2017-10-25 DOI: 10.3724/SP.J.1145.2017.03030 Rt el Xa1 IR 74
NS ELA W24t Chin J Appl Environ Biol 2017, 23(5): 0837-0844

TER.FREEGTFEMBEX T EZ (Ludwigia
prostrata) £ G W FEF R ML
S R AR AR RS

WIFRVE R A H S 330022
T USRI AR SEEE T NG7 2RD

vﬂ'ﬁ i o W AR G, WFSEET (Pb) | 4 (Cd) BRI R A1 e M [a] 2 i T 2 ( Ludwigia prostrata
Roxb.) K BOGE YOG A BRR LR M. 45 /R W] (1) P& Cd, PO AR M HAE B TSR EThE, TR ZERZEK
HRAC A B AR AR 35 TR (P <0.05). (2) MF&3Ra, by el 2% 5K a/bfELFifl 30 7 B2 59 38 i 25 FR K. (3) F
K2R P G T 4 2L PSILS WLy (DG FRGETU I Ly ) 18 52 0 AN Bk 35 5 -5 TR 3R Cd i die e VR B2 T, (80 mg/kg) 15 4%
AR, TAZAPSIUR K 777 8 (QY ) « FAZS T HIA B 7775 (F/F,_Lss) FELE T ARG 08K (NPQ_
Lss) fEACAX B2 (CK) #937% . 51%., 14%; H S5 X IRZHAHIL, CABHA R T H/HZEWF, | F,. F,. F/F AR R E &
TN ZEPOHA P, CAR G5 YA T BFEIR; 255 0 Hr 3R W LN 3R CAXF PSTIE I oL Y S fic i, XK R Pb
CAE A1 YMIR Z , ZRPIRA R B fe /. (4) T A S0 1 32 3 Ja o5 b B I de vk B2 384 i _E %, HLAE
Pb. CAE A5 MHA T, CAREME JE T &2 X PRy M. 25 1R, T &HZXIPb, Cd R HAE &5 e W11 B A B i il 32
P R AR RE Ty, AT TPb, CAl G Jmin g LIRS E. (153 54 £35)

TR B B W LA A AR
CLC X173 : X53

Effects of single and combined pollution stress of cadmium and lead in soil on the

growth and photosynthetic fluorescence characteristics of Ludwigia prostrata™
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JAbstract] Ludwigia prostrata Roxb. is a field weed, which is widely distributed in the southern part of China. In this study,
we investigated how the growth and photosynthetic fluorescence characteristics of L. prostrata are affected by single-factor
pollution stress of lead or cadmium and their combined pollution stress using pot experimental methods in the laboratory.
The results indicate that the stem length, root length, total weight, and chlorophyll a, b, and a/b content of L. prostrata under
different heavy metal pollution stresses all decreased (P < 0.05) with increasing concentrations of single-factor or two-factor
lead and cadmium. The pollution stress of single-factor or two-factor lead and cadmium at lower concentrations caused
some damage to the physiological systems of L. prostrata and two-factor pollution stress of lead and cadmium at higher
concentrations had a role in promoting growth. The contents of chlorophyll a or b and the chlorophyll a/b ratio reduced
significantly with increase in stress concentration but increased under single-factor or two-factor pollution stress of lead
and cadmium at higher concentrations. The single-factor cadmium, but not lead, pollution stress had no significant effects
on PSlIreaction centers. The maximum quantum yield (QY,,,,), effective photochemical efficiency (F,/F, Lss), and non-
photochemical quenching (NPQ _Lss) under the pollution stress of single-factor cadmium at the highest concentration (Ts)
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were only 37%, 51%, 14% of those of the control group, respectively. Furthermore, the decline in F, F,, F,, and F,/F,under

single-factor cadmium pollution stress at different concentration was larger than those of both single-factor lead and two-factor

lead and cadmium at the corresponding concentration. The comprehensive analysis showed that the single-factor cadmium

pollution stress had the strongest effects on the PSII reaction center, followed by those of double-factor lead and cadmium,

and the effects of single-factor lead pollution stress were the weakest. The above results show that L. prostrata has strong

tolerance and enrichment ability for cadmium, lead, and their combination, which indicates that L. prostrata can be used in the

ecological restoration of soil polluted by the heavy metals lead and cadmium.

