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Abstract: A greenhouse pot experiment simulated wetland conditions to study vetiver grass(Chrysopogon zizanioides(L.)
Roberty) growth and photosynthetic responses under cadmium(Cd, 0.3 mg/kg) and sulfamethoxazole(SMX, 10 mg/kg)
composite pollution. Five phosphorus levels(60, 120, 180, 240, and 360 mg/kg) were tested, alongside a control(CK)
without pollutants and phosphorus. The experiment lasted 42 days, with measurements taken on days 1, 2, 3, 5, 7, 14, 28,
and 42, including the fresh biomass of the aboveground and belowground parts of vetiver grass, chlorophyll content,
photosynthetic parameters, and chlorophyll fluorescence parameters. The objective was to investigate the effects of
exogenous phosphorus on vetiver grass growth and photosynthetic characteristics under Cd-SMX composite pollution.
Early stages(days 1-7) showed a “toxicity stimulation effect” with increased net photosynthetic rate(Pn) and apparent
light use efficiency(LUE) under composite pollution. However, Cd and SMX accumulation later caused toxic effects and
reduced photosynthetic capacity, with key parameters including the actual photochemical efficiency of PSII, maximum
photochemical efficiency of PSII(Fv/Fm), potential photochemical efficiency(F\/Fo), electron transport rate, and
photochemical quenching coefficient, significantly lower than those in the CK on day 42. Phosphorus’s
“growth-promoting effect” helped maintain the photosynthetic stability of vetiver grass, with Pn, F\/Fm, Fv/Fo, apparent
CO: utilization efficiency, and LUE recovering to levels comparable to day 1 by day 42. Notably, Pn in the CS4
treatment reached 19.55 pmol/(m?'s), significantly higher than in other treatments. Meanwhile, the MDA content in the
stems and leaves of vetiver grass under the CS4 treatment was the lowest under composite pollution, measuring 0.93
nmol/g. In summary, Cd-SMX composite pollution weakened vetiver grass’s photosynthetic capacity, but 240 mg/kg
phosphorus enhanced its growth of aboveground stems and leaves and photosynthetic resilience, improving tolerance to
Cd-SMX stress.
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#1 Cd-SMX E&BHRTARLEMNEMBKFENERENERESHEEINA_EE2
Table 1 Fresh weights, chlorophyll and malondialdehyde contents of vetiver grass under different treatment times and phosphorus
levels with Cd-SMX co-contamination
Hﬂmﬁﬁ SN R TR «%ﬁéﬁ% H%?aﬁ% H%?bﬁ% mﬁﬁ?ﬁg‘%ﬁmiﬁ ‘%%W:%
d GEETEILL 2EU(mge) EUmge") EU(mgg!) Fi/(nmol-g?) {Fi/(nmol-g)
1 CK (56.71+£0.90)a  (45.274£0.66)b (1.253+0.003)c  (25.10£0.25)ab  (7.42+0.06)c  (32.52+£0.31)bc  (0.63£0.01)c  (0.72+0.01)c
CS1  (55.45+0.13)a (40.53£0.62)c (1.368+£0.018)b  (26.08+£0.37)a  (8.24+0.20)b (34.32+0.57)ab  (2.33+0.11)a  (2.15+£0.10)b
CS2  (55.8140.16)a (42.93£0.85)bc (1.301£0.022)c  (27.22+0.67)a  (9.24+0.11)a (36.46+0.78)a  (2.23+0.11)a  (2.90+0.15)a
CS3  (55.66+0.80)a (35.86+0.25)d (1.552+0.013)a  (25.35+0.51)ab  (6.52+£0.07)d (31.87+0.58)bc  (2.24+0.08)a  (2.83+0.12)a
CS4  (55.3540.55)a (52.55+0.79)a (1.053+£0.006)e  (21.49+0.27)c  (6.1240.15)d (27.61+0.43)d  (1.56+£0.07)b  (3.06+0.12)a
CS5  (56.24+1.13)a (50.07+0.64)a (1.123+0.008)d  (23.73+0.59)b  (6.70+£0.17)d (30.43+0.76)cd (2.3740.11)a  (2.69+0.11)a
2 CK (66.11£1.22)b  (50.11£1.08)b  (1.320+0.008)c  (24.35+0.26)ab  (7.31£0.09)b (31.66+0.20)ab  (0.64+£0.01)b  (0.70+0.02)c
CS1  (60.55+0.83)c  (42.48+0.24)d (1.425+0.011)ab (22.77+0.24)b  (6.86£0.15)bc (29.63+0.38)bc  (2.20+0.11)a  (2.09+0.10)b
CS2  (64.97£0.94)bc (44.78+0.33)cd (1.451£0.011)a  (25.33+0.65)a  (8.03+£0.08)a (33.36+0.72)a  (2.15+0.12)a  (2.41£0.11)b
CS3  (65.30£1.24)bc (45.45+0.53)c (1.436+0.010)a  (22.82+0.47)b  (5.79+0.13)d (28.61+0.60)cd  (1.93+0.08)a  (2.29+0.12)b
CS4  (71.50£1.20)a (51.57+0.45)b (1.386+0.011)b  (22.90+0.58)b  (6.77£0.08)c  (29.67+0.65)bc  (1.84+0.09)a  (3.38+0.19)a
CS5  (61.34£0.77)bc (55.23+0.47)a (1.111£0.005)d  (20.69+0.19)c  (5.66+0.05)d (26.35+0.24)d  (2.07+£0.09)a  (2.34+0.09)b
3 CK (85.13¢1.11)a  (53.91+0.90)b (1.579+£0.006)a  (24.62+0.34)a  (7.39£0.07)a (32.01+£0.37)a  (0.62£0.01)c  (0.71+0.01)c
CS1  (72.05£0.99)b  (49.91+£0.57)c  (1.444+0.003)c  (19.34+0.20)b  (5.51£0.09)c  (24.86+0.28)b  (2.07+0.11)a  (2.02+0.11)b
