w0k B3 w5 M B Vol 10, No. 3

1979 4 7 A OCEANOLOGIA ET LIMNOLOGIA SINICA July, 1979

BHEOECBEEFEOHR
CRATE RSSO RERS R HER
%%'****%‘%E**vm%ﬁ**%t}(** o

Eﬂﬁ—fﬁﬁkﬁﬂﬁ%ﬁﬁ%u% E%%ﬂfnqﬂé%?’ié ﬂ]ﬁbﬁitﬁﬂiﬁo X il
REEREETNLTN - SEHEPREREN AR, ~EN AR, EE
LER—ERE. Hlw, BREETLEK=ESGATRESEMI T REHEROR
T, M 1971 SEFTHGSE e DB TG, BEEABRIIEN, EEHBITHERE
RALEHIKNRE S, BTRERGE, RETFETEATE. XRERBFHALUER
BREKEER-AZA, BT HRMGEMER L, BRENR, BEERIRAE
BIFERETRATENRE. Hit, BRXMREERAREREFBHFREFLHE—
FRBRORBERIEZ—o ' '

ﬁﬁ*ﬂkﬁ#ﬁln\
ﬁ%%ﬁﬁﬁﬁﬁﬁ%ﬁi%%u&UTﬂAﬁﬁ

1L EFHHE | |
HERR T G PRI TR R K IR A, B R S R AR IR
ot AR A A MO R TUREE B o P AL BRI R BN 38, T AL
RIBE AN, BB, BT IS BT h—RERBTE 5— K&
o ESRIIRRAE FTUTE S8 LR o B A O 5 P T 5 th LT 08 o R, 7

—RKFETo
R R SRR AR T AT

2. SRFOSREM BHER

EFERT, RTERLE—F NG, BRITE, EREERIES, ARBI—
PR, KU MR, R ESBENR, &G, REBLWARERTT, PER

* EHEBE E T RERIIRE 5 492 2,
HESMXALENEE FEREEEREFRFRBRE, BRASAREEKFRHRFRTLAEER
B RK BN EH A, .
AXEUBBUBTALY, BERALDABOBI TR DB, T4 RASHBWRERLE, B
RARIE, b IR T I O BB R _

* RENEBREEN AT, _

o BB R 5 Fo : : oo
ek SEERE K HR ST

KRGEHKEIRER: 1979 £2 A16 A,



3 : RBTE: B HEKRTERAOT I 239

H RSN BT HE 0. R HOR EISE M ke, BB BRI, R A HE o RN OREE
ﬁﬁ%ﬂm&%’&n/\d\ﬂ?ﬁﬁ%to' AL PNENEEHE Y , BORREIE I B 70 DR S MBI i 2% » ik
REE—&= ﬁlﬂ@o

3. m¥E

Zz?ﬁﬂﬁm%‘égﬁﬁkﬁﬁhdﬂ?%w&&ﬁ,ﬁ%@?ﬁiKﬁ HEAT IE B MO R4 5, 38
A GRKRNE A, ER T TE R A 3—6 4%, B4 BLUE M MEHER AR 5 , YRS T T T4k o
BRI TR T IR £ Fh 2 BE, B LA, U5 3 100 SAM0M, TAE—H 2R X
i pi e Nl S =g N A ‘

S TLAE SR BRI I s R R B AR S T4 5 8 DR S T B RO HE SN 3, B0 3
TR TR WA DR RIS M S B S N B e B B A B B o R KRR, BN,
JURPIERITEL o SR RIS LR HR 5 L TR T4, TR R E R
WAL FRBHET,

. BB ®

VT S B e s SR TR R AE IS, R EDEEAR, RRR I, B S SRR gL,
EAFMREEER MR, WA RETERBTARAE Y, HHRE—rRia
SRR ZE 1973 ERBRE A RS ETE S MNEERE K S HERALNBESE
sk, XGEBE 1971 EERE, AHIATERE. 1973 EKAETBEREETE
WERIEXSS R T . 5, %5 10 ARNKERE—EET. 2%, FET
KSR b, 4E 2—3 BREN—ERMBRNEB AT, BaEMBE=E
PLES R, BR—BHBEE, NRBH AL —K, MIlEK, ZL%H, —REBK
A, RS SR 0.93 BH/Fro XAMLERAMIUBH T AN, (ORLEEER
Py Q)EHINREREHBLEEIE Ak, 1973 EAEET RS BHEE
pqaﬁﬁiﬁﬁumwﬁﬁ—[—?zj\ﬁizﬁﬂ&’ﬁmﬁﬁ“/\gﬂ ROMG/K AT T — e B R SRR,
PAFARRERNT:

TR 1973 10 A 18 B, WG THR RS A BIE7ESEEF G PS8 MY
ERIEREKRESE. MRS IR E SRS BRANE, BARTHANE, K—
JEK o PR K B E BB AR 07, 66 SR K — R o MO B PN , /K TR 8—9°C 5