[&Qjﬂwﬁb Ludwigia prostrata; heavy metal; lead; cadmium; combined pollution; physiological and biochemical characteristics
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Table 1 The codes of treatment concentrations of Pb and Cd in the soil
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Table 2 Effects of single and combined pollution stress of Pb and Cd on
the growth of L. prostrata

4 JE A PR YLD ESIS R i
Heavy metal Stem length Root length  Total fresh weight
treatment code (l/cm) (l/lcm) (m/mg)
CK T 20.33+1.52> 7.82 +0.18™ 1.86 + 0.14™
T, 19.57+0.52° 5.84 £0.24" 1.08 £ 0.09B*
T, 1736+ 1.15% 5.26+0.28"¢ 1.14 + 0.06"
Pb T, 14.66+0.57™ 4.16 + 0.769¢ 0.85 +0.08"¢
T,  12.16 £ 0.76%¢ 3.51£0.65° 0.58 £ 0.06°¢
Tos  11.33+£0.437°°  2.00+0.50"® 0.39 + 0.04"
T, 1583+0.29° 6.00 + 0.00" 0.71 +0.01"
T,y 1516+0.17 4.50 +0.50" 1.15+0.05"
Toe  12.16+£0.76°°  3.51 £0.65% 0.58 £ 0.06°¢
cd T, 13.83+0.76* 3.66 + 0.28% 0.63 +0.08™
T, 12.43+0.48% 3.50 +0.50% 0.47 £0.51"
Ty, 12.11+074%7  2.66+0.51" 0.46 +0.05""
T, 18.66+1.15" 3.27 +0.73"0¢ 1.63 £0.10™
T,, 17.32+045"  3.50+0.50"* 0.97 +0.10*
Pb+Cd Ty, 1266+0.76™  2.00+0.00™ 0.73 £ 0.05“
T, 13.64+0.56™ 416074 0.82+0.01°
Ty 11.00+0.28°C  4.00+0.00""  0.62+0.08"

FESIAN ) RS 5 1 3 75 A 6] oy Ji 75 e b R (AL 3K Pb 5 545 Pb
Cd) z 2 5 .3 s BIARF/NG PR R AR CAik 25 ek B2 (5
HFRCASZ AP, Cd) Z b2 5 8¥% (P<0.05).

Different capital letters indicate significant difference at P < 0.05 among
various Pb treatments (single Pb and combined Pb/Cd pollution), while
different lowercase letters indicate significant difference at P < 0.05 among
various Cd treatments (single Cd and combined Pb/Cd pollution).
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Table 3 Effect of single and combined pollution of Pb and Cd on the chlorophyll content of L. prostrata

4 Ab B Mg Fad ik 4R b i -4 %a/b It 5 2B
Heavy metal treatment code Ca (p/mgL”", DW) Cb (p/mg L, DW) Ca/Cb Ct (p/mgL", DW)
CK Too 1.83+0.01" 0.62 +0.02™ 2.92 +0.08™ 2.46+0.03"

