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SRR, TR K

WE R AN RS BEF AR IR R E (Porphyra haitanensis) 18 A AR A BB ERNEESE K KT ERHIT
B, AT AR R — X E R, GRER.(DEFE T, A R E SR M AR5 9. DMSO) t A8 4+
CRAP 30 1 %0 08 T M) Xof S 28 S 40 B A0S B RS A K, 4 43 Bl 7E 2096 DMSO A 35% H il 35 5% 48 h, HsiE £ 4 15%
F0% 5 (2) B — V& R GR AP 0 (R 4 R E , B b A R R 37 2R AL T DMSO, 41 B 76 20 %6 ~ 25 % H il 47 FIAE A F ¥4 5%
30 d, F IR 2 10096, ¥ 90 d B IS 28 25 %6 ~35 % 5 B A HE A FEHE AR 0 B — R AR, AR 15 d R 40 2 BT
T3 (3) H i +DMSO P F i 1 £R 37 VR & ¥ 58 30 d, B 28y 8594 5 (4) 1 i + DMSO+ 51 %1 #2 A 7 3K L 4 & FI 74 8L
FEIF, A 180 d EIE R 95 % LA LRI BOIE R ; G BEMBEEHNERNEFE SR EA RGN, JHERN 25 &, %R
T AR FYD A BT 2R T T A R S IR A 5 A O BE B R R AR T R, IR — i R O B A, A1 RO BE R b 4 Ao BE
THL(¥) 20 A B A IR, VS R 5 (6) AR AR A A B A 30 d FRERFEER, [HEAK™F%,2007,14(3) :450

—456]

KBEIR)  Bm S RIR A B TR s TR BBy A K
FESES:S968 XHkFRiREE A

B (Porphyra haitanensis) 72 E 7 &
TR M A, A 2EERFEE T ER
8090, HHI, &R 2 X 3 28 3 I At 3 2R ) ¥
R T AR TTH AT 5T, PRE SR 2R E T
JURP 2 PE 5 S RAG 778 A [F R AP RUAE FT T RO R 10
Ak, BL R B AE B DMSO MK IR O/ A7 1z 28 51 2R 1
TMHARLT BT B 2R, Bajai™ iRIE T [ A ff
PR AS R BRI T W RRCR AR, B &
Xof 4 PSSV M T R T BT AL

BT BN, — B UK % BRI A
7o BAE S A R A 2 Bl v AR D Ve RO B
G FIWTE AR R RS . H AT, 35 2R S R F 4 B
WARHAATRE SR, B2 ELREANILTIR
BERBLEEMUAN , 28FEAMELE ST
REREERFRI S ZF B4l i, BT %) B H B
HRCHE 55, ¥ U5 A0 F9 20 85 A0 A T T Lb B RR 20T
TAER R, B & KM 48 7 K E # %A 8, Ik
FEHORAAHATABAMERAGRR, 250 E
REFWRIE, HAT, A X &R KK & E
RV B, ORI IR IE 2l L A i K

Wi B #7:2006—08—21; 11T H#3:2006—11—20.

X E 4% E:1005—8737—(2007)03—0450—07

VS 0 VA OR 4 R, 4R A B A BT R R v
5T O B OAT 4h B TR R A T A A
HIAN R . BB G T 38 5 22 4h B B0 ¥ 5 £R 47
TR R R A Y R W, B O IR 5 SR (R
A 2 B 5T R AR Ve N BT T 4R Bt B e 2
%,

1 MRE5FE

1.1 ##

5 32 KK = 2 Bt BR3P o R SR 00 548
PRET AR E MR 1T MR B R 2, ik ikx
B G ERE GRFE YT BRI 3 em A4
P8 1k 4 B AR N SESR A B,

1.2 IEEFRSHEFRRPHIEATHETLR

S0 (VA AR 3 4 b B 5 R A R A ) 2
25 A — R H WA Z H R (DMSO), 5 —EH
B R R K H Ik, DMISO I A 43 B U
TEER 28 Mt skiE Kb, HE SN 0%,
5%.10%.15%.20%.25%.30%.35%.40% . AJ5
TEH IR T AR S S R AT A5G T 56, 1R

