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Effects of Perchlorate on Growth and Chlorophyll Fluorescence Parameters of

Alternanthera philoxeroides

XIE Yin-feng' s CAI Xian-lei'; LIU Wei-long’» DENG Wei’

(1.College of Forest Resources and Environment, Nanjing Forestry University, Nanjing 210037, China; 2.Chengdu Institute of Mountain
Hazards and Environment, Chinese Academy of Sciences> Chengdu 610041, China)

Abstract: Perchlorate is a new emerging persistent pollutant; while no studies about its effects on plants have been reported both home and
abroad. In order to explore the effects of perchlorate on growth and physiology of aquatic plants Alternanthera philoxeroides were treated by 1/20
Hoagland nutrient solution with different concentrations (0, 1, 5, 20, 100, 500 mg/L) of ClO; under the controlled conditions. The results
showed as follow. (D Under perchlorate treatment; relative growth yield, dry weight of oot shoot and leaves were inhibited at different degrees; in
which root biomass under different treatments showed significant difference to the control. After treatment for 40 ds relative growth yield of
different treatments at concentration from 1 mg/L to 500 mg/L were about 61.6%, 60.8%, 53.1%, 20.4% and 3.3% separately of the
control. And the order of variation coefficients of biomass in different organ were as follows: leaf > root biomass > stem; the relationship of
biomass allocation in different organs of Alternanthera philoxeroides under perchlorate treatment changed, and the proportion of stem biomass
increased, while leaf decreaseds in which 100 and 500 mg/L ClO; treatment showed significant difference to the control. @ Under perchlorate
treatment young leaves of Alternanthera philoxeroides presented injury symptoms(such as parietal roiling reversely, leaf edge getting black and
withered etc)» and the damaged degree of Alternanthera philoxeroides increased with the increase of treatment concentration and time. (@) Under
perchlorate treatment. the relative chlorophyll content( SPAD value), primary maximal PS || efficiency( F,/ F,,); efficiency of excitation capture
by open PSI| centre ( F' /F’,,); actual photochemical efficiency of PS |l ( @y ), electron transport rate (ETR), maximal electron transport
rate( ETR,,. ) and other indexes were inhibited at different degrees. SPAD and chlorophyll fluorescence parameters @y etc could be used as
sensitive physiological indexes to reflect the effects of perchlorate stress. The results suggest that perchlorate treatment can damage the
photosynthetic system and leafs decrease photochemical efficiency, and inhibit growth of Alternanthera philoxeroides . Leaf and root show a higher
sensitivity to perchlorate, while stem with a lower sensitivity .

Key words: perchlorate; Alternanthera philoxeroides ; growth; chlorophyll fluorescence
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Table 1  Effects of perchlorate treatment days on growth indexes of A . philoxeroides

(10, /mg+L-! e ?H“E tE{% U+f§ zﬁ‘é,lr}k )rEﬁ‘é,/r}k ﬂ{r ﬁ%%
/mg'Hﬁ ! / mg"i‘* ! /mg"i‘* ! H2 %% H2 %% 9% %

