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Abstract: Potamogeton crispus plays an important role in purifying water and maintaining a healthy aquatic ecosystem in
some shallow lakes; however, mass mortality occurs to P. crispus populations in the late spring and early summer, which
possibly results in secondary pollution. Therefore, the causes of P. crispus mass mortality have been a hot research topic in
the field of aquatic ecological restoration. Some researchers have reported that intense light is the key factor in the decline of
P. crispus. The UV-B band in strong light is generally recognized to damage plants and animals, and can even penetrate into
the water column and cause harm to aquatic organisms. Therefore experiments were conducted to determine the effect of the
UV-B radiation in strong light on P. crispus decline. In this study, mature plants of P. crispus were daily exposed to different
doses of UV-B radiation (50, 100, 150, and 200 wW/cm®) for 6 hours (09:00—15:00). The cumulative effective doses
of UV-B radiation were, respectively, 10.8 kJ/m*, 21.6 kJ/m*, 32.4 k]J/m” and 43.2 kJ/m’. The control group was only

exposed to UV-A radiation and photosynthetically active radiation (PAR). PAR and UV-A radiation were set to the same
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levels in all treatment groups. The physiological characteristics of the experimental plants were monitored regularly under
UV-B radiation, and physiological and biochemical indices and photosynthetic pigment contents were determined. The
results show that the chlorophyll a ( Chla), chlorophyll b ( Chlb), total chlorophyll ( Chlt), and carotenoid ( CAR)
contents can be improved by UV-B radiation at doses below 10.8 k]/m”, and can be inhibited in the decline stage. The
Chla, Chlb, Chlt, and CAR contents were all decreased by UV-B radiation when the UV-B radiation dose was greater than
10.8 kJ/m’, and the inhibition effects increased with increasing radiation dose. Catalase ( CAT) and peroxidase (POD)
activities were increased under short—term radiation and gradually increased with increasing radiation dose; however, these
activities were inhabited with continuing exposure to radiation. The activity of superoxide dismutase ( SOD) increased
gradually with prolonged irradiation time, and the activity of SOD increased with increasing radiation dose. The
malondialdehyde ( MDA ) content was increased at the beginning of the UV-B radiation and gradually increased with
increasing radiation dose; however, the MDA content decreased with continuing radiation. The soluble protein ( Pr) and
soluble sugar (SC) contents were improved at the beginning of the UV-B radiation, and gradually increased with increasing
radiation dose, but these contents decreased after long—term UV-B radiation, and the contents decreased gradually with
increasing radiation dose. The results indicate that UV-B radiation may be an important factor leading to the mass mortality
of P. crispus in late spring and early summer. Accordingly, we deduce that the sharp increases in ultraviolet radiation on the
land surface in the late spring and early summer leads to mass mortality of wild P. crispus populations. However, further
research is necessary to study whether UV-B radiation acts synergistically with other environmental factors to affect

physiological activity in the decline of P. crispus.
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A K BUTAREY , BB AEIR KA s R DR SR KR T AR N A B UUK A Y A SR 4
IR R R B B SR AR VR, FE ALK B | el /K PR I o ve /K AR B Tt sl 2 A K A5 T 2
A RERERY KA AR S RGP S mE Y BN AR KRN B A K
Bwper:, g TR — R AR 2 E M 0y d S, A 90IA s ot R i B R R E W R E T 5
JEAE RN OGRS X K R FREAE R AR I RS 0 s H IR P ol 2 sk R A K e
FIAAK R, K MR ZUG K X R AR R AR 7= A T IV, iR R R e T AR AR R P R
AT AV B EAERAE R MW7 XTI KA T IR E MBI 2E A& B, R M EIR 2 7R
K AHEE SR 55 , JLILLL UV-B 380 B i (R Z A 2%—5%) , 1l PAR (JEEARURST) \UV-A 25
B, UV-B 58 SARACRE 06 B A= i 9 00 A= 4, 1 LS K AR AR A 3 RIS 3, s R B0, 3 AE A i E /Y
UV-B 48 S 7E— S nf YR A K R ILK, L AK T FER VT R U0 ot A= A 35 A 0 A0 4 B AR
EREFIRWIE , fE—2E UV-B SRAEAY G ENFTH, UV-B il g EM 5 & & & nIE e E A & 1,5- 28k
P A% T il 55 1 1) R