CS2  (67.05£1.22)b (62.2840.39)a (1.076+0.013)d  (23.60+0.42)a  (6.79+£0.05)b (30.39+0.47)a  (2.04+0.10)ab  (1.95+0.08)b
CS3  (69.27+0.43)b  (45.38+0.19)d (1.526+0.003)b  (20.52+0.19)b  (5.1240.13)d (25.64+0.32)b  (1.65+£0.08)b  (1.74+0.08)b
CS4  (83.46+1.57)a (52.25+0.84)bc (1.597+£0.004)a  (24.78+0.48)a  (7.35+£0.05)a (32.13£0.53)a  (2.09+0.10)a  (3.72+0.17)a
CS5  (66.82£1.02)b (62.15+0.43)a (1.075+£0.009)d  (17.27+0.20)c  (4.50+0.05)e (21.77+0.25)c  (1.74+0.07)ab  (1.96+0.09)b
5 CK (110.35£2.00)a (68.06+0.84)bc (1.621£0.010)b  (24.75+0.19)a  (7.24£0.06)a (31.99+£0.25)a  (0.63+0.02)c  (0.69+0.01)c
CS1  (75.74+£0.55)c  (60.42+0.46)d (1.254+0.005)c  (20.25+0.54)bc  (5.63+£0.14)b (25.88+0.67)bc  (1.86+0.09)b  (2.73+£0.15)a
CS2  (75.2840.57)c (66.18+0.27)c (1.138+0.005)d  (17.85+0.25)d  (4.83+£0.04)c (22.68+0.29)d  (1.90+0.08)b  (1.92+0.09)b
CS3  (75.81+0.55)c (77.45+£0.52)a (0.979+0.003)f  (21.61+0.58)b  (5.84+0.08)b (27.45+0.66)b  (1.81+£0.08)b  (2.85+0.11)a
CS4  (98.56+0.59)b  (51.73+£0.39)e (1.906+0.007)a  (24.42+0.56)a  (7.59+£0.07)a (32.01+0.63)a  (2.51+0.12)a  (2.51%0.13)a
CS5  (74.85£1.29)c  (69.13+£0.68)b (1.083+0.008)e  (18.65+0.51)cd  (5.00£0.13)c  (23.65+0.64)cd (1.64+0.07)b  (1.74+0.08)b
7 CK (123.59£2.59)a (82.50+1.15)a (1.498+0.016)a  (24.65+0.20)a  (7.41£0.04)a (32.06+0.24)a  (0.60+0.01)d  (0.70+0.01)c
CS1  (79.83£1.25)d (61.64+0.49)d (1.295+0.010)c  (19.01+£0.20)c  (5.42+0.10)c (24.43£0.30)c  (2.26+0.13)b  (2.77£0.11)a
CS2  (75.98+£0.31)d (74.87+0.41)bc (1.015+£0.002)e  (13.83+0.12)d  (4.04+0.11)d (17.87+0.23)d  (1.73+£0.06)c  (1.20+0.06)b
CS3  (86.02£1.06)c (77.74+0.39)b (1.106+£0.008)d  (24.29+0.27)a  (7.15+£0.16)a (31.44+0.43)a  (1.69+0.08)c  (2.38+0.12)a
CS4  (102.15+0.48)b  (72.50+1.16)c (1.410+0.018)b  (22.18+0.61)b  (5.99+0.07)b (28.17+0.68)b  (2.67+0.11)a  (2.62+0.12)a
CS5  (76.15+0.57)d  (73.26£1.13)c  (1.040+0.008)e  (10.00+0.25)e  (3.2840.09)e (13.2840.34)e  (1.81+£0.07)c  (2.35+0.10)a
14 CK (146.15+2.83)a (97.15£1.67)a (1.504+0.012)a  (24.64+0.52)ab  (7.28+0.00)b (31.92+0.52)a  (0.61+0.01)d  (0.68+0.01)d
CS1  (94.77£1.50)c  (67.41£0.36)d (1.406+0.015)b  (15.71+0.21)c  (4.54+0.04)d (20.25+0.25)c  (2.3240.12)a  (3.64+0.14)a
CS2  (93.18£1.36)cd (75.77+£0.93)c (1.230+£0.007)d  (17.47£0.33)c  (4.39£0.04)d (21.86+0.37)c  (1.37£0.05)c  (1.55+0.09)c
CS3  (97.07£0.35)c  (78.42+0.34)c (1.238+0.002)d  (25.28+0.59)a  (8.04+0.17)a (33.32+0.77)a  (1.33+£0.07)c  (2.34£0.11)b
CS4 (111.81£1.31)b (84.57+0.65)b (1.322+0.009)c  (23.04+£0.44)b  (6.17£0.15)c  (29.21+0.59)b  (1.68+0.07)bc  (2.34£0.11)b
CS5  (86.28+£1.03)d (84.23£1.57)b (1.025+0.007)e  (12.32+0.22)d  (3.17£0.09)e (15.49+0.31)d  (1.86+0.09)b  (2.22+0.11)b
28 CK (168.53+2.82)a (112.10£1.69)a (1.503+0.007)b  (24.64+0.52)a  (7.39+0.05)a (32.03+£0.57)a  (0.58+0.01)d  (0.66+0.01)c
CS1 (110.6940.78)c  (93.33+0.64)c (1.186+0.003)e  (18.52+0.16)b  (4.58+0.07)b (23.10£0.22)b  (1.85+0.09)ab  (2.29+0.10)ab
CS2 (115.73£1.34)c  (92.94£1.01)c (1.245+0.001)d  (17.49+0.34)b  (4.38+£0.09)bc (21.87+0.43)b  (2.13+0.11)a  (2.36+0.10)a
CS3  (126.06+1.38)b  (78.67+£0.43)d (1.602+0.009)a  (15.90+0.23)c  (4.14+0.05)c  (20.04+0.28)c  (1.72+£0.09)b  (1.92+0.09)b
CS4 (129.51£1.01)b (102.18+0.94)b (1.268+0.010)cd (13.87+0.27)d  (3.46+0.03)d (17.33£0.30)d  (1.20+£0.06)c  (2.35+0.09)a
CS5 (114.51£1.10)c  (88.17+1.43)c (1.299+£0.009)c  (10.20+0.22)e  (3.15£0.08)e (13.35+0.30)e  (1.73£0.07)b  (2.24+0.10)ab
42 CK (183.23£3.06)a (136.44+2.95)a (1.343+£0.008)b  (24.66+0.45)a  (7.32+0.08)a (31.98+0.48)a  (0.54+0.01)e  (0.64+0.01)d
CS1 (124.67+£0.81)c (101.23+0.69)bc (1.232+£0.003)c  (15.76+£0.39)b  (4.71£0.03)b (20.47+0.42)b  (1.97+£0.10)b  (2.42+0.13)ab
CS2  (127.64+2.23)c  (95.10£1.06)c  (1.342+0.009)b  (15.97+0.37)b  (5.05+0.13)b (21.02+0.50)b  (2.45+0.10)a  (2.72+0.12)a
CS3  (127.3741.15)c  (93.9240.92)c (1.356+0.002)b  (12.83+0.27)c  (3.434£0.07)c  (16.26+0.34)c  (1.57+£0.06)c  (1.76+0.08)c
CS4  (150.67+2.28)b (103.32+0.86)b (1.458+0.010)a (7.34+£0.09)d  (2.48+0.02)d  (9.82+0.11)d  (0.93£0.04)d  (1.94+0.09)c
CS5 (122.83+0.97)c (131.59+2.19)a (0.934+0.008)d (8.5740.15)d  (2.68+0.03)d (11.25+£0.18)d  (1.79+0.08)bc  (2.18+0.09)bc

