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Abstract

In this study, the eliminate capacity for nitrate nitrogen ( NO; -N) and the effects of nitrate-nitrogen
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on growth index, nitrate reductase and antioxidant enzyme activities, and soluble sugar were inves-
tigated in Pistia stratiotes growing in simulated wastewater using NO;, -N as the sole nitrogen form.
The results indicated that the loss of NO; -N increased significantly with augment of exogenous NO,
-N in cultural solution. Compared to the control value, plants supplied with NO, -N had decreased ni-
trate reductase activity with the maximum reduction of 44%. The NO,-N had less influence on
growth of P. stratiotes. Pigment, soluble protein and soluble sugar content was significantly higher (P
< 0.01) in NO; -N treated P. stratiotes respectively, compared to controls. The activation of antioxi-
dant enzymes, such as superoxide dismutase and catalase, peroxidase (LN and MN) was observed in

NO; -N exposed P. stratiotes. Overall, the increase in concentration of soluble sugar and activation of

antioxidative enzymes support their effective involvement in improving NO, -N tolerancein P. strati-
otes.
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1. 5]

B E IR T A R R A I 6 B B AR AR A R R K A A v A U 5 7K A PR B S e
RERE TR RL] [2] [3]. /KAEREYD, e EHRWOR FTS /K o 1 U 58 370, s WSORAE A T
WAL IR TR R RS B [4], MTTIE B B3 /K 5 10 B Ao AN R A2 3 /K AR R /K AR R AN AT — 2 (R 2B
RO, Hdr, DLEFHEDRE R R [5] [6].

K (Pistia stratiotes L.)/& Z A7 KD, AWER, BHIAE, WAKE, EHTERKESERY
KA, BAARERING KA, & RIS AEYYIFR[5] [6] [7] [8]. DAL, K & E 771k
IR SR 25 BRI DTHR 2 9 53%~65% [9] .« X S\ N RN & & TR KA S UK I 235 3] 74%~90% [10].

APy sk FEE A FF R 8 RO 77 B S IR A ML SR A B B P A T KR o iR PSS AL R K [3] -
b H A, AR R IR TR, A KR AR A B A AN 5 R IE BB A B B (R TE AR 2 o
ARG R FH KO SO R, TE S AN R RE FE R R B0 1B R A T 3 W N T3, A0 MR UK SR Al S
R Z PR UL A IOE SR DA BT ] i M 5 A B AR 1 AR, T 78 45 TR AR TR K I &
B IR IE MU AR 2R HE, R8RS A5 /K I N TR b iR e 26 5

2. M55 %E
2.1 KRS AE

K E VLA EIE . FERAKYME LG, BRI /NIRRT 5256 . R38R A 1/10
Hoagland’s E-Medium 338 535K N: MgSO4-7H,0, 246 mg-L*; Ca(NOs),-4H,0, 543 mg-L ™,
KH,PO,, 136 mg-L™"; KNOz;, 251 mg-L'; FeSO,7H,0O, 9.92 mg-L™"; Na,EDTA, 30 mg-L™*; H;BOs,
1.43 mg-L*; MnCl,-4H,0, 0.93 mg-L%; ZnSO,-7H,0, 0.11 mg-L*; Na,M0O,-2H,0, 0.045 mg-L *;
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CuS04-5H,0, 0.045 mg-L". F§ KNOs il A &JR, L1 KNOs In N, 12 #11 5% 780 s 25 Ek
43314 9.94 (CK), 15.94 (LN), 19.94 (MN)F1 39.94 (HN) mg/L. 35350034t p o 5 5t IAH A . 44
MCFREE ST 3 IR, E A Sl KR 78 78 R K B DARIE AR FUE 2 . 559750 15 Kl e /KFEF SR &=, [
B EURE 23 BT AR M) AP A A R G S A B AR AR

2.2. KEHSASENE

IKFERSAS B R4 e 6 eI € [11]
2.3. EKBHIH

S AESSIR UG GG R, S ER R SR I AR, T ERE. EKSH = AMECE 15
RWED & 1K) x 100% [12].
24. HRERZENE

2R 2K R 40 66 BEVE (1310 .
25. ALEMER. AAMEFEMHEERIERENR) BN E

R R AN AT B SR ORI E S22 (R AR B ARG SIS TR BRI R ) 17 ¥E[14], RIETEER
12K 2% B i 88 G-250 ¥R , T PR R FH S B R 200 5 o AR i AT R P i e L 23 52 [ 15]
2.6. BENIZILER(SOD). TR 4ER(POD)FT E L EBE(CAT)EMME

UM 1A ek, N 0.05 mol/L FIEER 22 vhifi (pH 7.8), UK, WFEE, 10,000 r/min, {KiE(0°C
~4°C)E50> 20 min, HUL FiEW. 23 H NBT yEA @GR E LN 2 SOD F1 POD & #4[14]. CAT I H
INFE 5 AR AR 5T AT I S S 56 S o .