To, 1.47 £0.05" 0.54 +0.05" 2.76 +0.13°¢ 2.00+0.13"
Ty, 1.34+0.02°¢ 0.52+0.05* 2.53 £ 0.05"" 1.87 +£0.03"%¢
Pb Tos 1.14 £ 0.04" 0.46 +0.01" 2.45+0.03" 1.61 + 0.04"
Ty, 1.50 +0.02' 0.55+0.01"¢ 2.71+0.11*¢ 2.05+0.01"
Tys 1.01 +0.08’ 0.38 +0.01" 2.59 +0.14*¢ 1.39+0.10'
Ty 1.74 £ 0.07° 0.61 +0.03* 2.89 +0.08° 2.37+0.08"
Ty 1.60 = 0.10® 0.55+0.06"" 2.87+0.56" 2.16+0.08°
cd Ty 1.30 £ 0.05" 0.49 £ 0.00° 2.64+0.14™ 1.79 £ 0.04"
Ty 1.42 +£0.07° 0.55+0.03"™ 2.60 + 0.20° 1.97 +0.11°
T, 0.93 +0.07 0.42 +0.07' 2.35+0.28" 1.36 +0.21
T, 1.45 +0.02*" 0.54 + 0.02°°%" 2.66 + 0.22%" 1.99 +0.03*"
T,, 1.38 +£0.00% 0.50 + 0.034"¢ 2.68 +0.03" 1.91+0.01%
Pb+Cd Ty 1.33 £0.02%" 0.49 +0.01"*® 2.58 0,19 1.85+0.05™"
Ty 1.13 £0.04°™ 0.47 £ 0.02°" 2.37+0.20" 1.60 £ 0.06™
Tss 1.49 +0.05™" 0.55 + 0.09<" 2.67+0.28°" 2.04=0.13""

FEHNA R RS P ) 3R AR [ Poifk 75 e ab BLAH (AR R Pb 5425 Pb, Cd) Z 0] 22 5 W 3 5 B [A) /NG 7 B 3R 7R R [ Cdyfe J 75 G ab BLAH (BRI Cd
HEAPb, Cd) ZH2H# (P<0.05).

Different capital letters indicate significant difference at P < 0.05 among various Pb treatments (single Pb and combined Pb/Cd pollution), while different
lowercase letters indicate significant difference at P < 0.05 among various Cd treatments (single Cd and combined Pb/Cd pollution).

R4 Pb, CAREARRNERESFTEAN T EEMRREXSH(F,. F,.. F.. F/F,) BI%n
Table 4 Effect of single and combined pollution of Pb and Cd on the chlorophyll fluorescence parameters (F,, F,,, F,, F,/F,) of L. prostrata

s PIHRDE B AL WL

Treatment Initial fluorescence (F,) Maximum fluorescence (F,,)) Variable fluorescence (F,) Potential activity (F./F,)

CK Too 1179.83 + 39.59" 1955.75 + 31.20"" 809.22 + 15.12" 0.68 £ 0.03%*°
Ty 1158.35 + 46.43“" 1938.08 + 37.90*" 807.00 + 13.85" 0.67 +0.01°
Tp, 110.79 + 15.02" 1911.24 + 47.39"* 770.91 + 43,385 0.65 £ 0.03*

Pb Ty 1040.32 + 34.67" 1826.55 + 21.98™ 665.40 + 23.53"%° 0.65 + 0.01"¢
Tos 1223.98 + 7.79"¢ 1958.31 + 50.70°*¢ 641.93 +29.09¢ 0.48 +0.02"
Tos 931.44 + 44.96™" 1755.09 + 36.48" 549.88 + 36.02°" 0.59 +0.03"
T 1246.55 + 9.47* 1889.45 + 9.47 842.85 +27.27" 0.53 + 0.03°
T,y 1125.917 + 19.66° 1797.70 + 26.37" 805.11 + 49.76™ 0.71 £0.032¢

cd Ty 1104.02 + 87.58° 1799.21 +7.25" 740.21 +39.21¢ 0.67 +0.08%
Ty 1007.78 £ 21.09° 1665.46 + 23.61° 726.40 + 2.90° 0.72 +0.01°
Ty 693.04 + 5.95¢ 858.033 + 15.83" 153.56 + 5.10" 0.22+0.01°
T, 1228.45 + 13.74"P*¢ 1925.20 + 53.69"9* 830.08 = 24.17*" 0.73 + 0.03"*
T,, 1200.12 + 410175 1990.50 + 4.91°% 757.05 + 19.01°® 0.61 + 0.05"

