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Fig. 1. Average growth in length of fronds of Undaria pinnatifida
transplanted at different periods.
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Fig. 2. Average daily growth in length of fronds of Undaria transplanted at different periods.
(full lines: daily growth; dotted line: water temperature)
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Fig. 3. Comparison of the actual length with overall length of Undaria transplanted at
different periods. (full lines: actual length; dotted lines: overall length)
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Fig. 4. Average fresh weights increase of Uadaria transplanted at different periods.
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. (full lines: daily increase; dotted line: water terperature)
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Tab. 1. Temperatures for Development of sporangia of Undaria pinnatifida
at different stages.

G/ B ® OB E I T A
# ¥ SEEY

TR BRI g% ORI )R ORI R R e

1962
1 11.29 7.2 | 13.4 8.5 | 13.4 | 11.6 | 13.4 | 13.4 | 18.4 12.4
2 12.29 8.1 | 13.4 9.9 | 13.4 | 1L.6 | 16.1 | 13.4 | 18.4 13.1

1963
3 2.9 13.4 | 14.0 | 13.4 | 14.0 | 14.0 | 16.1 | 14.0 | 18.4 14.6
4 3.1 13.4 | 16.0 | 13.4 | 14.0 | 14.0 | 18.4 | 14.0 | 20.1 15.4
5 3.28 13.4 | 16.0 | 14.0 | 18.4 | 14.0 | 18.4 | 16.0 | 20.1 16.2
6 4.25 18.4 | 18.4 | 18.4 | 20.0 | 20.1 [>20.1 | 20.1 |>20.1 >19.4
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1 RE MR E SN A, 2BRNERRER, bR ERERS, X
T B 9 A R BB AR, 2B R B A/ s AN RS S, BAL T R E RSB IR B R 34,18
FFHIE R, T BTG EFR BT E XA R E %M

2. REWSE BRI E L. A8 —HE A “WIR” AR ERER 7°C, B
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“SERAHSEREOIR BERE_ETTE] 18°C, IR FETS 11°C; T8 It A 1 “ W0 FF4A
REMRER 13°C, T “SERM” SERIBERL LT 20°C, Z#HEBZENR 7°C, Rk, &
SIECE FERER B IR BRI E B IR BB, B IE RN (R K , RF S FE B 5 T
W 73 EE, TR R H R BRI R E B ERERUL, RESBITTRHNIEE, £F
RO, B, ATREERT RIS R E SRR, SRIBIRBRER, &) mRLE
WAEMNTEE.
= R W

LBTRERNHER

ST SR AR JOGEIR M T R, B R E FRIB WA AR ARIEIR ISR 2L,
PR EAREE] T 60 EORPA b, SXBERIR/NERATES S E , B DA R S o5 AT A
2R Ao

(1) KEEKHNER: RIBEEESENETHEKARERNA, REMBNPNEK
RERAERES, EAERE &M TARRSEN BHEKRER B, XIBREANK
INKE AR (R B R B R R R 8 D8 T TR SRR R R N S A B AR KA 3 L TR) AR,
BAFEAP DAV B TR /DR HTHE S, AR5, T A3 BE R /AN A pRUEIEAT T AR R AL
BEVE B PO R AR Kb (IR 2)0

R2 TRKEMNBHRETFEESRGETHEYRBEK (o BEXR)

Tab. 2. Average daily growth in length of Undaria lamina of different
lengths at different temperatures (Unit: cmn)

Ty ] AL
a <30 |30.1—50 | 50.1—70 | 70.1—90 |90.1—110 [110.1—130[130.1—150] >150 [F35H 4K
Koo ()
<1 — 0.7 — 1.1 — — — — 0.9
1.1--5 0.6 0.6 1.0 1.3 1.1 1.4 - — 1.0
5.1—10 0.8 1.3 1.4 1.7 1.6 1.4 1.2 1.2 1.3
10.1—15 1.9 1.5 2.0 1.9 1.6 0.9 0.2 0.6 1.3
15.1—20 - — 1.1 0.7 0.3 — 0.2 — 0.6
R gt
FEZFEHEN 1.1 1.0 1.1 1.3 1.1 1.2 0.5 0.9 1.0
HERCB)

