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Abstract: As one of the common garden shrub species in Beijing, Jasminum nudiflorum is very popular among citizens
for its unique ornamental properties in early spring. Copper ( Cu) pollution is one of the most serious heavy metal
pollution types in Beijing. To explore the remediation effect of J. nudiflorum on urban copper pollution. By simulating the
soil and atmospheric copper pollution conditions in Beijing, pot experiments were conducted to set up nine different
concentrations of soil and atmosphere Cu treatments to verify the Cu enrichment ability and physiological growth
characteristics of J. nudiflorum. The results were as follows: (1) Soil treatment and atmospheric deposition treatment and
were able to significantly increase Cu content in root, stem and leaf of J. nudiflorum, among them, the contribution of
soil ranged from 63.48% to 96.99%. The Cu content in each treatment showed the order of root>stem>leaf. (2) Under
atmospheric treatment, photochemical conversion efficiency (¥, /F, ) and relative chlorophyll content (SPAD value)
were increased, initial fluorescence ( F,)) was decreased, and photosynthetic capacity was promoted. The photosynthesis
of J. nudiflorum was inhibited by soil treatment and co-treatment with soil and atmosphere. (3) Compared with
atmospheric single factor treatment, soil single factor treatment and co-treatment with soil and atmosphere resulted in
increased accumulation of reactive oxygen species ( ROS), increased membrane lipid peroxidation, increased
malondialdehyde (MDA) content, and decreased antioxidant enzyme activity and proline (PRO) content, and finally
led to damage of the biofilm system. (4) The low-concentration Cu treatment promoted the growth of J. nudiflorum,
while the high-concentration copper treatments ( SHAL, SHAH) inhibited the growth of J. nudiflorum. The minimum
value of the root tolerance index (TI) of J. nudiflorum was 69.19% , which indicated that J. nudiflorum belonged to a
highly tolerant plant. In conclusion, under the simulated treatment of soil and atmosphere Cu pollution in Beijing,
J. nudiflorum can effectively absorb and enrich Cu in soil and atmosphere while maintaining its own normal physiological

and growth activities. This conclusion provides a certain theoretical basis for the prevention and control of Cu pollution
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and the maintenance and restoration of the ecological environment in Beijing.
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tolerance, enrichment
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HiAE SR IR T I B 4™ R 0 % 56, Hob, #4
Ja 5 Gt — T 2 3 Yl T A 2 A O R 220 Y )
L, i ( copper,Cu ) 8 ( chromium, Cr) %5 & 4 J&
15 YU AE T AR A5 BR B v i B I ) ufE DL R
PNITEN RS 8 A S S N W& o o i 1]
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soil and atmospheric deposition treatment,

R 38 T B BR ( Ricinus communis) & 5 B 4 J& S0 .
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BEIE T 4 B A B T AR & & (B ATy
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8,2019) , FEIARPEAE I T 2240 )12 W B9 AR AR
YRR WF5E RIEAIR A Cu 15 34 bl bRE A 1Y
it 1 S AR e T, X T A R s Je s T AE R
AEIEE XL,

W ( Jasminum nudiflorum ) J2& 36 50T % UL 7l
MR AR Fp 2z —, K B F G, KRR
(Oleaceae ) 2 2 Jg& ( Jasminum ) 3% M HEA ; /N 2%
O =M A et R R 6 R R
BT IF AL, 2 BTG HA BOm W5 MM, KB
55 (2014) FIMK 2 5255 (2019) HF5E A B, 0 35 Xt
W REE Y Cu A B By i B AR /R AT B H
R AAE Cu 23R A SR AL W 32 58 ) s
&SRR S il U (S 1= B S 1 A N e D )
AR IR R X 2 KFE AL 5t LI RTR A Cu
15 YT R R R T A5 AR il i PR 9T AR
IR AL BEXF AR Cu FEMER HERE NS
B AR B 07 LA K A AR bR B ) SR LT )
(1) M FRE R A R R L EAR PR Cu 5
B (2) Cu ARBR A 19 A4 B BLAL A 5 (3) A
XF Cu Kb PR 32 g 77, LA b5t 1 AR
S Cu 75 G DX Pel BRIE A b (1) 1 £ AT Cu 15
Y Y16 52 R B H o R AR S A |

1 #HHEF*

1.1 ¥R IR T

AR AR 2 4R AR AR S AR v T A VL
TNE R R 203, B b s Aol ) A
R B MY A8 2% S 08 R R R BL 3R 28 T At 4 2
o AE T o b skl R A R =, T+
BERAN YDA (b + L 1 1R, i+
HE L A B AL E . pH 5.0, A HL T 15%, A
( nitrogen,N) 300 mg - kg™, B ( phosphorus, P) 150
mg - kg™, 8 ( potassium , K) 255 mg - kg, i (Cu)
20 mg - kg, BFEEME A 4.5 kg, AR A 1 kR, A&
T ORCEFE AL, LA 4 S U A S i TS G