BRI, BF9E UV-B XFERDA: BRAFPE R SE 0 58 B AR W) BHOGH UV-B 34 5806 1 B TR 2, IR &
T T ML, XA K ek B — B

1 #MRERFE

1.1 SO S R

S S PR VLA I TR S SR S K I A BB E il T /5 (32.11°N, 118.91°F) B Il %=
W, ZILZRBENLINE , BEE I 2 N PAR N3 S 80%—85% , UV-B 35 i RAUN 2%—5% (=5 SR A% 10
wW/em?” | 2 NI 2.8 wW/em® ; /M 103.0 pW/em’, N 4.8 wW/em®) , UV-A %3 K 60%—70%

http ; //www.ecologica.cn



18 31 BRI A5 < 5 AN O R RE OB A BRI A 5 R 3

(FAMRAK 139.5 wW/em® , ENHAK 95.7 pW/em® ; F AR 1049.0 pW/em’® , = N He i 634.7 wW/em’)
1.2 LRt

PR RARFFET B2 18 em, F I EAR 12.5 em 55 15 em WIAEZE T, BRI Z) 15—
20 BR(53E%) o AIBUD TR R 0B SR Eh 25 5 FE AR A ISR A 150 0 1 U8 L e 2 VD DA 2 T AR AR AR
¥ LR EEE T L EHAR 64 cm, 5 72 em, FIKEAR 52 em [ EIBEKAR T A% 580 200 L,

V415 B U 0 Y R AR A T KA R, a0 3 AOFAT AW BT 120 em NI S AR EHE UV-B T4,
UV-B T8 R B s AR Re IR AR P24l UV-B 4T (40 W, F204 313 nm)
1.3 UV-B #l&EiE

PLRG RUE B TR RO S 4l 2004 4E & 2008 4F 4 H—8 H S2Prill 4K UV-B FI & E X E A S
B (R W S AL Jis 5 AR 986 —300) |, il i SpectroSense2 (J2[E SKYE 23w ) %42 SKU 430UV-B £ %
#5(280—315 nm) P& UV-B Flid, W 4 > UV-B FIEHR R, e m Al AR H E X 4—7 A 526 UV-B 7
W HBME, Hrp X RRAUKAR F O 125 um REERHE LGd g = p A i UV-B 4@ 5, (1 32 8/ UV-B
BT A 0,035 UV-A J2 PAR,ICAE RO, H A2 2ok R 5 B KT 8 R 40 B Aol A s 32, 8 K T Ak 7] i 3+ 331)
450 pW/em® (100 pW/em® (150 pW/em® 200 wW/em? , 43 3licAE R50 \R100 . R150 . R200, % H UV-B ;T4 18
SHIHE R 6 /MBS (9:00—15.00) , H 2 A UV-B &5 250514 10.8 kJ/m® 21.6 k]/m* 32.4 k]/m* 43.2 kJ/m’,
Xof 2 3 2o ) B PR R R At A B A L 5 A A B 32 ] WG HEAR — B, TRk BRI T
BC B E SR, B UV-B & PR, #5 A0BRZH UV-B 4RI RT & 5 2K . A B Lk 4 S X A AR 3 L 2 vt 3
PL SO wW/em? Ry FEvE 4R St 30 SR ECAE G H 360 50 wW/em® 7 N8 10 | B 2B 3135 e 7 & M 1k,
1.4 J6A O AR bRE

A AR IR  FH 80% NV AR I R & 62 AT I E 645,663 1 440 nm 4bfY
W RE s ik SR S ( CAT) 1 P FH 48 SRS D | R B B it R BEREOIN A CAT S iR R I 5E 240 nm i1
F MR S B R B 5 3k ARl ( POD) 378 2R FH A8 A0 A M vk |, 4 2 B b e BRI POD WK 2R, i
SE 470 nm AR EESE TN E R 5 R A AR (SOD ) 37 14 >R FH 220 DU ( NBT) 320 5, HRUG o i 5 $2 300, o
AR, FEIRREFEAA R (4000 1x) B, 5E 560 nm AR SE(E ; 7§ - (MDA) & &R R B HL 2R He (4
2 5% = A CRAREUT R B0 BT, IR AR O 2 FR AE Wl K I R N 30 min, Y 1S RSO BU L
W 5E 532,600 F1 450 nm ARG REAE 5 AT PR 2 15T (Pr) 2R FH 58 A0 | JBGE >4 AR ot S JBUIAR | P i T 2%
MRS YR BT, TR 280 nm 1 260 nm P IEOGRE ; TP (SC) R IR 20 A2 < G AR AR RS i, N 28
/K Tk FPHEER 30 min , 4R BUR/ BIINA 9% KW} G BRI, W I ME OB EE L IS A e EE T T
R 5 HE UV3600 2240 0T WLIE 215 et EE T
1.5 e A%