)5 AN ) B ) — f T b B IA] £ 22 537 e i 2 X (P<0.05).
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7. 14 d B, AP A HR EE2EN S A AR fif
R H/NT CK Y, 42 d i, CS4 pya B 2Ent
R ARBE R eIk, A 1.458+0.010, BE KT H
AL PR ; CSS MM FLZE M SR R EE T He e/,
A 0.934+0.008, B E/NTHABAFER); CK. CS2
Fl CS3 A AR FLZE M AR AR e ot L) A 22 5 TG
GiilEE . BIRKRE, 5 MbBd T, CS4 HFE
MR AR AT, FUE 4 0 NEBR R INFE— e R
FZEfR T Cd-SMX B A 15 YR ARk
22 Cd-SMXEATBRETARKFHTEREM

REESENEM

M 1 ATHI, CS1 Al CSS &ML F Chla,
Chlb F1 Chlt JiTi 53 Z b b FRA ] A3 A 52 T
Fafavs, 28 d A CS1 A1 5, 14d By CS5 K 42 d )
CS1 [ Chlb F&4k); CS2 FMRE N F Chla, Chlb F
Chlt 5t 5t 435 bifi b FRASF (] A 38 fin S0 ke, T 7 d
IHABIRAL, PG XA R IHE TiRE; CS3 &
FRFLIH- Chla, Chlb F1 Chlt Jitek 43 B Ak Bt ]
(BN S T R, 5~14 d WISEHT EFHRE B IEH
AOF-( = F CK ), BfifESUTRE, 42 d BHRAR;
CS4 FHIHEMH- Chla. Chlb #1 Chlt JFH /0 Ektiskh
FHES A A48 5 EFF, Chla F1 Chilt B3 %07E 3 d
BN E Ry, Chlb BT 4r40U7E 5 d BF kB e,
Bl B HTREAR, 14 d B U TR, RS X 2RIk
%, 42 d i} Chla, Chlb FI Chlt FRE3%00%1 K
(7.34+0.09) ., (2.48+0.02). (9.82+0.11) mg/g, 55N
1 d BFAY 34.16%. 40.52%. 35.57%, ZEHMLT 42d
B} CS1. CS2 M CS3 1, 5 CS5 MERTHIT#E
X, 42 d W, AFRZH AN E Chla, Chlb 1 Chlt
JREP B AR T CK 1y, Hodb CS2 ks, 4
B 49(15.97+0.37), (5.05£0.13), (21.02+0.50) mg/g,
i CK 1) 64.76%. 68.99%. 65.73%.