2.7. HIRATE

TR E/bER 3R 45 REKRNTHHPRAEZ(SD). KH OriginPro 8 Fll SPSS18.0 X #4147
BRI R T ZE 43 AT R ¢ R B0 00 BT o AN [R AL R 18] 1 BT S 50347 £ 7 (PCA) /3T P < 0.05 N E R B3,
P<0.01 AZEFIEZ.

3. &R
3.1, KEFHSE LR

REST KBS EA — € ERIUR . 53 156 KfF, CK. LN. MN F1 HN 255 75 RS & %K
FEY R/ T 2,31, 3.34. 421 A15.77 mg/L (14 1). Gt Wrgs R, KK BE 5 AMNEMAS R E
AR E EASE, R=0.97, P<0.01.

3.2. MANEEEMNTHL

HIE 2 B, AEKRERIMNERSER TG, KEARN K SOD il CAT iHtEANE FFEash. H,
LN.MN 1 HN ¥ B F ) SOD 3 14 20 ik 35t BE 1K) 1.81, 1.88 11 2.34 %5, CAT 35 14 23 5l & xF B AR 1) 1.37,
2.20 A1 2.22 1%, BAEHIFRW, SOD EHEMBESERENEZE LMK, R=094, P<0.05. 5 SOD fI
CAT ¢ AN[H], POD &M R AZATE MN B EEXFIE B FF T 11%. 1M LN R HN 9 B PR TS #1520 A Bl ko T s
MRIET 3% 8%, SxtEERALEZE.
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Figure 1. Changes of nitrate-nitrogen content in culture solution under different nitrate-nitrogen concentrations
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Figure 2. SOD, POD and CAT activities in P. stratiotes exposed to different nitrate-nitrogen concentrations (The values
were expressed relative to the values in control plants (=100%))

2. NERIKRE T KZE SOD, POD #1 CAT ;&M (BERRASKTIRAAEXE, B = 100%)

33. EKEH

3 FAS R A R e RS 1 AR KA T AR I AN R (18] 3). SXHRKF-(96%)4H L, LN MN
AT HN 2 IS AR A K 220 18 9% 99%F1 94% . Fiit/rirah Bt R 4 4R EACFE 4 2 1R8] TE B
EER.

KR A ATV I B S R B K VAR AS U BT T R S B (1] 4) LN MINCRI HIN IR B 1) 25
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3 R HEAE G N T 9% 28%F11 510%. Siit /i 4 R Bon A & E S FIR B BN E IEAHK, R
=0.962, P<0.01.

W 5 Frs, LN MN FHN R 42 a 1 b & B0 m TR Joh 44 K a BEANER &S
BRI ETHTTRE 0, 23 5 Ee et FE K T3R5 T 18%. 21%F1 53%, Ziit B4 a AN S &
WEEIRBIR 35 TEAI DG, R=0.987, P <0.01. M4t b WI7E MN B3 Bk B, LEXT RSN 1 51%,
HJG N, EPERESEL 21%.
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Figure 3. Changes in growth index of P. stratiotes exposed to different nitrate-nitrogen concentrations
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Figure 4. Changes in soluble protein content of P. stratiotes exposed to different nitrate-nitrogen concentrations
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Figure 5. Changes in chlorophyll content of P. stratiotes exposed to different nitrate-nitrogen concentrations
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Figure 6. Changes in nitrate reductase activity of P. stratiotes exposed to different nitrate-nitrogen concentrations (The
values were expressed relative to the values in control plants (= 100%))

E 6. TERRE TERHREREEETHEERTASHRIOENE, 8 =100%)
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Figure 7. Changes in soluble sugar content of P. stratiotes exposed to different nitrate-nitrogen concentrations

