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Wrp IR AR, RERE DRIk EMAN, AR H 2= R W A .
AT FEAMN BRE 7K 15 G 7™ B i X1 A2 2545 AN S A 36 A Pl B4 (R R SCHF,
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Abstract

Abstract

In recent years, heavy metal pollution has become increasingly severe due to massive
anthropogenic mining, the random discharge of waste gas and wastewater, and the
extensive use of items with excessive heavy metals. Heavy metal mercury (Hg) directly
affects urban ecological environment and human life and health because of its high
bioaccumulation, high biotoxicity, persistence, secondary volatilization and re-
sedimentation. The problem of mercury pollution has attracted numbers of researchers’
attention. At present, compared with other heavy metal pollution, although mercury has
become a highly concerned pollutant around the world, but there are few studies on
phytoremediation of mercury pollution. In this paper, we selected the Chinese roses of
Rosa maidy as the experimental material, and used artificial pot simulation method.
Firstly, the photosynthetic physiological characteristics of Chinese rose were revealed.
Secondly, the growth and physiological and biochemical responses of Chinese rose under
different concentrations of heavy metal mercury were systematically studied. Finally, we
discussed whether Chinese rose could grow normally in the soil polluted of mercury.
Whether the mercury in the soil could be transferred to the body without affecting the
best ornamental value of the Chinese rose were investigated. This study can provide not
only technical support for ecological restoration and tree species selection for greening
and beautification in areas with serious mercury pollution, but also scientific theoretical
basis for the research of phytoremediation of soil heavy metals. Our results show as
follows:

(1) Photosynthetic characteristics of Rosa maidy

The light saturation point (LSP) and light compensation point (LCP) of Rosa maidy
are 1166.49 umol/(m?.s) and 0.00 umol/(m?.s), indicating that it has well adaptability to
light intensity and good ecological adaptability to light. The CO> compensation point (63
umol/mol) of Rosa maidy is low, but the CO; saturation point (1749.82 pmol/mol) is high,
which indicates that the Rosa maidy has strong CO; assimilation ability and wide
utilization range. Under the condition of light saturation, the photosynthetic rate of Rosa
maidy is more limited by CO: supply. The diurnal variation of net photosynthetic rate of
Rosa maidy shows an asymmetric bimodal curve, which the photosynthetic "lunch break"
occurs at 11:00. This is caused by the stomatal limitation. The diurnal variation of
stomatal conductance shows a single-peak curve the intercellular CO> concentration and
the transpiration rate show a "V" pattern and is single-peak curve trend. These results

indicate that the vegetation has low requirements for light and can be planted in a wide
\1|
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range of areas, which is an excellent material for soil heavy metal remediation
experiments.
(2) The effects of different Hg treatments on the growth of Rosa maidy

When the Hg concentration was 0.5 mg/kg and 1.0mg/kg, the roses exhibited good
growth status, when they exposed low Hg concentration conditions. Compared with the
control group, low-concentration Hg stress can promote the growth indexes including
plant height, root length, fresh weight, stem diameter, and biomass, etc. of Rosa maidy in
different degrees. However, with the increase of stress concentration (=50 mg/kg), these
growth indexes of Rosa maidy show a significant downward trend and inhibitory effect.
The Hg stress has no significant effect on the leaf length and width of Rosa maidy.

(3) The eftects of different Hg treatments on physiological indexes of Rosa maidy

Under low concentrations (0.5 mg/kg and 1.0 mg/kg), the net photosynthetic rate,
chlorophyll A content, chlorophyll B content and the total chlorophyll content of Rosa
maidy in experimental group increase compared with the control group, Which are no
significant difference. However, with the enhancement of stress concentration (=50
mg/kg) and time, the net photosynthetic rate, chlorophyll A content, chlorophyll B content
and the total chlorophyll content of Rosa maidy decrease significantly compared with the
control group. The stomatal conductance and transpiration rate of Rosa maidy decrease
dramatically with the increase of stress time and concentration (=10 mg/kg). The
intercellular carbon dioxide decrease significantly under the stress of high concentration
of Hg (=10 mg/kg), which indicates that stomatal limitation is the limiting factor of
photosynthesis. The malondialdehyde(MDA) content and relative conductivity of rose
increase significantly with the addition of Hg (=10 mg/kg), Which indicates that mercury
concentration (= 10 mg/kg) has a significant inhibitory effect on the physiological
activity of roses.

(4) The effects of different Hg treatments on the absorption, accumulation and repair
ability of Rosa maidy.

With the enhancement of heavy metal Hg concentration, the accumulation of root,
stem and leaf of the Rosa maidy gradually rised. When the stress concentration was
100mg/kg, the absorption of Hg by the Rosa maidy is the largest, while the absorption
intensity is root > stem > leaf. The enrichment coefficient first increase and then decrease.
When the concentration of Hg treatment was 1.0 mg/kg, the maximum values of
enrichment coefficients about the roots, stems, and leaves of roses reach to 0.668, 0.246,

and 0.060, respectively. And the transfer coefficient to soil mercury reache 0.530 and
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0.460, respectively. With the increase of Hg concentration, the transport coefficient
gradually decreases, the maximum is in the control group, the transport coefficient is
greater than 1. When the stress concentration was 0.5 mg/kg and 1.0 mg/kg, the transfer
coefficient reaches 0.530 and 0.460, respectively. The transport coefficients from root to
stem shows a downward trend, while the transport coefficients are all less than 1. The
transport coefficients from stem to leaf shows an upward trend, while the transport
coefficients are all less than 1. The distribution coefficient shows that with the increase
of Hg concentration (=0.5 mg/kg), the Hg content in the root of rose increases
significantly, while the Hg content in the stem and leaf decreases significantly. The
enrichment coefficient and transport coefficient of Rosa chinensis at low concentration
are higher than those under high concentration stress. The heavy metals are mainly
distributed in the root system, which shows that Rosa maidy can remediate soil heavy
metal Hg pollution within a low concentration range (= 1.0 mg/kg). This concentration
and belong to the dominant plant species for mercury pollution remediation with low

concentration limits (< 1.0 mg/kg).

Key words: Heavy metal pollution; Phytoremediation; Rosa maidy; Hg stress; Transfer

accumulation
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Bei5 gy, FBEAFETS K LR SR K BIHE RA B R A8 FH EE 4 i b o] o 5507
B, ZRHTANARRSHWARHESRSENN, AR8HIENIER
A, JFEEEHE NS ERE, SECARE QR AR, =R E T
HERY, EE5ENEEMAR. EEENEYEELSATTRY, BESRES TS
LIRS R RO R A YD, BRI e AR, Xy
EMEE SRR TR G EES. [, S4B ELEEIER, Hil
LT QTR M= L P TS WNE N (e SN e ce =9 ) A SN PR e

AR 2014 3R BRI 15 B LB 1B G KA (A 33895 Gtk i
BARY RIS RER, RESARR AR RO A R, # 1 15
JREAESR, T P55 R S A S o & o) @il 5 U & 8 R AR b 4
E 3 16.1%, Hrpdit. T, Mt 3 E &8 SRR BN 19.4%.
10.4%. 10.0%, FERLHNMFHLY), THLATS G bR mUAr 8 s 43 A 80m
82.8%, HA/LEMIANEGHME GRG0, Sy B R, K. . i,
By B BERIEREE )\ NG Y, B ALEAR RS AN 7.0% 1.6% 2.7%-
2.1% 1.5% 1.1%. 0.9%H 4.8%. 534b, FREA A2 20 E 8T G4 Tk
FAHLTE P28, 73k 3] 58.49%. 39.53%F11 22.64% (M4 FiHh Cd. Zn A1 Pb ({1 & &
I A P b g e KUK - SRR R A AR AE) (GB15618-2018) ik {E 13,
11,11 A E =5 R T5 IR

MRet U 7 EE R I — B PR FHHB Cus Niv Cd. As. Pb. Hg. Be.