P TFSEITELR B 16 K 5B 24 K 5 31 KU B 9.00—10:00 435I FE 45 FAT 4 R 4E 1.2 Rt AR, BUR
RRTT b 50 4 I AT €6 28 B AR BRAR ARl o
1.6 £ 44T

REEHE H Excel BTS00 S B HIAE

2 ERE5S

2.1 UV-BXHEF A AR

MR RS AL UL 1(a—c) 55 16 K, 4544 % a(Chla) \MF4EZ b(Chlb) M B4 % (Chlt) & 74
JFHE 2 5 52 (P<0.05) ,RO & R50 S P4 Chla,Chlb & Chle &4 FFEE i, Hodh R50 4 =M Eh
SEEG TR A 9T B 67.3% .89.1% [73.1% , 1 R5S0—R200 2 Fifi 77 £ 14 w25 M B ARG s 575 23 K, B U SL I T iR 25 5+
3 (P<0.05) ,RO 2 Chla Chlb & Chlt & 4kSe38 0, i RSO 41045 %11 , R100—R200

http ; //www.ecologica.cn



4 A E = 35 %

RO AR50 & R100 B R150 mR200

W 55 & 26 -
k= H®
£ E
S 40f H 3
= o=
r =
#& & % =,
% 2 & 2
=2 + 28
5 25+ =35
E E
=] =
SERTL RS : J S
HOR  HBI6GR 23K B3R
=
& 70 @ 14 r
2 =y
on
£ Lo
== i g
{PE[E 50 i L0
% & ®3
%8 =5
5 B
R RS 06
< K
L * . . g
g 8 N . | | 8 0.2 b
o BOR IR 23K HBIR BOR MR 23K S3IR
I5f ] Time 5t i) Time

E1 UV-BWHERKLEBEZAIENZMN
Fig.1 Photosynthetic pigments content of Potamogeton crispus affected by UV-B radiation
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affected by UV-B radiation

Fig.3 Peroxidase activity of Potamogeton crispus affected by UV-

B radiation
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S U VIR g Bt 4 At 3k LOO -, bhid 4 A i ik F MO e IR o 7, 2R O &R T, BRI
B L R RGBT 20 ) LOOH,, b s h Y B 52 3647, DT 3 U8 I3 43— 9 AS T 6 R R I3 aot S A 1
AR MDA SRR S r= ) 2 — , vk B 0 B o ok S A 3 5 R 2R 490 40 2 B, L0 300 05
WK, 2 RARBRR R A VER 85 R E AR A A b5 , 32 A MRS A Ao Sl Th e B AR 4 Xof
WA OB RS Y AR R A AR BT ST R, UV-B $8 S8R 0T S SUR S i S AL S —MDA B8 T
15, TR R BEEIG G PR A I L 52 | AN 3 95 50 I I o, e 2 e B W R 52 8045 ™ 76 UV-B 4@ T
T R R 2 A R s A AR e MDA 5 5, 7R SR 5T, F T 5 A S A R P R
K E ey, [ MDA & ik s, TR SEI0 50 16 Kk, 7 KRS i B rp BB BUR W AR, F= A )
I A T REAT TR AT, S A PR I M TR I 47 SO0, SO0 281 AR TS - 38 3 52 B S AR sE T
T R R AR R AR R I R AR AR AT T I R R B TSR I B, A7 S R RN, U MDA i AR, IR
JS R TS 1 Pt it A S 8 A7 4 5, Wi T 43 B 8 A2 R AUk, el S Akt R i 2 A BT R AR, i S5
17, 8N MDA & R AR A BB BN | 55 23 K, R50—R200 4 424K, 55 31 K, RO—R150 & 33 8 #a#,
SN T VAR oY i e 5o 2 A ) =S W /B S ¥ WA ) S
3.4 UV-B RSP EM BOGE ) 5 i 12 e

