£1.33%, 2.00~3.50 pg/mLiy [H
P, N [ JE Ge O X 1k 3 118 1 1) 550 3R 22 57 9 F AN
2 (P>0.05), T 1.00 png/mL GeO, i & T fik
W B (8.1740.98)x10* 4N /em?, i w5 T H A
SLEZH (P<0.05), Ak EEAD R A 67.88%+3.86%

SCHER 14K, XA INMB 2R TR B O
FICEI IR, R BT SRR e, XF
MR, 8 7 28T 3 BT o LU 491 R BD 46 79 50.12%+
0.09% b T %59.67%+3.29%(1€16), H 2 10041,
Xof HE 2 R R 220 S 1 1 K R L N 25 B
P, AR U I X P B P OE SR B MO RE Y 5
GrAg s e /ANMBZE Y sk . H 2 Bl GeO, 0k JE 11
BN, WERZEIGE S R MR, SRR 14K, fE
4.00 pg/mLSZ 5 20 AV 15 40.97%+2.19%, fif LL#E
i 22 T8 B LNV ZETE 3% Ge O, B #5URK .

TE 22 AR 5 /N 22T B R 2208 s 4
FEFRIERT, GeO, M i W EA5°42.00 pg/mL,
14 dBPIZ R BE N 22 R1R A KR R11.69%+
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244 wflile, %

A AR X I

Fr i B

22 R i A R 5 435

density of diatoms

TR S5 /(< 10* Nem?)

time

T /d

Eosjoy
B IR

RLREEMIEREMERERRLES

FH T GeO X HERE KHIFZ M

Fig. 5 Effects of germanium dioxide on the growth of

& 5

the two species of diatoms co-cultured with

filaments of S. lomentaria

C I mAsms [ MysSEmE
N. frustulum P. sicula
1.0
X 9
SZ, 08
®z§
<
E § 2 0.6
£53
i gnﬁ 0.4
2 E3
£S5 2
S
0 y

1.0 20 25 30 35 40

GeO,/(ng/mL)

6 1EF14dETFEIGeOKRET
PR EEE AT o b A

Fig. 6 Percentages of each species of diatoms at
different concentrations of germanium dioxide

after 14-day culture

0.28%, {3 T HAbLGeO Mk & 414 F iy H X4
K Z(P<0.05)(E 7). HTREBARKY, XA
R ZOIRAR T LI S S KA AN T, B Bk
F bk 5 BURE B KG: 2 B 22 MR R SR 20 it e 2%
(FIRZ-5) 4.00 pg/mL GeO, Wk JE T, LI
14K, (VA /D22 RIBFET, (HR220R 1k H 3
KR A 8.82%+0.38%, i F AR T H AL I8 4H
Z2IRR H #38 K R.(P<0.05)

24 GeOEBMERLZRALZ BN

FIH1.00~3.00 pg/mL GeO, &b F 22 4R {14 dIf:
AIHIHA RPN S KE . R20R, 3

25 ¢

20

15}

10

LRE H B HE /%
daily average growth rate of filaments
of S. lomentaria

i

b

s
=R

10
time

A 1) /d

7 ERZRESNMIERENERERELES

FH T GeO 3 2R £ K HIF T

Fig. 7 Effects of germanium dioxide on the growth of
filaments of S. lomentaria co-cultured with

P. sicula and N. frustulum

T A5 20 22 AR AR A SR L 25 S AN (P>
0.05), £330 diES, 1.00~3.00 pg/mL GeO4b Fi
T 1 22 WK AR 0 T B 9] 5 ) BE A 22 0k A4 17 9
TR B TC W 2= R (P>0.05), H¥ KT

50%. [AIIF, 1.00, 2.00, 2.50. 3.00 pg/mL GeO,
S RO R 1) 22 PRAAR T 5 AR 53 31 M (24.57+
2.39). (24.55+1.01). (24.43+0.50). (24.49+0.33)F
(24.10£1.34) um, 1L 2 5 5.3 (P>0.05), FIH
3.50 pg/mL GeO,Ab B 14 dJ5, 2244 F 8K 0] 4545
S A U B S A R (B -6), (HE 22 AR IA
ol FE A LU ) F96 - 28 AR 5300 R 44.64%+2.82%
F1(21.8541.69) um, i 25 A% T JH At S 56 2 (1) 60+
PR LB RN 3 B AR (P<0.05), 430 dif5T)5,
4.00 pg/mL GeO, &b Hlidh () 0 i 22K PR TG PR =2 0 1
T

