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FEE RO AR Y A KR B R BE AR BB R | S W A (R KA SR 58X K AL & RE ( Carex cinerascens) = FLRFPE Y SR,
KRN W T FRSRE 3 FKFRBIRA, A B8 8 cm(0.2em/d) (16cm (0.4 ¢cm/d) 24 em (0.6 em/d) 32 ¢m
(0.8 cm/d) 40 cm (1.0 em/d) 48 cm (1.2 em/d) 56 em (1.4 em/d) 7 AMREALFE DL O em 7K A7 % IR | 4 86 i [A] 43542 40 d,
IIRT T AR AL S5 A BT ARG P 2 37 R W B i T O B ROE R B A R AR AR . RS RR
B ) AR KA, 8 16 em WK IR BN | 8 A B B 7 A % 15 05 R 1 W 0T B e AT S AL T S X R 2 I 25 S
48 .56 cm [WHE/KF&ME T PUEALEEE M 598 35 15 W 00 S 38 T el T T 5 8 S B B R R R S N 5 2) KA B TSR A
T,7£0.2.0.4 em/d Z2AEREET ,20—30 d J5 TN RS 5B AR T E SR T R E L, 1.0 em/d S RAGE A IR
SARBR, HARAGIRE R T 1.0 em/d B & AR BEFR 52803 EE /N T 1.0 em/d ZRAGIT 85465 3) KA N RESR AT, SZ WG /K A v
FERYRZ , N RS RE 1.2 1.4 em/d ZEARSREE T 5 30 m MR- AR Akt 3, AR de bn R BN e TH G M B fb ka3 JF AL
W5 7L Al B N 5 A B AR A fh 1) 22 S A K | v v 1) AR 8y B TR 5 ORI AE S5, ] L, WS 7K PR B8 2 IR IR A
FLLN M YR BEORRES M EL AR KA, IR AL B BT AL 578 8 TR T 2R G A T DI ) 355 I /K 57 AR AL R B , I LA P i) R JE A
KA AR Al — 7 R B R AR 2 K Ak &5 R 1 A SRAR T

SRR KA B KL AR A 5 A AR R b an

The physiological adaptability of Carex cinerascens to different water level

environments
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Abstract; Water level is an important factor affecting the growth, development and reproduction of wetland plants. To
clarify the effects of different water levels on the physiological characteristics of Carex cinerascens, the indoor pot method is
used to set up three types of water environment; rising, falling and stable. Seven test treatments, including 8 em (0.2 cm/
d), 16 cm (0.4 em/d), 24 ¢cm (0.6 cm/d), 32 ecm (0.8 em/d), 40 ecm (1.0 ecm/d), 48 cm (1.2 em/d), and 56 cm
(1.4 em/d) were set for each types of water environment, taking O cm water level as a control, the test time lasted 40 days.

The indexes of antioxidant enzyme activity, osmotic adjustment substance content, malondialdehyde content and superoxide
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anion production rate of C. cinerascens under different water levels were analyzed. The results showed that 1) in the stable
water level, the superoxide anion production rate, osmotic adjustment substance and antioxidant enzyme activity were
significantly different from the control group at 8 cm and 16 ¢m flooding depth. Under 48 ¢m and 56 ¢m flooding conditions,
antioxidant enzyme activity and osmotic adjustment substances increased first and then decreased, and malondialdehyde and
superoxide anion production rates continued to increase. 2) Under the condition of risen water level, at a vibration intensity
of 0.2 em/d and 0.4 cm/d, the malondialdehyde content and superoxide anion production rate did not change significantly
after 20—30 d. The 1.0 ecm/d was the physiological regulation tolerance limit of C. cinerascens. When the processing
intensity was greater than 1.0 cm/d, the physiological indexes and the processing intensity were less than 1.0 em/d, and
the change was obvious. 3) Under the condition of falling water level, it was affected by the initial water level. The
malondialdehyde content showed a high-low-high trend at a processing intensity of 1.2 ecm/d and 1.4 cm/d. The remaining
test indicators showed a trend of increasing first and then decreasing, and with the increase of processing intensity, the
difference in indicator changes continued to increase, and the time node from rising to the falling was continuous to delay. It
could be seen that the flooded environment would destroy the homeostasis in the cells of C. cinerascens. Compared with the
stable water level, the anti-oxidation and osmotic adjustment system of C. cinerascens could adapt to the water level changing
environment faster, and the short-term, low-intensity water level change could promote physiological metabolism of