HARRH | ™A JE, Pk KRS -l AR
HEAT RN R AR UTRE AR 2R Cu A0 B, A1 4R R
CuSO, + SH,O(73Hr4l) , B4~ 2 70 i) BB I
IR B RN = MR B 3 B B, e Ak 0 A 4 vk
S HUT 1 S R TS YA o R (N 2 5,
2016; 3 1,2020) , Lk Cu™ ¥ A9 TE S A o
Xof BRZEL A P AR AR 25 B 1 KA . R DT I A8

P 2 225 A0 30 T KA DTRE 5 43 T 75 G i 53 i e
(VFPIAGAE 20165 RERKAK ,2021) , R TTRE S b T
U 51 UTM (Pan et al.,2015) , Hrp B UTRE 5 3
T AL H S WA W (Liu et al. ,2019) . AHBFFY
Z: 18 Cui J %5 (2019) Hil Cao 55 (2020) MWF5E 7 ik,
S I 5 43 Ja VS W i B X, DO TR AR R KX
UUBE , #e KA VTR i i 5 N XTI (0 mg » m? -
d!) AKRHREE (0.04 mg m? - d") EHEE (0.4 mg -
m? « d™) ARSI VA R A R L 0.,0.024,0.24
mg - L' AR RAEHIBGT IR 1,

RATCRE T WG F B g 5 d, A 23 Mo 30 oy
250 mL, WP A () Ak B 2 2 [i) ) 9 Ak B a0 4 7 3
PG T, ARE B AR A OIR B AN FE A R K AT
RN 3 AN, 30 27 H. AR 60 d R,
FE AT A K AR R
1.2 K H &

2 R 96 2 BN W 5E - 5 20 Ak 1 b Bl B ik
W3 ANE AL, d ] PAM-2500 fi 5 28 i i 4 R 5%
YCAAT SPAD-502Plus 43 22 5% 55 W 4 A% 53 531 )
EBCBE(IFEE,2018) KA 48 2 & B ()
SPAD fHRR) .

A FRAE BRI AE - A 2H A0 B I3 3 AR OIR
OUAHIE (BT EE T 0.1 g, 43 AN 0.9 mL R 2%
I ( phosphate buffer solution, PBS, pH =7.4.0.1
mol « L 4 C &) W BE By ) 3K J5 850, B b
# M. N B ( malonaldehyde , MDA ) & | Jifi 42 iR
(proline, PRO) & & DL N M %A 1k ¥ i b 1§
( superoxide dismutase, SOD ). if % b ¥ [
(peroxidase, POD) |1 % 1L S i} ( catalase, CAT) fY
TR 35 fdT R o g A 2 D R R &
WE

AR AR E < R AR W AR S8 BE M AR S L TE K
e B R B ORTEUE 3 I, LA BRI G 7R R i
IZR T, W K 4R T T K 43 I, I A e A o
KRR, PREMR 22 mHH 70 CHTRIER T
o, MR e SRR F i R4 2L (oot tolerance index,
TI) AR U F (Lux et al.,2004)

HOE L = Mo T TR () /M L F B (g) 5

MR TE 2 (%) = AL B B AR (em) /%)
MEATAIARE (em) x100,

FEH) Cu 25 5 I < LT RO AR 25 A S AU
JE LK, AR = N KT JE 100 H i, SR
T (HNO,-H,0,) , HUEHR A 45 B 1 i
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R1 TES5XS Cu BRI
Table 1

Experimental design for soil and

atmosphere Cu treatments

RAVIFER W Cu W

Cu concentration

+ 8 Cu WE

%5 . . . :
Code Cu concentratl(ﬁl of soil of a_trpospheru‘z
(mg - kg™) deposition solution
(mg - L")
CK 20 0
AL 20 0.024
AH 20 0.240
SL 55 0
SLAL 55 0.024
SLAH 55 0.240
SH 100 0
SHAL 100 0.024
SHAH 100 0.240

. CK. AL, AL, KA EEAREE, AHL R0 i AL
F; SL. HIEMRM AT, SLAL. 3Rk B AR vk B XU
ARFR; SLAH. - SR BE o e 2 XU AR B 3 SHL - HE g ik
FEARRE; SHAL. 3800 W B2 R SR BE XU 4R B, SHAH. +
S o R R Vi SUE AR P, CK AL AHL P i) 3 Cu ¥
B e Cu R BE R ISR AL R I, T IE

Note: CK. Control group; AL. Low atmosphere concentration
treatment; AH. High atmosphere concentration treatment; SL. Low
soil concentration treatment; SLAL. Low soil concentration and low
SLAH. Low soil
concentration and high atmosphere concentration co-treatment;
SHAL. High soil

concentration and low atmosphere concentration co-treatment;

atmosphere  concentration  co-treatment;

SH. High soil concentration treatment;

SHAH. High soil concentration and high atmosphere concentration
co-treatment. The soil Cu concentration in CK, AL and AH is the
Cu concentration in the test soil, not added by the experimental

treatments. The same below.