B W H:EREIF863” % B) I H (2006AA10A413) ; 18 22 4 RHH B K £ UU% B I 5 (2004NZ03).
EEBM HFEEQST), B, 8%, TBENFKFEFEESE HHE AN 7. E-mail: cschen@jmu. edu. cn
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I H ARG B LR S S R A RS R VO, B
FEE&AMEH B E 20~21 °C, 8 2 000~2 500 Ix,
1.3 BE—RIPHILE LW

RYE R 1.2 M sEae g 3, H i & 7 80k
H5%.10%.15%.20%.25%.30%.35%.40%;
DMSO I i & ik 0 5%.10%.15%.20% ; &4
ML o0 BN 30 BE. A B KIEIE S, 4 Al AA
]I FE AR B o, 3B B N — 20 C UK FE A, B
SRS (A] 4 15 d,30 dF0 90 d, ¥ il s Mgk K34
HITE 20 CAKB F R HEEE,RIGTE 20°C LR E
3000 Ix Z£ A FIMEIR L IR 32 = F AT R £ 37,
2 dEHEEFRW 1 IR, FIREH 1/2~2/3,5 5
RMEBEAROKEMFRES 1K, R, RHS
AR QENSTEOR R /R R R R T A (=2 = )
HOE P, U PSRRI E T 24N PITH, e
HHAIT—IREEER,
1.4 ZHEBAFRFPF(HihF0 DMSO)E &% kX

DAH v Al DMSO P % B i R 47 71 16 3 Pk
AT IREW LR, BRESRE TANE 1, #
ST ¥ O 15 d.30 d A1 90 d, BRI R A
1.3,
1.5 MBASMAINMRIPFI(HE+DMSO+ EEHHE)

BESAE

M\ B3R SE 56 HF Pk 3 & B IR 4 DMSO iR
GIRESRIMRY N ARG, 7w HRE
1~iR & 4(Mix, ~Mix, ), 3% 4 H(FE 1), & E
% 15 d.30 d.90 d.180 d.360 d,

*1 RERPFIHES R
Tab.1 Composition of mix cryoprotectant %

ki H ZH TR H#H
Group Glycerin DMSO Glucose
Mix; 10 5 15
Mix; 10 10 15
Mix; 15 15 15
Mixq 10 10 20
1.6 TREIEEILBER

> WA R FE R 15.20.25.30 A1 35 H¥E /K i 16l
20% H A 10%5 DMSO, LAA I - 37 771 B & A~ b B
T IKAE A XoF B, VA58 30 d S B 38 R 40 i AT R
1.7 FARSBEMFEREIBLALEELE

20% H i #1 10% DMSO #& H 4 4 £ 3
F, WKL B 28, 3 5 1 48 32 (0 B R )

AR TAGHR2), 7 MERKEHRN 1 cm,10 cm,
50 cm I 100 cm , ¥ 58, 517 9 28 F8 R K /) 8 4 40 i )2
FE DL R 40 i BE TR RE AR LB R B 3T o A 2R
TRHEAT A R 258, I B LR 0 AR B A B K AR g X
B, VA 30 d S WS R MR A R RS R
1.8 FIEMTERLIE

e AT RO A 0, B L ER R
R Jeth, e RRAT €8 B A 30 A0 B, R S € ok AE
ToARREET, Hoh B AR A B, 90 % DL 40 A

BEf% A% LA KA B AR AE G o W SR I 9 A 3 F

ERAM B ECH 300 MU E, BEREUSD MR T EAR
K 4 B 90 5 & O #E, #HR 4> A R B SPSS for
Window 5 %14,

E A,

OTF¥HEKE=(E—E)/t;

QO F¥HBEKER=[(E,/E)Y —1]1X100%;

QFHHME=W,—W,)/t;

@FHHMER=[(W,/W," —1]X100%;

