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Abstract; Taking the parent Taxodium distichum ( Linn.) Rich. as the control, the effects of different
concentrations and treatment times of Cr stress on growth, antioxidant system, and photosynthetic system
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of ¢ Zhongshanshan 406’ seedlings were compared by using hydroponic simulation experiments. The

results show that the variation degrees of relative growth rate and relative water content, and relative
conductivity, leaf chlorophyll content and malondiadehyde (MDA) content in leaves of ¢ Zhongshanshan

406 seedings are smaller than those of T. distichum under medium concentration (5.00 wmol » L™") and

high concentration (20.00 wmol - L™") of Cr treatment for 28 d. With the increase of Cr concentration
and the extension of treatment time, the activities of superoxide dismutase (SOD) and peroxidase ( POD)

of leaves of ‘Zhongshanshan 406’ seedlings show a tendency to increase in general, while the SOD and

POD activities of leaves of T. distichum seedlings show a tendency to first increase and then decrease,
and ‘Zhongshanshan 406’ can maintain relatively high antioxidant enzyme activities in the later stage of
treatment (28 d). Compared with the control (0.00 mmol - L™ Cr), the variations of maximum
photochemical efficiency of PSIl (F /F, ), effective photochemical efficiency of PSIl (F '/F,"), and
actual photochemical efficiency of PS Il (@, ) of leaves of ‘Zhongshanshan 406° seedlings are not

great in general under the treatment of 1.25 and 5.00 wmol + L™ Cr, while these three chlorophyll

fluorescence parameters of T. distichum significantly decrease under 5.00 wmol + L™" Cr treatment, and

the decrease degree under 20.00 wmol - L™ Cr treatment for 28 d is obviously greater than that of
¢ Zhongshanshan 406’ ; with the extension of treatment time, the nonphotochemical quenching coefficient
(NPQ) of leaves of ‘ Zhongshanshan 406’ seedlings shows a tendency to increase in general, while that
of T. distichum remains relatively unchanged since treatment for 14 d. The relative growth rate of the two

plants under Cr stress has relatively high correlation degrees with both photosynthetic system indexes
( chlorophyll content, F /F, value, F,'/F,' value, and @, value) and antioxidant system indexes
(SOD activity, POD activity, and MDA content) of leaves, and there are also relatively strong
correlations of @, value and chlorophyll content with antioxidant system indexes. In conclusion,
¢ Zhongshanshan 406° and T. distichum exhibit certain growth adaptability to low concentration ( 1.25

pwmol - L") Cr stress, and ‘ Zhongshanshan 406’ shows stronger resistance to medium and high
concentrations of Cr stress. Relatively strong PSII photochemical performance, antioxidant capacity, and
PSTI heat dissipation ability under Cr stress are important mechanisms for ‘ Zhongshanshan 406’ to
maintain a relatively high growth rate and defend against photoinhibition and photodamage.

Key words: Cr stress; ‘Zhongshanshan 406’ ; Taxodium distichum (Linn.) Rich.; growth; antioxidant

system; photosynthetic system

Cr( EZ M8 15 Y SR A H G R 75 ¢,
HATFRS M9 S5 F MRS HE AL, Cr B 5 oA )
W, LA AR RSB I A R SR BRI E i B
FEFEANARIN, o8 NS B IR E ™ Bt o T
AR, Cr (Y15 HHFE B A6 T 2 AR i 3, &
BUERIEL Cr & BB e B Cr &
GBI Cr A R 5 T o A
AR (A Cr R SR I LB B e Tolb e A
AR R HEA R B Cr in e ny 1 #
JEPHE A Cr TS IR ELA A BE

UTARSR IR B Cr {5050k B R AR B
e AT Kb Y E AR T
YR LR — M BA BRI TR R 75, H
A AR 7T AL A8 B R0 PR B 3 M o A O AR
REFHERZIEAR MW C B — e, %
AR 3 Mol E SR Cr i XA AR K
Lo Cr FRERYSEN , W] & A 06 B4 Cr 75

P AR ST, ot a5 il B 78 1 Al 4 77
16 ( Thalia dealbata Fraser) %f Cr Wp36 A% A= B A= AL i
I, S SRHONE Cr 38 A BE5m 35 7 3 Aty g, AT 4
Jy Cris g KB WY Z — . AEIEE R
Gefifp 1M Cr TSR R 2 P TE AR YY), HEAR
TYIFFEAE Y /N RO ER 19 52 2 XELA A B2 &
SR YEMERR . RAMY) BAEYER ALK
SR BEMU Z MBS 1SR L TEIE SR R RS
T E KRR BT, A XA A Y 2 i
T3 Cr 15 9% 5 0 W HGE P S R K ( Rhus chinensis
Mill.) Jf 55 ( Vitex negundo var. heterophylla ( Franch.)
Rehder ) A ( Platycladus orientalis ( Linn.) Franco)
SRR HSETF R Y O - Cr Y5 AT
g5/ ASH T -4 Cr 5 Y 7™ B i X K AR A
P i A