Y ( inductively coupled plasma-mass spectrometry,
ICP-MS) M E#E i Cu & i, 188 R %L (translocation
factor, TF) J & £ 2 %0 ( bioconcentration factor, BCF)
TR ZANF (Baker et al.,1994) .

TR RE = B E SR & & (mg - kg ) /H
TR 4R A i (mg - kg ;

Mo B (MR A AR = EA (T
WYEHELE SR (mg - kg )/ HEPELE S =
(mg - kg') .

1.3 HiEH AL E

I BAE BT LL 3 A A7 0 57 3 5 9 o 24 =
i 2 R, i HI SPSS 26.0 47 XU 3 Jr 2 43
B 2 R A OGS0 #T, ] Excel 2019 AKX

Origin 8.0 #4745 b BRANHI &
KR 2R Ty 22 53 M stk R R A X
TR R (%) = [H— R 88 2% 5 M
(SS) —ZINZK M [ I (df) xIRER T (MS,) 1/
KBS 2275 Fix 100,

2 SR 5

2.1 TESASAEAET Cu EIERNNEESE

&1 AT B RN Ca Ak BV B 1Y)
Fhim  ER 25 R Cu B A R R B A 3
i, &b Cu & BRI SZESE, HIERK
%iﬁﬁ%%ﬂﬁ&}iéﬂ(SLAL SLAH .SHAL SHAH)
FAnE Cu 7 i P A e 1 8 i e 35 R S (P<
0.05) ,7F HAR 25 M Cu & ¥ 7E SHAH AbHEZH
IR E] fe KAE, 43 9 S X BR 4L 13.54.4.30 K
3.25M%

3501 o#f Root

m % Stem
m i Leaf b

w
(=)
S

e

NN
S W
oS O

150 e

Cufr &
Cu content (mg-kg™")
(=N

W
(=]

100
fe cbe | |dd ||ec | [bb 2a
mes s L L | . |
CK AL AH SL SH SLALSLAHSHALSHAH

LMK CuiR JE AL

Soil and atmospheric Cu concentration treatments

CK. W2 ; AL, RAIRM AL BT, AHL R0k BE b
B SL. L 3EARH i Ab I ; SLAL. - HEAIRVE B2 R SR
OUEE b $9; SLAHL. - M AR vk B K /i vk 3 0L b 391
SH. -HERguR BEALHE ; SHAL. 38 i W 5 AR e 8 WL
AbBH; SHAH. 38 e B RS Wk B DUE b B A B A
[ /NG 5B R 25 b B 2 i) 2 5 3 (P<0.05) o R Tl

CK. Control group; AL. Low atmosphere concentration treatment;
AH. High atmosphere concentration treatment; SL. Low soil
concentration treatment; SLAL. Low soil concentration and low
SLAH. low soil
concentration and high atmosphere concentration co-treatment ;
SHAL. High soil

concentration and low atmosphere concentration co-treatment ;

atmosphere  concentration  co-treatment ;
SH. High soil concentration treatment;

SHAH. High soil concentration and high atmosphere concentration
co-treatment. Different lowercase letters on the bars indicate
significant differences between treatments (P <0.05). The same

below.

B1 AEREBEANDEF CuHEE
Fig. 1 Cu contents in Jasminum nudiflorum
of different treatment groups
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% 2 A, AN B AU R Ak B ) A
25 I Co & A B (P<0.05), 3 H
W Z RAEE 3 B 35 038 HAEH (P<0.05) . B8R
K E S LM Co LRV T 1 EL I (63.48% ~
96.99% ) ,{HJE R VIREWZAL R Cu & HEWE
TR ZR, TE ZE R ) KD BT R 3 4
19.22%F1 14.22%,

3 AT, bE Co™ IR B N E R

BRI LS T B 7E SLAH b 221 35 3|
HKAA 0.749, 35 5 T HABAFEZ (P<0.05) . &
AH AbFRLAN  HoAb 4D B ZH b R 3 4 RO T
XPHEZH M b AR A R B BE Cu Y 14 AR
BRI H A A B b R 4 R BN T
TEEERE, TR REBEHAH 0.097 ~0.545, 317N
T 1, 5% A AL, AL AH T8 2B AR B 3%
(P>0.05) ,SL . SH AZbFRZH I & 3 T % ( P<0.05) .