® 40 M HC I 2R = RIS 40 M 2/ 40 i 5 40 X100 %5

PRI E R RIRERE, R E 857t RIEW
BERKEE MR ESKE;W, B 97 REM#E
PREETT s W, BEARIIVIAEE &,

2 FRESH

2.1 AEMRPFIIZEFZRRETNEZME
IR AE 20% DMSO /EH F,6 h P HIBL
BRI R 5,48 h JE UG R BE 2 15% 3 5 DMSO
FHAL, 35 %% B9 H 9 2 B W R IR AW, 1 h 5
BB IR AR T, BOE N 80%,48 h F 4L
AFBIET: 515 %% ~40 Y% Ji == 4 H I 5 2 45 X 4 7 40
R R R (R 2),
2.2 B—RIPFILEILR
2.2.1 FRRFRIPFIABRIPEIZERSHEMBY
BUGEER AR A AR, 4 A58
FET-(ER 3) . IR HI S , 40 M R 2 B 4R 5
A5 30 d B, B R R B 2 R A T DMSO,
20% FH 25 % H H T 35 14 40 B 0 B TR EE 08 100%, ¥
90 d J&5 , BRIE 2R %S 35 % F1 25% ; DMSO K FE
5% F1 10% [ SE 5040, 40 B ¥4 5% 30 d B 40 Fig 1 B v
EAA AR 57.5% F1 40%,15% DMSO 55 46 41 3
PG A A 0 0 T 5 B — 0 N AR AE R B A 4R B A
AN, 15 d JF AR AR AE T,

PDF SCfHffiH "pdfFactory Pro" i A4 www. Fineprint.com.cn


http://www.fineprint.com.cn

452 FOE K R 14 %
Fz 2 3R FESEIEREE A XS 40 RE R
Tab.2 Cells viability of P. haitanensis under three cryoprotectant in different reaction time %
S iakil e E/ % 1€ F B (8] /h Action time
Cryoprotectant Concentration 1 3 6 12 24 48 72 96 120
H i Glycerin 100 100 100 100 100 100 100 100 100
DMSO 15 100 100 100 95 95 95 95 95 90
HEH Glucose 100 100 100 100 100 100 100 100 100
H i Glycerin 100 100 100 100 100 100 100 100 100
DMSO 20 100 100 100 90 80 80 50 0 0
H EHE Glucose 100 100 100 100 100 100 100 100 100
H i Glycerin 100 100 100 100 100 100 100 100 100
DMSO 25 100 100 100 90 80 80 50 0 0
HEH Glucose 100 100 100 100 100 100 100 100 100
H i Glycerin 100 100 100 100 100 100 100 100 100
DMSO 30 50 50 50 30 30 15 10 0 0
H EHE Glucose 100 100 100 100 100 100 100 100 100
H il Glycerin 100 100 90 90 40 30 0 0 0
DMSO 35 0 0 0 0 0 0 0 0 0
H % ¥ Glucose 100 100 100 100 100 100 100 100 100
H il Glycerin 100 90 90 80 40 0 0 0 0
DMSO 40 0 0 0 0 0 0 0 0 0
H EHE Glucose 100 100 100 100 100 100 100 100 100
H il Glycerin 80 80 60 40 40 0 0 0 0
DMSO 45 0 0 0 0 0 0 0 0 0
H EHE Glucose 100 100 100 100 100 100 100 100 100
H il Glycerin 80 80 50 0 0 0 0 0 0
DMSO 50 0 0 0 0 0 0 0 0 0
H EHE Glucose 100 100 100 100 100 100 100 100 100
#£3 MAZMRERPFAERIZEZTRIEAMERFE
Tab.3 Cell viability of P. haitanensis after cold storage in different cryoprotectant %
S iakil A e /d R4 7 5 2 7 %0/ % Concentration
Cryoprotectant Storage time 0 5 10 15 20 25 30 35 40
i 15 0 0 35 60 100 100 65 35 0
. 30 0 0 0 65 100 100 40 0 0
Glycerin
90 0 0 0 0 35 25 10 0 0
15 0 6 100 0 0
= L 30 0 53 5 40 9?) 0 0
DMSO ’
90 0 50 0 0 0 0

2.2.2 ARIABRIPFIMIZEZNEERKNEZMN

Bl 1.2.3.4 &4 B 7E A A K B () DMSO il H i
A 15 d.30d.90d /, A& dEEF 1~5d M
6~10 d WA K H 4, 7 LLEH,DMSO 44K 15
dJE,10% KA M HKEHE KRN HE
T HAGKEL, BEE A A K, P H