23 CAd-SMXEATETARKFEHTERER
TS EEN

AR 1AL, [ —Ab R E], FRAR 2R AR
MY MDA FaijREmT CK i, FRAEMRR
MDA Ak 5 FZE0t MDA (1. 2. 3d ¥
CS1 13, 7dCS25 7dIHCS4 AN, CS4 #
HRFLZEN MDA % sl Ab BRE ] () 8 i se Tt &, 7 d
AR E, N(2.67+0.12) nmol/g, FifiJm B Wi FAAR ;
CS2 FEMIHZEN MDA 51t Fiti Ak R BSHA] (388 i S

i, 14 d FHABHRAK, H(1.37+0.05) nmol/g, )5
BN ; CS1., CS3 fil CS5 FAREZEN MDA %
s AR E RS, 51 d BSAELE, 42 d B
CS1 # & MDA it it , HAhAb 38 Ay T4 k%
% ARG FET, CS4 407 3 d IFAYHE 2R MDA
S, H(3.7240.17) nmol/g, FLUKE CS1 4b¥E
14 d B AR 22 MDA 7 85005 , (3.64+0.14) nmol/g,
I CS2 4bFE 7 d BFUAR 2R MDA & =NIZE 5 A3
AR, M(1.20£0.06) nmol/g.

1. 2dHf, BR CK4h, CS4 fEMRE 25 MDA
PP TFIHADAN LA (1 d B CS4 (W25 MDA
T HAAN B ), FIFRZR MDA & &35
FHABAL BRL K2 d B} CS4 (AR &2 MDA W& 5T
HABALFEZ(Y), 42 d BF, CS4 FHRELH MDA 7 &
BEET CK MERELTIHMAARA N, KA
MDA i1 CK., CS3 (), (AR T H AL BRZ 7,
W] CS4 XFEAREL MDA & 2 B SOR B

24 Cd-SMXEETRETARIKEHMITEREN
BEHHEN

FARFE v 84 Pn. Gs. Ci. £ 3 RE|K-FHE
T CA-SMX H 475 42ty of) 2

JAFE 2 BT, AE 3~28 d Bisf, Fifi A B E] (388
FriErt Pn BRI EAHE R EE(CSS Br
A1), CS4 BFARE M Pn £ 7 d B ikfRe i, M(21.09+
0.45) umol/(m?'s), %% 1 d BHH4RTF T 122%; 7E 42 d
iF, CS1., CS2 fil CS5 WAMIELN Pn B4kEE FIE,
Il CK.. CS3 il CS4 MM E I Pn ] -7, UiBHIE
B HA AT AR B AR S 1) P KO
42 d i, CS4 FMEN Pn 35 & T H A FLY,
7(19.55+0.44) pmol/(m?-s).

CS1. CS2 il CS5 MAEHEL E Pl Ak BRI ] (1) 2%
e P AL, Je ETHEREIR(~3 d B CS1
F15 d BF CS5 HIBRAL), T CK Fl CS3., CS4 AR
FEWITE 5. 28 d BHABARACE G They, R R
Bl LT, 7 42 d BHER R RKF; 42 d B CS4
FIFEREL E 4 (4.05+0.05) mmol/(m?'s), B& & TH:
AL FRLH Y, 2. 3. 14, 28 d I} CS5 IFRE E
R T HALR G B CS2 MM EAE T d
WA B, H(3.68+0.04) mmol/(m?'s), BEE T 7d
e A AR HRZE 1)