Sb. Co Ml V TUiH & B & & NMEWET S =E, HP Cu. Cd. As. Pb #l
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Hg S5 HE &8 RS B EE &AL E, HiXJUMESERE R T
HAhHE &R, EREURIEZH i 5 —AES L EAE Cd. Hg. Cu. As.
Zn. Ni. Pb Ml Cr & 8 MBS BT EE MR T LIS FE. Meng HUTR I 1
RN X ) HIRE SR A . R W B, B BB R RIRIE Y S
FEZE LR R, HPOREE EENE TR, B RS
FUA 5 B & 5 BT TS G . Hu ZE07056 74 22 () MR X 138 1) Hg. Cd. Pb.
Cu SFHB BT, KINACHHR TR EEJE Po H¥5 442 BeR, Tl H
MO SR He Mo B8 05m, @RS Cu MamaX, 1 Cd Mo
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WAl . FRRIEIIL T X 8k, 8. Y. 8%, B 4. SRS EY
T S, 1% X g AT 4 A R B A3 G
1.1.1.2 DY)11 %4 4 @ 5 BBk

MRV F E IR T ARSI R R A, D)1 B E &8T5 G A br e
N 34.3%21, PU I ECER T JE M X AR T SRR e 2 B E SR e s, T
/2Ll Pby Cd Fl Hg =FEEEcz A F, Hp @b Al cd & =iri
F, WEREAGRI Po. Cd EEAANE AP B FEAERY S I REAS i Aol 3%
HEJEIuER Hg M Cd ik B EABEHIRL, Pby Asy Cu. Zn. CrEIARRMA
BfaE. WEZPIFF ORI ) 2w 28 FA I Asy Cry V. Zn UM E 4
JE LRI & T V) T35 S {l, H Cr. V. Zn =FOnRIREE 25K
TV RS AR B = A, BRIz Ts AR s . 7RV )| 2R e
HIXE) 11 S AR L 2 2 33 0 b A I 2 o) [ Ak | BRI g, &
&J& Cd. Pb. Cr. As SF(EAFERIX IR RFRE O, U T, s
TR A F UKL,
112 TEEERIEERESHR
1.1.2.1 3 E & 875 4o kUi

TEESRGRFEESNRRE, —RARERIERN T RESEE S,
B N AR IE B B R 5 47, BRIE R AR E S R R B WM, —2&
bEE RPN LI E SR, EREAREIRIR . BRIENTR. &
I AR LIEG AR E R UL EEIEHRESER SR RENE SR
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FHEE — RAVOTUCRE RIS RN 3RS p 291, 5y — P b o v /K it
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AN T SGE N KIS R, K b ) R 4 T R E RN b R ARG 7 N 13
L T BRI B I 4 R 5 B0 NN JE R B B 4 SR TS e A,
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1.1.2.2 T3 E & R 15 YL
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LRI, ArEar) e B ES RGN, M 24 i -+
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S0 B 5T IR R AR T - 458 ) 4 S 4 A 1 OUAE 2 [RVRHAIE b 3R I B B S 1 22
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RIX P32 Tl BRI 0 A B 438 52 2] 1) B 4 s 55 K T LA e - 48080, BRI 7% 0
b ) IFER B S JEAS SR, 75 S0 M R A R AR — S e

[39]

@ ToHLICFR AR 32 B ) 33y Jeip o,

LG IIEA S, SYREENME. EEA N RTHRERKMET, gEd
(B J 5 G AR ME AR, XS R AR M R AN eT i i, B TR E E S m TS
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N 72 A2 B AT A (5 G, AR B (W R BRI R Ak, 53 1
HEEGRILE 22 AR 58 A R bR,

113 T ESERTENREE
1.1.3.1 HIEHE G5 J E Y e s

BEBAMUEER T RGY, oS HEEmEDR AR, REZ2 K
WRHE, MR A KA GFA 22 MR € (1) 77 5, R RHRR 6 ()76 B 2 7= AR
fas, BERESEEREWHEANE, #ANKEGret, NEESRR
AAFMHEN, FLESREMHEEER, IMEEKAREET, Maxmyr-4a
o, MALESBEHFERD, REEEYENRREXR—ERE, Ehk
A ERENEHE"2 T RERERS. 20 RERN, SkEES RS Q27
il [ 2 B e l46), B SE KA I R RIS ), RS H B IR T, R I o

THIZE, e I A RS ZE AT il IR G Y AR fE R .
12



HE LR
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12 ERRNEE
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(Hg). TEHLZRMHg M HZHMAHIR (InHE, ZHFFRIL) . THRKEITTERK
1AL, A ALAT AR 2 s K AR ORI AN 338 b BB E M ons Te b Lok b & Pt 47 4
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T, SRR LAY A e A i R S B A B R, B T B (07 i
AN E(H02) 83, B HI2E(OH) &S, I VE A A K™ AL i AR, R b
AVE, JFREMEYAHLR R AR, BRI SR E KU, BT I B R
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RPN, SBUERER . G ER ST JE A (ROS)H
PR AL . DNA M B a7 sk A RN EA R, S EBUayits
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HE LR

791, W 9T R BRI 7R 4% 5 POD3. CAT2 Ml GPX1 JEp %% i, Mhsmtihy
X0 7R A PR A0TSR R ) R BRI ARG R AR B, R e
TEVRA AR, TR EBE R AR D, IR BT, DU AR B
0B 325 1 ) SRR S B SRONH A (1 ik DR B PR A FH 3 R R 3O 42 o AR B RN
JetafRm ARG N, SETHENAT R EH TN RENE SR S SRS 6T
F A MR P 5] g (82

1.3 ERSLIEESE Hy iSRRI

ORI R, RER SN A BT 9B KRR =50, THE Hg
' Au, BRI =R EZ B E S5 R o™ B IA R BB T 5
MG PHIE I — U B X, RILiZH I E SR He ME &M
AL SUER 1534 £, YRR E ., ARSNGB LR
MHE R He S EFWEEZR T 14.15 mekg, HE KRR EMEZEFR
(IR A E) (GB15618—1995) —ZHiRFERMER 135 555, [N, FRE
FoAth 7 2 b DX [ AR 52 4 LU IR ™ RS e o IS — IR AR &) i
kbR K PR R IR FE RIS 4, 2RI JRk A E O AT (EXRH R K&
FRiE) (GB/T14848—2017) [ARHE(E, HIZRK LIHLPIRYH 1) He & &35 ik
1940 ng/L 1 74.6 mg/kgl®. LRk KU I — A TAVIRE IR ZE 3 R I 7 &
4 )& Hg, izt Hg &8N 310~3760 ug/kg, TERLENFTA LEREFHA 53%M
P it B 4 SR R R R I T 2t 3 P B ORI AL (1500 pg/kg)®7e [ T, B 1
PN 5 1R R A AR R SR IR FE B B B T 13967 ngrkg, 20 2k L3R FHE(10
ng/kg)lf] 1400 £, CAMNEEIE He ME 5 4B o Wil s Xmr s —m)
JE B B A XA DU 2] PMa s H 06 He WK EN 116.2~1070.9 pg/m?, PMio H A
Hg iR JE A 173.4~1456.8 pg/m®,

Laura ZEPYRIRF FidE i, BRI R 3L CoKIR ) A P S A RENES
B, HMHE Hg IKFEIAS] 10~144 pg/kgo N5 K3 — 4 X 38R 5 b )
B Heg SRR T 1.2~696.2 pgkg, Tz pxf B IX 8P, Gerson %502
R ILVEAEZE IR 2 (0 0 SR bR BBl PR /K AR OAR A 338 DA Bk A H g B O
TR IR B A R T 1 M 50 R DX RN 52 [ A R R 1 B B AR v . Gafur 45
3y o3 b 4 0L, AE BN EE ) JE 76 IV 1 JBL (Bone) /K A o6 I 31 ) . 42 JB R & A B T
17~2080 pg/L,HAH & 1 tH A A H 20 5E 10k 7K 22 4 FRAE Y 1000~10000
5. HHULWT W, EEJE He 15 RAERIRVEE N ZAAE, TSGR 1E R E 4
J& Hg 53 MIFEFEE. Fik, F48&0E @R ESERIEEREECE 0%
H5%HE,
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HE LR