HKEMTHEEEZRSW N, AE 3.4 9750, H
MARE 15 d )5, 25 % IREHAE AR FHHEKE
AP HEE ST MK EA, 15% HlAEA %
30d EAMMMIAE T3 2, ¥ T 90 d ¥ Mk 40 Al & B8 5T
T=, MRHE SPSS it 4 M 45 3, AN [l FE fR 47 71174
TEE 4h P AR 2 R 3 (P<<0. 01D,
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1 O5%, 1-5d o % 1-5d
2 30} O 5%, 6-10d [5% 6-10d
b 25 O10%, 1-5d ~ gt O 10%, 1-5d
§s M 10%, 6-10d ° Eigz’ ?_;Odd
< 220} =% 1=
iy 820 W 15% 1-54 S8 6f B 1% o104
K15t M 15%, 6-10d =& o
+ g I % 4t
= 0t =
W &
m 0.5 T 2r
0 0 .
15 30 90 15 30 90
VRSEHT IR) /d AT /d
Cold storage time Cold storage time
B 1 AFIKREDMSO AR GEIF ERERNHKES B2 AFKEDMSOABARIFELZEXNHEES
K& Fig. 2 Mass growth of P. haitanensis after cold stor-
Fig.1 Length growth of P. haitanensis after cold age at diferent concentration of DMSO

storage at diferent concentration of DMSO

15%, 1-5d
15%, 6-10d
[20%, 1-5d
O20%, 6-10d
[ 25%, 1-54d
W 25%, 6-10d
W 30%, 1-5d
W 30%, 6-10d

30

VRFRIN I /d
Cold storage time

90

3 ARREHMABERT EEERNEKEAKE
Fig. 3 Length growth of P. haitanensis after cold

storage at diferent concentration of glycerin

IE AN A
A=

2.3 Hi#+DMSO BARIPFIBERPHR
20% WM 5% DMSO B S A G B AEK R
UF, 75 30 d Bk TS 224 85%,5% H i 1 5%

#z 4 RIPFHHBE+DMSO RE%

10¢ 015%, 1-5d
[J15%, 6-10d
-~ gt [020%, 1-5d
T g E20%, 6-10d
EZ of E25%, 1-54
= & M 25%, 6-10d
m@; 4t W 30%, 1-5d
W 30%, 6-10d
s 2r
0 15 30 90
PRI /d
Cold storage time
4 TRREHMARGF B EENHNESR

Fig. 4 Mass growth of P. haitanensis after cold stor-

age at diferent concentration of glycerin

DMSO B &EA MG E KB R R E, A 30 d BT ELIE
FH 3% (K 4D,

BRIPEIRERMNABRAERESEK

Tab. 4 Cell viability and growth of P. haitanensis after cold storage in mix cryoprotectant({ DMSO plus glycerin)

B 5% H i Glycerin 10% H 3 Glycerin 20% H i Glycerin
DMSO/ % B |l /d WMTERE/Y% HMEK HWME/g MiEER/% HEK HME/g iEE/% HEK HEE/g

Storage Surviral & /cm Daily Surviral & /cm Daily Surviral & /cm Daily
time rate Daily growth gain rate Daily growth gain rate Daily growth gain
5 15 60 0.153 0.031 23 0. 097 0. 190 100 0. 245 0. 551
30 35 0 0.013 0 0 0 85 0. 187 0. 265
10 15 68 0. 200 0. 408 90 0. 227 0. 444 35 0. 035 0. 288

30 10 0 0 80 0.114 0.028 0 0 0
15 15 63 0.184 0. 378 58 0.154 0. 360 80 0. 159 0. 040
30 5 0 0 30 0.019 0.022 45 0. 159 0.032
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2.4 Hih+DMSO+ HEEIE &2 BRI T AE
PR

REHY A 30 d 5 &5 SRR (E
5), Mix, . Mix, . Mix, 1 Mix, £ ] 5 3E 2 & IRk 4
100%.97%.95% 1 100% ; 23 90 d 1 180 d ¥ 7,
J& s Mix; » Mix, .Mix, 4 B 40 8 136 202 = T Mix,

M, FEEARTT I, BE A& v ST (8] B B, B E R

TR AR R gkl . ¥ 58 180 d J5 , Mlix, 78 1k B 55 FR B
B E R 6.7,
100 ——Mix1
—— Mix2
30 b —— Mix3
—— Mix4

RN Yo
Cell viability
(=)

(=]