K2R T ARADIBHRERFRGRE PN A K ERTEE, 2L 5—10°C fir 10—
15°C MR B2 ficbl, R HAKEYD 1.3 EX, {HE 5—10°C XA FR/NOHEHZ
KB WESE R, BHAE 1 R LR R R R K R T/ IR, BA& 10—15°C 5% 1
K LA TP A B KB R, X 1 kA BRI 2S00 4 K B W B 3 TR, {H 10—15°C
U R ZHE BRI H =K B RBIR B . HBRATIAD 5—15°C RHHRAEKHE
o

(2) BEEXNEE: BHERERNIER, FEEHTHRERNER , BT SLERE
ERBRERELE, MRS E TR R RATSERSK, BHPYHIEKEME
9B & H A KR EEE R, WG 2k 3.
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Tab. 3. Average daily growth in weight of Undaria fronds of different
fresh weights at different temperatures. (Unit: g)

< —
" = <50 | 50.1— | 100.1— 200.1—| 300.1— 400.1—| 500.1— 600.1—| 800.1— @Eﬁg
g N 100 200 300 400 500 600 800 000 | g ’jﬁ
£ DC
1—5 0.6 1.4 2.8 6.5 5.3 6.8 9.4 — — 4.7
5.1—10 | 0.8 2.5 5.7 7.9 | 10.5 | 10.5 — 10.0 | 11.4 7.4
10.1—15 | 1.8 3.2 8.7 | 10.1 7.9 | 12.2 | 10.9 | 11.6 4.8 7.9
15.1—20 — — 5.5 — 7.0 3.4 7.7 5.4 — 5.8
R #EE
wEaT | 1.1 2.4 5.7 8.2 7.7 8.1 9.3 9.0 8.1 6.5
M hEE \

SRR, B AREEAEKI 10—15C PR, PHAEE 7.9 35, 5—10°C B KEF
B, PHHEE 7.4 35, 5—15°C B AEKMEARERELMN, BT T4 MRE®E
KB EC6.5 75), EETHETXMRETEE, 8 B EENSET &R ER K
P, KWk, BEEKAERDE 5—15°C,

WARFEH: @ £E 5—10°C B, AR/ A K18, BIANEE /T 1,000 3B LAR A, AL
B AN K ORI, BARAKRIE KRR, SXULBR R KE B Mg KRB AR R/ HI Ao
@ L/KEBAE 10—15°C i, — R EARMNERERIBRILEES, S KM IR HITEXME
FETEHE A, 0T TSR AR B X B I K TR o B XK R SR IR B R 1 L AR
B, EKBEGR, BAANAIEX AR E MBI, R ERAEEMNEK SR
H—E R, T N B SR A K IF AR,

DA Era-dr ki, SR AR K B R E R IR KA R —3i, 382 5—15°C HiER.

{BEARTHMAE IS, BHREENAEK, P sC UTHELIERNRER, B
ERAMBEEN AR RIF, BRITMIAE 5°C BB RELMRFIRE , A TE5RMNMER
M, I 2 HIMR SRR EERAKRTHSEE L 0.9—2 K KEHE T ARRE
B 35T BB, BB AR TRLR , Bt K, A KB R PR BE DR, O S R R R U AR K
#1E, WAE <5°C I, BRI UM E K RIT, HEUX SHITHBRAEKWEETE <5°C KR
HIREAT B e K I B IRAE — B,

2. BN ETFRE

TIRRE AR &M, W4/~ LRERRKMENL, lkHiMereE, N TEHE,
BN I RA T RIMEE E E T A e 5, BRCUR IR R & NIk, MIBARTA
FEEMEE, EEETHEBENAE P EREFNRETER, —PMEMTFENRENE
o