Pb+Cd Ty, 1182.08 + 4,514 1959.29 + 19,9145k 767.21 + 19.47°5" 0.64 £ 0.02°°

T, 937.80 + 7.68" 1500.04 + 29.24“ 562.23 +36.92% 0.60 + 004"
Tss 1165.94 + 22,30 1864.87 +29.22""% 698.92 + 47.40"® 0.60 + 0.05""

BV RIS TR R AR Poifk L5 YL A BEAH (BRI R Pb 55 Pb, Cd) Z 122 5t 35 5 R A [Rl/NE P B R R AR CAvR BE 75 e Ak B2 (BAIRR Cd
HEAPb, Cd) Z 253 (P<0.05).
Different capital letters indicate significant difference at P < 0.05 among various Pb treatments (single Pb and combined Pb/Cd pollution), while different
lowercase letters indicate significant difference at P < 0.05 among various Cd treatments (single Cd and combined Pb/Cd pollution).

US4, Chin J Appl Environ Biol

http://www.cibj.com/



06 A
[mCK mPb &Cd COPb+Cd]
Cecb ceh© Cg 1 CeCE
ADbd ACbdg
D 1 BDEc
D %
a
1 2 3 4 5
ANV Hi 43 J8 W AR B Different concentration gradient of heavy metals
r B [mCK mPb oCd OPb+Cd]
1.0L FH
DH pHe §° DHe DHe,
@ acef ‘I‘
a 0.8 f
% G
IBHbg Gb
% 06 AEb &
[
pan
ot 04 d
& Cd
i
o 0.2 h
£
&é
0.0
1 2 3 4 5
N[F) 4 @ R 46 B Different concentration gradient of heavy metals

[mCK mPb @Cd OPb+Cd|

=
~

CE

m—

=3
[

bd
(AGbe ?.G[)f

IS
o

RS TABURF % F /P, Lss
=)

CEFa ADdeCEF al
2 3 g

T4 JBYR A Different concentration gradient of heavy metals

Bl E€EMWENTEHEEMR&XXSH (QY,.,« NPQ_LssHIF/F,
Lss) BUR2Ma. AR AR A L7 AR RS 500 32 7 AN [R] Poifk 52 it 2 (fR
HZPbLPb, CAR G TGYL ) Z A 22 5 3 5 A AR L5 AN TA) /NG 5
R 7R AN CA¥e B i Y A L2 (PR EK Cd 5 Pb, CAE A5 ) Z ] 25 5%
B3 (P<0.05). BAEFRL, 2,3, 4, 5535 /RTE 4 JEPb, CdaiPb, Cd&
i YL W3 e BE 14 SN E A

Fig 1 Changes of chlorophyll fluorescence parameters (QY,,,, F./F,_
LssFANPQ_Lss) in L. prostrata leaves under different stresses of heavy
metals. Different capital letters indicate significant difference at P < 0.05
among various Pb treatments (single Pb and combined Pb/Cd pollution),
while different lowercase letters indicate significant difference at P < 0.05
among various Cd treatments (single Cd and combined Pb/Cd pollution). The
number 1, 2, 3, 4, 5 in the abscissa indicate the first, second, third, forth, fifth
treatment group under single and combined Pb and Cd pollution.
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Fig. 2 Imaging of single and combined pollution of Pb and Cd on the
chlorophyll fluorescence parameter QY,,,, of L. prostrata. The number 1,
2,3, 4,5 in the abscissa indicate the first, second, third, forth, fifth treatment
group under single and combined Pb and Cd pollution.
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Fig. 3 Pb and Cd concentrations in L. prostrata under different stress of heavy metals. The number 1, 2, 3, 4, 5 in the abscissa indicate the first, second,

third, forth, fifth treatment group under single and combined Pb and Cd pollution.
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