C. cinerascens to a certain extent.

Key Words: Carex cinerascens; water level change; physiological characteristics; adversity stress

IR WA LR S RGE A DI RERY 25 0 &, R HAR Y 00 A K R B B B 2008 X 2 e ik A= 4l
VIRETE R F EIE S EBHE R L EARTEEWE | By k-5 il 2k e A N 3h DL K A R AR AR
SR BRI K AL F SRASAG 2 BN R R B A kA8 VR BRI R AL 7= K AR R 43 2 A
o7 14 A A AR A R 0 7 KA BT e A A0 R A A 0 e e A R A
Py S EI TR, R ALY AL R (SOD , Superoxide dismutase) i ALY (POD , Peroxidase ) i % 1k Uil
(CAT, Catalase ) 2 AP SE LB 7R G20 T ZE4LMER 43, Horh SOD  POD 2 1 MU 2 BR A, CAT 0
POD 3 1o D[RV A i A S50 i o TG 75 0 3 B /R A3 TR 0B S - (0 ) S T8 A G o S i £ 2 A
5 A EA T ELEAT, N U (MDA, Malondialdehyde ) 15 b 20 B G ot B AL 7= 1, HoA i R A B L)
240 0 SR Jek A A AT T AR O R B 1 AR A TV MR R L TV A | I R A A TR P B
YR, YA AL TR A PR T AR S I A R o R L R B AR M N R BB T 4E
JE A RS A R RE ) B KA XA A A K R LA B2 T AR R I, A 1 — A5 9 5 TR AR X K 3
Az B )57 S FCRPE 53 A R B SRR AR | X M A A R G A B A AR A LA E R S (RS BR

JRACE B ( Carex cinerascens ) JB IS FBLE FLJE  HUARZE | WERIZAR A RUARMEY) , 70 A TR E A2 AR A v il
X, 2 80 B A o A1 d5 ) TR R I OS5 b | e 6 BH R M A 5 R T B R HE R B RN H
G T /KA S HE ) RIS 22 86 rP 7R 8 /K AT 55 A 0 A B2 280 1o 22 T] B 0 5, A7 2 X 3l ( Solanum
lycopersicum) "' | i ¥ ( Solanum melongena )''* | 4 T K F5 ( Stachys lanata )" | #E Bk B ( Sorbus
pohuashanensis) " FE7K 53 38 B8 /K 8 BRI rpok 42y A5 B AR A B R E TR R T AR R ST, X TR AR 1k
SR Z M W5 SR 220 T TR RE S A 4 e 1 S AN A TR 5 0 i R A K AE K A AR Ak
IREE R ) A BRI AR AR S D X TR AL B REAE AN [ K PR o ) A SR PRI 18 O, AR SCl it %
BEARGS: , FFEAN [RD K AL IR T WAL 757 A AR A 5 7K 6 A8 Ak =2 T] g i 197 0 2%, LA BT 480 IO 30 0 3t vp IR Ak 3
BRI AR SO T S T AR PR AL Ay i — 20 e 7 R R AR s L - 0 A1 R R 4 AR S
£, RIS AR K SCIRFE AR RIS A W) A MO S it i SR 2 A
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1.1 AR ST

PRI R OO Ak AT, 10 b et > Y P8 3 A 2 30 O T8 08 5 97 Sl A 5 280 7 8 o, S 56 2 AR ) B O
By TR R (22+5)°C G FHAROEIR, RIEAEIT 2019 4E 3 A 15 H NEFHLIEHE 5 [ R4 X KL & 5
LAY /M A 1X (28°55'45"N, 116°19'26"E ) REL & H AR AR , Jos R AR [0 5L 30 2 (1 K AL & FARHE T 17 emx 18 em
TR IEAT TG 3R 3 OR SR 0 BH TR b Y B YR R b (pH EM 5.36, AT AL AN A AU 2 o 42 g/kg Al
19.6 ¢/kg) . 4 H 10 H , BEALE B 45— SO A S BT A LB ES AT b AR P47 050 3 4, S HUkk = ok
H—F(65—70 cm) FIAHRAEAL 10 ¥k, BABEEHIZEREIRTR 10 em 4G EAR R 4 em /L, I AR ik 58 2%
5, A TR B KA Y R