x2 BECUERENEZFESTER
Table 2 Results of two-factor analysis of variance for Cu content in Jasminum nudiflorum

ss df MS (%)
Ui 14 Soil 276 946.797 2 138 473.399 65 258.289 0.00 96.99
foot KA Air 5 948.098 2 2 974.049 1 401.579 0.00 2.08
+ 5 x KA Soil x Air 2 604.308 4 651.077 306.833 0.00 0.91
2% Error 38.195 18 2.122 0.02

&1 Total 285 537.398 26
ES +HE Soil 519.924 2 259.962 895.775 0.00 63.48
Stem KA Air 157.464 2 78.732 271.294 0.00 19.22
3 x KK Soil x Air 136.444 4 34.111 117.540 0.00 16.66
1®2 Error 5.224 18 0.290 0.64

AT Total 819.056 26
- 14 Soil 290.836 2 145.418 463.932 0.00 77.57
eal K5 Air 53.302 2 26.651 85.025 0.00 14.22
F358 x K Soil x Air 25.131 4 6.283 20.044 0.00 6.70
%7 Error 5.642 18 0.313 1.51

A3t Total 374.911 26

22 TESKSAELAET CuMHilEHFERK
SH K

FoONEIE BRSNS/ MR 26, Romob &
| R A SN N oe i B B D NS 0 5 e aa T N
2 AL, A A BRA R R AR R R R T B VR
B3 (P>0.05), AL AH il SL ZbBEL  F MK FXF
WA, UL IR Cu Ab PR AE — @ B2 b bl 5
L EER,

F/F, 02 PSR F20%, e PS I fd
PRI G T b Ak 2 BE AR T 2 e T A
NERE S, mAMY F/F IEHIEE K 0.75 ~
0.85, 7% A Y fE B N, KRB — b3
F /F, WEAL B BE B8 I T, 78 AH &b B2 5 %)

Herm B W P25 %, 7E SLAL, SLAH | SHAL,
SHAH ZbFRZE v F /F, Bifi b 380 B2 0% 38 I 527 [
RS 3 (P>0.05)

SPAD fH 52 RS b & & 2 IEAH G, 50
o SPAD HI AR LR F /F, 250, AH 4b 3 BT
i IR RZH Y 1.19 £, AN AORUE b 2R 21
(1) SPAD fH 2 5250 N B 5 B IR T X0 B4
2.3 TESXSNELET Cu il EEEIEIRN
=AU

MDA J2 RS 33 Ak 1 7™ 9, W] R WA ) 1k ik
AL R B N A ) R R G R B (5K ORI LA
2005) . HHE 3 AT, MDA & B 7E KA — b P
rh 5 REZEA LL S 25 AR ( P<0.05) , 7F T3 —
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Table 3 BCF and TF of Jasminum nudiflorum

R3I TESXSCuLETEEN

under soil and atmosphere Cu treatments

W EAE RS MR R R

Trﬁfm Aboveground Underground ﬁ*ﬁfﬁ
BCF BCF
CK 0.318+0.026b  0.587£0.005¢  0.542+0.049a
AL 0.342+0.015a  0.627+0.015d  0.545+0.017a
AH 0.250+0.014c  0.487+0.006f  0.514+0.030a
SL 0.126+0.008d  0.628+0.004d  0.200+0.013b
SH 0.068+0.001g  0.707£0.002b  0.097+0.002d
SLAL  0.102+0.00lef  0.672+0.006c  0.152+0.002¢
SLAH  0.1130.005de  0.749+0.009a  0.150+0.005¢
SHAL  0.067+0.003g  0.663£0.006c  0.101+0.003d
SHAH  0.089+0.00lfg  0.588+0.005¢  0.151x0.003c

8000
7000f

SE]
4
=
=

Initial fluorescence (F,)

1000}

0

6000
50001
400071
3000f
2000f

abc abc

/™ +

0.845¢

0.840¢

0.835f

CK AL AH SL SH SLAL SLAH SHAL SHAH

AR Cuik B 4 Bl

Soil and atmospheric Cu concentration treatments

a

m%

ab

o
&

TE: RPEARE T B E AR 2 (n=3) , RV EUE 5 AN
INEFRERIRA AL I 8] 22 57 B3 (P<0.05) . T,

Note; Data in the table are x+s (n=3), and different lowercase
letters after the data in the same column indicate significant

differences between treatments ( P<0.05). The same below.