IS
S
T

20 1 1 J
15 30 90 180

Ve R I /d Cold storage time

5 AFRE RPN A B ARG IR R S MR RO R

Fig.5 Viability of P. haitanensis cells in different mix

cryoprotectant
20F OMx1

{; OMmx2
* 1.5F { DMX3
8% - O Mx4
- o

S~

2 1ot

M

g

= st

U

T

15 180

Ay E)/d Cold storage time

6 ARBEERFAABRRIEZEXMNAKEEKE

Fig. 6 Length growth of P. haitanensis in different mix

cryoprotectant
OMx1
—~ 4r { Omx2
s OOMmx3
£ 3t EMx4
g5
L2
S @,
57 )
o U
0 L L L ]
15 30 90 180
Ky ) /d Cold storage time
7 AEBREERPFABRET FEERNHEES

Fig. 7 Mass growth of P. haitanensis in different mix-
cryoprotectant

2.5 FREIEZLEINLEHRE M

TE3h FE 25 B, H i 20 A 40 B R 2R A
90% , b & 20 B H s Z Bl 8096 5 2 B 15 I 35 K
20 0 Rl G B AR, T 25 3R R A I o4 5 2R 4 771 1 41
MR ZH N 0(R 5) .

x5 TRBERTERPALETREMAEYAEER
Tab.5 Cell viability of P. haitanensis after cold storage

in different cryoprotectant and salinity %
. 440 Group
Salinity Xt B 10% —F TR 20%H
Control 10% DMSO  20% Glycerin
15 0 0 60
20 0 25 85
25 5 30 90
30 0 30 60
35 0 25 40

2.6 BEAMTREBAS B EEBERNEIT

P T 3 R A [R] 5B 47 48 A K /0 A0 40 B BE R A
—, BEAGREARAEEAEER, AR 6 T,
0 H B JEL ) R A A0 P R TS R v T A AR I A
B s ] — k8 A, S [RIEB A7 74 5 30 d 5 B is R A A7
TEZE R, M ETE R RN TR, FEERIERI, A
6] i R A AR AR A — B, B o R 1 A
BART SR 2, X HE A 3L A0 A0 B BE R, A RS R
Rk 70%,

3.1 RRABRIPFIIER

1R 2 2 H NI %47 55 5k B 40 M W 41 K TE
B A Hp &5 UK T 7 AR I LR R A . TE VKSR
T, B B A, DK AW A, K d A K
N Il ) L SR D R 87 e S A B
EENBERNB TR T —RIBIRERF
W0 SRR 3 ] 4 o4 BN OR3P SR A Ak £R
P, BRI CH ML DMSO %) X 2B &t
Ry, Hfr A R BB ANDR, RE HHMRE
TR, MM OR 37 7] R 08 55D IR FH 2 185 0 i 4 v ik
B, U 2% 40 L B KGE BT, A TR I 8 e 40 i K
TE R, AT 42 e 40 A ) R 20T, BN N R R 4
B AN IR 3P ] B B R, 7E 2R W, 40 P kK = T
TS, TR 0N B i 2 DMSO, 40 i 8 R 55 2R
B ER ., H A DMSO X 1z %8 32 4h o 40 Hi je %
2R ) B W A [, 7F A I PR o R RS IRD P, 9
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B EAE H A DMSO /b, B AR — %0, 75 W
18T X R 2R Al B R R R LD, BN AR AE 4006
B PR T B 5% 120 h, MR R IV B IE 125 B,
M3 FY 32 5 S &)y B AE ARG V4> RN I N B — T 2 0
8 R340 B AN L DR 37 4 L, 4 58 15 d JE 4R
M &l se T, ohAh, MR SO0 0 4 R, RO AR A
DMSO # & 90 d, 40 i 4 #5 58 1=, A F b 2

HBEAETE 30 d, 7T LB W AU AUAE FH A P O 47 351 R 3
WAEEAR, BOAR B A R 3 ) — 0 A, B R A
BEA B R A0 B A7 5 A L, T2 e 5K R I
FRRE SR, KEARS B EE®R, ALRES
fHHH 2 B ORAF, A Al E 6 A H DL E, B 2R ik
95%, % 1 F L L iE AR 85% L L,

R6 REMTESBMUABRBERERERRPFLEFHIBEE
Tab. 6 The cells variety of P. haitanensis with different size cell-wall after cold storage in different cryoprotectant