B 7. FRFRE TARTREES ETW
4. VWHig

HEL0 10 B B ORI PR A A 2 K 25 2 2 B 1 2 B 1 R AL 6] [9] [16] [17] FRATIM 45 BLE
B K K A A U — E P ROR (] 1), IXTTRER R K HAE BB, AR, WhE /L
B, ATABEIIAA, AR FE PR A R A T RS B, B R R A >
P TR WU I i B AL AT AL I [16]. R A B NI S . B — o0 i S5 e 0t A
43 AR R AEREEII AT AT T AR AT 25 1Y A JR 18 25 70 M R R AR o BE Rt T AR K BT[]
TR ER KT TR RETE, FREYRA Y2 EEGIUL SRR, 13, RSN
YRSy, 27 TSI 2 R AR R KR B P KT mT LA P 2 A B3] . AR TT R
i, 3 A FEE T A JEURIL I 6 2 ) KT P A e B ok P 3 2 (] 3), I R A S U A R FE £
AN IEAS 2 ) R TR AR . R S B M H SR R AE R AL KR L, A S5 oh R IR S RS
TSN T ARG B T K (8 5) 2 BT . b T A B 5 1 ) A R A () 4) WA TE
% R P 10 BBl Y KL R I U AL R

AR A0, SR MATRE . R R, RAE ORI RIS S R AR I
M, AR A A WU AR GG . MR BT, R R p T PR AR B AR R SR
AR I TR AR R, AT AR A P P PR AR 18] o 35 5 A8 S5 R S8 AR ) R E /K S T R I
(AR TR LR A T, AT A B R BE T R T MR [19] . 52 AN, ARsizdarty, FRATHE) R BB 4
SRR AR (ORI, ATV PR R R R T, 3 AT AR A AN UM O — PSS, A
TR PSRRI AE RIS S, LAy R, AT T B Bk SO UM TR B2 . (E B L
BT TS, F, TR B RS S e R BRI, B YR AT A B
i, RS BN A — e R RN 5).

NO; -N J& ¥ £ R AL I 6 AT O TEHLER . NR AR AR h AR, 35 B2 R NO;
BV SR T, 250 NH FOBRZ0HI[20]. 5T NR WEE S AN AR S RIE R B
MR B — T Lo A SN AR A AU LR S B NR S5 M2 1A AR 5506 R[16]. i A SO 52 5 R I
BRI T B 5 28 PR I A TR R R T, S BRI AR I NR SR PERIRS AR A
PALESI P LIES
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Figure 8. Principal component analysis of physiological parameters in P. stratiotes exposed to different nitrate-nitrogen
concentrations

8. NEIRRE TXEERIERER D T

5. &

PCA 73 #7145 R WA [F) i 25 ZAL B ZH 2 [R] X K v 1 A B A= A O 2 22 57 2 2% (P = 0.01) (141 8). 7E HIN
W AERK R DL X M A SRR LI, AU OO Ba A B m I 32 1k . A Sei6:
SRR, WUE R B R 48 (SOD POD . CAT)MIVEIZ I %7 2 48 (AT V8 VERE) & K PEAE AR R K P 10 3 AL 5
FEDRAE K VIAE S — 5 Y Bl A RUB B 26 AR T AR IR W ) A B A

EHEWmHE

R TR A R A 7 AR 38T S KIS W R AR A A R GO AR S
FHHF 78 (19JCSF-13).

SE

[11 F=®, BIE, 55, pH KA SR NFEAEAE K R[] PR, 2003, 24(4): 35-40.

[2] Rahman, M.A. and Hasegawa, H. (2011) Aquatic Arsenic: Phytoremediation Using Floating Macrophytes. Chemos-
phere, 83, 633-646. https://doi.org/10.1016/j.chemosphere.2011.02.045

[31 Wu, W, Liu, A., Wu, K, et al. (2016) The Physiological and Biochemical Mechanism of Nitrate-Nitrogen Removal by
Water Hyacinth from Agriculture Eutrophic Wastewater. Brazilian Archives Biology and Technology, 59, e16160517.
https://doi.org/10.1590/1678-4324-2016160517

[4] lamchaturapatr, J., Yi, S.W. and Rhee, J.S. (2007) Nutrient Removals by 21 Aquatic Plants for Vertical Free Sur-
face-Flow (VFS) Constructed Wetland. Ecological Engineering, 29, 287-293.
https://doi.org/10.1016/j.ecoleng.2006.09.010

[6] HAWE, 50, BRNI, 5. 3 FhRAUKAEMY) KA G XS Jok g g . BB IR AL[I]. KA EER,
2012, 38(4): 45-54.

[6] Hkit, skase, EWRIM, 5. ARZKAEY @S ROREUK R BT T0]. AR B R 2224k, 2011, 30(3):
548-553.