A B K = 18 RN SRR Ak B A b g i T, Hep
SH . SHAL,SHAH #ZbHEZH () MDA & &3 B & & T
XTHRZH (P<0.05) , 73 0 R X REZH 1Y) 1.07 ,1.43 F01
1.62 1%,

CAT JHPEAE R B — b F A 5 T fa 3, B
{4 944.879 U - g |15 3 F F&(P<0.05) , 76 1+
9 R AT R WL R Kb B 2 vh S 2T B (P <
0.05) . POD {if P4 52 30 /N e B2 T+ 1%, B AH b B4
S T 3525 S (P>0.05) . SOD Th AR fk #a i
CAT 25100 {H4%Ab B ZH SOD 1% PR T X a4 | IF:
H AH 4B 2% & T HAL AL #E (P<0.05)

KA PRO &3y 5 A 2 W E T2 R
(P<0.05) , T HEACHk & AL PR H (SL SLAL . SLAH) H
PRO a5, 430 X R 1 2.68 ,2.60 F1 1.94
¥ T 9 v v B b P (SH  SHAL . SHAH) &4
PRO # B Cu ¥k T+ i RN (P< 0.05) .

2.4 TESAKTHELAET Cu 3HEEAE KB

A KA bR 0T LLPEA FE ) 75 4 W 28 T A9 ) iz
AE 1.t 4 nl, S R A E , R B —Ab B
(AL AH) ffk R AR M b e 5 K b b3+
50 I AT AH H A BT, X 2 B B Cu Ab
HAEMTFUHEMERK, B &, EHEMKS Cu
ARERR BE ) T 0 R A K A % 2 B

mist T Ee

0.825¢

PS T KB T2 3%

Maximum quantum efficiency of PS1I (F /F,)

0.820f

0.815¢

0.810 CK AL AH SL SH SLAL SLAH SHAL SHAH

T R AR Cudk Ak B

Soil and atmospheric Cu concentration treatments

45¢ ) a

405 b —} {» b
b

35-{— _:{_ _I_ {‘ % _EL _li_

30+

25+

20

FRF I 4% 38 ik

Relative chlorophyll content (SPAD)

10+

CK AL AH SL SH SLALSLAH SHAL SHAH
B AR Cuk B AL 2

Soil and atmospheric Cu concentration treatments
B2 tHES5XS CuEXNDEHF
HERRESHB T

Fig. 2 Effects of Cu treatments in soil and atmosphere on

chlorophyll fluorescence parameters of Jasminum nudiflorum

SHAH AbFRZH v i i AR K 8 (R T X B4 (P<
0.05) , F&IE43 51K 15.79% F1 31.70% , M4k, 0%
wf T OMAR & bt fE SHAH 4k 3 41 35 3] i
JIME.,

2T PEFE (T AT LS e A 4 46 2 % e
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a
~ 6 b
)
g u
I g c
@:’1 4r g d de -
' A
11 3r
’ 3
< 9}
% 2
1 -
CK AL AH SL SH ISLALISLAHISHALISHAHI
_ TR ARSRCuIRE AL EE
Soil and atmospheric Cu concentration treatments
12001 O3 &b &lE CAT
o A AL # s POD
W AL AL B SOD

—_
(=3
(=3
(=]
o

8001

600

4001

Antioxidant enzyme activity (U. g

2001

SH SLAL SLAH SHAL SHAH

O%CK AL AH SL
LR R Cuik E A B

Soil and atmospheric Cu concentration treatments

a

B -

N W
(=] (=]
o

w
(=)
o

€

L

CK AL AH SL SH SLAL SLAH SHAL SHAH
+ 3 F1 KA Cudk BE AL B

Soil and atmospheric Cu concentration treatments

a8

PRO content (ug.g"')
o
=

—_
=]

B3 tES5XS CubEMBEEEEIRNZI
Fig. 3 Effects of Cu treatments in soil and atmosphere

on physiological indexes of Jasminum nudiflorum

[T 52 B AL AH SL 19 TI ¥R TF 100% , BEH]
TR 3 AN AL T AR AR RAT R L
Lux 45 (2004 ) 4 45 0 1 15 HOKE AL 4 23 o SR
(TI<35)  H R (35 < TT < 60) Fl {5 it 52 Al
(TI>60) . Hill 4 AT, SHAH AbBZH Hr TI 355 fix
/IME 69.19% , Bt W1 A5 A A IR B0 35 7 Cu Ab 3R
JE S R AR

25 MEMZRRERASH EEERRERKSEN
EEHEHH

M R PO S AR bR S K S E(BRAR
AN ) EEZ 3 Cu A H AR (P<0.05) , K
ST R T IX e 2 B0 R 4 /N, H o PR MDA
CAT.POD .PRO #MAEZE (P>0.05) . HIEFK
SEHEAEMRX F /F, SPAD i Az BRIE bR bk 25 A
HRAAFTE 352 (P<0.05) (£ 5) .
2.6 MEFEMA TIES5 XS Cu MEBSEHEXEDT