2.4.1
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Table 2 Photosynthetic parameters of vetiver grass under different treatment times and phosphorus levels with Cd-SMX co-contamination
W) g AOEEHER LS AR COMIE/ AR AL ﬁi)ﬁb‘ﬁﬁ% i‘?i@ CO; ﬂf)#ﬁ%?ﬁfﬁkﬁ
d (umol'm™-s7)  (mmol'm=2-s) (umol'm=2-s") (mmol'm2-s™) FIFRCR Y FIRRE % FIFHRCEEY%
1 CK (1421£0.16)b (10.29+0.02)a (175.29+2.38)d  (1.57+£0.01)b (0.58+0.01)c (1.42+0.02)b (8.11£0.20)c (9.06+0.10)c
CS1  (14.68+0.19)a  (8.75+0.12)b (127.57£291)e  (1.57+0.02)b (0.69+0.01)a (1.47£0.02)a  (11.51£0.35)b (9.35+0.10)b
CS2 (14.67+0.08)a  (7.31+0.05)d (73.87£3.06)f  (1.18+0.03)d (0.82+0.01)b  (1.47+0.01)a  (19.90+0.94)a  (12.45+0.23)a
CS3  (12.72+0.04)c  (10.03+0.18)a (193.72+3.69)c  (1.61+0.02)a (0.53+0.01)d  (1.29+0.01)c (6.57+0.13)d (7.90+0.11)d
CS4  (9.50+0.11)e  (8.13+0.85)c (210.21+16.72)b (1.33+0.11)c (0.49+0.04)e (0.94+0.02)e (4.54+0.30)f (7.18+0.49)e
CS5 (11.36+0.16)d (10.29+0.02)a (219.94+2.41)a  (1.57+0.01)b (0.47+0.01)f (1.14+0.02)d (5.17£0.13)e (7.2440.10)e
2 CK (1491£1.06)a  (8.35+1.17)a (115.45427.47)cd (1.95+£0.26)a (0.73£0.06)ab  (1.49+0.11)a  (13.66+3.39)b (7.74+0.65)c
CS1  (12.40+0.85)c (6.82£0.40)c (124.92+10.61)bc (1.56+0.08)c (0.71+0.02)bc ~ (1.24+0.08)c  (10.02+1.32)cd  (7.96+0.30)bc
CS2  (13.25+0.37)b  (7.04+0.32)c (112.71£6.75)cd  (1.59+0.07)c  (0.74+0.02)ab  (1.33+0.04)b  (11.79£0.56)bc  (8.32+0.15)ab
CS3  (14.56+t1.49)a  (7.65+0.95)b (101.12+£39.38)d (1.73+0.18)b (0.76+0.09)a (1.46+0.15)a  (16.95+7.13)a (8.50+0.92)a
CS4  (12.16+0.44)c (7.37£0.54)bc (138.78+£21.52)b  (1.61+0.12)bc (0.67+0.05)c (1.22+0.04)c (8.99+1.56)de  (7.60+0.62)c
CS5  (12.23+0.82)c (8.50+1.01)a (172.19+£19.65)a (1.98+0.22)a (0.59+0.05)d  (1.22+0.08)c (7.17£0.76)e (6.21+0.45)d
3 CK (15.81+0.82)c (7.39+£0.14)a (118.80+15.88)a (2.45+0.02)a (0.76+0.03)e (1.58+0.08)c  (13.60+2.29)b (6.46+0.34)d
CS1 (14.54+0.35)d  (3.82+0.13)d — (1.31£0.04)d  (1.38+0.06)a (1.45+0.03)d (11.12+0.58)a
CS2  (16.56+£0.47)b  (5.38+0.32)c — (1.78+0.09)c  (1.12+0.04)b (1.66+0.05)b (9.34+0.26)b
CS3  (11.98+0.30)f  (5.29+0.09)c  (76.54+14.78)b (1.78+0.04)c (0.83+0.03)d  (1.20+0.03)f  (16.63+5.56)b (6.72+0.31)d
CS4  (13.75£0.71)e (6.52+0.04)b (115.67£17.79)a (2.08+0.01)b (0.76+0.04)e (1.37+0.07)e  (12.3243.01)b (6.61+0.35)d
CS5 (18.80+£0.72)a  (7.43%0.12)a (56.51+14.63)c (2.45+0.02)a (0.88+0.03)c (1.88+0.07)a  (35.38+8.72)a (7.69+0.30)c
5 CK (16.77£0.70)d  (8.99+0.80)b (102.45+17.72)a (2.30+0.23)b (0.76+0.04)e (1.68+0.07)d  (16.80+2.63)ab  (7.35+0.53)e
CS1  (16.53+0.42)d  (8.89+0.45)b (100.11+8.82)a  (2.12+0.10)c (0.76+0.02)e (1.65+£0.04)d  (16.63+1.47)ab  (7.81+0.23)d
CS2  (20.54+0.15)a  (9.75+0.27)a  (55.95£7.39)c  (2.43+0.06)a (0.87+0.02)c (2.06£0.02)a  (37.35+5.14)a (8.47+0.18)c
CS3  (15.83+0.25)e (5.76+0.46)c — (1.47£0.08)e  (1.11£0.07)b  (1.58+0.02)e (10.77+0.42)b
CS4 (17.76£0.34)b  (5.33+0.36)d — (1.35+£0.09)d  (1.31£0.06)a (1.77+0.03)b (13.16+0.63)a
CS5  (17.33+0.77)c (8.67+0.88)b  (80.72+£21.61)b  (2.22+0.26)bc (0.81£0.05)d  (1.73+0.08)c  (23.12+6.57)ab  (7.89+0.70)d
7 CK (17.99+0.33)e (14.35+0.33)b (259.59+7.27)b  (3.29+0.03)b (0.47+0.01)e (1.80+0.03)e (6.94+0.31)e (5.46+0.14)d
CS1  (16.95+0.34)f (10.17+0.20)e (196.05£2.25)e  (2.35+0.01)e (0.60+£0.00)b  (1.69+0.03)f (8.65+0.21)c (7.22+0.12)b
CS2  (18.53+0.89)d (16.67+0.46)a (283.89+£6.03)a  (3.68+0.04)a (0.42+0.01)f (1.85+0.09)d (6.54+0.44)f (5.04+0.20)e
CS3  (19.53+0.37)b  (12.2240.32)c (209.22£7.53)d  (2.73+£0.03)c (0.57+0.02)c (1.95+0.04)b (9.35+0.43)b (7.16+0.16)b
CS4  (21.09+0.45)a (11.08+0.08)d (157.90£4.99)f  (2.48+0.02)d (0.68+0.01)a (2.11£0.04)a  (13.38+0.69)a (8.4940.15)a
CSS  (18.96+0.22)c  (14.32+0.29)b (248.27+£6.09)c  (3.28+0.02)b (0.49+0.01)d  (1.90+0.02)c (7.64+0.26)d (5.7840.09)c
14 CK (1832+047)b (15.26+0.69)a (216.32+13.64)b (3.75£0.10)a (0.50+0.03)e (1.83+0.05)b (8.51+0.74)c (4.90+0.24)e
CS1 (15.95+0.74)d (12.04+0.54)c (195.61£7.45)c  (2.78+0.13)c (0.55+£0.02)d  (1.60+0.07)d (8.17+0.50)cd  (5.74%0.18)d
CS2 (17.51£0.24)c  (11.42+0.29)d (164.78+4.57)e  (2.63+0.10)d (0.62+0.01)b  (1.75+0.02)c  (10.64+0.37)b (6.66+0.23)b
CS3  (17.48+0.77)c  (10.31+0.27)e (138.71£16.34)f (2.41£0.05)e (0.68+0.04)a (1.75+£0.08)c  (12.87+2.38)a (7.27+0.46)a
CS4 (18.77+0.52)a  (12.80+0.31)b (183.09+4.74)d  (3.09+0.07)b (0.59+0.01)c (1.88+£0.05)a  (10.26+0.49)b (6.07+0.08)c
CSS  (17.29+0.18)c  (15.12+0.56)a (225.41+£8.88)a  (3.73+0.08)a (0.48+0.02)f (1.734£0.02)c (7.68+0.38)d (4.64+0.15)f
28 CK (16.25+0.18)a (17.04+0.27)a (229.13+3.04)b  (3.69+0.05)a (0.43+0.01)e (1.63+0.02)a (7.09+0.16)b (4.41+0.08)d
CS1  (12.31+0.10)c (8.970£0.15)e (172.96+4.36)e  (1.95+0.02)e (0.58+0.01)a (1.23+0.01)c (7.12+0.22)b (6.31£0.09)a
CS2  (12.40+0.46)c  (11.70+0.36)b (219.47£7.27)c  (2.48+0.08)b (0.46+0.02)d  (1.24+0.05)c (5.66+0.36)c (5.00+0.21)c
CS3  (13.49+£0.67)b  (10.77+0.51)c (188.38+£5.25)d  (2.37+0.11)c (0.54+0.01)c (1.35+£0.07)b (7.17£0.49)b (5.70+0.15)b
CS4  (13.27+0.59)b  (10.16+0.10)d (175.90£10.79)e (2.29+0.01)d (0.57+0.03)b  (1.33+0.06)b (7.59+0.76)a (5.79+0.25)b
CS5 (13.39+0.18)b  (17.04+0.27)a (256.32+£2.69)a  (3.69+0.05)a (0.36+0.01)f (1.34+0.02)b (5.23+0.11)d (3.63+0.07)e
42 CK (18.31£0.45)b (17.79£0.20)a (161.73+3.94)b  (4.05+0.05)a (0.54+0.01)d  (1.83+0.05)b  (11.33+0.53)b (4.5240.07)e
CS1 (9.57£0.12)e  (7.18+0.05)e (121.1242.96)d  (1.44+0.02)e (0.65+0.01)b  (0.96+0.01)e (7.91£0.29)c (6.65+0.07)a
CS2  (11.53+0.45)d  (8.2840.23)d (101.79£7.08)e  (2.01£0.02)d (0.70+0.02)a (1.15£0.04)d  (11.40£1.20)b (5.74+0.19)b
CS3  (14.66+0.12)c  (17.2840.29)b (190.64+2.34)a  (3.69+0.05)b (0.45+0.01)e (1.47+0.01)c (7.69+0.13)c (3.97+0.07)f
CS4  (19.55+0.44)a (17.79+0.20)a (150.43+4.00)c  (4.05+0.05)a (0.57+0.01)c (1.96+0.04)a  (13.01+0.61)a (4.83+0.07)d
CS5 (11.61+£0.61)d  (8.46+0.07)c (106.00+11.84)e (2.24+0.02)c (0.69+0.03)a (1.16+0.06)d  (11.14+1.67)b (5.19+0.27)c