1.4 EYMEE LIRSS EHARIR
141 EEEEMESHNS A

YR HARR—FEYN —FESENEZNES B TR A GEE
FEfie Sy, AT LI Ik R A AR A L R 1 B S SR I B R A R Y, SRR B
Y ZE. My Bszeh, TSR I R K E AR TS e 5 RS e B
AR B DY BRI AR R RN BAERBRIRERAR.
AT FHORPBAREIREN I ARSI R EAR, B H B AE KRS T EL
BRI R Y R FORIATIER . IR SE A ESRE, AE RN E
S T5 Y Bl A ) IR,

FRAE BB BB 5, I 22 PR o0 AN [F) R B 1) B 4 B i ) i AR A
REHHEVHE N, T TH¥E, MR, ERAAREYHE L. B, 78 S E Ak
e E LI E S RIS YRR, 38 B AT R,

EYMEE R Z /7, SR, WRPR e, WREREEMR. ke,
VIR AR FIRE PR R S5 o R BRI 32 Bt 2 A4 1398 o 1) B 4 1 AL () b 35
SRS, LCWREYIRIZE . i 22, JEECE RS . YR I )
AN KRR E, RPHUEY L 3o 443 () & R iRk A AR =P R
FRAR A T - 458 G SR A AN B B U 1 4 T i 52 14 v K A SR KT RE T
EEAKRGE, BH —ERARFEAEE0Y. [FN R %8 %k o] A YT E 4
JEBHMEE, BINE S8 nT Y B T & AL T AR SR, AT E N S,
BE TR N B R fg 1 = A S 000, H RT O & R I LRR Ak 27 70 T 1 5 A ) 4
W, AFHEESBEETRE, FEAHE L K LREDTA). 4 N
LBR(EGTA) + R R ER AN (SDS) S5 AL 2255, W 9 LI e Ak, 27 5 P 770 76 2 FH
AT DA 25 3 0 B 4 s G AR AR A B O

AR B it i 2 i A A ) AR BRI AT O B DA R A FH sk /> 3 rp ) 42
TR RE A8 43X 16 B 4 J 5 Y0 A 5 7% B AN [R] B BR B v 11020, FE AR SR IK B
RAZ;WY . RZ pH (A R R LSRR 7 XHR bR pE ke 2 o EZ R/
(031, HJF 55 R LK B AR B 18 (AMF) L RE S T Y45 &, REs 32 m AT i fe i
PEREAN DL R HRPUIA B J7 o AT TTERE Y AR S0 A, 0 B 22 S A 1R B [X 85k,
P BIAE YRR 00 S S5 7% o PR SOR - 338 B S g R A0 A A D AR
FEKF R, EERIEEDH FE AR R, R A R R, R
B A TR AR L B E TS G I e da ke A AR /R R 103,

R s B At 2 i 3 P A WLTS QWb AT LE R A, DT P AR AR R AUAE ), X
SR AR 43 s RS S B, K R P R 1) R A R VS Y B B A AN TS 4
A HFRE I W TR G KIS YRRk B AT s e, T HEA X
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HE LR

=AM E R, BEAMERE, Beifocs HIESE, HomfH & 12 fHae
77, AGAFBHE /e L SIS G R, RRISA BN L g 1) A R R
Puon, fEHRSE, LEPEETZNMAEY, EEMEEEEY, REMEA
ACRT AR k95 Beyis G R IR AR g, 38 AT DUE IR SO R R I A K B R (et
AR, &MU R e 5 77008,

YR E M RE Be 8 A A 19D LIRS RV e H,  RERS A REfilS Rl
o R AR AR N R K, aE KA TE By, BEAE T ARBORNY), H RiTEY)
FOE 7L B R R G DU I3 nss), A=A . ek A
AESEILYTINERAETS e, DLH BT CAR R 7 Z maf o,

T B8 g o F N A0k P9 A0t R o o 5 P AR TG S I A2 JS e o0 i, B A
Z 5P ENE S KR AN 2 575 34W 55 i 0 2R T A . iEAE
JEHE . AEAGEERED) ., M) P I AR AL BSOS R B A A, TR
R 2 B T IR WS RS . 2 W T R DL I P A A e SO RO S
[112]

M R A TR TS e dt NSy, sy <AL, B EY 2SR A
5] B T R MBI FE B RS Hp U3, M35 R I R AT LAy A B R AT
[ FEAE R I B REYRIZE . WA R A G LIS G s &, (Rl
RATR F 5 388 2 18] (WA B AR F = A i 2 SR,
142 EYMEEEERTH

TG Z AR T HoAt A 2 R BREOAR Pl AR A BT 520 LA S i 75 1R 48 5
KA, BT E RN THEYEE IR ESE A EkEE, (R ES
JE B I AR D o W R INATAE AT DA B 4 e i e 1% L T AT AR E A
AL, ZAE YRR B SR TR L A B T AR B e ) R T AR IR BUS
R s 20 AN R A0k ] — b 2 < e R RSO N AN [R], - []— AL 0T A TR Y
HE BRI BAR, BRI SRR DA IR RS R S R, HX S
JEIR Y Cu>Zn > Pb > Cd, HHXEEAM BCF KT 1, RUIZEMME
MR R vBEE R pLHINo At E R g b et — M EA
HEBMN MBI ER, RIMBMEM PGP15 fef% w ik BAEME & 1R IR
PEUT, Z2 T e A0 B TV R BRAE & MR T2 E SR, & —FaEs AT
3 ) 4R s e IR e B e RS Af R W YRR (Oscillatoria sp)idiAT 4=
Y34 5 DA S I AE P ) B9 5 S AE )i AT LIRS R B E R A R0k H )R
PR A B F Y, s g8 SR 4y BRONE P R DG S AR R R B AR R R RS 4R
B % BLIATE B (Miscanthus floridulus) & & gE 1111200,
143 HMMEERSELEMRARSHI=
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HE LR

B 70 R AN [B] A S A2 a3k 77 AT DA AN FIAE 0 R R R FAR R IR A, 3
FOAMUEAR . HERE. miREL. ACEIIREL. WA, ACTIIRYY. FhER. BE
SR REFNS), BN IF e (Indian mustard) W] VLA 52 B R VG 9%, TERIKIEA 100
mg/kg DLNIREER ALK, RROERILH B RMEYRERIE 1, BASXHEY
FE A B B E szt K B AR (Cyrtomium macrophyllum)# K 32 — MR
oK E Y, BA RIEFHIRR Bz 6e 1 DL LRPURPMERIRE 7T, £ 200
mgkg WRIGHR T, BERFBSHERZHHRT 12, KA EY AR E
(Eichhornia crassipes)TE AR RS FEIKZ (1 pg/g) B HIEYE 8 2% (BCF) &&=,
&P EE T R A E & BRI Z I, fERHMe L TR EE K ASGM
WX 22— Alacran A" 1 I & 3IBR XUR AR 5 3 E 3850 M B8 Hg S E LU A
ARy, X R RR R A AT REAE Ny — M B AR BT 7%, T2 ASGM
S [ AR b X ) 35

BV BEEEARE T HAABEHARBAGBE R, AT, &M TR
FEL RIS iR B AE020), B3 TR R 2 E, R T2MHTEBE LIEES
JE 5 G A, L ANtk SR AR - IR WA B (Pteris. Vittata L)'?7; i = 46
T WK B H(Commelina communis)'?%); ¢ i 7 B AHY)-- 7R B 5= K(Sedum alfredii
HYV s R B R (Solanumnigrum L)Y, B giHk 708 & EEY g
H—Flrer sk, HEZMELEFREEHEGRDBY, BRI, Y
S5 EAAE, 7T LU AR WO G R B AR, s n ol s
WA K B TR 3 TR R 4 AR A7)t RT DAOROR B e A A ) - 438 4 i T Ui
U331, e G S0 UL B 4 i ) ALY P TR A ) s s AR ERE D AR K Al B .
B S AT DO B B 85 R = AR KB s, R e M EEREME T, WMAED
AU anAer W [8]) T AR SRAR 1 5 A2 AW B A e (FR A AU AE DR & 772 4E), b 7R 2
2t RIGEM R B E AR R IR 2 FREEREER
YD, TN %R A SO CE S R RO SRR, W F) R AR ) S A B R
LBEE, FAMEREMRAESE. £h. KFENRS, tBEELEE
g b B URE B U, — AN D R T AR — AN B A B KR L S T )
(1) 482 Bl 1 B A S Ll 4 i AN 11X e 4 g e AR e AR 1 a R R AT
10 3o DR ZH 0 P 65 5 55 < T 52 M AH G 1) B DT AT e D 8110 4% B DR AL A S (R R 2 AR
5, FUEARRAEYEEBOR T e 4 6L 5 5 PR 5 40 A4 28
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HE LR