‘R AZ 406 (¢ Zhongshanshan 406 ) BILHAE
b E R BEAE BT B B R0 BT R —  HRE



24 N7/ I AR SRS A

33 4%

Ak 8R4 B 9% P A2 ( Taxodium mucronatum Tenore ) |
AR P& PIKZ [ Taxodium distichum ( Linn.) Rich. ],
‘LAz 4067 CARTR LR E MOR R FAE ,, A
Az T ER B | T K T T SR RN 4 A AR R
KA FE T el AR Ak, | A AR o0 T U4 3 A
X REZY P[0 RS = I (0 S Sl AN TR
( “ Zhongshanshan ) i 5 5 | T 7K 18 55 J7 100 A9 BHF 58 458
ZT (AR A R B N AESE , R Cd haE
‘i k118 ( ¢ Zhongshanshan 118 ") IR NI A
406" AIOCHGE ™" . Jyilt— AR5 < thiliAZ 406° X
T4 A 0 AR BRAE Ak e I, A 5 SR T K G v AR A0 5
5, DISEATE P2 (A TR KRR AEE ) 1 AR A X B, #6
5T HILAZ 4067 X Cr B By A= BRAE AL 7, LLIBI 48
R HLLAZ 406 T Cr 8 BE ) S AR A= A iz AL
i, JF2A Cr ¥ Yutth X AR ISR EEAE S I I3RS %

1 A7 &k

1.1 ##

BB AT IR 4 R 2 B A F 5 T B A1k
B REFR  F Iz 406° FITEPIAZ 1 AR A T4 .
2018 4 4 AW # 2 3R (R 40 em, L EAZ
30 em, N H A 25 em) W, B4 3 PR, AN 6 L
Hoagland 5 (pH 6.0 & pH 6.5) , L JEH I7 6 Ji
Jei T Cr Wi Ab R K B30 1) 45 R S 4 1 s
W, R B PP AEA IR, BIR2 b, A,

1.2 Ak

1.2.1 FHZE LML KA A C R
B SR (K, Cr,0,) S~ Cr PR KBS AL B HR A
S SE R E Cr e Wk 500 0.00 (X 1R |
125 (% ¥ ) . 5.00 (Hr vk B ) L 20. 00 (i )
pmol « L™ AR E S A E S, Whia kb BT A]
28 d, A ORI R 45100 A BAE (b AR b, Bl i
A FHLAR AT () AT B 10 M, A B B
MISCHGE T -20 C vKAE A2, T A 3 A: fb 48 b
W5E

1.2.2  AKdEARn e LRI (AP0 d)
TorZ —H TRV AR R R, SR gs R
B (AbFE 28 d) W4 BT A AE R 4 532 Al Il S e %
FEFTK MR BT AR 525 I T2 —
FL RSP B B T o e KRR LE 105 °C PR 3%
30 min, T 80 C FHLF 72 h EHEFEREGFHH T

Z—HTFREFRE TR . %023 ] M5k
THAAR AR R T A SO X AR R % = (5K
65 45 SRS AL AR B o5 S — S 6 F 0 I AR i I i ) /5K
0 TR B AR R B BT ) X 100% . 5% SCEk[ 24 ] 7
BATBRARXT K AL XS &K = (L5
45 TR I o B e — S T 45 TR I A R T ) /S B
45 AR AF PR B T £ ) }100%
1.2.3 A AARNE  RASEEEE S E
MR G, 2% E¥ 200750 E M X &
RPN U (MDA) F 20 SR U D e
(NBT) 32272125 0 2 8 2 A ) B ALl (SOD) 1
SR AR 3 2T s i AR AL (POD) TE P, R
FHMSEE 5 Y6 AR R 58 (92 [H Technologica 2y )
SEAHSCIT S R UOESH, A dE PS 1 I KB b4 50%
(F/F,) PSTARICAFSFE(F, /F,) PSIT ELbx
HALFREE( Dy ) FEHEGALZEIE K REL(NPQ)
1.2.4 REXKESH  IKOCBE S H T/
REALS SR b B 28 d 1Y ¢ Il AZ 406° F
VPRS0 AR A K TR 5 A L T e R
. SOD % PE. POD % ¥E, MDA & & F/F, fH.
F,'/F "l @ (A NPQ {H AT 1K A0 TR B 5 #r
St L AS 406° MIE R O E RS
PR R G B, B BOL A RS E Z R bR
G, HAM SR & &SP A L R G 8bR SOD 1
POD 3 P F1 MDA 5 2 43 5l 47 B €8, G BR B2 43 A
SR A E (B A T4 T 2 DI BE 43T ) B b A
HAT R SR R BRI RE ™ G B S B T R AIE e
Gt 22 P A R M RERE | SCHREE KT 0.5 B SE
PERRRERR RO
1.3 HERIEBEFS

8 ] EXCEL 2016 {44 #UE i , £ SPSS 21.0
AR BRI TG 5307

2 HERAH

2.1 Cr Bt itz 406° FE P 4 EEIT &
KR EFAE X & 7K Z A

AR BEE Cr AbBE 28 d XT* HhIlIAZ 406 Filis P2
LT AR A A R AE X S K R R WL R 1, 45
R WA CrWEERYIGIN, < HrilidZ 406 Fiis P2
STBAERT A R I BT e BRI A, 1.25
pmol + L™ Cr ZLFHF ¢ Hr A2 406 &)y i AH X A= Kk %



F5

BINE , 4. Cr Bhaaxt < ihilidZ 406 4yt A KR A: 31 A AR I 3 T 25

IR (0.00 pwmol -+ L7 Cr) FFE T 5.0%;5.00 Fil
20.00 pmol + L' Cr AZbFHF Y AH X A= K 3 6 55 xif B
YA T 21.19% T 36.0%, H % R B %, 1.25
wmol + L™ Cr AR 9% P42 4y v AR X A 8 8 45 X
METHR T 3.0%35.00 F120.00 wmol - L™ Cr AbFE T iy
R A A R AN BT BRI T 41.6% F11 72.0% , H.
FZF B 5.00 120.00 wmol - L7 Cr AbH T ¢ Hr il
12 406 4y B AH XS AR A R BRI /N T 5 1A