RIS E] N 2019 4FE 4 A 10 H—5 A 20 H F3140 d, EJF L FFE FEE KM R 7 KRR, 3
21 MAIRLH57KAL 0 em ( BPIKE0AR K AL K G e 35 57 245 3R B B 3R 1) X B4, F20E 5 N BEOK AL I 46
IKAE 5500 8,16 .24 .32 .40 .48 56 cm, [ FHK AR I LI ER KA R 0 em, b FHATF AR fL a8 B 43531 0.2
0.4.0.6.0.8.1.0.1.2 1.4 ecm/d, Fa @ KO AE IR HH N R 78 2 . RIS 20 H BT KA A3 56 2H 7K o7
¥ 0 em  EFHKAE R 351 K 8,16 .24 .32 .40 48 56 cm, FEK 19:00 X485 2H A7 /K A7 A BRI
F24 HBEE KA,
1.2 IR bR

TR0 X 25 IR 20 A DL IR N 3 355 8000 0 B BRUR A8 i /K T b & R AT A R AR i . DU
I T FE KA ARG (4 A 10 H) WE —IRAE ARG S % 5008 M5 &R 10 d WE 1 0, KA S5 1 5
5KR(5H 25 H) FRRINENE R B4 1E.,

SOD V£ R AW PUms (NBT) P22 , POD 17 4 D) 2 368 o8 78 A AR B 76 50 8 Ak W i Ak T g g aod 4801k S04
b5 LA TN , CAT Ti6-PE R 52 AR | A 2 B 22 R v 72 T MDA 57 £, 2% B i 10000 5 W 9 P 2
I, ATV PRI S B A2 22 R LL (i, R P L /K A R v 0 52 i 1 Bl BR 2 ) BB AU B S 7 7 A SR
MR AL T e AR 3 AN A,
1.3 e 5o

RIS R FH Excel 2010 1 Origin 2018 HFA T4 AN S5 &, SPSS 22.0 B4 XH0 £ AT 48 153 Bt
ARFR S S PR R 25 08T R K AR AR X R AL B R A AR FEZ ) R LSD #EATALI 2 A, SR HTWLUAE
RO 20T AR 28K A58 55 A 7K A 568 5 5 i ] B 4 285 38 B350y Xl I A 5 7 A B )

2 HR55%H

2.1 PUAALEEEE
2.1.1 SOD itk

SOD {EHELEAR R K IR EE A5 0F T BRI R AR ka3 a2 | FEANRIKIAE T |, b P55 ] | A S Ak
FHL o B AT (] ()22 BN R SOD Tl P2 m I i 2 ( P<0.05) (£ 1) . TEFaE KALH, 25 A [R] K A7 b PR 56 2H
SOD PR = F X IR, HLAE 32—56 cm K57 5 B v B o (1] A2 Ak s 38 s o /b | 25 550 B 3 (P<0.05) , T 7E
8—24 cm JU[FEI N SOD WM RI NG MG TAaE . T REKALH, SOD I PR I [a] S 5 sl | B 2528 Ak o
SOD & PEAE 30—45 d BRI [ Py G i3 35 1k 22 5 (P>0.05) o EFHKAAE 0.6—1.0 em/d ZE4K3REE SOD 5 4%
SRR, 3 FOK ISR FEAEIREG I 10—20 d P9, SOD 16 1 BE /KA A5 AL B B R 2234 i, 30—45 d 1% SOD 1%
PRSI S, BN K7 2 2 18] 22 S 3 (P<0.05) , 7F 0.2—0.6 . 1.2—1.4 cm/d 28T Bl , B FHAIF [
KA SOD T tEAR LI X —3, ZEAELSREE 0.8 .1.0 em/d T, SOD JEPEHRFEE BT/ FRE(E 1) .
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Table 1

F1 RUBEEBIERONERTESH(FEH)