1.5 &Y K1E

IR Y TR Gy RIS Qe B R A TSR, BT I g GE
KIE, WEMERGRMWHN™E, HTESERN I, SEMEE. #F
M DA S IR RN PR S R e, B O B e SR R A B R

HZERSEBE B EY), NES. PESIVRER, WS tE. HZE
TR, 1RIE 10 em ULk, J& T EHAEY) PR B A2 — 139, mld@it
FHEEE, AR, AREWE, BEASHANEYEN NMRMERIGEREF. il
SRS ZR 2018 £~2023 A H =BT FE OL,  FIH Citespace % SCHR 1) < g 1] 34T 7>
B, RIS AZ=MBt R PTG 558 . AR H LSO R B 16 5507 1
Hufo T e E LIRESE NP /R D, NEmkEEY e E EeE N ER,
RN EEJE Pby Cd. Cu. Cr HAANFRERNEESEERET. G RIO
WFL T Cdv Pb Wpa X AS[F H 2= oFp A KA A B A CRE R R, 7E 1 mg/kg BIER
e, AR H 2R R I A R TP . A H 2R AR CA AR T AR KA
BRI BN FIRE R R #EAE o FARIR LT (Colin KIDXS Pb WpiE A5 I8 B 5L
S, AEIE ST SR EE Y Pb Bl , BRI Pb s R H ZE A . AT
TR A FENREE RO . B9 B5X IR (Rose rugosa-cv)EK R E BAEEELMH, K
BRI AR RO B4 Cd B & S RBCFMEISAE 1 A4 (1. 091, 0. 889, 0.
837), Fig REWFIHME AT 1, VBN E 4R Cd AR BN E £ 56
71, RMEARFEFENEBE Cd “IH” MWz —. HerpmEUess 7 S5 RS
TN ET 49 S R A i ) A= B N, 25 R WA R AE A S AN R B3 7 ) “ &
w7 RSB T AFRENEE, NELSE CdIEE SR E L. Ramana 14
Wt 8 2 BB A vk B O B 32 AT 5 ) Cr A R RE T, BUOREY BA ERE
W0, AT TR S KRR TS e i) HIR I B . USSR R 0 AN [F] =
SEAA N SEER T, FILASCERBEAHZ “/NeZ” ks itk
R A 0 R NP 518 5 fe
1.6 MBEMNEEX
1.6.1 B 7 H i)

PLHZ A E, WEIREMEN 0 mgke. 0. 5 mgkg. 1 mgkg. 10
mg/kg. 50 mg/kg S 100 mg/kg 1 HgClL ¥R, MEARIMRERMHNE N B ZF=R4EK
FEAR AV AEBRR R 22 7, Bl ICP-MS 50 A& H =B A [E AL -3 ok
FMRc 4B A 2t L agerboRTG B pgioie . FRBEFMEE RE T, Fllb H =257
AT Lok Rz E.

1.6.2 WF T X

it AR SR ge ) L EE A K, &t LB rR S 2A N,

A2 H 22D S AME, 97k G ™t X AR 8 1R 2R A SE A Pl 4
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PEEORSCRE, IV YE R LR E & R SRS AU 2 B IR KR .

1.7 BAREKEZ%

SME R R4 T T A T 57 % R e P 5T
[
| §
Haiops | | AWERE || RBGaRE || AFERR || A % L
ﬁ;ﬁ U ktstrm | | maskreoss || fo ek || R Bmolk
M ) e R || B AEE
\ | \
. s || s, oy .
Zé”“% E,; Ko Rz || Rt ok b %fé
N e N C N CNE IS S R
%AEI%% Ko g, SHE. MuE COL Ik EE || ﬁj\
o 254 FE). 4 LA >
(LR I*H% ?% ) ﬂgﬂggig* P KA
\ | | | \

M2y b E =
sz A% || meAses || AsarmEKk || At iﬂgﬁ;ﬁ’ﬁ
X SR RIR B || BRIk || EEaER || sk || 2R
3E RifE /1 MK ey HE e e

|
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%2 % AFRDLERE

E25 AEASHN

HEER RV EK R EREM, JueBElMAET 71, BEAREMEGERE
X S A G G R AR E R R A EE R M SR YOG A A P A
IR R ISR Zm A | 5 5%, AR R R T EAFFLM, K
gry RAH COWKFE. R, WhHnE: AFNRFLEQTHERSE. ARE
W SEUSY, IR e B 2R B TR IR R G A A AR I 5 A R 8
Foe— PR H BB X IAER R - me B BT, sl i e AR A
B S5 OB KR, WM EDEAME FU(LCP). G fU(LSP). F K
B R (Pimax)s R E T RERAQY) AT P K (RS B A E S H
(471, K6 1 T COo M 8% il 28 [ TE T AE e B R 5 COL Z MR R,
AU B FIEA COy IKFE. HERES . COy AME . BEIPIGE R (RD). 26
G, KBS EH BAT T EYOCEER B R, R A
W00 A KA T B i e /N B SR A R A H AR R B R B )L A H
AP RE T E AR AR, A H AR 1 - IS B R I AR ) — R B IR A
AT 6 G P AR B K A BRI R B8 77 DA R AR o0 PR B IR 7 1 3 S e 3. A
Ub T AEREDD I A AR SR M R A B B AR R R R T, AAEII 51 A RS
PAR T RA RS AR5, ARscmid b A 22k it 28, CO, ma i il 2%
PLEH ZEe A B, B3 H FIEACRSHAT Co kB, Rl
AFRIWREE Hg Whe Tt H ZERDGA R IR AR = BB AR, LR H Z s 4
S EKHR .
2.1 REMB 5 HEE
2.1.1 iR E IR

AARGR A AR ik, EBUE KA. T dE . KAEARMFE R A ZFED,
HHEHA23em, =21.5em ETF, IEWPKAHE, fFRHAKREE, WeH
JeARE. P RIER B P ARITE R E e b, RERE 0~20 cm 1)1IE, Lk
TEERMmMAER . BASERYE, BHEXT. BEEHTHENZR, %1

4.0 kg
2.1.2 MEEIESHE
S )57 2k«

PEEUE B IC R RS, FIH LI-6400XT Y6244 2 A e A E e om T iiEe

E IR (Pn). J6 A A RO BB AR IR 2 N 20004 1800+ 1600+ 1500 1400+

1200. 1000. 800. 600. 400. 200. 150. 100. 50. 20. 0 pmol/(m*s)3t 16 4
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%2 % AFRDLERE

SREERRRE . L ARAZE, BMRERE 2 AT TRA R, SR TEE X,
I 5E B 1B 2 1 7E 9:00~11:00
CO2 M . {25 :

PEEUE BATE KUK RS, R LI-6400XT &4 € H ZEEARTE CO K JE T
FOLE R ZE(Pn). COy WPBEAH B E ML LK IXN 2000, 1800, 1600 1400, 1200
1000. 800. 600. 400. 300. 200. 150. 100. 50 pmol/mol 3t 15 MKEERLE . ik
W= AZE, SRER 2 Ao aile, SR FEE =k, W&
HILE 9:00~11:00.