R GeO, 1k B i w2 Yo fi: 988 17%) 00 1) 5 % ek i

¥, {H£3.00~4.00 pg/mL GeO, 2 1l 22 RAK ()
K, Hd14.00 pg/mL GeO b B 14 d2s A [F) F4 J&
S B ZZRAFET:, H.3.50 pg/mL GeO, 24 il J
WIS T RENIE AT . 255 GeO X & i 22
PRAEA K K H RS AR K A, 1.00~2.50 pg/mL
1 GeO, 3G B BEVE [, Hi12.00 pg/mLAA 4T
2R H IR R B, FTRL2.00 pg/mLA Ab 3
P 2R AR I BB VR

3 iR

GeO M N S MR JE M 1 590, © BN T

http://www.scxuebao.cn
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T2 GeOEIWEE

ZRFBTFEEEMLEER

Tab.2 Formation and development of unilocular sporangia of filaments of S. lomentaria treated by germanium dioxide

GeO,¥K % /(ng/mL) WIUH 7 B4 LU /% PSR T R /% FEATEES/ um
concentrations of GeO, initial ratio of sporangial branchlets ratio of sporangial branchlets after inducing diameters of unilocular sporangia
0 30.44+2.77° 57.19+3.39° 24.10+1.34°
1.00 27.3946.04" 56.67+£3.41° 24.57+2.39°
2.00 30.97+4.38" 57.47+1.20° 24.55+1.01°
2.50 26.11+3.08" 54.72+£5.31° 24.43+0.50°
3.00 27.61£2.08" 52.55+5.46" 24.49+0.33°
3.50 32.3943.93" 44.64+2.82° 21.85+1.69"
4.00 — — —
e RORE RN R ES, ML, TR
Notes: “—7indicates the cytoplasm of filaments of S. lomentaria was constricted, nearly to death and no sporangia were produced

RV H W LI R, (HGeO,M il B IR
T2l R B A . BT TG B2 X GeO,
oMU, 1.10 pg/mL) GeO, 2> f 25 0 il ¥ 7 0
TR AR, 5 EaRg5iS L, o8 2R A%
GeO, 5 MR, M GeO, & 5 T2.50 pg/mLHAT,
HARKME S22 s, o s E W
GeO,2x T B W B A= 20 i B v 1 BUAR 22 LR &5
¥, S5O0 200 R BC AR L A 4N AR R TR L 4 i AH
LI G NS R XA N N T R VE
fiE, FE3FpILEEFRIA R T, 498~12K, 4.00 pg/mL
GeO, S B 4 Hh — b 22 4R R 41 B AS P-4 [ 45 5 =X
HEZ, i MR AR 7%, JE B/ N 28 L AT

GeO, %t K 7Y ¥ 388 K 1A 52 i) R e 287 S
PadiE , 35232(P. haitanensis)7e il FFEBIE WL
K % 7 By BE AT T 32 1) GeO, Hé B 11 14 40 pg/mL"*,
T V7 L 1R X Ge O, 88 S UL, LL4.40 pg/mL
GeO b H A L T4, 233 WL 5 22 A 1 7
TR K, RV BE 1Y GeO, X 1717 it
WA E T A MEIEN . FEARVER
o, X 2 0d GeO, b B Y 22 0K M i 17 il 7 4 35
T, £:3.50 ug/mL GeO, A B[ 22 4R AR () #60 F F A%
FE il AIG . 7673 ELAR R/, £24.00 pg/mL GeO,
b3 22 R TC A TR . 2R A T 41
FORE BN TH W ARG R AR A
W, ORPEAE AR, 2R MR T A L5 20
T50% A" RE T /2 AL 22, (H/23.50 ug/mL GeO,
S0 2 6 - A L A R 44.64%+2.82%, Ahgis
FNLPRA T Y EER o LR GeO M 22 RAKE K K
BRI, 7RSSR I, GeO, ¥ A B T
2.50 pg/mL,

http://www.scxuebao.cn

GeO, AT 417 il Fk 35 X 15 73 R v /e ) 4 B2,
HE T 52 W fek 386 52 THI (valve) 1 43 Ak S Ji5 2 43 541,
AT 00 24 e 8 A 1 L Ge O, X ik 3 A 4 R R R 5
B SR VB v BE RLAE LB, LAZE IR B (Nitzschia
sp) A, FI S R BE GeO 40 312 d, 1.00
F13.00 pg/mL %5 4 i 22 I8 38 40 i) 232 45 00 A
24.00%F164.00%"", A S5 1y 3R 235 571k =
H1, 1.00 ug/mL GeO, X} fifk i 30 il 2 S e 22, 1
4.00 pg/mL GeO MMl HOR Fefd:, SLI0 5 14K &2t
B SR ZR R B 2234 5 T790.00%