Result ( F-value) of Two-way ANOVA of physiological indicators of C. cinerascens

IKAE BTt Rising water level

M3 B Test variables AALSRE Change intensity Fit 8] Time AR A58 BE i} [A] Change intensity X Time
SOD 724766 *** 619.208 *** 69.573
POD 347.628 *** 478.513 *** 24.867 **
CAT 4.299** 14.663 “** 1.428"
0; 114.373 *** 185.993** 16.161*
Pro 91.492 *** 278.893 *** 15.082***
MDA 82.271** 33.982 "+ 6.682""
Ss 49.508 *** 35.127* 8.222"*
Ssp 2.375" 11.018*** 1.261™
JKA R ¥ Falling water level

AR{E 3 Change intensity I} B8] Time S B XN ] Change intensity x Time
SOD 552.958 *** 671.246*** 43.619**
POD 723.517 *** 359.611 " 46.610**
CAT 89.690 ** 210.556 *** 14.840 "
0; 107.808 *** 264.284 15.894
Pro 712.110 %" 620.087 ** 45.061 ***
MDA 91.490 *** 38.690 5775
Ss 59.603 “** 47.467* 3.639"*
sp 18.356 ** 43.847" 10.657 ***

FARE KL Stable water level

HEKIRIE Flooding depth I [] Time WEKREXI[E] Flooding depth X Time
SOD 389.138 *** 817.395 *** 92.075**
POD 70.835 “** 63.803 *** 4.082**
CAT 181.320*** 270.917 ** 4.547™
0; 73.464 192.693 *** 12.856*
Pro 107.614** 187.406 * 13.243**
MDA 76.229 *** 46.963 * 5.389 "
Ss 97.610*** 95.993 * 8.001***
sp 10.985 *** 22.933" 3.768 **

# % % P<0.001, * * P<0.01, * P<0.05, ns P>0.05; SOD;Iﬁﬁ’fk%ﬁ}i'fhﬁ@ﬁuperoxide dismutase ; POD ; i1 S8 LWl , Peroxidase ; CAT ; 1 &
AL &, Catalase ; O ; ¥ E P B T 7 8 R | Production rate of superoxide anion; Pro: [Ifi & % , Proline ; MDA ; i . , Malondialdehyde ; Ss : 7] % P4 ¥,
Soluble sugar;SP; Al ¥AEPER |, soluble protein.

2.1.2 POD itk

MR ZE 2250 Wi 2R 76 3 MUK IAREE 25040 T \POD T 1 32 K 457 | B[] S H 22 B A FH 32 i) B 3 (P <0.05)
(% 1), POD IEHAEAFIZERIK AT AN b Bom BT BE R ] 1 28 fb B SRR, R Ak A7 b, AN s K s i
Hi POD G PERERS AR A5G B S T RE, BT KA POD 5 1 B st [ 4 252 38 im0 o Ak BHL 5 38 A 88 fm 384
W R I [RS8/, T KA 7E 0.2 em/d BYZEALSREET (POD 1 PETE 30—45 d N 5% BZH TC i 3% 2
F(P>0.05),0.4—0.8 em/d SE R EFE, T 1.0—1.2 em/d JEEH A POD WEME5E TS E - FIE, M 1.4
em/d SREER ,POD {EMHRFEE BTE, 3 FlUK RSB B AN AL B8 BE /9 POD & M 7E 10—20,20—30,30—40 d
() 3 /> B (a5 BB 9 AR AL R 83 (P<0.05) , BT N SRR KA POD & P KR 43500 R 5 79.46% (1.2
em/d 20—30 d) ,117.31%( 0.8 em/d .20—30 d) .228.84% (0.8 em/d 20—30 d) (& 2)
2.1.3 CAT 35k

2 B (B R K ASE A8 L PR 28 07 25 0 B T 01, CATT 3 M AR R [ 28 B K A58 2 A4 55 7K A7, B ] B 1 5[] 38
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CJod CLZJ10d NY20d XN30d []40d

600 |-
500 |-
400 L
300 |AT
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100 |

500 |
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ABa 2
Ba’ ABa
—ABa__ABa

300
200 N
100 %
0 X
0 0.2

600

A ALY ALREIE P Superoxide dismutase activity/(U g™ min™")