Bl Cr e BERBE I, < rhiliAZ 406 &) i AH X &
IR ST E B AR A a3 T PR 4t AR 5 7K %
SRR, 1.25 pmol - L' Cr 0 FEF il 2
406 %) AH X K R TS T 3.2%;5.00 F
20.00 wmol = L™ CrAtb ¥ T fy AH X 15 7K 3R 55 6F HE 43 5]
FEAR T 8.2%FN 21.4% ,4X 20.00 pmol « L' Cr b3 5
XPHRZE 5 3 1.25.5.00 1 20.00 pmol + L' Cr 4k
PR 9% P12 4 1 A X K SR A ) IR 43 ) AR T
13.3% .29.4% F1 48.8% , H 22 5 . 3%, 5.00 #1 20.00
pmol « L' Cr AbFEF  rILiAZ 406 41 AHXT 5 7K S
IR/ NTFI5 A2

BE LF, CPiliAz 4067 FE PIAZ LT AR X A
KBRS S KRS Cr MR I 2 e T = 5
FEAR it 3y, HorP R EE (5.00 pmol - L7") 175 v i
(20.00 pmol + L") Cr AbHF “ HriLi4Z 406 4 5 A XF
B KRS 5 K SR BRI Y /N TI5 1A
2.2 Cripaxt  dilitz 406° F03E P 240 @t H 48
SESRMHFEESEN N

AN Cr A0 28 d X ¢ 1 LiAZ 406 FE SFIAZ
ST R AR R H S SRR I S 2 1 R UL 2,
SRR BEE Cr WREEMREI, < Hh LAz 406° F1vE P

F1 FREWKRE CrAbHE 28 d XF‘ FLLH 406° FIFE P EEI EK
HEEEAES 2K EAIFI (X2SD) Y

Table 1 Effects of different concentrations of Cr treatment for 28 d
on relative growth rate and relative water content in ‘ Zhongshanshan
406’ and Taxodium distichum (Linn.) Rich. seedlings (X+SD)"
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Table 2 Effects of different concentrations of Cr treatment for 28 d
on relative conductivity and chlorophyll content in leaves of
‘ Zhongshanshan 406’ and Taxodium distichum ( Linn.) Rich.
seedlings (X+SD) "

FIXT 3/ % MR fri/ (mg - g7
Relative conductivity Chlorophyll content
c
gz 406 TR it 4067 EREZ

¢ Zhongshanshan 406’ T. distichum  ‘ Zhongshanshan 406 T. distichum

FEXS AR A/ % AHXT K %
Relative growth rate Relative water content
c
LAz 406° ENZ LA 406 P

‘ Zhongshanshan 406’ T. distichum  * Zhongshanshan 406’ T. distichum
0.00 126.86+4.46a 130.14+6.13a 77.14+2.16a 83.62+2.14a
1.25 133.16+3.52a 134.04+4.15a 79.64+2.21a 72.52+2.72b
5.00 100.06+5.29b 75.94+5.14h 70.84£2.15ab  59.02+4.53c
20.00 81.16x4.55¢ 36.44+4.09¢ 60.64+3.17b 42.81+3.23d

0.00 14.67+1.32¢ 15.29+1.31b 2.43+0.09ab 2.49+0.16b
1.25 15.13+1.59¢ 17.66+1.45b 2.59+0.15a 2.56+0.23a
5.00 17.78+1.73b 22.45+1.61a 2.35£0.21b 2.37+0.17b
20.00 19.82+1.87a 23.88+1.94a 2.23+0.13b 2.13+0.15¢

De: CriJE Concentration of Cr (mol « L7 [A51 spAR[R/INE F
Fon# 5 B3 (P<0.05) Different lowercases in the same column
indicate the significant differences ( P<0.05).

De. Cri)¥ Concentration of Cr (‘pumol -+ Lt ). [FF AR NG Fh)
FR#E R W FH (P<0.05) Different lowercases in the same column
indicate the significant differences ( P<0.05).
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Table 3 Effects of different concentrations of Cr treatment on antioxidant system of leaves of ‘ Zhongshanshan 406’ and Taxodium distichum
(Linn.) Rich. seedlings (X+SD)"

NI ERIF AL S iliAZ 406 BB EALYBALEEE L/ (U - g71)
Superoxide dismutase activity of ‘Zhongshanshan 406’ at
different treatment times

I [ Ak B [ 9% P2 )8 AL B AR P/ (U - ¢71)