[ SUA ) B ] —Ief T b BRI ) 22 57 A e 1238 X (P<0.05).
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B Ab BRISHE) A AT, CS1 1 CS5 HYFFARELM:
Gs SR P JeREIE THm PR B T CS3
1 CS4 AR Gs W52 Je FRAR S T i PR A1 e
& NFHE R s, CS3 IITE 3 d kA%, CS4
ITE 5 d BHEIRAR; CK MR E N Gs 2ef#ILE
Fr ek, 7€ 3 d kR k. 28 d B, CSS H#&
WREM Gs 5 CK MZERTSIFEXL, BE&ST
HARBEALBRLH s T 42 d I, CS4 IIERE Gs 5
CK MZERLGEIFE N, BE R TIHMBE A
W ZEANTE, CS4 AbFHRIN A vk F R At B
Gs Kz A4, et B S ALATHF, 3=
fL CO et , A H TR ILIE R YA ER

AbF 3 d B CS1, CS2 FiIAb¥EE 5 d Bf CS3, CS4
FIAARELRT CiARERIZY, AERToIL I has R, Xl
BB R Cd-SMX B E T “BptE4arain”
SRS AR EA AERAL A, RN H R TG
IEECAER, B RS AL 30 S A a j
DFTHE, NI THFER 4L Py COL T2 CO.
T, I Ci AR, REHESH . CK. CS1, CS2
1 CS3 WAL Ci T 7 d I ikt , 11 CS4 A
16 1d Wi, 14 d PR, CS5 ITE 28 d B o

2.4.2 FA4RFEetLs. WUE. CUE. LUERt RE)K-F5E
T CAd-SMX & 4&75 4 6478

MFE 2 BTH, Cd-SMX EAT5 AT, b
ALPERSFE] A3, CS1 F CSS HIAFHI I Ls 256
Fm JE AL = p a3 CS1. CS2 1 CS5 A7
HRELM: Ls 78 3 d B ikd s, 1 CS3 Fil CS4 Ay I7E
5dfikfE . XFEM, 7 1~3 diF, CS1, CS2 Al
CS5 MIAHEE Pn BT FIRE AR A A LR il K 2=
FARSLRR IR R AL mZm, A LRSI A
SHEK, WTE 5~42 d i, KA FLRR I FE
SE; fE 1~5 d I, CS3 Fl CS4 IFEMRH Pn 19T is
FRRAR 2 SALBR G R Z g, MirE 7~28 d i,
FIHAETFLBR SR 2 gm, 1€ 42 d B, RN
FLBR I A R P

51 ditHEE, 42 d RFAE MR B WUE 3
TRE; CS1MFREN J- WUE F4b# 3 d B ik
5, CS3. CS4 Ml CS5 BFALFE 5 d Bk, CS2
FYNALRE 1 d B s s 5 d B, CS4 IR Bt
WUE “4(13.16+0.63)%, 2% = FIHABALFRALY,
1M 42 d B, CS4 MAEMRE i WUE [T CK

CS3 1.