Tk 3 X GeO, I BRI R AP 2 T 5% . Markham
SEPIRE R IE , 0.13 pg/mL GeO,fi v i 25 1 1 51 ¥
Bt 3 (Thalassiosira rotula) F1 32 55 #4515 (Rhizosolenia
delicatula)J <, MIFE1.79 pg/mLAY GeO, % W
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Effects of germanium dioxide on the growth of filaments of
Scytosiphon lomentaria and diatoms in co-cultured conditions

YANG Rugian, GONG Xiangzhong ", SHEN Shijun, GAO Wei,
ZHANG Hongxia, ZHUANG Yingrui
(College of Marine Life Sciences, Ocean University of China, Qingdao 266003, China)

Abstract: In order to suppress the growth of Pseudo-Nitzschia sicula and N. frustulum appearing during the
cultivation of filaments of Scytosiphon lomentaria in our lab, the effects of germanium dioxide (GeO,) at
1.00—4.00 pg/mL on the growth and development of filaments of S. /omentaria and the growth of epiphytic
diatoms were studied in 3 different kinds of co-cultured systems. Results indicated that: the suitable concentrations
of GeO, for co-cultured systems of filaments and diatoms were 1.00—2.50 pg/mL, at which the percentage
decreases of diatoms were all above 67.33%=5.18% after 14-day co-culturing, meanwhile the filaments of S.
lomentaria were in good conditions and good developments. 2.00 pg/mL was the most suitable concentration of
GeO, since the filaments of S. lomentaria, under that condition, had the highest daily average growth rates which
were all higher than 11.00% in 3 kinds of co-cultured systems, and ratios of sporangial branchlets as well as
average diameter of sporangia were 57.47%+5.31% and (24.55+1.01) pm, respectively, which were not
significantly different from those in control groups. Although diatoms were suppressed more effectively when the
concentrations of GeO, was up to 3.50 and 4.00 pg/mL, the growth of filaments, the ratios of sporangial branchlets
and average diameter of sporangia after inducing were also influenced negatively. What is more, filaments were
dead when the concentration of GeO, reached 4.00 pg/mL. N. frustulum is more sensitive to GeO, than P. sicula.
After 14-day co-culturing, the percentage decreases of N. frustulum were between (82.10%=+2.40%)—(96.35%+0.79%)
at any concentration of GeO,, which were higher than the percentage decreases of P. sicula under same conditions.
Moreover, on the 14th day in co-cultured systems of filaments of S. lomentaria, P. sicula and N. frustulum, there
was negative correlation between percentages of N. frustulum in the two species of diatoms and concentrations of
GeO,.

Key words: Scytosiphon lomentaria; filaments; Pseudo-Nitzschia sicula; Nitzschia frustulum; germanium dioxide
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Eh EERARFHNEKLZEHER
F kG R R T HE . 1.0 pg/mL GeO, 3555710 d; 2. 4.00 pg/mL GeO,3E 853712 d; 3. 2.00 ug/mL GeO, 3L 159714 d; 4. 2.00 pg/mL GeO, 3t
#9714 d; 5.0 pg/mL GeO, L35 978 d; 6. 5 530 dJ & 8 20 R AR IR B 7l T %8
Plate Developmental and growth situations of filaments of S. lomentaria

arrows indicate mature sporangia. 1. 10-day co-culturing at 0 pg/mL GeO,; 2. 12-day co-culturing at 4.00 pg/mL GeO,; 3. 14-day co-culturing at
2.00 pg/mL GeO,; 4. 14-day co-culturing at 2.00 pg/mL GeO,; 5. 8-day co-culturing at 0 pg/mL GeO,; 6. mature sporangia of filaments of S. lomentaria

30-day after inducing

http://www.scxuebao.cn


http://www.scxuebao.cn