Superoxide dismutase activity of T. distichum at

different treatment times

7d 14 d 21d 28 d 7d 14 d 21d 28 d
0.00 260.64+£10.80b 270.37+10.85b 273.71+3.01b 286.71£10.65b  237.31+10.02b 235.07+10.82¢ 246.89+9.27h  247.00+9.52b
1.25 270.12+£14.02a 282.14+10.74a  302.93+9.22a 322.93+11.03a  268.35+9.02b  306.46+10.45h 342.55+8.24a  288.48+10.16b
5.00 287.82+9.02a  300.45+10.02a 320.97+6.0la 345.97+13.02a 352.38+13.0la 383.81+£9.71a  410.71+10.98a 344.21+8.75a
20.00 298.36+£12.06a 334.60+12.02a 350.37+8.01a 372.37+11.42a  303.66+10.03b 343.24+8.31a  378.19x12.57a 324.67+12.36a
AR ERE ] HrlAZ 406° it AL ERE M/ (U - g7 - min™!) N [ Ak BRI 7 SPIAZ B id S ARG A/ (U - g7' - min™!)
¢ Peroxidase activity of ‘Zhongshanshan 406’ at different treatment times Peroxidase activity of 7. distichum at different treatment times
7d 14 d 21d 28 d 7d 14 d 21d 28 d
0.00 288.33+6.82b  295.83+14.42b 298.67+8.04b 289.67+14.13b  266.17+£13.20b 253.33+£16.93¢ 259.50+11.96¢ 265.83+13.75b
1.25 301.83+10.85a 330.83+15.07a 340.17+18.44a 353.17+18.76a  275.33x11.81b 298.67+16.43b 310.00+18.03b 287.00+16.75b
5.00 312.83+£14.27a 345.50+16.84a 360.00+13.92a 364.17+10.41la  325.33+11.26a 375.00+6.50a 394.17+13.05a 365.17+6.75a
20.00 333.33+10.49a 369.33+17.71a 377.33+12.15a 395.00+10.72a  293.17+18.43b 325.50+7.55b  375.00+18.03a 350.17+5.20a
¢ different treatment times Malondiadehyde content in 7. distichum at different treatment times
7d 14 d 21d 28 d 7d 14 d 21d 28 d
0.00 23.28+2.57¢  21.65+1.95b  20.31+4.88b  20.74+0.74bc 25.35+3.29¢ 25.66+2.30c 22.24+1.85¢ 25.32+3.60c
1.25 25.59+1.47ab  22.38+3.09b  21.03%4.12ab  20.93+2.95hc 26.33£5.35b  25.30+6.17¢ 22.42+4.63¢ 28.70+1.06¢
5.00 26.20+3.56a  22.75+4.99b  21.72+2.21a  21.44+6.47b 35.67+4.69ab  30.56+5.24b  32.37+1.31b  33.45+5.26b
20.00 26.85£6.58a  27.55x1.4la  22.93:+6.35a  24.94+2.40a 37.86+£12.61a 40.34+5.18a  40.79+3.91a  39.41+5.64a

De. Cr¥kJE Concentration of Cr ( pumol -+ Lt ). [F %) AN E/J\E?%%ﬁ'\‘z%%ﬁ%( P<0.05) Different lowercases in the same column indicate the
significant differences (P<0.05).



BINE , 4. Cr Bhaaxt < ihilidZ 406 4yt A KR A: 31 A AR I 3 T 27

JE Cr AbBER ¢ P AZ 4067 FIVE PR 4 H MDA
Gk R, EALF 28 d,1.25,.5.00 F1 20.00
pmol - L7'Cr ZbF R ¢ i 42 406° 485 M MDA &
TR I BITHE T 0.9% 3.4%F120.3% ,1.25 .5.00
F1120.00 wmol « L' Cr Zb R V5 P F2 41 1 1 A+ MDA
R IR TR T 13.3% 32.19% 41 55.6%

VA T AN TR e 3 A A B [B] %) Cr A B AT 45
i THILAZ 406 R BIAZ 4 Y SOD FT POD
P[] — &b B A [/ R B Cr 203 AT 42 5 ¢ Il A2
406° FIVE PIRZ 4 - MDA &5 AS [ b s [A]
R (20.00 wmol « L") Cr ZbFE T ¢ thILI42 406° %))
BB SOD §5 4 POD 1Y FI MDA &5 1 i

Al 4b B A ] R B (5.00 wmol - L7Y) Cr 20T 7%
PAZLIE A SOD H1 POD T P4 i i, R Cr
WP %P2 4 R MDA & ¥ &, 1.25,
5.00H120.00 pmol - L' Cr ZLBER |« fRILIAZ 406” 1
B SOD Fl POD 5 PR 7EALFE 28 d iA %] He KA,
P24 T R i SOD 1 POD & P4 ZE A0 3 21 d
RE R KME,
2.4 CrfpiExt‘ dilif 406° F5E P 40 &M F
FETVARSHME M

AFIHREE Cr ZLBEXT < Hh1l142 406° FNVE P2 40
MR SR RDOESEUN R WL 4, R BR BEE
Cr ¥R BE R G TIn, AS [] ib L[] < il A2 406 401 it

F4 AEIRE Cr @ Il 406° FEP L T FHHRER X SHHHIM (XSD) Y

Table 4 Effects of different concentrations of Cr treatment on chlorophyll fluorescence parameters of leaves of ‘ Zhongshanshan 406’ and

Taxodium distichum (Linn.) Rich. seedlings (X+SD) !