FI I XLAS d A0 S 43 B 47 Pearson #HC &
BAGR:, S AT, R E SR 25 0 Cu #
A MDA &5 B F IEAH C (P<0.05) , S8k,
WK TPEFE 8 F /F, SPAD {f \CAT 1% V& 3%
A (P<0.05), RKAKEHZE Cu T EERE
IEHIE (P<0.05) , 50 Cu & F, LA I MDA &
R IEAHA R E (P>0.05) , 5 HoAl £ 5 2 5L

¥ E AR (P>0.05) .
3 it

31 TESXKME Cu R EBMIDE Ca EEW
=41

el RTE A TEAS 52 30k 11T T 463 Ja 75 % 174 (] Bk S Jost
FALIAIE A 2 I BE, IF H A IR e | 5 ik 3
A2 Wk AN AR 50 v 3 7 IR
W BRI Co IFFERR IR K& & 4, AT ik
FERR Cu V5 Q4 H I, HIEALFEEAMR ZX 1 Cu
R JIESE: 3 W NN - SR AT S SR =
Cu i, KAVIFET Cu 38 o AL A1 A 2
BB 2 AR BR (Sdumel et al., 2012 ), 52 1H
FELPIXT Cu YRS, DTS N 4 & & & ( Xiong et
al.,2016,2019; X % 45, 2020) . M)A B 4 R
BT RS 2 BOZ VAN A Y18 52 BOR 19 1 S AR U
AHFSE b BRZH M T A R AR R B AR T X R
HHM BN EEREI/NT 1, XU FX Cu
BAEEEMN, BARXBEE LK, HHEMKR
OB AE BRZH T A RBOCEA N T A R
— R PRZH | 150 B XU b B AR R Y Cu B —
SEPRAR S XETE RS =M B ER . H AT, 1 TTX Cu 7R
MHFAR I & R s ML R IR HGE . (A FR R
B, RAHEYIAE 32 3] Cu [P0 360 )R P50 200 J i 7 A R
WERME AN, 5 Cu™ &5 BUTTE, K E
S TE A0 RE S i, AR Cu™ s B 1 Rk
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Table 4 Effects of Cu on the growth of Jasminum nudiflorum under soil and atmosphere treatments
K S Growth parameter
. k3R ] K WoLEEEE WFEME W EMTE WFRTE -
reatment Plant Root Aboveground Underground Aboveground Underground
height length fresh weight  fresh weight dry weight dry weight Root-shoot
(em) (em) (&) (&) ) () retie
CK 49.20+1.60cd  13.03+1.88bc  6.82+0.78bcd  5.03+1.60abc  2.64+1.32abc  1.76%0.19ab 0.76+0.34a
AL 53.67+1.80ab  14.601.95abc  8.91%1.05ab  4.96+0.82abc  3.46+0.61ab  1.54%0.63abc  0.56+0.03a
AH 54.73+1.32a  17.07£1.50a 9.32+1.76a 6.82+1.87a 3.66+1.09a 2.28+0.74a 0.77£0.33a
SL 52.57+3.13abc  15.97+1.82ab  7.15x1.63abc  5.46x1.4lab  1.94£0.90bc  1.84:0.14ab 0.82+0.40a
SH 50.67£2.37bc  12.27+1.78cd  5.10£1.12cd  4.57£2.00abc  2.04x0.26bc  1.69+0.34ab 0.95+0.46a
SLAL 51.07£2.61bc  12.73+2.78bed  6.171.48cd  4.71£0.74abc  2.3820.5labc  1.72+0.34ab 0.77£0.06a
SLAH  50.601.04bc  11.80£1.25cde  5.53%1.21cd  4.51%1.68abc  1.92+1.04bc  1.8620.35ab 0.8340.31a
SHAL 46.90£1.28d  9.47£1.95de  5.22+1.40cd  3.61x1.34bc  2.35:0.50abc  1.2320.43bc 0.71£0.28a
SHAH 41.43£0.91e 8.90+0.53¢ 4.40+1.38d 2.49+1.02¢ 1.68+0.53¢ 0.79+0.23¢ 0.55+0.06a
o )5 T+E , F /F, 5 SPAD {E%Lﬁja?ﬁ%o X
S 1600w T BT Cu B S iEZEAN TR, EEN Cu
= a0l PRSI 2 A R, 3RO 2 R L AELL 9 Cu T
52 10 N N SEO G R BB T, R
2 £ 10 e BEWRAE, esb, Cu IR 1,5 R R4 1
w2 sy M/ o0 42U ( RuBisCu ) 20 3 A, o T 5 B0 7 15
: ol B 7 B, O A 2 203 B B, Ok 43 M R
sl (Boussadia et al.,2015; i &54%,2019) ., #4b, i
0 Y Cu® i 2B A Z b i Mg™, 51 & it 4k

