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o M, 9 R AR R U5 22 7 B ( One-Way
ANOVA) Flifre/)N . 3% 72 5 3% (LSD) H A [a] %%
e H 25 5%

2 4

2.1 {EN.P BT, iR R s BAHE R

FERMRAO LA R ML B Sl B d SR
AR SRR B bR o I
HFIM2RR a BIAEXM EEOLG R, HEE
FAR P 2 T A SR e AR fik

AL, 3 S IR AR AE 18 52 AR NP 38 i, 35 E
HEEHMMSGER a HREE TP <0.05), HF
B G, MR B A B WA S . AR NP hia
10 d J5 , S HEE 1 & & SRS T E AT 32.50% ,
M2 2 a & FRES] T IHAHT 24.79%

MR E & R RSB RN =R
PRV HEE 2 T B SR AR R T 2K NP
JME LA & R R RE(P <0.05) , 7EM A
FER10 d i, HERACH AR B 1 HRF (159. 58 +
5.06) mg/g, HMMAREFERIN 37.72%

®1 RERMHREERNPHEFGETEERSENENL

Tab.1 Changes of pigment content in gametophytic blades of P. haitanensis

under low nitrogen and phosphorus stress X+SD,mg/g
JilkiE RA(d) BOEH W EN SR IR A Mot a
stress days PE PC APC Phyco. Chl. a
0 16.14 +0. 63° 25.46 +3.04° 17.66 +1.16% 59.26 £4.08* 9.44 £0.40*
2 7.37+1.69" 20.77 £1.72° 16.36 +1.87* 44.50 +4.90° 5.29 £0.36"
4 4.06 £0.44° 16.46 +2.98¢ 11.57 +1.78° 32.09 +4.93°¢ 4.00 +0.69°¢
6 2.31 0. 26 10.79 £2.29¢ 8.25 +0.75¢ 21.34 £2.79¢ 3.72+0.15°
8 2.70 £0.41¢ 11.32 +0.43¢ 8.15 £0.66" 22.18 +1.18¢ 2.71 £0.05¢
10 2.40 £0.98¢ 9.54 +1.12¢ 7.32 +1.86¢ 19.26 +3.85¢ 2.34 +0.48¢
e AE Rl =4 o R A R B B AR IR 25 5 W (P <0.05)
Notes: The values with different letters in the same column were significantly different( P <0.05).
F2 IRERMHREERNPHEXKGHTHEARENTL
Tab.2 Changes of crude protein content in gametophytic blades of P. haitanensis
under low nitrogen and phosphorus stress X +SD,mg/g
MipiE KEr(d) stress days 0 2 4 6 8 10

A crude protein 423.08 £7.06°  293.01 £6.15°  246.74 £7.06°  209.87 £1.16%  181.03 £6.03°

159.58 +5. 06"