0(CK) 2.45+0.44a 565 + 37a 43 + 4a 207 + 6a 69.19¢ 5.25a 25.56a

1 1.51£0.21ab 538 + 56ab 25+ 5b 151 = 11ab 75.00c 3.52ab 21.44a

5 1.49+0.28ab 525+ 45ab 21 + 3be 148 + 9ab 73.62¢ 3.01b 23.38a

20 1.30+0.38b 406 + 66hc 17 + 3bed 124 + 38h 75.20c 3.20b 21.60a

100 0.50 +0.14c¢ 332+ 19¢ 15 + 2cd 40 £ 12¢ 85.93b 3.86ab 10.22b

500 0.08 +0.09¢ 189 = 50d 10+2d od 93.98a 6.02ab 0.00c

V#4118 (Mean) 1.22 426 21.8 112

B f 22 (SD) 0.85 146 12 79

AR FRECCV/%) 65.0 34.4 53.5 69.2

D FFPRAFE NG F R IR 225 583 (p <0.05), R

SR N EEA G AT, Clo, ~ AR F A0 T
R AR KPR R M A K

X JE AN R CLO, — AR 3D 2% 0 HEAE
PR 1) o B o Ak B IS 1) 1) 3 A AR Al ogistic 77 7%
W&, HhE RE R® 71 0.937 ~0.999 2 [7], K W] Hh
LR G AR LR L HT P 1 m A ot TR A R A K i
ST LT AR A A, T B K T A TR R R
ClO, ~ Ab B 1A 12 AR A 3552 B AN [R5 B2 1R 0 i), 41
TV R i o A L AR B2 P v R I ] 118 S8 K T K
H 1. 5 mg/L ClO, ~ AL E LA 2k S AR E 4, 5 A
XA E 45 (R DAAT . 1. 5+ 20 mg/L C1O,
AbEEZA 5y IAE AR BE 18+ 15+ 14 d Z 5 HE K52 B W
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KAEZZ ], AL TF AR 32 40, T 500 mg/L ClO, ~ Ab 3
YAT AL B2 ) A K AH 52 B0, JLA K h 3 A 2
—4 B, RUTEILIRE T, A K O AT 1.
2.2 ClO, ~ X205 0o 1~ B S ZE AT 5 S FI S 32
9IS
2.2.1  ClO, ~ X200 Y - B G 32 AH 0 5 S5 (1) 52 )

H12 2 AT, S AT LG, S Clo, - AbER
Ffd SPAD fELG\ PR 52N B A, Bt A Ak B 3 R B
TDPRI I, T I T 38 W7 44 o, AR Ak B 1 ) B9 (3
D LA LA FE LT 1 mg/LD I, 5565 BEAH LG 2 I
AT H8 I I G, AT RE R A0 T O Clo, T e
(10—l ST s LR REPE Ak PR S 1) 22d A A,
SPAD fHIA ZIVEAE, 1+ 5 mg/LALEL 215K 2] 3L SPAD {H
UL P 1 ) 5 0 AL AR BT, 20 mg/ AR BE 4 SPAD 1H
WA HR IR AE AL FR S 16 d /247, 100+ 500 mg/LAb #E 41
SPAD fH U H IR AE A 5 3 d 247, Z )5 SPAD
{EFF 4R T . 20 me/LAL B 4145 48 A 4k 1 3 [r], 3L
SPAD {ELfEG T-6) LA, - i &b 20 I ) f) B K, 22 P 3%

o CK & 20 mg/L
x 1mg/LL, < 100 mg/L
A 5mg/l. X 500 mg/L

0 s 10 15 20 25 30 35 40
Ab B A)/d
ClO, ~ KB 728 0 R AR B Jogistic /7 FRREAT LA
CK(—): y =11.2/(1 + " 71700515, R2 = (0.998;
1 mg/L(==): y =7.71/(1 4 "7 -0-04x1), R2 = (,999;
5 mg/L(-=-D:y =7.57/C1 + 11 =0-08x1), R2 = 0.999;
20 mg/L(——): y = 6.34/(1 + 2-72-009x1), R2 = . 996;

100 mg/L (= =Dz y =2.71/(1 + ¢ 06900813, R2 - (.937;
500 mg/L (--): y = 1.91/(1 + e~ 140-0-182x1), R2 =0 967
E1 0, LBTZ=LEFEEKPHESHHNETIL
Fig.1 Dynamic changes in fresh weight of A. philoxeroides

under perchlorate treatment
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100+ 500 mg/ LA BH A AR 1) T sy ) P L 3Ry 28 52 5
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WAL B S 55 20 dy 5 mg/LIT I H AL 11 J9p 20 9
MR AR JF 55 25 do 1 mg/LI0 I H 30 S AL 17 Joly 31 i
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Seim FE AL 10 Sk gk, BIALBE S 20 d A2 A B, 100
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Table 2 Effects of perchlorate treatment on chlorophyll relative content of A . philoxeroides

B i1/l Cl0, " /g1,
0 1 5 20 100 500
0 47.0+1.1 46.2+1.1 47.6+1.1 46.0+1.1 47.1+1.5 47.3+0.8
3 47.8+0.7 48.4+1.1 48.8+2.2 47.3+0.8 48.4+1.2 49.0+0.7
6 48.9+1.4 49.3+0.9 48.9+2.2 47.2+1.9 46.1+1.3 46.5+0.7
10 51.7+1.3 51.5+1.3 51.2+2.6 49.0+1.1 47.1+1.1 46.2+1.0
13 52.8+1.3 51.6+1.1 52.9+2.2 50.4+1.0 47.8+1.6 46.7+1.1
16 53.3+1.6 52.6+1.1 52.7+2.3 51.7+1.5 48.0+1.4 45.0+1.1
19 53.2+1.7 53.1+1.0 53.7+2.4 48.3+1.0 46.0+1.3 38.5+2.4
2 53.2+2.0 54.3+0.9 53.1+1.8 49.5+1.1 44.2+0.7 34.7+2.9
25 52.3+1.8 54.0+1.3 51.7+1.7 49.2+1.1 43.5+1.0 Tt
28 52.3x1.5 54.3+1.8 52.2£2.0 47.5+0.5 41.5+3.3 T
31 51.9+1.8 52.9+1.4 51.5+1.8 4.2+2.4 32.9+6.5 J
34 48.7+1.9 48.5+0.7 46.6+2.2 4.2+0.8 Tt T
37 52.9+2.4 52.3+0.7 48.3+2.0 46.6+0.8 Tort Tt
40 51.5+1.8 50.2+0.9 46.4+2.7 4.5+0.4 Tent Jent