HEAEH HA AL

P BT R RSR, FIH LI-6400XT Y& & o E 4 Jm AL~ A 246
HIEE (Pn)s SALTFEE(Gs) MUlE] COL MR BEE(Ch)s ZEME I (Tr) SAEHFabR, JEHL
—FRAZE, BRER 2 hrrEH TR ENE, BATFEE SR, E R
8:00~18:00, AFKE 1h WIE —. WIE R GHGRE N HROGR, CO WA MR
MR EEI N HARIRES -

2.1.3 BUBEALIE

L 245 TEASE A (400 M A2 SR R DG AT E S R s . FIH
Origin2018 #1744
22 #ER59H
2.2.1 AFReNN ek S CO, Mz o4

LA () 87 1 28 B 6% 159 B PG RRN 25 5 6 AL, MR S (LSPY R
M2 RL(LCP) AT LA S AR )0 G R H g 71133, COo MO 1 (CSP) AT BAT B AEA)
XF COx IR FHRE ST o M AR U B 12 A 55 55 6 O R 6 ol et Ay
& AR YR S RE 10 Fa bR, JEMURT SE R R, IR A RE i I B S
SRR, R E T AR (AQY) & [ B Xt e IR FH AL 4845, AQY {HMK,
FWIZAE YR B 556 1 B SR RS, I R 2 (RA) T M T 556 06, H
EERA, B R T A=A RSO, AR h 28 IEBE R H =R 4 -
JEHA B 2R 5 G -CO, M B i 28 3EAT L&, B YA - B h e A 15 B H 2=
[ K6 A E 2 (Pn) A 7.106 pmol/(m?-s), YGHEAI S (LSP) N 1166.49 pmol/(m?-s),
FAME F(LCP)N 0.00 pmol/(m*'s), FWEFUH(AQY)N 0.0435 mol/mol, HEIF
W ZE(Rd)A 0.00 pmol/mol;  HYGE -G R 26 mT LUE H,  H A H B8R 5
(PAR)1500 pmol/(m?-s)A Fif, HZ=H I R FHOGHIHIE L. JaE-COo M B 25
AR R H R & KIE LA E RPN 9.494 umol/(m?s), CO, 1 Al &K
(CSP)1749.82 pmol/mol, CO> #hf f5(CCP)N 63 pmol/mol, K FE Y 3% 2K (Rd) A
1.334 pmol/mol, FMEFRF(AQY)H 0.023 mol/mol.
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Fig. 2-1 Photosynthetic light response curve (A) and photosynthetic CO; response curve (B) of
Rosa maidy
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222 AFXGHT WS

i 2-2 Fios, FMHADGEDON AZ=RDGE fabr 540 AR bR gt AT I E, 19
FIFNAREE S EER I H A E . AR RIR AL . 1B A RAE — R AR
AR, RS AEEPn). SILFE(Gs). MulE] A AR E(Ci).
AW EF(ToS s 2IH —E W H AWM. St ERE 2BV EERT
BB —, B RIEH TG ER BT RERSS . B IR FAF AN RER
BEH - B B 22 S M OB A R Z BT B 2-2(A) BT VR H H ZE 115
B IR HA RS RROXIE 2R, B 8:00 FFUh, 196 E R G T =tk
W EF, 7E 10:00 BA R — REERAME, HAEA 10.52 pmol/(m?-s). 11:00 B, F
e F I — N ME(8.17 pmol/(m?-s)), HZEHIVE LK “Ot&Fk” M4,
12:00 B IS “ANEE(9.57 pmol/(m?-s)), H 12:00 J&5, HAZEHFNFEEEFEH
R, EE 18:00 T FEZ AR E I S ARAE -

—u— AR (Pn)
—A— B GRS (PAR)

bl - 2000
[ AA—A—A - 1800 C
10 F 7 \ ] 2
@ | / / A < 1600 . =
« \ i [+
5= / < S
e @ 8f / {1400 o 2
D N \ | B
s E | a = 3
dn 53 / {1200 E &

[72] \ &=
.ﬂr—;’ o g 6 - # \ = o
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w2 = | - 1000 2
o o \ 4[1 E
g 4r : \\ -1“i 2
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ingdl

K 2-2(A) AZ1L AR (Pn) 56 E B JEESHPAR)H A4k
Fig. 3-2 (A) Daily variation of net photosynthetic rate (Pn) and photosynthetic effective radiation
(PAR) in Rosa maidy

IR R R (WUE) A e 618 F & 288 0 B0 B RS, 2 VA At
PRI N BE I B ZR B RIS K A BCR R Bk, R Ko, BR A&
FKGEUR, T s T Erss, i 2-2B) T LLE . H Z=K 5 H
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MR LRI Y, £ E 8:00 WK, LR FREK,
P& s R 88, KUk . BEEDCIANR R TS, H M 28 i R m iR,
KRR g3 NY, 12:00 I, A ZRREOEEE A IE R AR, R
s AR, AR H R AR T

—m— HIXHEE(RH)
—v— 7K1 FI 25 (WUE)
80%

J14
75% | % |
\ {12
70% | \_
65% | \ 410 =
> -
5 1 ¥s3g
g 60% - 1g B 23
o
Z2% { 23E
2 o I 5% | . e
x> Va 16 & 3 L
xS \ 25D
S 5% £3
\% 14 =
45% |- \
.§ 1,
40%
g
| E o
35% | 70
1 1 1 1 1 1 1 1 1 1
8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 18:00
%) Time

Kl 2-2(B) H AN EE (RH) 57K 43 1 FH AL (WUE) H 424k
Fig. 2-2(B) Daily variation of relative humidity (RH) and water use efficiency (WUE) in Rosa
maidy

ALY S5/ ET AT RS EEOEE, LR ERRED S
FLak AR Y B 2-2C)n 1, HERSAFEH B SR g, 7+
10:00 2 Hi & EFHES, 7E 10:00 & F]— KK HK(E0.178 mol/(m*s)), FKHIHAE
10 s IHsE IS LT S B IR ECR, 2 e BN &S . HERTE,
] COIRE T “V” R, 10:00 2 /7, BEEM ASILKTKIT, HZEH
] CO» WRBEZHT EF, 75 12:00 B H LKA (141.956 pmol/mol), HIIL “F4K”
MG . MR R T YR 125K A oG RE /1 smEgtol, iEl 2-2
(D) ATH1, HZEMZEEERFR 2 RIE 25, 1£8:00~11:00, HZ=HIZEMEHE R
bEESFLI TR B A =, 7R 13:00 B H =0 AL T, s B, &N
FE/K B1A B KAE(3.70 mmmolH20/(m?-s)) .
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%2 % AFRDLERE

2.3 118

HEEH RV RIEAN IR, SHEAERKKERAEZEE N, ML
JE 72 e ELRE S W )6 A AF FH 9 55 1 BRL RO, Rk S A A0 SS(LSP) SO A R
(LCP) = IR BE A% S WA 5 st e FR P& i e /1, BB & LSP. ik LCP KA LA
FAR Rd FIAEYD, XF 6 B AE2A50E B RE 3wl ), ARS8 A 2= 1 6 A AS(LSP) N
1166.49 umol/(m?-s), Ye#M S (LCP)A 0.00 umol/(m?-s), HEFEIKH 2 (Rd)A 0.00
umol/mol, iBH1Z H ZEXT S 55 6# B A R pi& MvE, HAEXHE WL #E
o ANRL G H 20 G R IE R RE D AN ], BRI SR CIRAE R AN
NG AT R E LSP. K LCP AV R, 1M “ifr”. “UHBER” M
“CERERFRZE” NWRIHEAE LSP 5 LCP & AQY, FRZIS T FhiE N T I B 45
(1641, CO, M B 2% Jx FAFAE S R0 Re 8 % COL IR BE ST, COL M
(CCP)IS HI A P 8 FoA 3 m IO & R 4, COx MM S(CSP) R s %)
W FE COx B H H g /Ul A5 H 2= 1 CCP(63 pmol/mol) K, T
CSP(1749.82 pumol/mol)#i /=, FKHHIZHZER CO: [FfLae /158 HA HIRERSE . @
xR 265 COL M N HH A 73 A, R IZH ZRAEMEAN COL IR LA
R (Po) BHEADGHRIT 1) Pn &, XU H FRAEGRMAR SFAFE T, HonGlEE
KFERE 52 COx (IR PR i