T A EA AR R AR B E 22 5 B35 (P <0.05) ¢

Notes: The values with different letters were significantly different( P <0.05).
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WA TN 1)) BRI (Val) , %8R (Tyr) , #5124
W2 (Lys ) £EH& 30 R0 A 35 i oAy R 2E s A
PEoh, FAx 10 Fhilfe B 2 AL R A a1 5 4 12
F FFE(P <0.05) B3 pHa 5], XAk TRE
(P>0.05) fEMHARFR 10 d )5, FR A S0 5
LI R AR R (10.06 £1.53) mg/g, A id
REFRHTHY 26.28%
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TG B % EJH PR NP a4 ~6 d 2
x3 IEEEMREERNPHEEZGTHEERERSENENL
Tab.3 Changes of free amino acids content in gametophytic blades of P. haitanensis
under low nitrogen and phosphorus stress X +SD,mg/g
RILIR 38 KEr(d) stress days
amino acids 0 2 4 6 3 10
KA R Asp 4.59 +0.23° 1.25 +0.06° 0.69 +0.10° 0.61 +0.04° 0.63 +0.05° 0.43 +0.10¢
P& Thr 1.41 +£0.09° 0.66 £0.02° 0.44 £0.04° 0.37 £0.00° 0.44 +0.04° 0.34 £0.08¢
2257 Ser 1.66 +0.09° 0.39 £0.01° 0.29 +0.04° 0.54 £0.04° 0.49 +£0.03° 0.43 £0.12°¢
AER Glu 8.64 +0.41° 5.27 +0.18° 4.66 +0.40° 3.33 +£0.05° 3.55 +0.38° 3.45 +0.93°
H 4 Gly 0.43 +£0.03* 0.31 +£0.05" 0.22 +0.08° 0.22 +0.03° 0.25 +0.04° 0.26 +0.04°
AR Ala 15.97 %0. 65° 2.35+0.01° 1.73 £0.16° 1.38 £0.05° 1.75£0.15¢ 1.43 £0.16¢
2Pk A R Cys 3.28 £1.49° 1.72 £0.02° 1.87 £0.05° 1.76 £0.04° 1.83 +£0.02° 1.78 £0.02°
MR Val 0.16 £0.01° 0.10 +£0.02* 0.03 +£0.05° 0.02 +0.03* 0.05 +0.04% 0.06 +£0.05%
PR Tle 0.07 £0.01° 0.13 +0.02" 0.02 +0.04° 0° 0.02 +0.04° 0.03 +£0.05°
ZL4 R Leu 0.06 +0.02* 0.12 +0.02" 0.02 +0.01° 0.01 +£0.01° 0.02 +0.00° 0.02 +0.02°
fi% 4R Tyr 1.66 +0.04* 1.70 £0.01° 1.75 +0.05° 1.72 0. 02° 1.68 +0.03* 1.73 £0.02°
#i5 R Lys 0.11 +£0.01° 0.13 +0.01* 0.11 +0.03* 0.14 +0.04% 0.05 +0.01* 0.10 £0.07*
MR Arg 0.18 +0.06* 0.13 +0.02° 0.03 +0.01° 0.03 +0.01° 0.03 £0.00° 0.03 £0.00°
41t total 38.28 #1.97°  14.54+0.23°  11.85+0.97°  10.11 £0.20°  10.81 £0.78°  10.06 +1.53°

B el A0, R AR R A R 25 5 5 (P <0.05)

Notes: The values with different letters in the same line were significantly different( P <0.05).
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Fig.4 Changes of SOD activity in gametophytic
blades of P. haitanensis under low nitrogen

and phosphorus stress
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Effects on physiological and biochemical indexes of gametophytic blades of
Porphyra haitanensis under low nitrogen and phosphorus stress

ZHOU Wei-wei, XIE Chao-tian, CHEN Chang-sheng* , JI De-hua, ZHANG Yuan
(College of Fisheries, Jimet University ,Xiamen 361021, China)

Abstract; In this study,effects on physiological and biochemical indexes of gametophytic blades of an low
nitrogen and phosphorus tolerance line (9-1V ) of Porphyra haitanensis under low nitrogen and phosphorus
stress were observed. They were grown in medium with low content of nitrogen and phosphorus for 0,2 ,4,
6,8 and 10 days. Changes in three quality indexes were measured, including the contents of pigment, crude
protein and free amino acids. Results showed that all the three quality indexes of P. haitanensis were
significantly declined under low nitrogen and phosphorus stress. Furthermore, changes in physiology also
were measured , including free radical content, H, O, , malondialdehyde ( MDA ) and proline levels, and the
activities of superoxide dismutase ,peroxidase,and catalase. These physiological indexes were all presented as
dynamic changes in the stress days. Based on these data,the physiological changes within the 9-IV blades
were as follows;low nitrogen and phosphorus stress—cell membranes were damaged by oxidation and MDA
levels increased—-cells received signals of excessive ROS—antioxidation and osmoregulation systems began
to clean out excessive ROS—free radical levels declined. Our results laid a foundation for understanding the
principle of low nitrogen and phosphorus tolerance in P. haitanensis ,and provided some directions for future
breeding.
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