*1 SRESIRTERFEHRE

Table 1. Effect of tho blackened puffy rust of the cast-iron tube on the gametophyte
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ON THE MALFORMATION DISEASE OF
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ABSTRACT

Since the late fifties, under the guidance of Prof. C. K Tseng, we have succeeded
in devising a method of summering young sporelings at low temperature by collecting
the spores in early summer instead of middle or late autumn. The spores and subsequ-
ently the gametophytes and the young sporophytes are cultivated in sporeling culture
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stations, somewhat like a greenhouse, in a temperature of about 8—10°C. By means of
‘changing the time of spore- collection, the sporophytes, when taken out from the cultiva-
tion system and cultivated in the open sea in middle or late autumn, are already 1—2 -
centimeters in size and are able to grow faster, resulting in a longer frond and a higher
‘production. Unfortunately, it happened that sometimes the sporelings died due to a
destructive disease of unknown nature. In serious cases, all the sporelings died within
a few days. In South China, for example, in Fujian Province, the surface sea water
temperature in summer is too high for the fronds to develop sporangial sori naturally.
Therefore, the sporeling culture stations have to transplant mature sporophytes ~with
sporangial sori from Qingdao or Dalian to collect spores every year. In-order to solve
the problems of expensive transplantation, the sporeling culture station tried to cultivate
mature sporophytes in bays nearby the station, and soon after the surface sea water
temperature raised to about 20°C, the sporophytes were taken into the sporeling culti-
vation system with lowered temperature. After a period of cultivation in a temperature
not more than 13°C, the sporangial sori were formed on the surface of the thallus and
subsequently spore collection may be carried out. The sporeling ropes were cultivated
in the same system. But they failed due to the same destructive disease happened in
the first few years. The disease was serious, sometimes destroying virtually the entire -
crop. : , - ‘

Y Symptoms

The symptoms appeared in the dlfferent -stages of the sporehngs are described as
follows:

(1) Gametophyte

Changes such as delayed growth, increment of wall thickness, degeneration of the
chloroplast are the initial morphological appearances of the typical symptoms: Some-
times, vacuolar contruction and balling of the cytoplasm take place, and in some serious
cases, chloroplasts and protoplasmic lipids collect into transparent or dark droplets in
the center of the cell (Llpophaneros1s), accompanying the necrotic process finally.

(2) Oogonium . .

In general, as the female gametophyte reaches about 20y in size, the plant.
approaches maturity. The sign of approaching maturity is the appearance of a
papilla-like protrusion from the wall and the wall of the protrusion getting thinner and
thinner, through which some cytoplasm is eventnally pressed out. Under favourable
conditions,ethe egg is forced out but remains attached to the apex of the oogonium.
The injured egg shrinks inside the cogonium and cannot extrude off. With increasing
injury, the egg contracts to form several droplets in the center of the oogonium. and
dies gradually. Some of the eggs may even be able to extrud off, but they 1ose the
ablhty of attaching and drop off from the apex of the oogomum

(3) Young sporophyte . »

The fertilized egg, when diseased, commonly exhibits a concave plasmolysis, and
abnormal cell division occurs too, resulting in the appearance of very ‘big cells with a
diameter of 3—6 folds than the ordinary one. These lead up to the abnormal cell .
arrangement and eventually to the malformation of the young sporophytes which shows
the typical feature of this disease. The grape-like malformed -sporophytes so formed, ’
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are composed from several to even some hundred cells. Such a phenomenon is believed
“to be a kind of irrevérsible injury and consequently the malformed sporophytes die.

In brief, it is concluded that in the sporeling culture station the disease appears
mainly during oogoniu}n formation as well as in the several celled young sporophyte
stages. . In serious cases, one can find many empty oogonia at mid night and consequen-
tly most of the sporelings die within one or two ' days. Protective measures such 'as
refreshing the sea water, washing the sporeling ropes, decreasing the water tempera-
ture or stopping fertilizer appheatlon are known to be of no effect in preventing the
dlssemmatlon of the disease. .

-Causality and Etiology .

‘Since the destructive disease happénéd, we had found, from the inner side of
cast-iron tubes which constitute the pipe line of the water supply system, some black-
ened puffy rust, and by adding hydrochloriec acid, H,S was given off. Experiments
showed that Laminaria sporelings are injured in much the same way as have happened
in the culture stations by cultivating the gametophytes with a small piece of cast-iron
rust in a small chamber within 3 days. In the meantime, H.S is found in the cultivating