500 <
400 <
N '
300 N S
200 : :
100 o X
: :
0 J K

WK S Flooding depth/cm

B1 AR F R EEE LB EE R0
Fig.1 Effects of different test conditions on Superoxide dismutase ( SOD) activity of C. cinerascens
HIE P AN 6] K5 B3R ] — 7K R BE A BEAN [a] I [R) A5 8 HR A 125 5 (P<0.05) , ANl /INE 7 5] 327 [ — IR ] AN [ 7K B 458 Ak 30
FHFE AR A B35 225 (P<0.05)

RO 0 B EHEAKEARIR (£ 1), CAT WG S fb a4 5 SOD 1 —3, & AEIKAIRI 4 P, B b KA ik 3
) 0.2—0.8 em/d CAT JFPEHRFLLHE AN , FATFI I R Se18 5 v #a 3, I HLAE [R]—1aC 56 7K A3 558 4 4 R 41
N CAT I PR UG L SRS (1) Bl Ak B 58 B2 () 386 i 42 A, B 5 T BEIKAZTE 0.4—1.4 em/d 3 I AH S I A] 5
CAT 1E PR AR oK 22 1 1.3 (P<0.05 . P<0.001) ,3 Rl /K (7 ZERIAY CAT 3G PELE 10,20 d Bl /K {5786 2 Y
AL IR AL, CAT 22 50 i35 (P<0.001) ,30 d—45 d 225 8.3 (P<0.05) , 1E784k/KA7 0.2—0.6 em/d Fifa
FEIKAL 8—24 cm JE RN CAT Ji5PEBERT [H] 1948 1k 25 57 3% (P<0.05) , i 7E AR fL /K A7 0.8—1.4 em/d FlFgAE 7K
3 32—56 cm JEFEIN CAT & PRt a] A8 1k 22 k4o B3 (P<0.01) (&1 3) .
22 BEMTYR
221 AR

XUH R Ty 2253 M WA 2R & e L Fh KA v 55 b B B Ak i i) R EL V9 5 1140 58 B 38501 2 S P A
# (P<0.001) , 76 T B0 53 K AL T 520 i (P<0.05) (R 1) . FaE KA, 2 A8 [A) K A7 156 20 1)
IR & b ¥ i TR R AL | H 22 5 825 (P<0.05) , FEAN IR K57 466 B 11 I 2 7 ek Bt o) 1) 225 Pl e 485 hn 291 5
BN e v NAE A, AL TR A AN [R) A B ) 2 R e B ) AR b S AR KA — B R KRB 133.88
pe/g(45 d.1.0 em/d) . BHZERR & AE N FK AL AN b 5 B P B s 1) 28 Ak BT — S0, ¥ e I s, It
HAE0.2.,0.4 em/d ZbFR A 2R & 2 70 00 P S I AERFE SR, B B AR F X AU i & =, 76 1.2.1.
4 em/d B RERR & EAE LTHS FREKA B IETHERE (K 4)
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Fig.2 Effects of different test conditions on peroxidase (POD) activity of C. cinerascens
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Fig.3 Effects of different test conditions on catalase ( CAT) activity of C. cinerascens
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Fig.4 Effects of different test conditions on Proline (Pro) content of C. cinerascens

222 WEPEEA AR

AIVEPESR (9 B e R R 28 ALK PR 8T T Ak P ik 88 Ak 391 sF (i) R JHE =8 B 807 ) ) 25 55 M B2 3% (P < 0..05)
(K1), REKNH  FEROI B 8—32 em TREEVE I, B ATIH (0—30 d) Al A& &0 B & 2=
5 (P>0.05) , 7EIR55 5 1 (30—45 d) WA A S B B ER I, NEAKAT,0.2—0.4 em/d IIGAL A AT
R A BER ] 2 22840 (P>0.05) ,0.6—1.4 em/d JEFE N AT PEE A S a2 90 U BUAh 2281k, B Bl A8 fhosis i
Bl E O S EE SR E . ETKAET,0.2—0.8 em/d ZEBEYE T, B8 30 d ARV A R
I 1] 28 A 24 T S B PR 22 5 (P>0.05) . ETHKAITE 1.0—1.4 em/d 5 FFEIKAE 0.6—1.4 em/d J5 B IR 36 40 ]
VR S AR, BRI AE 0—20 d PRI AR 1 & A AR AR RN (L S) |
223 A[EPERES