CS1 A1 CS2 MFAREL CUE ¥T4b3 3 d ik
DEAE, AP S d A e, T CS3 Fi CS4 B
R CUE FACPE 3 d B8, 7EARFE 5 d Bl 4k
P, HERSEAREMN Ci7E 3. 5 d BFEREv 5
PEICPIHEA X, [FEf5 Pn, WUE, Ls7£3., 5d
AR R A Ko

£ Cd-SMX Z A5 YL Ab T, B FRAS [ () 184
hn, CS1 1 CS2 WM LUE SBh ek 5 T+
PR S CS4 AR ELI LUE N 23RS+
JE B BT, 1E 7 d BRAER K, MR 11+
0.04)%, 7F 42 d B4R ; CS1, CS2 #l CS5 IF
HRHELM LUE 7EARIR 42 d IPH 5 PR, X
T S (AL BRAT R A AR YRR R LUE /KF-o

BUORE, AT T AR KEBE A P
HR%E WUE .CUE ,LUE %M i 3 , #.9% WUE,CUE,
LUE $5/S bt Ak P B[R] A 35 i R4S, R SEAS Rt
FEAEIE B K- BRHIT , 15 24 A NERE AN I (CS4)RESE A
R EAAREIE W PG EER R, ZffE Yy
FYEH.

25 Cd-SMXEATETARKFHITEREN
FRERRABEHET

MFE 3 ATHI, 5 CK A, Cd-SMX HA&T154
A FEACE AN B B AR 1 P Foa B F Fo 3 03
TR £E 42 dISF, CS3 1 CS4 [FAR B Fo/Fo Fl
FuF, .35 5T CS2 F1 CS5 1, %0 180,240 mg/kg
BRALFEXS Cd-SMX & A15 Y B —E B AU

FEE AL B E A3, CS1 MIBFHRE Dpsy .
ETR. qP(28 d I} qP BRAMIFRIN ST PRy
A, Ho, dpsu il ETR 7E 5 d A AR, 4 0.196 0+
0.036 7 F186.21£16.16, qP WI7E 7 d Wik, N
0.415 240.005 7; CS2 H1 CS5 Y dpsu. ETR Fil qP
BIFE 14 d BHARGEKY, 16 42 d P 2R N R R
7K -3 CS3 £ Dpsi. ETR F1 qP $4T 28 d B ikis
Ei/KFs CS4 Y Gpsu Al ETR 1E 3 d Bk K,
qP WIZE 7 d B k4= Ko

42 d Bf, B CS3 FME NPQ KT CK
Ak, CA-SMX 41554 N AR F- B b P A AR
FNPQ 5 CK A2 R G248 5 CS1 A
HEFLNPQ FALHE 5 d BRIk, {8 1.282 6+0.104 3,
J9 1 d B 64.69%, CS2 RUTE 14 d k&R, K
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#3 Cd-SMX E&IFRTARLENEMBKFHERENHERASH

Table 3 Chlorophyll fluorescence parameters of vetiver grass under different treatment times and phosphorus levels with Cd-SMX