EERNIRT, MPEOEAEIEH BN =R, FIgR . SR
ANFRI th 411600, ARG H =33 G i 3 H AR 2 0 th 4%, 7E 10:00 F1 12:00
LB, 11:00 B HILAME, BIGE “AR7 LR WFFiRM, ZMEYH2H
WA AR MG, ZMGEEYER TR RIS, AR THED
PSR IE MO, YA AR IR R 2 S ALR R S RS LR RIS,
MM COy WRE5S AL T BRI T RERT, “R” Bl 32 B2 < FLER i 5] g2l o!
. HIE 42 7T, “/h 7 AZEREEEERE. SLTE S ME CO ik Z R
FEAS, BUZ A RS “HR” IR SSRGS R . EAROEE1E 2 3
R R PR E, ERR . AHRNREE . IR COx IRESFAERRE T LSS TR
Hle] COx W . M A /KA UK SR T B4 #7070, i 42 7%, 12:00
& H RO G E B FDGR T 2 B, ME COoy KER ErtEs, Hiw]
T A S S A A A e A VR IR 3R

I H A EAR I E A R I, %R H 2 IR R IE N RE 15, X
CO, [ EALRE J7 58, UEBH 1 P H =X R R IE REBE )5, ReE N LIRS SR
BRI R EL
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£ 35 TRAREESRRMNE T A FEKIERHNE

MEMEE LIEE SR E A iTAX AN REBRBERAR, B3 17 AR
FE KW TEN AR SRTE,  [R] I BOR S A ) B A 7 75 mT LA R AN [F) L 3
wREE. e R EMEFEDR AR, o] BT R AW 5
IR 52 . 2P EEEME T, EUNERKRSZE—E RN, HERKRI
FOEERGENE . MR A SO0, TS EAEYRFERNTY, Wik R
HEEAE SR, WARMZASLTH B R, BRI AR SOt
Yol B <5 e B fE T A RN TR

ASCE N TR R E G 8 Hg 155y, KU FRAEA FIREZRIKTS
Jefia N HFMAE KO AR S TUERIEISIZE R, BRI G BB X L
SEE ML PR IR PEORSCRF, IONEY B R LIRS &Rt et fE e
PR R ERAKE .
3.1 WEMMETE
311 fikiEmS5 IR

ARIG R AL g0, BV, o R E . KRBFEAMFERH 2,
AAREHEA 23em, = 21.5em MR, IEWPOKAH, fFHAKREERE, thsh
12~15cm I, JFUGE & @R iE st . P e BRREHLERI, I Ho @ S 5 s
B, PR IHEER . R 3011,
3.1.2 KA IE

P T 5 AN RIIR P HeCL I, & 3 ZR A 2em, I 20 mi 2 FH ST 25845 1
WEGEN L, WRIEE T LKL, B 2~5 KiK. WinEe)R
WL I 4-1 iR

* 4-1 B R R 5 AL KT
Table 4-1 Experimental factors and treatment levels

Ab 3 (treatments) Tl T2 T3 T4 T5 T6
Hg WK (mg/kg) CK 0.5 1 10 50 100

RS LA I He(0 mg/kg)fE Xt IR, HARAEE WLER 4-1. AN BRAEAK 24 1k,
WHEIIRESE, 3144 Bk,
JL3MEMB S /H A

FE b E E & BB 525 30 RN, i &4mhng B ERNE, 25
B 7 RIME—, Hit 4k

PRidr: PR B ORI 2 i a FE R . SRAGIR A A F X 2 kKt
RMINLE, BRI bk .
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R KRB RUEH ZER SRR RN R H ZE R K.

L SN AP 22 2 v S NS == P L 7 = s el 1B & o AP L o SN ST 1
=

M ARG G BATIE, FES R RECRIE . rEdbilE 1715
{H.

BEE . KRR H RN B, H BRI R T, Wi S FHIROK
IO RIS, B HT R 2. =%, FABETFRPFHRE.

e KB ARSI, H SRR R e, P s
KGR HIK T, ¥HZES R, 2. =880, 2R KRS GRS
U, ARJG/E 105 °C N4 30 min, 80 °C Mt TZEEE, HHEFRTFHRETE, 4
Y& T HEITS
3.1.4 HIELIE

1z Ff Excel fll SPSS #K A3 3 34T S it o0 SR A B2 K 2R 5017 /5 72(One-way
ANOVN)AI Duncan % # T BE T, HFRREATIRG, BEMHKTER
0.05.

32 BRESH
3.2.1 Hg Ext A =S50

# 3-2 JRMIEXT H ZERR R R
Table 3-2 Effects of different Hg treatments on the height of Rosa maidy

Hg A3 P &5 Height (cm)

Hg concentration(mg/kg)  30d 37d 444 51d

ck 36.00+3.40a 37.03£1.34a 39.63+3.49a 39.50+0.87a
0.5 32.53+2.73ab 38.43+0.86a 38.534+2.87a 38.90+3.94a
1 32.63+1.21ab 34.57+1.14a 34.53+0.84a 33.47+0.49a
10 25.90+1.46bc 27.23+0.47b 28.23+0.93b 28.87+£1.51b
50 21.73+0.84¢ 25.00+0.31bc 27.70+£1.07b 27.10+1.63b
100 19.37+0.59¢ 20.73+2.37¢ 23.97+0.80c 23.534+0.57¢

T RPEIEA /NG 7R 2 7K 3 8 KT (p<0.05),  FIA S

Note: Different lowercase letters in the table represent significant differences (p < 0.05), the same below

3 3-2 F8dE ol DS AN [ER FE . AR TR) SR 3 6k H ZE 407 1 0k iy B 52 0
AT AE Y BEE R BB IS TA) B 3G 00, H 2= AR = B g G, (EAE a8 )5 1 28
30~51 R(M, HZEGENAKEEEZHRIE, AN 10 mgkg. 50 mg/kg.
100 mg/kg I H & JE@RMNE T, HZERMREBOS MAA B EEER, 58 51dH
ZERRE T B IR AL) 73.09% 68.61% 59.57%. £ 100 mg/kg HIRMHE T,
ENFIE] 30d 37d. 44d. 51d BIH FERR 5 20 BRI 53.81%. 55.98%. 60.48%-
59.57%. {EWRFEN0.5mg/kg. 1.0mgkg FEEJERME T, HEENKEHERT
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MIRABRA BEMEZE R EAESKENESE Hg e, 5HFHrAEKZE
M

—E I PRAE, (EXFH M E A 5
3.2.2 Hg BB %t B =R KB 22N

* 3-3 FRMMaX HZRACHI R0
Table 3-3 Effects of different Hg treatments on the root length of Rosa maidy

Hg Ab PR S 4 Root length (cm)

Hg concentration(mg/kg)  30d 37d 44d 51d

ck 21.33+1.96a 22.83+2.00ab 24.6+0.93a 24.9+2.39a
0.5 19.47+£2.92a 26.23+4.80a 22.17+£2.25a 22.6+1.06a
1 18.67+1.29a 21.97+2.52ab 22.23+0.96a 22.57+2.28a
10 14.43+0.64b 16.70+0.70bc 16.77£1.97b 16.37+0.62b
50 14.57+2.30b 16.03+0.84bc 16.60+1.42b 16.47+0.35b
100 12.30+0.36¢ 12.07+0.20c 13.57+0.83b 13.93+1.07b

FAZFERAKT 48 Hg Bma ML S ks AR, £E 0.5 mg/kg 55 1.0 mg/kg Ab3
N, AFRKEMRAML A & AR, WWHFELIE 1.0mgke Ee Rk
SRIRET, BEWIEHAER, HARH =R RN S

2l

WIEH 10 mgkg. 50 mg/kg. 100 mg/kg [PHa T i FARHExT

AL

HEE]

N

YRR FEMMEES 51 K0,
MAHEEEZESR

I3 AN BRI 65.74% 66.14%. 55.94%. TEWEE N 100 mg/kg BHERIZE 30d. 37d.