DOI: 10.12677/br.2020.95056 446 JERZIEERTI


https://doi.org/10.12677/br.2020.95056
https://doi.org/10.1016/j.chemosphere.2011.02.045
https://doi.org/10.1590/1678-4324-2016160517
https://doi.org/10.1016/j.ecoleng.2006.09.010

[7]

(8]

(9]

[10]
[11]
[12]

[13]

[14]
[15]
[16]
[17]

(18]

[19]

[20]

[21]
[22]

Victor, K.K., Seka, Y., Norbert, K.K,, et al. (2016) Phytoremediation of Wastewaters Toxicity Using Water Hyacinth
(Eichhornia crassipes) and Water Lettuce (Pistia stratiotes). International Journal of Phytoremediation, 18, 949-955.
https://doi.org/10.1080/15226514.2016.1183567

SRERHR, BXVERR, BUW, . BB OE T s R KR A KA R I R I [J). BB AL %, 2019, 38(2):
385-394.

20, S, EuR RN KRR X R ICR MW ] KILRE R S5 R4, 2012, 21(9): 1137-1142.
X, R, A, 5.3 FKAEMYIXS & & FRMOKERFERTIRL]. KAERYRE, 2011, 32(2): 69-74.

[ RIS, KRR A I (58 3 AR) [M]. dbat: AR EEABERLE Ak, 1997: 272

Khellaf, N. and Zerdaoui, M. (2010) Growth Response of the Duckweed Lemna gibba L. to Copper and Nickel Phy-
toaccumulation. Ecotoxicology, 19, 1363-1368. https://doi.org/10.1007/s10646-010-0522-z

Lichtenthaler, H.K. (1987) Chlorophylls and Carotenoids: Pigments of Photosynthetic Membranes. Methods in Enzy-
mology, 148, 350-382. https://doi.org/10.1016/0076-6879(87)48036-1

T, ARSI TR AR [M]. dbnt: SSEHUA i, 2000.

TeER. AR ERIE S 2 ) [M]. b5 S5 80E ik, 1990: 183-184.

FIvhde, 275, KBRS TR T & /N2 4l BAR I RE IR [3]. T VG4, 2010, 30(4): 544-550.

MR, EHEEE, VR, & KA K AR5 KA KSR B m[d]. MR TAE 4k, 2018,
12(5): 1424-1433.

Hermans, C., Hammond, J.P., White, P.J., et al. (2006) How Do Plants Respond to Nutrient Shortage by Biomass Al-
location. Trends in Plant Science, 11, 610-617. https://doi.org/10.1016/j.tplants.2006.10.007

HWHA, NBR, B8, & ARE. BERENEIEIUR A K& 5 & 8w ], R4k, 2012,
32(2): 472-479.

Pearce, 1.S.K., Woodins, S.J. and van der Wal, R. (2003) Physiological and Growth Responses of the Montane Bryo-
phyte Racomitrium lanuginosum to Atmospheric Nitrogen Deposition. New Phytologist, 160, 145-155.
https://doi.org/10.1046/].1469-8137.2003.00875.x

XUMG, vk, skpet, S5 JURKA SRR IR TT 5 K B AR 3R RL[T]. 7K OR¥F 274, 2008, 22(41): 163-167.

Yk, T8, B, S BPREXTWALREORR RS TAM RGN EW] HY AR, 2011, 47(2):
147-152.

DOI: 10.12677/br.2020.95056 447 JERZIEERTI


https://doi.org/10.12677/br.2020.95056
https://doi.org/10.1080/15226514.2016.1183567
https://doi.org/10.1007/s10646-010-0522-z
https://doi.org/10.1016/0076-6879(87)48036-1
https://doi.org/10.1016/j.tplants.2006.10.007
https://doi.org/10.1046/j.1469-8137.2003.00875.x

	湿地植物大薸对氮胁迫的生理响应研究
	摘  要
	关键词
	The Physiological Responses of Pistia stratiotes to Nitrate-Nitrogen Stress
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 实验材料与处理
	2.2. 水样硝态氮含量测定
	2.3. 生长参数分析
	2.4. 叶绿素含量测定
	2.5. 可溶性蛋白、可溶性糖和硝酸还原酶(NR)活性测定
	2.6. 超氧化物歧化酶(SOD)、过氧化物酶(POD)和过氧化氢酶(CAT)活性测定
	2.7. 数据处理

	3. 结果
	3.1. 水体硝态氮去除
	3.2. 抗氧化酶活性的变化
	3.3. 生长参数
	3.4. 硝酸还原酶活性
	3.5. 可溶性糖含量

	4. 讨论
	5. 结论
	基金项目
	参考文献