AR FREF ] ¢ LAz 406 11 PS IR RIGA2E 0K

Maximum photochemical efficiency of PSII of

ZNELSEER RS AN B v e v 2 &S

Maximum photochemical efficiency of PS I of

¢ ¢ Zhongshanshan 406’ at different treatment times T. distichum at different treatment times
74d 14 d 21d 28 d 74d 14 d 21d 28 d
0.00 0.82+0.02a 0.78+0.03a 0.83+0.02a 0.79£0.03a 0.79+0.04a 0.78+0.04a 0.82+0.01a 0.80£0.01a
1.25 0.71+0.04a 0.76+0.03a 0.79+0.03a 0.78+0.04a 0.76+0.07a 0.75+0.08a 0.76+0.04a 0.73+0.02a
5.00 0.69+0.03b 0.73+0.04a 0.75£0.04a 0.73+0.03b 0.73+0.05b 0.63+0.06b 0.65+0.04b 0.62+0.05b
20.00 0.68+0.02b 0.67+0.03b 0.69+0.01b 0.67+0.04b 0.70+0.08¢ 0.58+0.07¢ 0.58+0.06¢ 0.57£0.04¢

AR FRETIE] ¢ LAz 406 1) PS T A BOGIAEECR

Effective photochemical efficiency of PSII of

ANTE Ak BRI ] 7 PIAZ 1Y PS T A ROGERCR
Effective photochemical efficiency of PSI of

¢ ¢ Zhongshanshan 406’ at different treatment times T. distichum at different treatment times
7d 14 d 21d 28 d 7d 14 d 21d 28 d
0.00 0.56+0.01b 0.54£0.01b 0.54£0.01a 0.56+0.01a 0.59+0.00a 0.54+0.00a 0.55+0.00a 0.53+0.00a
1.25 0.58+0.01a 0.57£0.01a 0.54£0.01a 0.57£0.00a 0.56+0.01b 0.53+£0.0lab ~ 0.54+0.00a 0.51£0.01a
5.00 0.62+0.00a 0.56+0.00a 0.57+0.00a 0.60+0.00a 0.55+0.01b 0.47+0.00b 0.50+0.01b 0.48+0.00b
20.00 0.55+0.01b 0.53+0.01b 0.51+0.01b 0.52+0.01b 0.52+0.00c¢ 0.46+0.01b 0.46+0.00c 0.44+0.00c

IRV EREF ] ¢ LAz 406° 1) PS I S Fryefbag st

Actual photochemical efficiency of PS1I of

AR A BE ] P2 Y PS T SZBRot A2 280
Actual photochemical efficiency of PSII of

4 ¢ Zhongshanshan 406’ at different treatment times T. distichum at different treatment times
7d 14 d 214d 28 d 7d 14 d 214d 28 d
0.00 0.43+0.01a 0.44+0.01a 0.42+0.01a 0.42+0.01a 0.42+0.00a 0.42+0.01a 0.43+0.00a 0.38+0.00b
1.25 0.45+0.01a 0.45+0.01a 0.43+0.01a 0.43+0.00a 0.41+0.01a 0.38+0.00b 0.40+0.01a 0.43+0.00a
5.00 0.46+0.01a 0.46+0.00a 0.45+0.00a 0.43+0.00a 0.37+0.01b 0.37+0.00b 0.37+0.00b 0.34+0.01c¢
20.00 0.40+0.01b 0.37+0.01b 0.41+0.01b 0.36+0.01b 0.35+0.00¢ 0.33+0.01¢ 0.34+0.01c¢ 0.32+0.01¢

ANTE b BT R] L2 406 BRI K R

Nonphotochemical quenching coefficient of

AN [e) b B R 8] 9% P2 B9l e 2 K ZR 5

Nonphotochemical quenching coefficient of

4 ¢ Zhongshanshan 406’ at different treatment times T. distichum at different treatment times
7d 14 d 21d 28 d 7d 14 d 21d 28 d
0.00 1.04+0.06b 1.02+0.20¢ 1.07+0.05d 1.06+0.09d 1.55£0.09¢ 1.39+0.09¢ 1.56+0.08¢ 1.34£0.07¢
1.25 1.11+0.08b 1.17+0.23¢ 1.24+0.14c 1.25+0.06¢ 1.62+0.09¢ 1.42+0.09¢ 1.58+0.08¢ 1.37+0.09¢
5.00 1.45£0.09a 1.55+0.07b 1.64£0.07b 1.73+0.08b 2.14+0.09b 2.38+0.09b 2.37+0.07b 2.47+0.09ab
20.00 1.47+0.08a 1.72+0.08a 1.82+0.08a 1.96+0.09a 2.36+0.07a 2.69+0.09a 2.65+0.07a 2.63+0.09a

De. CriE Concentration of Cr (wmol + L") . [AF H AR i) /NG 1 3R 2% 5 8 2 ( P<0.05) Different lowercases in the same column indicate the

significant differences ( P<0.05).



28 N7/ I AR SRS A

33 4%

F PS I KA ROR (F /F,) S AR E # 3,
PS T A RO AR (F, /F ) F1 PS 1T 52 B dk 2
BOR( Dy ) BRI T S S BRI a5 R fh
VERK ZE(NPQ) 2T a3, Forb A [R] Ab B[]
20.00 pmol » L' Cr AL B EAA S5 %F IR (0 umol - L7'Cr)
ZS WA, WA Cr W ARG, AS[a] Ak 3 s 8] 7% P
MR F /F, F,'/F, @, 18 A 5 FEAR
R, NPQ {H 2 T a3, Horp ) R [a] Ak B [a]
5.00 F120.00 pmol - L' Cr AbFR S5 X B 2E R B3 Fifi
A B ] JE K R R B Cr A BE R ¢ ol A2
406 FIE IR R F/F, F, /F, @y
NPQ (BB 45 5, (HBR AR K, 7EALHE 28 d,
20.00 pmol « L7'Cr ZbH T ¢ Hp L1 42 406 415 R A
F/F F,'/F " @, (EEX B BT 15.2% .
7.1%F1 14.3% , NPQ {HE X BETH i T 84.9% ;20.00
pmol « L' Cr b ¥ FIE P24t A 89 F/F,.
F'/F,"F @ fEB 2 FIFEAR T 28.8% .17.0%
F115.8% ,NPQ (I BTFE T 96.3%