#3 TRMBZEMFEIASHR SPAD BRI S ExfLLY
Table 3 Multi-comparison of chlorophyll fluorescence parameters

and SPAD in different treatments

Clo, - AR i

/mgsl”!  SPAD FIF,  FJF,  Opp ETR
0(CK> a a a a a

1 a a ab b ab

5 b b a b b

20 ¢ ¢ b b b
100 d d c c c
500 d e d d d

1) SPAD: M4 Z MK & ;5 F/F,: PSI| WA= T30 FIF ¢
PS 1 6 TR K Dy : PS 1T S FR 604305 ETR: WAL 38
R, T

2.2.2 Clo,” WL EFE F/F F JF ~Pxy
FETR [195% 11

Kl 2 SR TR AR B clo, ~ Ab BT,
RSB FIF ~F IF Dy F ETR BE I [ 1) 3))
A AT, X R R, AL BRI A
AARFEARAZ, F7 | F'~ Dy M ETR BRI — 22 (13
By, AR A 2 R A O S . 5 R B, AN [ 9 B2
(1) ClO, ~ AL PR ZH 40 % 506 2 B i Ak 2R [
I AR A Ak R AR R 8 KRR T P S K T 4
AR D CSH5Z g W FE BE A P AN [A], WAL EE 40 d
I IS5 S 1y 5 20 mg/LARBE CHE ik B Ab 31 O %
MW FF, 250 X B 96.4% . 94.1%
89.2%; F' /F',, 53} 90.8% 90.5% H1 79.5%;

Doy M 85.2% 83.6% M 74.1%:; ETR N 85.1%
84.0% 1 74.8%, F I F, I FEHREEE AN, T Oy F
ETR IR RN NS S E RS KRG, F L/
F' @y A1 ETR AEALBE AT HICES 3 DIH — /Mg
ThiE B4, 5 SPAD i 1) A8 A6 AR AL, W) R A %
ClO, ~ FPIE 1 — T B 0PE Y. 22 B 6 B 3R B (3R
3), HSHAT 20 mg/LI UL B ClO, ~ A BRI 5 5%
WA 7 S 3, T Dy 7ET AW BEIY Clo, ~ Ab 2R
I 500 e T 1) 2 e 0
2.2.3  ClO,  XJ 7%/ 15 ETR DM Y. 2 i 52 Wi
XX 14 5 mg/L ClO, ~ AR 340 1) F 1A e T
SR [N 28R Plave 2528 () 7 R HEAT LA, Lk
JEZRE R 310:0.992. 0.987 F1 0.997, 2 B il £k
PLE TR R . I 3 AN, BEAE PAR BN, & 4b
H ETR ¥ 2P T & 2 5 KM JE X8 T %
(R FA, 4k BE ) 2 10 46 R 2 LA AR ], 7RI
SR T, W 100 pmol* (m*+s) ' LR, XM 105
mg/LAC IR LG, ETR W 5y, BEAE OG5SR A 5, A A 4k
2 0] ETR 1) 22 BE3 K XL 1. 5 mg/LACBEA4L 11
N T L IB I ETR,, 70 0 4 : 41.76+ 37.21
35.15 pmol* (m?*s) ™", 1+ 5 mg/LAL B 53 531l B Ay % e
1 89.1% 1 84.2% ; A IL. 1. 5 mg/LAb B AL 1) F- 11
G E, 4 9 h: 124.49. 118.78 1 106.53
pmol* (i #s) ™5 14 5 mg/L A 3 73 J1) [ 2 o BECF)
94.9% 1 85.6% . 1] M., Cl0, ~ Ak B AY 7% 0 3% - BE
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