(1) REWBRETLR: FLROSHLETSES, P EBRER RN S o5,
FHEREWHRE N 7°C; WF BB FE A, RESRAEE N 200C, TF
P, 7—20°C MAMFREFVWERLEE, BT HE LR, 5B RIBRTE, FHik
KRS CRE T SE RN R SE R E . ARIE SRS E A IR B R B B T RE B 52 I
FAOTRLEE S& R RHEM, M BEXE 2 22°C AA70
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7—22°c REMN 11 AT A 4 A TASMMBETNTRNEZFTEEEE, BT 11 A4
f e 5 B _EHEREE D B A S RIBRAE, IR ASRAE, & 80 R B R E T B R
j(—‘%o

(2) REWSER.: WTERREVITET S RAREE AT RS2 B R AR R /A 4 3Rk 2L
SRR v, T AR L SRR BB R AR 100 BRUA L, RABEARKAD BT H,
Ph4 TR E I A4, LE BT RS, A METARIRERN, AN HIMF RN
H a8, BRI 4,

£4 TFTREBETRHERFREBAFKE (%)

Tab. 4. Percentage of sorus formation of Undaria pinnatifida
in different temperatures.

. % =) #
m E (O F
£/ 7. moOB ® A 5z #
<10 16.8 16.8 0 0 8.4
10.1—15 50.0 58.3 50.0 33.3 47.9
15.1—20 33.3 25.0 41.6 58.3 39.5
>20 — 0 8.3 8.3 4.2

IR 4 EERFUEN, 4 NEEMHERIEFERENI 10—20C WE S R &,
<10°C 8¢ >20°C 11, REEWHIE, L 10—20°C R E R EFHER, BENRFERERE
B EER B —E PR RS —FF, 15—20°C REFTE B S BT 50%,10
10—15°C MEREF| T 50%,

# 4 BB ULER , A ARTRY R B AR 15°C DATHET, X RSB 2R BUA R 4
A, ARG H AT R MNRL, AT 02 AR T EEH B “we IR, BraEshEIT
YRR MITEHIZE™, MDA B RSB A XA, B) “F 2" R ARTEE
T 0 B S 0 T AT EURE , BF AEE 15°C DA FROTR B BRI AT UG Bl I 2R B G s
Hlo
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Tab. 5. Growth conditions of Undaria in different cultivation
periods and temperatures.
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THE RELATION OF GROWTH, DEVELOPMENT OF
UNDARIA PINNATIFIDA (HARV.) SUR.
WITH TEMPERATURE

H. C. Lt ano K. Y. L

(Shantung Marine Cultivation Institute)

ABsTRACT

1. Rapid growth of Undaria pinnatifida (Harv.) Sur. occurs at 5—15°C which is
regarded as the favorable temperature for its growth. When the length of lamina is over
60 cm rapid growth also occurs even at a lower temperature. So the effect of tempera-
ture on growth is different at different frondal lengths.

2. 'The favorable temperature for development of sporangia is 10—20°C. Below
10°C, the large Undaria frond may develop and a little above 20°C, the little one de-
velops may also develop. Thus the temperature for development is associated with the
length of fronds.

3. On the basis of the results of this experiment, it was suggested that:

1) at Tsingtao, as well as at other places along the North China coast, cultivation
of first crop of the Undaria by actificial method may be made from November to Feb-
ruary when the temperature drops from 10°C to 0°C and then rises up to 3°C, and from
March to June when the temperature rises from 3°C to 15°C cultivation of second crop
may be effected. ‘

2) because of the short-growing period of Undaria, the method of cultivation may
be varied, and cultivation may be effected between the rows of the raft of Laminaria.

3) owing to the fact that the smaller fronds of Undaria develop sporangia at higher
temperature, it seems desirable to cultivate special late maturation strains of this Undaria
in the months of July and early August.