0z “ 5t Jem . P E o o B AR5 3 /% Survival rate ‘
Strain Size Part = /#,m FE /#H.l TR 10% 206t
Cell width Cell wall width Control DMSO Glycerin
#:#8 Root 50 11. 25 70 99 85
100 o &% Midst 32.5 3.75 35 95 82.5
RE Tip 27.5 2.5 0 80 55
## Root 42.5 7.5 35 99 100
50 H# Midst 25 3.75 0 92.5 80
MR 1 RE Tip 25 2.5 0 87.5 80
Strainl #:#8 Root 42.5 7.5 15 50 99
10 H# Midst 30 3 0 99
RE Tip 22.5 2.5 0 95
#: #8 Root 35 5 0 10 87.5
1 H# Midst 22.5 2.5 0 75
REL Tip 22.5 2.5 0 70
£ # Root 43.75 8.75 0 95 95
100 H# Midst 25 3.75 0 95 65
RE Tip 20 1.25 0 95 60
#:#8 Root 40 7.5 0 99 80
50 H# Midst 30 3.75 0 95 5
MR 2 RE Tip 27.5 2.5 0 95 0
Strain2 ## Root 22.5 3 0 97 0
10 H# Midst 22.5 3 0 95 0
RE Tip 21.5 1. 25 0 90 0
#:#8 Root 20 2.5 0 100 40
1 H# Midst 17.5 2.5 0 95 0
RE Tip 17.5 1. 25 0 90

3.2 RIFFIMBEXR NG CEAXR

FE QR BTV 7 75 1, 4 R N6 R A i
IKERBER DS o T ARG AN R 5 A AR 2 20 R
AR, LUk B R A BV SRR , X2 AR R
) A, A S5 0 i 58 S I AR ) R (R BEAT 72 R
BORWIRDT, K g REW, B 256 AR AR W
RREACR, BT BT R R, A
B K e i 5 b TR ER BRI, A0 B ORI K, A SE T

KB R E T H 2B 25 B K BCH] B R , FE V%
VR R R B AR & B OR 9AE AL AR T AR AR T
15, BUAE 40 8 45 KA IR K, 40 I P9 UK AR R B 2, T
AR T 450k Ja (R ATHIE R .
3.3 EAHMRBEMEBESLEMRE

B S A i BE LR, AR YRS BN T R
A B AT S B L, M B R IR,
HRAS TR W)k AUAS R 2R B 56 e A M B A — 4%
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Effects of cryoprotective agent on cold storage of Porphyra haitanensis larva

CHEN Chang-sheng, WENG Lin, JI De-hua, XIE Chao-tian, CHU Xiuhao, XU yan, LIE Pei-juan, WANG
Feng-xia
(Fisheries College,Jimei University, Xiamen 361021, China)

Abstract; This article reports the cell survival and growth of Porphyra haitanensis after different cold storage time
using different cryoprotectants,and discusses some correlative factors which may affect storage effect. Results are
as follows: (1)In normal temperature,there was lower cell survival of P. haitanensis at different concentrations of
Glycerin and DMSO than that of Glucose and Sucrose. P. haitanensis were cultured in 20% DMSO and 35%
Glycerin,and the survival rates were 15% and 0% ,respectively. (2) Refrigerated in Glycerin,it had higher survival
rate than at the same concentration of DMSO, Refrigerated in Glycerin for 30 d,the survival rate was 100%4;re-
frigerated in Glycerin for 90 d,the survival rate was 25% —35%. Refrigerated in Glucose and Sucrose for 15 d,the
survival rate was 0%. (3)Refrigerated in combination of DMSO and Glycerin for 30 d,the survival rate was 85%.
(4 Different combination of DMSO, Glycerin and Glucose showed relatively good refrigeration effect. After 180 d
refrigeration, the cell survival rate got to 95%. (5)Salinity and thickness of cell wall had some bearing on refrige-
ration effect. When salinity was 25,the cell viability was comparably higher than that at other salinity. The thick-
ness of cell wall had some impact on the storage effect. In the same strain, the cells with thick cell wall possessed
stronger low-temperature resistance and higher survival rate than those with thin cell wall refrigerated for 30 d.
(6)In the different part of the same plant,some difference of survival rate also existed after refrigeration for 30 d.
[Journal of Fishery Sciences of China,2007,14(3) ;450—456

Key words; Porphyra haitanensis 3 cold storage;cryoprotective agent;survival rate; growth
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