MK L[] — b BEA [ AN [R) MR B Cre A 2 AT R
& Wil AZ 406 Ghfgnt v F/F, B, #£ NPQ 1H;
1.25.5.00 pmol « L™ Cr AL P AT H2 & ¢ H 1142 406° 4
W F/F)F @y {H, T 20.00 wmol + L7 Cr
AR BE AT AR A L A2 4060 4B RE) R /F, R
Doy Ml Al BRE AN R B Cr b3 AT B AT 7% 2P

i R F/F,  F/F) R @ 8, 1
NPQ 8.,
2.5 RBREBEESW

ANFREE Cr ZR3ER C HhILiAZ 406 Fis PR 4
AN A K R 5 e e A B A A 38 bR G 0 €0 S B B 3
Mrih#e s, 45 Won. Bk &, 1.25.5.00 i1 20.00
pmol « L' Cr ZbFEF “ HILIAZ 406 FY5 FIAZ 41 AH X%t
AR B G R P FEXTRS R GRS R BAL
P ALER (SOD) 15 4 i AL P g (POD) 15 4 . N —
% (MDA) F & PS I i SOk (F /F,) (PST
HRHOCA 2 F(F, /F,") (PS IT SE bRk 22 80K
(Dpgy ) FEESGAL2E I K REL(NPQ) 1) I R B L
1.25 wmol « L' Cr 4b P HL K ,5.00 wmol - L' Cr 4L FH
K2 ,20.00 pmol - L™'Cr ZbHf/N, 1.25 wmol « L7
Cr Zb3F  HIliAZ 406 ) A X A= 3R 5 0 7 1Y
FHXTHL SR MDA & i F,'/F, B @ B CHE
ZEBUEAK, 4391 0.989 .0.937.0.953 Fi1 0.934;1.25
pmol + L™ Cr A3 T V& P12 &)y 1 AR X AR K o 3 5 R
4 2 it SOD 1M AT MDA 75 12 LA AR i
AAEHAAFR PRI SR R B 0.9 DL,

Cr Ab3E 28 d“ HILIAZ 406° FIE P42 4 i A X A=
KRS0 A AR OCH R LR 6, 45
R HPILAZ 4067 WA AR KGR S0t A A B
A AR FE R 0 S I BE HE Y el 2RI FL/F, L

£S5 AEIRE Cr QBT R 406’ FE P L A £ KIERSH £ £ W IBRNR B XBEES T
Table 5 Grey correlation degree analysis on relative growth rate and leaf physiological and biochemical indexes of ‘ Zhongshanshan 406’ and
Taxodium distichum (Linn.) Rich. seedlings under different concentrations of Cr treatment!’

CHILAZ 4067 BYARS A2 1K AR 1 25 2 B AR bR R 3R 4K

Correlation coefficient between relative growth rate and each physiological and biochemical index of ‘ Zhongshanshan 406’

RC Cen Asop Apop Capa F./F, F,/F,' Pps NPQ

0.00 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.25 0.989 0.846 0.888 0.782 0.937 0.768 0.953 0.934 0.815
5.00 0.624 0.835 0.592 0.564 0.712 0.920 0.690 0.720 0.417
20.00 0.481 0.734 0.479 0.456 0.519 0.762 0.679 0.736 0.333

T SPUAZ IR RO A 1 4 5 2% 2 AR AR PR A 9 DIk R

Correlation coefficient between relative growth rate and each physiological and biochemical index of T. distichum

RC Cen Ason Apop Cpa F./F, FJ/F, Dps NPQ

0.00 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1.25 0.906 0.849 0.860 0.945 0.891 0.926 0.926 0.905 0.952
5.00 0.580 0.813 0.511 0.517 0.534 0.713 0.723 0.731 0.404
20.00 0.351 0.751 0.450 0.449 0.399 0.583 0.611 0.608 0.333

De. Cr #JE Concentration of Cr ( pumol - L ). RC: AAXT HL 5 Relative conductivity; Cey, : -2 & & Chlorophyll content; Agy, : ALY AL
fiE 15 Pk Superoxide dismutase activity; Apqp : 13 R LPIEFIG P Peroxidase activity; Cypy : P9 & & Malondiadehyde content; F /F, ;. PST &k
JeAk 2 4% Maximum photochemical efficiency of PSIL ; F,'/F, " PS Il 47 {64k 2# 4% Effective photochemical efficiency of PS Il ; @pgyp : PST 5T
BRIEA#30% Actual photochemical efficiency of PS5 NPQ: FEIEAL2H4 K Z 5L Nonphotochemical quenching coefficient.
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Mok R & O B F,/F, {6 MDA & & AHXTH
T3 SOD i M POD i PR NPQ (B, G HK B ¥ 7E
0.6 LA I #&PIAZBYHE P igA AR, OCHR EEHEY H
BRI A GRS & F,/F, 0, Dy (H.F/F,
B . POD &  AHXT HL 3% MDA & &, SOD {5 ¥ |
NPQ {8, RECEEWITE 0.6 L I, Bk E&/, ks
406° FIVE PG A A KRR S50 B A REE
B (NPQ (BRI ) B OCIK B A g, ¥ik 8] 0.8 DL I, 5