44d. 51d AZREK HIRA IR 57.67%. 52.87% 55.16%. 55.94%.
VL RAAE Bk ok e N A R A KR B — 2 ], (B HZFRA HEAr i
%, HAWAZFW SR, EKRE Hg 48T, AFgiEwAK, B4

M 3 2= () S WL B AN AL
4.2.3 Hg 8 sd A Z=HHCFIM BT RS20

40 -

_“ah S iaaa‘a li;l a ll

o—

30

R 3 (ma)
Leaf width

10 +

F__ﬁ

30 37 44 51

Bl d

30

37

3-1 FRPE X H ZE AR T8 1 2
Fig.3-1 Effects of different Hg treatments on the leaf length and width of Rosa maidy
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i 3-1 frs, ANEVKFE Hg Wre s H ZRm A58 12 . IR LLE
baEE SR He fia, AR 5EA B8 sER, (225X R4
BV ZERTE ST S
3.2.4 Hg BmBExt B =/

R 3-4 Hg fiaxt H 2= 2 A R2
Table 3-4 Effects of different Hg treatments on stem diameter of Rosa maidy

Hg Kb Z5H Stem diameter (mm)

Hg concentration(mg/kg) 30d 37d 444 51d

ck 2.86+0.71a 3.15+1.12a 4.1240.54a 4.66+0.43a
0.5 2.96+0.49a 3.14+0.73a 4.80+0.81b 4.10+0.54ab
1 2.76+0.64a 3.22+1.34a 4.00+0.65b 4.22+0.56b
10 2.67+£0.61a 3.08+1.06a 3.954+0.15b 4.10+0.54b
50 2.49+0.19a 2.82+0.62a 3.74+0.51bc 3.94+0.57b
100 2.38+0.35a 2.75+0.83a 3.304+0.39¢ 3.85+0.36b

2 3-4 AT5n, AFEIRE He Whia ot H Z= 2000520, 7E7R a1 55 30d F15S
37dEF, AR ESRRMEN H R ZEHRAREEES, EAFREE 444
S51d B, 7E 100 mg/kg HI7RMHE T, AZEZEMBNRAFREEES, 20258
ZH1%) 80.1%- 82.72%. W WAEMKRIE A 100 mg/kg LR HIRMNEA, X HZHZEMKS
W 52, BE S I TR0, ey FE R oR B s H 2= 2 6H 1 s e bl il 2%

3.2.5 Hyg BmBEXT AR, E. HEIo i ERIS20

% 3-5 Hg Miaxt F ZEHR AL e B F) R
Table 3-5 Effects of different Hg treatments on fresh weight at root of Rosa maidy

Hg Kb PE & 12 Root (g)

Hg concentration(mg/kg)  30d 37d 44d 51d

ck 2.781+0.307a 3.018+0.172a  3.114+0.246a  4.637+1.362a
0.5 2.561£0.379ab  2.538+0.675ab  3.336+1.486a  3.815+1.750ab
1 2.081+0.314b 2.484+0.184ab  2.745+0.439a  3.812+1.719ab
10 1.396+0.123¢ 2.10240.135bc  2.265+0.700ab  1.935+0.513bc
50 1.371+0.500¢ 1.8110.300¢ 1.340+0.116b 1.647+0.759bc¢
100 1.170+0.381¢ 1.526+0.046¢ 1.275+0.041b 1.204+0.526¢

R 3-6 Hg Wriaxt H 2= 22 AR A 6 5L f) 2

Table 3-6 Effects of different Hg treatments on fresh weight at stem of Rosa maidy

Hg A3 =X Stem (g)

Hg concentration(mg/kg)  30d 37d 44d 51d

ck 2.948+0.407a 4.044+0.173a 4.151+0.038a 4.174+0.993a
0.5 3.179+0.348a 3.804+0.572a 4.166+0.848a 3.759+1.118a
1 2.889+0.618a 3.091+0.100b 3.373+0.561ab 3.744+0.025a
10 2.7154+0.409ab 2.189+0.421¢ 3.219+0.202ab 3.076+0.145ab
50 2.124+0.325b 1.988+0.186¢ 2.903+0.948b 3.2174+0.549ab
100 1.982+0.139b 1.949+0.460c¢ 2.560+0.193b 2.418+0.317b
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2 3-7 Hg Hiaxd F 2= H s i B f) fE
Table 3-7 Effects of different Hg treatments on fresh weight at leaf of Rosa maidy

Hg 4 2 ¥k F¥ Hg H Leaf (g)

concentration(mg/kg) 30d 37d 444 51d

ck 4.539+0.403a 4.532+0.747a 5.266+0.007a 6.702+0.413a
0.5 4.538+1.284a 3.511+0.089b 5.309+0.607a 5.340+0.453b
1 3.399+0.280ab  3.464+0.002b 4.483+0.990ab  4.838+0.233bc
10 2.878+0.800b 3.214+0.087b 3.599+0.638bc  4.010+0.317cd
50 2.590+0.509b 3.276+0.044b 3.208+0.452¢ 3.898+1.094cd
100 2.216+0.605b 2.308+0.399¢ 2.965+0.283¢ 3.510+0.384d

ARV TE] AN [EA B R BB ood H ZR8l i AR . 25 A S K s M an . 3-
5. 3-6. 3-7 P, HHERATHEN, TEMMEREE 30d. 37d. 44d. 55d B, FEARAREE 0.5
mg/kg. 1.0 mg/kg 1 Hg Wi T AZER B 25 &304 5 0 AL AH b i A
EVEZER . TERIREN SO0mg/kg. 100 mg/kg IALEE T,  H ZR4) 8 25350 7 1) e B 5
SHBHSE BEWZE R, EAmrE 51d, MHAaKERN 50 mgkg AFER, 2R
R 25 MRS ERAL HI R 35.56% 77.07%-. 58.08%, FAMKE N 100
mg/kg AL, AFEMMR. ZE. HZ AL AR AR 25.97%. 57.93%-
52.37%. B DAfS HA ik B EE 4 Jm SR B i H ZR 40 1 AR REFE LR, B
HT Hg PraF 25 MRS E A, EYR RN ESENF2E
AL, FrUMR RAZEEBINEFAR T2, HlAECR.
4.2.6 Hg BBt A =SSR

A BT S B ) A K ORI B BV BRI, R ) AR A B KN AR e B
BOAEY) 2 5 e e B 8 LS Qs oL N IR AE K. R 3-8 3-9. 3-10 WA,
ANFEREE . AT HESE Hg A3 HFELHA AR . =R, 25,
25 ALt o AL T 3G 0, AL AR Rt 2 N . fEE 4 J® Hg Wha
K55 30d 2% 51d, 0 mgkg. 0.5 mg/kg. 1 mg/kg. 10 mg/kg. 50 mg/kg. 100
mg/kg AR, HERRIA AV E D MG 107.80% 52.22%-
29.85%+ 68.57%- 9.26%- 21.71%, Ui BHBE & W ia ir [ i3S .  H 2R A 1) A=
VrEWE RN, (Hm iRk T R KR RS . 1E Heg At s 51d, £
Hg #EN 10 mg/kg. 50 mg/kg. 100 mg/kg B, AZHR. 25, M=o H4EYD
50 IS A LU BB E e, WRERA A il R R 37.73%.
23.27%- 23.62%; Z=ERALI AP o A X AL 78.48%. 77.03%. 48.95%.
5B ) A=) B X B A1) 55.63% 56.82%-. 48.09%. 1] LLE ik E Hg firia
N H RO AR ER, FERHT He A X255 A=A E
Fefuh, YRR He B FEE LA, TR R EE BN AFHK
T 25, ALK .
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R 3-8 Hg Miria st A ZtRm A M B i S
Table 4-8 Effects of different Hg treatments on biomass at the root of Rosa maidy

Hg AL BRI JE
Hg concentration(mg/kg)

IR Root (g)