AL AH SL SH SLAL SLAH SHAL SHAH

LR AR Cudk B AL B

Soil and atmospheric Cu concentration treatments

4 AELEADERNRRM IS
Fig. 4 Root tolerance indexes of Jasminum nudiflorum

in different treatment groups

B BRI Cu B RS H , BELIE Cu®™ 1) M b %%
iz ( Yang et al.,2015; £ 55 ,2021) , B 24
BB Cu™ KL R T RE 2 02 2D 0, > it
AZE MR 4 S i Co® Rk AR ZE AR, i wT
RE eI A Cu B FEH LG Z—.
32 TESKKNE Cu A EBIDEMHRERAKS
0

28 R 9GS BUR A IR AR W) 6 & AR FDIR B0 1Y
SR, T R WAE ) A R A T RS2 R B, A
T S B 4 9 R R A A B B A I, R SRR

E B I E AL TE D (Aly et al.,2012) . RAGEF
MR Z DS EUE LR B3, (10U 4b R 3 5
2 2555 1 A AL 5 75 3 0% AT 32 B Rg ), fe ¢
K NAEY =W T, X5 Rodriguez (2012) Fll
Shahbaz %5 (2010) A B 7T HHIT
33 XES5 KRS Co AMEXIDEEBIERN
=AU

EEBP AT, EY &7 R R
(ROS) , T B g o S Ak, Az P B 35 % 38 1 e AR
(X35 ,2015) . MDA 2B o S AL 19 7™ ), fig
5 AR W) KAy 18] 9 2 B R A, I ) B 245 440 1)
5 (T AN B 4E #E 2020) . 24 ROS BT &
BF AR 3 Sk 38 e LAk I R S0 0 PR B AIR ROS
T B 40 9 45473 ( Venkatachalam et al.,2017) , H
i, SOD ¥t O %4k H,0, %1 0,, CAT 5 POD ¥
H,O Mk H,0 F1 O, , W T4 47 40 it 4 32 4R
b#E (XS54 2020) . PRO FH T LI
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Table 5 Results of two-factor analysis of variance for chlorophyll fluorescence parameters,

physiological indexes and growth parameters of Jasminum nudiflorum

~ + 4 Soil KX Atmosphere +3E x KK Soil x Atmosphere
eIt
Index
£ P F P F P

WIGDE F, 5.265 0.016 1.694 0.212 1.636 0.209
PST K F3% F /F, 8.959 0.002 0.015 0.985 4.664 0.009
2R FAHXS & i SPAD 15.015 0.000 3.509 0.052 9.195 0.000
. MDA 478.785 0.000 40.954 0.000 97.039 0.000
AL A CAT 1010.611 0.000 8.969 0.002 216.733 0.000
ALY POD 126.971 0.000 109.930 0.000 291.497 0.000
ALY AR T SOD 18.562 0.000 1.029 0.377 19.964 0.000
% % PRO 981.107 0.000 55.456 0.000 148.584 0.000
¥R Plant height 26.515 0.000 2.539 0.107 11.375 0.000
MK Root length 15.941 0.000 1.688 0.213 4.734 0.009
i |- 5B F Aboveground fresh weight 15.042 0.000 0.244 0.786 2.094 0.124
T & 4% E Underground fresh weight 4.639 0.024 0.395 0.680 1.548 0.231
M |- FBFE Aboveground dry weight 6.472 0.008 0.921 0.416 0.589 0.675
o #B T E Underground dry weight 6.106 0.009 0.895 0.426 2.537 0.076
M3 I Root-shoot ratio 0.339 0.717 0.776 0.475 0.574 0.685

5 VA, 2R A0 R RS R A 5 S0 B U R 3 45
(Mattioli et al.,2009) , ASWF5E v, KA B —Ab#E
T MDA & FEAR, bt A AL IS 42T, PRO & i
B, A0 B ROS I 22 B8R o S A VE T, 2R
([ = R = e b N WA QL R
MDA & & KR T+, Pra B s S5 PRO & &%
WA, X 5 X1 822 (2014) BOBF Y — 2, W &K
DI 2R S D RE S AL, 20 0 B3 A 16 o, 4 2 B
W BT W) BT B SZ RS e A ) A B T
Bl , 3] e SR A A A 2 B R R 2 —
3.4 TIES XK Cu A EXBEAE KN
A KT BR A AR AT DLZE A B B Al PR 4
JoR 36 B e N, AS RIS 3R A AR KA AR AR R R
R GhPRAA A S X B B R B, TE
+ 3R — b B K 4 RN RO A PR AL, AR R
FEAR IR BTG e B AR R A R A ) AR kR
H, GEE R Cu AT LA U0 A ol o0 2 R,
AR FERMEEN Cu WS SEANFERZEK
B, bk RBEAR, B E T B, Cui YC &F
(2019) 5 R, Cu ZEAE W AR 40 I Fh R B | 250