PUEAL R A AR B R BRI 0.7 KV b, 1B
“HIlAZ 4067 FIVE P2 A AERK S R ORE Ra M
P R G A R ) I
LA R SPUR R G O, 25
B(ET) B I 406 FVEPA L0 M A Y
D, [EAHEE R S5 5 MDA &8 SOD % :F1 POD
TR SR R E] 0.5 DL B < FR IS 406 i
P RO E R SHEMAMRE LR EY],

£6 CriiE28d Hilit 406’ MERLLMEEERKERSH F E IR EL ISR XEREY

Table 6 Correlation degree of relative growth rate with leaf physiological and biochemical indexes of ‘ Zhongshanshan 406’ and Taxodium

distichum (Linn.) Rich. seedlings under Cr treatment for 28 d'/

AR A AR 0 5 4% A B (LA b 0 S IR BE

> . 1 >gree lwee > ¥ >ac! E it >, 2]
Bk Correlation degree between relative growth rate and each physiological and biochemical index
Material
FJ/F, Cen Pos FJ/F, Cuna RC Ason Apon NPQ
<A 406 ¢ Zhongshanshan 406’ 0.862 0.854 0.847 0.830 0.792 0.773 0.740 0.700 0.641
RS T. distichum 0.815 0.853 0.811 0.805 0.706 0.709 0.705 0.728 0.672

D F.)/F,": PS A% 3R Effective photochemical efficiency of PS1I ; Cen : RS Chlorophyll content; @pgy : PS 1 szl 2esk &
Actual photochemical efficiency of PS Il ; F /F, . PS Il £ KOt Mk % 2L % Maximum photochemical efficiency of PS 115 Cypy: N 8 & &
Malondiadehyde content; RC; #HXfHL 53 Relative conductivity; Aoy : B EALYIE LG E Superoxide dismutase activity; Apop : 33 F AL PN G
P Peroxidase activity; NPQ: JAEJGAL2ATE K 25X Nonphotochemical quenching coefficient.

R7T Cr4bi228 df Ltz 406’ MEPHLHEM R PSILRAUEZHENHFERLSESR AN REEREMNXBE"
Table 7 Correlation degree of PS Il actual photochemical efficiency and chlorophyll content with antioxidant system indexes of ‘ Zhongshanshan
406’ and Taxodium distichum (Linn.) Rich. seedlings under Cr treatment for 28 d"

PS I SEFRIE b 2 80R 5 A TURAL R SRR A G JEE W3R S S LA R GUIR R Y SR

ok Correlation degree of actual photochemical efficiency of Correlation degree of chlorophyll content with
Material PSIl with each antioxidant system index each antioxidant system index

Asop Apop Cypa Ason Apop Cupa
‘HH1l1#2 406 ¢ Zhongshanshan 406’ 0.656 0.599 0.845 0.599 0.557 0.718
TEPIRZ T, distichum 0.683 0.691 0.689 0.620 0.641 0.618

D Agop : HEALYIE AL EEHT I Superoxide dismutase activity; Apop : 33 EALPIBHE P Peroxidase activity; Cypy : P - 5 H Malondiadehyde content.

B E 25 MFE 100 mg - kg™ Cr ZLFRF JH# - - g :
SRR O 0 RN YDA TEZ RIS, AR
ZEIR R . 1.25 wmol - L7 (fIRHEBE) Cr AL BEXT ¢ Hp (L)
12 406" 4y B AR Az R 8 A 57K A i 4
RO EAEIIEA R E UL L2 4067 TERHR EE
Cr JWpie F HA B8 i AR KGN 5 1.25 wmol « L7'Cr

3 i Ausib

AR A B A AL SR 5 R 35 T AR A A
AR BE BV S AR ) AP b iR
Fe 5 KRR A HUIR 25 ) B B b | RS Pk

00X I R 4 2 B B B AR (W I O 4
BN ZER (Leersia hexandra Sw.) AR FIAR 5
B Cr kM35 IR K3, Mo AR50 R B,
5mg - L7 Cr &b B X A T8 Hb #E 9 % B0 ( Coin
lacryma-jobi Linn.) FIBE &5 ZEHH F1 3 BESZ M) AN (i 35
1M 20 140 mg « L™ Cr AbH ] I 9046 S0 AR K
MW 27 AT 245 5 7R £ 50 mg - kg Cr b BEXT
1A ( Vernicia fordii (Hemsl.) Airy Shaw ) 44K Jo

b BT 35 SPIAZ A i AR AR K SR R R (3 TP
PRI Cr Bt P EA —E A KGE
N, 7E 5.00( HTHEE) AT 20.00 () wmol - L
Cr AbFET, < Wl A2 406 FE SR 4 1 A AR G A K
R FAXT AR R SRR S R B
R Cr Whia S HIE R A, X T RE R T
VR EE Cr 381 BB 6% 5 4 4 1) W AL A A 32 D) RE R I
HL 6 A A I RICR AR, AT 52 M A 4 A Y
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AN, 5.00 A1 20.00 pmol - L' Cr AL F < 1l 2
406 Ly AR A K S 3R R X35 7K S5 A R e 2 /N T
PR, ThILAZ 406 AR AZ AR B B AR T M
12, R Itz 406 7E EVR EE Cr A T~ BA T
SR P AR 3 A