30d

37d

44d

51d

ck

1.245+0.103a

1.379+0.046a

1.393+0.165a

2.587+0.605a

0.5 1.128+0.076a  1.142+0.232ab  1.876+0.447ab  1.717+0.450ab
1 1.072+0.117a  1.121+0.061ab  1.651+0.157ab  1.392+0.371bc
10 0.579+0.040b  0.936+0.047bc  1.071+£0.121bc  0.976+0.171bc
50 0.5514£0.140b  0.794+0.088bc  0.683+0.012c¢ 0.602+0.138bc
100 0.5024+0.127b  0.66140.044¢ 0.683+0.011¢ 0.611+0.142¢
%R 3-9 Hg it xt H 2= 2 5L R R S

Table 4-9 Effects of different Hg treatments on biomass at the stem of Rosa maidy
Hg AbFEIR & =& Stem (g)
Hg concentration(mg/kg) 30d 37d 44d 51d
ck 1.4244+0.188ab 2.322+0.251a  1.983+0.041a 2.4214+0.365a

0.5
1
10
50
100

1.628+0.026a
1.345+0.218ab
1.33440.142ab
1.165%0.060bc
0.8524+0.023¢

2.141+0.246a
1.484+0.137b
1.02040.179¢
0.928+0.068¢
0.976+0.161c¢

2.189+0.233a
1.645+0.215ab
1.55940.054ab
1.52740.355ab
1.2574+0.056b

2.156+0.452a
2.188+0.010a
1.90040.030ab
1.86540.269ab
1.1854+0.214b

K 3-10 Hg JHpia et H ZEm- 38 A4 P 5 1) 5 0

Table 4-10 Effects of different Hg treatments on biomass at the leaf of Rosa maidy

Hg AL
Hg concentration(mg/kg)

ack
0.5
1
10
50
100

I Leaf (g)
30d 37d 44d 51d
1.916£0.270a  1.714+0.151a 2.185+0.058a 3.358+0.176a
1.739+0.161a 1.120+£0.043ab  2.228+0.167a 2.310+0.025ab

1.213%0.027b
1.025%0.157bc
0.886+0.057¢
0.854+0.113c¢

1.48240.106¢
1.28340.014bc
1.367+0.080bc
0.787+0.133d

1.7394+0.216b
1.44040.160bc
1.27340.100¢
1.236+0.077¢

2.951+0.623bc
1.868+0.103c
1.908+0.327¢
1.615+0.071c¢

EE SR He B FR R 5 37d. 55 44d. 55 s1d i, HZER. 2. =39
£ Hg A FRIKEE N 10 mg/kg. 50 mg/kg. 100 mg/kg I A4V & St IR A Lt
BEWER. £ 1.0 mgkeg WESE Hgbha T, AFR. 2. &M 4EyE
5 AH L A B AR
3.3t

HBEBELRNTHEYNEKAGLFESBAELTESE L5, Lo Fe. Cu.
Zn SEAEYI ISP FT L T FIEE IR ER, HIX L 4w 1R A ) 7 B R
SS9 EEMEAIT, Fe. Cu. Zn EE MY T EF KNS EIEE S B8 140
ug/g. 4.15 ug/g. 8~100 ug/g, MEEERASHEMEKFLFER TR, HAERT
YT E A & &GN 0.005~0.2 pg/gl'™,

MEYZ B E S EEEN, EASHIERSZE.. KB PPEERIER
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ARKZ B EERRWILRUS, MESRIKRE D S, SRS R
FET B B0 M OCHIE SR B, IRV B 1 B 4 2R A B R AN 2 o iR s R [ A K P
AU S, T4 E 48 He WKEEA 1.0 pmol/L Iy, Hg St fi i 55 (K 40181 4 FF T
Gahnsml 7, AR AL RWFREMIRER Hg 43T, ELE Hg X HFEMAEK
Tabric A BEMER W, ERIREERN, AR AMGIER . R85
WEFC ORI, TR IEKFE G AR AL B Ak KA (R, ik B A 3 ) (2 5%
BB =y, 2R R PR P 185 Xt ke v 0 i 4 BRI BRI o 0 5% A 90 3R I RS B 40
AR KAk =B 48 Cd 1 Hg R I35 nim PEAG,  EoHE AR i 4 F
KTk e (R ] 4 U

AN TE] . ANEREER) Hg Bhiaxt HZ=mdke . R 20/, SR Ll
KA EMEARRERRW, MEESE He BhaikE (=50 mgke)rteE, H
FbEE . REK. 2L R, . HEFEY 2D EIREMNS, WESEEREDN
T8, ARG 2 32 B — B AR B
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£ 45 FRIREEERKRIMNE T A LIRSS

G R REYAEK R E IR, R VB 5 A5 5 R G B PR 21 1801,
MR RN I EEDCE R, REWHATCEER M BEER, HaER
& BRI THEYDCAEIERBE RS, RARWEY AR, 7§
VE A g ik S A S BE R P2, AEAE D 20 B T ), e 2] 240 i 52 A R
FERIERUST, AR HIRE SR He BRI ARE RS, A SCETH AR
EARFERIE He il N AR AR E. HEERSE. MDA & & DL s v
ARAL, ffRE 1458 Heg 15 BonH i E R, SRVPA H 2200 He 15 B4 b i i
PE, AAFEE LEESE Heis L ERSE R XL
4.1 MBS HFE
411 #HilHFERE LR

[ 3.1.1,

412 MEERSHE
JEAFRAR I E -

RS HITE R RS T, A LI-6400XT Ye& 100 H ZE 8 & B0 S 48 bn HE47 I
E o ANEVKIE Hg AbFR H 22516458 3 %, bRk B AR K AG UARBL HL 7 1A — By it
Fritarie, A TFIE 3 K. MER N B 9:00~11:00. =2 AZ
[RIOGHIF EU(LSP)N 1166.49 pmol/(m?-s), A 1 kG H 2= H DG 15 0L, &€
Gt — N EE SRS 1000 pmol/m?-s, CO» ¥k E{H ¥ & 400 pmol/mol.

MEFabs: 1FHAHER Pn(umol/(m?-s)). HilE] CO2 ¥ Ci (umol/mol). SFLFE
Gs (mol/(m?*:s)). 7Z&MEHE 2 Tr (mmol/(m?*:s)).

2R RS ERIE: ToK CRHR RIS,

2 S PRI« IR IELETS

P = (MDA) & & B E : R AR T L 2 iR,

4.1.3 HEHEAIE

1z F] Excel Fl1 SPSS #K A% 3 34T S it 70 SR A B K 25 5017 /5 7%:(One-way
ANOVN)H! Duncan % # WWRCHAT B M504, HPEREATAR D, MK HN
0.05. F Origin2018 HE474 &,

4.2 BERE5HH
4.2.1 REMEX A AN ERERF N
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ck
8 [ O_Smg/kg
E 1.0mg/kg
Tr a 10mg/kg
_a
aj. ; a Ia a - 50mg/kg
6 -rh Uy a8 a I 1 00mg/ks
& b _T_ a
a8 = I_Z_Z_; a
o =5 |
Eﬂ-g "; c P aIT_F;
e 2 g
qo e 34 c b
REE c .
o
ﬁ&: % I§ 3| c d C
Z c
2 -
1 -
30 37 44 51
el d

4-1 Hg WA A2 2 1 R0
Fig. 4-1 Effects of different Hg treatments on net photosynthetic rate of Rosa maidy

EAERKEERREEATOCEIER, Jea1F 2 RKER 7 R 5 b A 3
R, [ RS R A& B YA AS e R IR A & e . B 4-1 W, AR
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Fig. 4-2 Effects of different Hg treatments on stomatal gsuctance of Rosa maidy

4.2.3 Hg i3S A ZHiE) CO2 ik ERIF N

ck
. ]0.5mg/kg
a00 - 1.0mg/kg
abab a 10mg/kg
L 30 I;I aa -fISOmg/kg
.% Mee T aaa I 100mg/kg
g 300 ¢ c o II a a a
o2 b 7 ]
% 8 Bzsor b b -
o o c : b
O 8 E_ cc bee
E o 3200 -
B0
g 150
5
100 |
50
0 : :
30 37 a4 51
o) d

4-3 Hg e ns HZ=I1E CO, i FZ IR

Fig. 4-3 Effects of different Hg treatments on intercellular CO» concentration of Rosa maidy
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