FRAE L3RS, FERE R F I UV-B AR P AR 40 2 & B AL, M 38 B iR AIR, S e A XA E A
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PRI TIRE , I AR I SR A SERE AW, i R G A R N I e A= & &0 T R g T
BHEARKZHES 58 MRS , &0 & 2 T R SR — A EE Y, 6T UV-B
RS R REAR P A YRR S AR, R OBTSE A, UV-B SR SH2 6 & 1 504 i, iR ) i 2 1 &
b R AR KRS KR A NE IR (A IS R B UV-B SR SR 0E 8 R A A R, 5 AR Y B
PSS 7 — S e A My sc e v R B, UV-B 4R R 107 3 £ AT 266 mT v e 2 (U AE R G B B P
W, S A P R i TR TR R K IR A AR TR UV-B RS R P PR R 2
ZF| UV-B SR ) AR ER P B 0T BE S Y 7 R IR R A BN R B 25 R 5 R E R A
TR T 1725 SR B ) TR A ) 5 UV-B &SS9 0453500 Rk i A TV PR AR 1 BRI
ARES UV-B B FUKMEGA IS E, e E A RS TS . UV-B 55T & (R & A8, o T4
o BE RN RIAEIXT UV-B 85T B BURFR B, TR A i 296 50% 4 RUBP FRALHE, I, T8 A i
RS FEREYOCAERRE S N R AT A A R, A T RS UV-B 8 G55 i S 300 A6 RUBP
BALBEIGE FREA O TR TR A e 82 58RO EESS  ZeaT 447, 2 510 CAT POD |
SOD A5 45 Fofr (1) it £ 11 7% 12 349 Bt A S 38 mni A v, L33 TARETEE 16 Kb, Wolll s i) wl 1 4 11 3 st Bl 4 5
T S I N , 1 UV-B SCREHPRIAE AR il AR & A 0, 5 16 2R R200 20 AR, 3 Pr & 1= 2URIFE
%, BRSSO 38 0, UV-B SRR AT 21 1 A S SR B, Pr 5 5 1 f B 5 25500 2t 185 I mi B
WA AR R A EIEI G, R T 200 WW/em? W) SRR 1 A R, 1 A RRIET

SC AUIEAEY 1) EECA P2, 0 HAERR K AL A P A A8 i e i i £ 2 200 L UV-B R4Sl {2 (il
FERRIT F SC A BRI RFAR , 7E/NAE T 310 At 5 b 38945 IR B, T Xof 7K ARG A 9F 9 4 SR 2 20 48 ) ik
PRI P W RS RRAE B A28 T 2k S B S5 R T, BCSE B TT UR B B R B A I (H R AR S 452k, b B SC & E B i i N R
B LI S5 700 S i 2 s e, 3 T BB R UV-B 48 53 B AR T A AR I R b e A VR 0 SC B filF—1, 5- Bk R
TR AR PR A B/ i 42U ( Rubisco ) B9 & = FEEIGPE , f CO, RALBCR AR, 38t J < fLFH J138 <, CO, 15 %
AT, 5 MR CO, MR E R, fui CO, LR ™

4 %t

(1)7E PAR UV-A —H 4T, <10.8 kI/m’ Flit UV-B 5 5 ol fE0b i 5y Fr b4 8 R 8 N &R &
SRS, ZET B BRI RIAE 5 >10.8 kJ/m® E AR, I B S0 i 4 B

(2) UV-B 48 SHERR S0 399 o] (e bt E AL B 2 G0 f CAT POD BT 1 LA B MDA &5 2 i TH e, LBt 48 59 571
ST T T i (H B 4 S B [ A K, CAT \POD S 14 32 BP0, MDA 75 8 AR 5 11 SOD 375 42 b i 55 Bsf 1]
FEA T W T e, L S 750 388 i 3

(3) J HA R S o] (e e b T e R I R T P e T R, L S R S 0 T K
RSP FH L i S 750 ek 388 i [ £k 4 5 et a0

BT - SR T VTS R 2 R B T R AR 1) SR g TR R R IR
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