VR o 45 S R 0 AR O R 2 3
P T A 22 02 3 A7 T 4 R e 4 Y TR
R — , WA nT DA o P8 P bt AL R Gk 3 by 3
S, ABFIE B Cr W B9 i, kb3 28 d ¢
LLIAZ 406" Fil ¥5 P A2 4 B 09 AH XF HE 32 o R TN
(MDA) F& s i T, Bds M3 ) B R e i 4 A g
I, H - H LA 406 BeTE SFIAZ AR R/, ULEH ¢ o
A2 406 1) 3R 55 32 A A0 40 5 R B AR W 5 %, TR
i, B Cr WERE R, A0 EE 28 d A9 ¢ HR LTS 4067 4
T AU L AL T (SOD ) Filiet 48 AL T ( POD) 1
PEE TR S TS P2 Y1 %) SOD F1 POD i P
TR AR A R T AN FEAE T Cr e
IS GOER (Al SRR U R SR e =3 1| I 1 P
LU0 2R . SOD FETE BRI ME AT R R, T LKA AR
SAFT AR A T B AR A — D TR R
H,0, 1 0,, 3-8/ A 5 H B AL A IE B ; POD 7] LUK
H,0, #LIE AL H,0, iX —id R REAE AT 24 B) 1k H,0,
A TS H AR AR N R AR R T e
ST EE ¢ H L 406° 7E 20.00 pmol - L™
Cr AFERII (7 d) 253 (28 d) KRB R I i AH X 52
=1 SOD 1 POD ¥ M, #E DU AE &5 vk B Cr B3,
“HILAZ 406° 7Y SOD H1 POD A 5[] 335 4 48 4 B 25 1
F R EFN H,0, DL 25 % P Al -y il 7% 21
A Cr B R B AR B AEE 1 SOD A POD 4ER5 15 1
AR (B ST Cr A BRI 2 5 1, SOD Al
POD Pk 3 30 56 T 5 J5 B AR i 34, R 7% P A2 40y
A 1 3R P S A TG P 2 R 0 SRR T A
A BR, o 200 A BB TR P A b A LR A B
FEAE T IR EAEH

A VER MY A Y TR RE AL, AR 3
PENCAERHCAAE B PIERER AT LK P 7EHIL ]I 5 e
JeAHU D REARZS P BRSSP IR gT 45 R %
B . Ph AbFE R RERS [ Zelkova serrata ( Thunb.) Makino )
Gt A PS I e KA ARCR (F/F,) KT X
HE PR BERR A i o PS T Rz i P Cs 6 PRS2 )4 1
AW, SRR (0 wmol + L7'Cr) A H, 1.25 F1 5.00
pmol « L™'Cr ZbFHF “ fPILiAZ 406” At 1 F /F,

(B . PSTAROCFHE(F, /F,") M PS I SERREfl
SERCR( Dy ) R FARER K, T PIAZ X 3 A
H2¢ R 5B EAE 5.00 wmol + L' Cr AP R WE T
k% HAE 20.00 wmol « L' Cr AbHH 28 d f [ i W 5 K
Tl Az 4067, KW Pl AZ 406° 7 Cr B8 F
PS I s e 1 P 3z 252 ma /0, v P42 PS 11
o HC TG PESZ B FE M B, R DGR BE 43 B 45 2R
N CHILAZ 406 A AN AR K R S B O E RS
T8FR(F/F, @y M F /F, AH) BB R, dE
— LU A2 406 HLTE PIAZ B B AR 0 A K RE
HEESHAER PS 1T b2EtERES 5%, At T
fie 5 HABGR P AL R G A ¢, BARPLEIA fritk— 22
BIFELE IR R A R OGN H S b5
4w a0 o B py3E TN ag . PEEEL OGRER AL
FRNHT AL RE 7 38 5 1) Sk Ay B3 40 S 410 ) R 4
Pty EE LA, e AR RO G T A AR N FE
I K fe BTy K ARk R K R
(NPQ) BB T PSR s IR e (0,28 I IR HICER
eI BREAE MM FT 45 W, Ph AL PR PR
R 7 NPQ B 53 = T 0 B B A RE R Sy sl 4%
FERE T B, PS T iy Hr oo i 22 1 g DA
PFER L IEFE, AW REW . Pl 406°
Mg P24t i NPQ (S AREE Cr ¥k BE 3
T, A 2 FE ) 8 4 X e ik B Cr B4R RE
1, 25445 Z B e i PR BR HEA T RE L, HE PR 4O
RG5, WAL IR R | < Az 406 Dyt
NPQ fH SR T = ka3, V% FI A2 AL BE 14 d JF
AARTEAN T, 553 Kb B[] 3 1 IR RE AL 1) e 34, 2 B
75 SPIAZ 38 1o FAFE HIC )5 18 YR VR RE T AR AT 4555 . Chen
SNy, MR S GBI A BN T, s R
TEPEE RIS 2 MU B3 S EOCE U Y A i 0, ik
W] PS IR ey D1 B 14 A 30453 18 1 ) 2
InESC . Z5A il Az 406 Y A SOD i
£ . POD & PEFT MDA 7 555 AH JCH8 A 1Y 28 1k 2 Al
IREKERE TR MDA RS PR RG]
FLA e 0 DG AR 1 o ik — 20880
25 LR SoEARTE P L 7 Cr A T, < R
A2 406 ELATHeoim i AR A N 1, LT Cr A A
PEEZ S AR PS 1T Y b2a bR A o6, M H A=
PR ERE RN PS T IAE AR T2 7E Cr i T
PR A m e TR I AL, AR
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