_sea water. The fact that the percentage of injured individuals might be decreased to
‘a great extent by adding penicillin (1300 international units per ml. of sea water) in
the cultivation sea water elucidates that the disease is presumably caused by H.S pro-
ducing bacteria. So far as we know, the black rust is the product of anaerobic corrosion
" of iron in the presence of sulfate-reducing bacteria. Briefly, the anodi¢ reaction is the
oxidation of active metal to metal ions and the eathodic reaction is the evolution of
hydrogen. If hydrogen accumulated, the cathodic rection would stop. Because the
bacteria utilize H, to reduce sulfate to H.S, this process allow the corrosion reaction
to proceed. Therefore, the presence of the black rust indicates that there is a secondary
origin of sulfate-reducing bacteria inside the pipe. Some mixed cultures of sulfate-
reducing bacteria and H.S producing saprophytic bacteria, for example, Micrococcus
spp. were obtained through enriched cultivations from the rotted spots of Laminaria
blade, water of cultivation system, marine mud nearby the station respectively. The
mixed cultures obtained from the rotted spot are capable of multiplying rapidly in’
culture station temperatures (10—12°C) and produce much more H.S than any one of
the pure cultures. isolated by the Section of Bacteriology of the Institute of Oceano-
logy, Academia Sinica. Inoculation experiments showed that both the mixed and the
pure cultures can induce the disease of similar symptoms as has happened in the cul-
ture station.

"~ In order to verify if the symptoms are specific to H,S, experiments of toxic effects
of H.S on the éporelihgs of different developmental stages were performed. Experi-
mental results showed that typical symptoms may be induced by H.S even in extremely
low concentrations. In the presence of H,S, the formation and elongation of the
germination tubes are delayed or even completely inhibited. The sluggish migration of
the cell contents into the enlarged end of the tube thereafter retards the formation of
the gametophyte. 96% of germination is inhibited in a ' concentration of 0.50 ml/L
whereas 50% of gametophyte formation is delayed in a concentfation of 0.13 ml/L.. High
copcentrations cause the death of the gametophytes, for example, lethal dose of 32%
gametophyte is 4ml/L. A concentration as low as 0.005 m1/L may cause the shrinkage
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of the egg whereas the half toxic dose of oogonium is about 0.018 ml/L. The injured
fertilized egg exhibits a concave plasmolysis accompaniéd with the appearance of large
vacuole. It is obvious that the oogonium formation and the pre-gametophyte stages
are the most sensitive ones in the period of the young spore‘ligg.

Conclusion and control

Based on the results obtained it is concluded that H.S is found to be able to
induce malformation disease. Since H.S is produced as one of the metabolites of
sulfate-reducing bacteria and certain saprophytic bacteria. Therefore, these bacteria
which are commonly found in the vicinities of the station are the pathogen of the
malformation disease. The bacteria multiply in the cultivation system as well as in the
rotted spots of the Laminaria blade and are ineculated onto thé sporeling ropes in the
course of spore collection. Under favourable conditions, the bacteria multiply promptly
"and malformation disease is thus induced. i

Since 1975, preventive measures have been taken. The first step is to separate the
sporeling. cultivation system from the mature sporophyte cultivation system and secon-
dly the sporeling cultivation system is sterilized with bleeching powder before spore
collection. Timely removal of the rotted spots from the blade is another but more
effective measure to reduce the secondary origin of the bacteria. Thereafter, cultivation
of the healthy summer sporelings in Fujian Provinece which have one more month of
growth thar the usual autumn sporelings resulting in an increased production has been
proceeding rapidly since 1975, ' :

ReRES
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Explapation of plates
Plate I

Normal female gametophyte (control)

Dead female gametophyte, showing the shrinkage of the protoplasm (1.84ml/1 H:S treated)
Dead male and female gametophytes (1.84 ml/1 H:S treated)

Dead female gametophytes. Chloroplasts and protoplasmic lipids colleet into transparent
droplets.in the cemter of the cell (1.84 ml/1 H:S treated)

Dead female gametophyte, showing -the contraction of the chloroplast
Normal oogonium and the egg

An injured egg shrinks inside the oogonium (0.01 ml/1 HaS treated)
Dead egg (1.84ml/1 H.S treated)

Normal 1l-celled sporophyte

An injured 1-celled sorophyte, showing the shrinkage of the protoplasm (0.05 ml/1 H.S
treated) . ’
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Plate II

11. Normal 2-celled sporophyte just after cell division
. 12.” Abnormal 2-celled sporophyte (0.005 m1/1 HaS treated)
13. Abnormal 2-celled sporophyte (0.005ml/1 H2S treated)
14. - Normal 7-celled sporophyte (control) :
15. Malformed 7-celled sporophyte, showing the abnormal ecell arrangement (0.005ml/] H:S
. treated)
16. Malformed 7-celled sporophyte (0.05 ml/1 H2S treated)
17. Malformed 3-celled sporophyte (0.05ml/1 HaS treated)
18. Injured female gametophyte after inoculation of the mixed culture ¥Fis



=

REITLE: BEHEEHRNFER

B (Plate) I




RETTE: BEHREHRAAR B (Plate) 11