co-contamination

Bffal/d AbER SERRGARERCRE BOBERCE WAECIReE BRI RE AR K R
1 CK  (1630+041)a  (7830:024)a  (36.09+0.51)a  (71.34x1.81)a  (36.26+1.07)a  (185.34+0.32)bc
CS1  (7.06£0.23)bed  (75.584024)b  (31.30£0.39)b  (30.8341.04)bcd  (17.8940.71)bc  (198.27+2.84)a
CS2  (8.49+0.87)bc  (75.48£029)b  (31.1340.49)bc  (37.1843.80)bc  (21.90+2.40)b  (190.03%3.10)ab
CS3  (527x0.17)d  (74.88+03D)bc  (30.18£0.49)bc  (23.10£0.78)d  (13.56+0.54)c  (177.35+1.32)c
CS4  (8.96£0.45b  (75.984032)b  (3L.67+0.56)b  (39.20£1.99)b  (22.34+124)b  (179.67+0.34)be
CS5  (6.57£020)cd  (74.244025)c  (29.14+0.38)c  (28.730.85)cd  (17.31+1.10)bc  (174.16+4.56)c
2 CK (1676£045)a  (78.1320.23)a  (35.75£048)a  (7337£1.96)a  (37.47£1.06)a  (185.92+0.32)bc
CS1  (7.62£024)bed  (76.19£021)b  (32.01£037)b  (33.294£1.07)bed  (19.54+0.74)bc  (197.29+2.83)a
CS2  (9.06£0.87)bc  (76.08£0.29)b  (31.8340.50)b  (39.6543.80)bc  (23.60+2.45)b  (189.1643.09)ab
CS3  (5.99£0.17)d  (75.524030)bc  (30.88+0.49)bc  (2626£0.77)d  (15.6240.57)c  (176.28+1.31)cd
CS4  (9.48+0.49)b  (75.784032)bc  (31.31£0.56)bc  (41.5142.15)b  (23.77+#1.27)b  (178.86+0.33)bed
CS5  (7.16£020)cd  (74.794025)c  (29.68+0.39)c  (31.34+0.88)cd  (18.38+0.78)bc  (173.31+4.54)d
3 CK  (16824046)a  (77.84£0.15)a  (35.13£030)a  (73.86£2.30)a  (35.26£121)a  (175.5542.83)b
CSI  (11.09£0.74)b (75294035  (30.49+0.57)b  (48.784336)b  (25.63+1.79)b  (151.95+1.27)e
€S2 (9.33£0.18)b  (75.83£024)b  (31.38£0.40)b  (40.84+0.77)b  (21.9840.45)bc  (167.27+1.28)bc
CS3  (6.87£021)  (75.43£036)b  (30.74+0.59)b  (30.10£0.90)c  (16.66+0.65)d  (162.64+1.68)cd
CS4  (10.19£0.42)b  (75.784035b  (31.3240.60)b  (44.7742.03)b  (23.43+1.17)b  (157.2442.96)de
CS5  (6.77£0.09c  (75.93+027)b  (31.57+047)b  (29.60+039)c  (18.08+031)cd  (194.40+1.70)a
5 CK (15.102037)ab  (77.93£027)a  (3533£0.55)a  (66.13£1.59)ab  (33.2840.94)ab  (182.39+2.73)a
CSI  (19.60£3.67)a (754140356 (30.69+0.57)b  (86.21%16.16)a  (40.08+6.77)a  (128.26+10.43)b
CS2  (8.44+049)bc (7527402006  (30.45:0.33)b  (36.9542.14)bc  (22.47+1.49)bc  (187.1242.22)a
CS3  (5.87%026)c  (76.224025)b  (32.07%0.44)b  (25.75+1.19)c  (15.55+0.70)c  (184.352.76)a
CS4  (637+048)c  (76.14£030)b  (31.93+0.52)b  (27.90+2.07)c  (16.05+133)c  (177.62+2.29)a
CS5  (9.04£0.19bc  (76.02£033)b  (31.73£0.57)b  (39.60+0.80)bc  (21.76+0.57)bc  (172.58+2.09)a
7 CK  (15.56£0.15)b  (78.48+0.33)a  (36.51£0.71)a  (68.05£0.66)b  (41.2540.70)a  (206.10+4.37)a
CSI  (17212020)a  (73.3240.18)bc  (27.494025)bc  (75.37+0.85)a  (41.5240.57)a  (144.92+1.04)c
CS2  (7.64+049)c  (73.80£023)b  (28.1940.34)bc  (3339+2.14)c  (23.16+1.47)bc  (186.62+3.85)ab
CS3  (4.5320.14)d  (73.46+0.19bc  (27.69+026)bc  (19.81£0.63)d  (15.2040.60)d  (184.35+2.76)ab
CS4  (8.320.14)c  (72.6840.17)%c  (26.60£0.230)c  (36.38+£0.59)c  (25.69+0.47)b  (169.48+4.17)bc
CS5  (7.30£028)c  (74.09+0.16)b  (28.61%024)b  (32.00£121)c  (19.07+1.53)cd  (156.69+12.69)c
14  CK (13.6740.14)b  (78.14£024)a  (35.78+0.50)a  (59.75£0.61)b  (30.12£047)b  (187.78+2.67)a
CS1 (12262055  (75.06£031)bc  (30.1240.50)bc  (53.6842.43)c  (28.96:1.34)b  (148.56+1.90)d
CS2  (1747x021)a  (75.16£020)bc  (30.27+0.31)bc  (76.4140.96)a  (38.98+0.88)a  (134.86+2.82)e
CS3  (12.70£022)bc  (74.59£0.28)b  (29.3840.43)c  (55.5940.93)bc  (29.55+0.69)b  (140.65+1.83)de
CS4  (7.04£0.10)  (76.06£028)b  (31.7940.49)b  (30.79+0.44)e  (17.10+033)d  (162.76+2.82)c
CS5  (9.17x026)d  (76.174030)c  (31.99+0.52)b  (4038+121)d  (22.6120.69)c  (174.77+0.85)b
28 CK  (13.824036)a  (78.730.15)a  (37.02£0.33)a  (60.47+1.58)a  (34.02£0.92)a  (210.03£1.29)a
CSI  (12.04£071)b  (75.97+03D)b  (31.64+0.54)b  (5247+3.05)b  (31.09+1.68)a  (189.94+0.56)b
€S2 (6.93£0.18)d  (75.86£0.12)bc  (31.434021)bc  (30.2440.79)d (18.39£0.77)bc  (192.78+7.89)b
CS3  (15.12+0.12)a  (75.8540.42)bc  (31.45£0.72)bc  (66.13+0.53)a  (34.5940.18)a  (149.22+2.03)c
CS4  (5.70:037)d  (74.824025)bc  (29.72+0.38)bc  (24.95+1.61)d  (16.28+1.07)c  (193.65+1.29)b
CS5  (8.61£025)c  (74.71£027)c  (29.5540.42)c  (37.67+1.06)c (22.30:0.67)b  (193.07+2.23)b
42 CK (15514023)a  (77.55:020)a  (34.55:040)a  (68.13:123)a  (33.60£0.80)a  (194.33+3.06)a
CSI  (424£024)b  (75.294027)cd  (30.48+0.44)ed  (18.66+1.12)b  (11.32+0.59)b  (196.95+2.12)a
CS2  (3.14%0.30)cd  (74.974024)d  (29.96+0.38)d  (14.01£1.43)cd  (7.9940.80)c  (190.02+2.09)ab
CS3  (423£0.16)b  (7637+023)b  (32.332041)b  (18.5240.70)bc  (10.27+0.47)bc  (179.99+2.84)b
CS4  (3.97x0.14)bc  (7625+026)bc  (32.12+0.46)bc  (17.4240.64)bc  (10.24+0.47)bc  (192.70+3.70)ab
CS5  (2.65£020)d  (74.87+022)d  (29.81£034)d  (11.57+0.84)d (7.48+0.62)c  (200.17+3.50)a

(RIS ANTR) B 7] — Ff ] b BRI] £ 22 53 A e i 3 (P<0.05) . AR SEBROLILARCR | SO ba8oi . et K R BRIk

SRR FZ B LU EAR <1023, TELEEAL EBOR LU AR <10 11
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