DHERR Mo 53 AR IR A 4, B AR
TS M Uk % 200 1 B T, AT RS AR R A K
KE LM A K . AR R IEAE Y W 4 R S Y
AR B, A AR P 4 ORI WA P % A R
fiif 52 F P A B S8, AU S b, 30 T 4 2L
e/ ME R T i 32 BUARHE (TI>60) , Ui BT & I8 T
1o T 52 AR ) 91X Cu A7 B85 3 1
3S5MEMETIESAS Cu fESHHNEEST

SR 27V 53 BT B2 Pearson A PR 43Hr 6 B,
WFHEXT Cu By & 4 A A B A i 3 B2 3 4 0
Cu A ) 52 0 7 A AT R 1 52 g D) A 552708
BISEE Cu KPR B AN I 20 YT AR G | 38 2ot
FHOCHE 43 B 15 0 45 S B0 I 8] IR A7 A — 22 AH ¢
P, AT P PR PR e i IR 2 AR R e i
Xof A3 Ke KA Cu A0 BRI 7 B EFE R

4 b

(1) L Cu b HZIMHMR ZE 0t Cu & B
P S S S (SN W B2 ST ENE R T i ) 1L S



9 1 FRFAE . 35K Cu AT R 30 A TR A0 B SRR R 5 1665

L0
3 Concentration of soil 0.63-0.66 -0.57 0.98 0.80 0.88 0 57/ 0.79 0. 82
KSIKSE Concentration of atmosphere | X 0.8
Bk Plant height . X 0.79 0.77 -0.68 -0.82 -0.75 -0.57 0.64 0.66 -0.88 0.73 0.73  0.67
R Root length . X ‘ 0.90 -0.72 -0.68 ~0.66 -0.52 0.52 0.72 -0.78 0.78 0.57 0.73 0
IR RSB Root tolerance index | @ X . . .63 -0.59/-0. 57 0.44| 0.71 -0.67 0.67 0.52] 0.67 o
FRCu® & Cu content of root . X ‘ . ® 0.84 0.92 0.48 0.57 -0.63 0.83 0.85
ZCuf & Cu content of stem . © . . . . 0.97 0.54 -0.60 0.91 -0.76 ‘ - 0.2
H-Cuf & Cu content of leaf . X . . . ‘ . ).49 0. 58 0.87 -0.80
-0
wisoe F, | @ X . . X . . . 0.59
PSTAETHE F/F | @ X . 00 . ® O 0.58 -0.69 0.72 0.65 0.69 0.52 L 0.2
txrgz s sean (@ X . . . . @ ¢ O 0.61 0.78 0.56 0.71 0.46
I E MDA ‘ X ‘ ‘ . . . ‘ . ‘ . 0.81 -0.61 -0. 65 s
i o QX 000000000O® oo |l ..
aammmro [ X X @ @ @ & 000 0.81
auminsn | O X 000000000000 R
mam o [ X X @ @ @ ® 00000 o
; X X .
%Oxx x@& ) sg& Q%& . t>®\~& &®® S Q%Q\Q“ Cg@ ®% @‘S Q@ %@ )
S PN N \’Q g% > )’(%2& % $ S $ @ @
O T T &0 & B WFE G B T
g &@& Q\QS o° e@(\ & g B A ”ﬁ/{p ® ‘{‘i?“\\b @8\) W@ *
F T S SIS % G
&2 FOoR & NS \%— 3&/‘%\ &
& s € @ &
& & %%‘% &
@L& N @"‘\ O’Pb Cﬁ% i3
%" & VAR R N
o &

BEXFIRTE 0.05 KT EERARE,

Black X means no significant differences at 0.05 level.

B 5 TEFMKK CubbBTMEHFMmES EHHE XS

Fig. 5 Correlation analysis of response parameters of Jasminum nudiflorum under soil and atmosphere Cu treatment

AL Cu i, W 2 HAE IR 2K it b Cu & 11
TTHERR A 16.66% F 6.70% , W F 448 Cu
B E R O AR > ZE > R PR AR R B H X £
MK Cu V5 Y3000 1 & B RRAE

(2) M FAEE B Cu ZbHF o] LU i 2 716 &
RE T 2 45 6 1 T R BB S R W A
2, ol At A FEAR I DL B A KA B 8 it A2 A
PG, o A B AR KB

(3) 2050 0 A AR R TP R /M T
fiif 52 1 ( TI>60 ) A5, U6 HH 300 4 Ja T i i 32 78 A 4
FEXT Cu A B IE P

(4) 30 F A6 o 55 ) A 25 0T 48, A2 A 4RIk 5 Tl
TR Co WAL BN, fEAT RUE 48 L IEAK

S Cu 155, IR 4R EE R AR ROIRES S 56
Wk SHEE ST, X R AL R Cu 15 583R
BT B el bk 9 R B Bl T R A T e
2%,
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