AT A SR A PR B 8 /K IR E 5 IR A2 E AR S0 2 A OE (P<0.001) , 5 E T R ALY
i 1] 55 28 A iR 3 A 52 AR P A2 BRA i ARG (P<0.01) , 5 HA 3R BB AHE (P<0.05) (K 1) . "l PERES
TEARDK IR T AR 35 AT PR PR — 3, 7ERR B KAL) 8—32 em 5 0.8 em/d 1Y L FHAE {5
ZHFp ATV A B A AR AL RS G B0 HAE 20—30 d i R)TE BB N A R B oK, 7E 0.2—0.4 em/d 5 8—16
cm G B P AS [a] 2K A7 6 BE 136 20 o Al PR MR S AR 10 .20 d A i 25 5 (P>0.05) o 40—356 cm 14 Fl
K B T b o AR B E L, BT AR ZEAH RIS (R R ,0—0.4 em/d AR LR BT Al
- A P B AR AL T i 22 5 (P>0.05) , REE/KAL 0.2 em/d 5 ETHKAZ 0.4 em/d (K520 Pl i PE
BB i S0 R ZH 22 ) T I 3 25 7 (P>0.05) (1 6)
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[ Jod [ 10d DN]20d XX]30d [ 40d

TREAKAL

O = N Wk L X
— T T T T T T 1

m
OEAS

XX

X2

XX

AV A& Soluble protein content/ (ug/g)

VKR BE Flooding depth/cm

B 5 FARREZFHNREEETIENESSENTM

Fig.5 Effects of different test conditions on soluble protein (SP) content of C. cinerascens

2.3 YRR A AR
231 HANE AR

A 1 AT I S BH B 7= A S A2 KA R ) b 3 M /KB ( P<0.001 ) BsF R AT 7K 37 58 B R i) dd 35 P 7K
AR (P<0.05) (1), R /KA, ZE N RIS 7K TR P9 S0 B g 7 A R B o) ] A8 {2 B U B AR 4k, B
T AH ]S 18] T 8 G2 RH 1 7= A R S K IR B A AR R BN B a3 [R]— a6 Ak B A (1) PN TR0 gk
A7 1A 4R B 8 7 A 3R A I Ak 5 (%) B I s, FLRR 4B B 7 A i R e KA I e KA R e R
Ab(45 d 1.4 em/d, 10 d 1.4 em/d) , 7 0.2.0.4 em/d 356 S5 0F T A P B 1 7= A4 BORAE S5 R4 2 5 AN
F(x15mol g h™"), 7£0.6—1.0 em/d ZbFESRE T L THAIT FEAK A7 88 SAUBH B8 7 7= A il R R Y =0 — 2, i)
AR S ETE R R TR 7 1.2 1.4 em/d 35640 P8 80 BH B 1 7= A il R B IR e 43542 B TH R R, 4541
Z I 225 3 (P<0.05) (K 7)
232 W AR

P % (MDA ) = 7E TRk A7 AR {5 B 55 B 18] 2 18] (9 38 LRGN T 25 S PEAS 3% (P>0.05) , oAk 2R
BEARTE R 22 S 25 (P<0.05) (% 1) . ARIKHEIH MDA &2k 5B & A 7= iR —5, 783
PR LA B MDA 5tk 3 i A 3305 B A 14 I i 38 n . ARE KA 5 T B K AL R85 MDA & it AR fb 20, 7
8—32 cm ,0.2—0.8 em/d FZKALIAEE T, MDA 5 B IR /N, 40—56 ¢m 1.0—1.4 cm/d B EESE Bl A MDA
TS T RS 200 O B AR S MDA & AR R IEADC, EAUKAIH 0.2 em/d F10.4 em/d 1)
MDA &8 5% B2 0 B EPE2 5 (P>0.05) ,0.6 em/d 5 0.8 em/d ZE4L58R N MDA 5 42 B i 1] 26 14 ) ik,
1.0—1.4 cm/d SRJZJEREIN MDA & B RRLe0h0, 3 Rk 073855 th MDA 5 B d5g (B ¥ H BLAE S Asf 1] 45 d,
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Fig.6 Effects of different test conditions on soluble sugar (Ss) content of C. cinerascens
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Fig.7 Effects of different test conditions on superoxide anion production rate of C. cinerascens
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