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Abstract: The change trends of six growth indexes including number, length and biomass ( dry weight)
of leaf and root of Iris sanguinea Donn ex Horn. and I. ensata Thunb. var. hortensis Makino et Nemoto in
soil with Cu additions of 0( CK), 200, 400, 600, 800 and 1 000 pg - g~ were studied by soil culture
method, and Cu content and accumulation in leaf and root, Cu accumulation in whole plant, Cu
enrichment and translocation coefficients of the two plants were analyzed comparatively. The results show
that with rising of Cu addition in soil, root number of I. sanguinea decreases gradually and significantly
lower than that of the control, while other five growth indexes of I. sanguinea and six growth indexes of I.
ensata var. hortensis all generally appear the change trend of increasing gradually and significantly higher
than those of the control under low Cu addition conditions, decreasing gradually and significantly lower
than those of the control under high Cu addition conditions. In which, growth of the two plants in soil
added with 1 000 g - g™ Cu is inhibited significantly (P<0.05) , but adding 400 and 600 pg + ¢”' Cu

has a certain promotive effect on growth of the two plants, respectively. Cu content in leaf and root of .
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sanguinea and 1. ensata var. hortensis all increases gradually with rising of Cu addition in soil. Cu
enrichment and translocation coefficients of /. sanguinea and Cu enrichment coefficient of I. ensata var.
hortensis all are significantly lower than those of the control, while Cu translocation coefficient of I. ensata
var. hortensis is higher or lower respectively than that of the control under low or high Cu addition
conditions with a trend of decreasing gradually. In soil added with Cu, Cu accumulation in leaf, root and
whole plant of I. sanguinea is lower than that of I. ensata var. hortensis, but all of them are significantly
higher than that of the control, and Cu content and accumulation in root of the two plants are higher than
that in leaf, showing that I. sanguinea and I. ensata var. hortensis both have a certain accumulation
ability to Cu, and being mainly accumulating in root, Cu accumulation ability of I. ensata var. hortensis
is better than that of I. sanguinea. The comprehensive analysis results show that I. sanguinea and I
ensata var. hortensis are not hyper-accumulators, but still have some resistance to Cu stress, and
resistance of I. ensata var. hortensis is slightly stronger than that of I. sanguinea. The two plants are
suitable to plant in soil with Cu content lower than 400 and 600 pg + g™, respectively, and they can be
used to phytoremediation and environmental beautification in light and moderate Cu polluted soils.

Key words: Iris sanguinea Donn ex Horn.; Iris ensata Thunb. var. hortensis Makino et Nemoto; Cu
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Table 1  Analysis of growth status of individuals of Iris sanguinea Donn ex Horn. seedling in soil with different Cu additions (X+SD)!

KE/mm  Length FRi/g Dry weight

- Leaf R Root I Leaf

2 Root

362.667+42.501c¢

108.000+17.059d 0.280+0. 059a 0.140+0.073¢

Cu 7N ¥ Number

H/pg - g

Cu addition M Leaf R Root

0(CK) 9.000+1.000b 11.000+1.000a

200 9.333+0.577a 10.333+1.528b
400 9.333+0.577a 10.000+1.000¢
600 9.000+1.000b 9.333+0.577d
800 9.000+1.000b 8.333+1.528e

1 000 8.000+1.000c 7.333+2.082f

370.667+57.744b
383.333+29.569a
349.000+5.292d

338.000+44.306e
310.667+13.577f

124.000+5.000¢

132.000+12. 124b

146.000+8. 544a

133.333+12.662b

107.667+2.082d

0.287+0.078a
0.289+0.057a
0.205+0.051b
0.199+0. 107b
0.108+0.017¢

0.152+0.041b
0.164+0.043a
0.097+0.038d
0.065+0.065¢
0.045+0. 009f

D[] 51 Hp R A 1 /NG PR IR TE 5% /KF 2257+ 3% Different small letters in the same column indicate the significant difference at 5% level.

Bt 3 Cu BN A4 R IRA BT AR
I AER BRI S5 T KT XTI B a5
(94T /N T B AR AL 3, o 400 pg - 7' Cu
ALPREH R E R e B B BRI T 5. 69% , H. 5 X} AR
253 0% (P<0.05) , KWTE P Ca W INEILT

400 pg - ¢t RREIRI BB A KA — B AR EAE
5 MAE Cu BI04 600,800 F11 000 wg - ¢ ' 19+
Herp, BINM KSR E /N T X R (P<0.05),
HFf Cu B0 042 = 22 BUR Wm g a3 by,
1000 pg + g Cu AbFR AL M- H 14 88 4 0 BE s /N T
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F11000 wg - g Cu AL FRA AR B F AR T X 1R, 4
AN BB RAARR T 11.92% F18.67% .,

TE Cu #RANEN 200 400 600 F1800 g - g ' A+
Frh LB R TR R ES TR (P<
0.05) , /B X R AN T 22.76% 43.90% \71.54%
M127.64% ;1M 1 000 pg - g Cu ALHL K A 1T
J ) i N TR IR (P <0.05), B0 IR EER T
29.27% , BE3EP Co TINE MRS AL ETH R T
Joi o DU 5 B S A TS PRI (200 1400 g - 7' Cu)
AT i 0 BRS04 = 1 4% 14 R (600,800
1000 pg - g™ Cu) 5 25K T X5 JE A A8 £k ke 34 0L
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Table 2 Analysis of growth status of individuals of Iris ensata Thunb. var. hortensis Makino et Nemoto seedling in soil with different Cu

additions (X+SD)"

K/ mm Length q:fﬁﬁ/g Dry weight

M Leaf

# Root

I Leaf

M Root

Cu @I 1 & Number
Co it ’ Leaf # Roo
0(CK) 6.333+0.577d 9.000+1.000b
200 7.000+0. 000¢ 9.000+1.000b
400 7.333+0.577b 10.667+0.577a
600 7.667x1.528a 8.333+2.309¢
800 6.333+0.577d 8.333+0.577¢
1 000 5.667+0.577e 6.333+1.732d

299.000+41.581e
327.667+53.687d
347.333+23.587b
352.000+9.539a
338.667+7.767¢
292.667+5. 508f

123.000+11.000¢
124.667+10.066¢
126.667+26. 690b
153.667+58.449a
108.333+20.817e
112.333+2.082d

0.123+0.087d
0.151+0. 119¢
0.177+0.058b
0.211+0.088a
0.157+0.022¢
0.087+0.040e

0.103+0.026¢
0.132+0. 101b
0.152+0.111a
0.085+0.080d
0.076+0.005d
0.052+0.028e

D B AR 5] 1 /NE TR ARAE 5% K- 1225 8.3 Different small letters in the same column indicate the significant difference at 5% level.
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TN NN BRI R A AL A R IR Y Cu 7
W E TR,

5 R ERR S S AR ) DA - 9 B v iz R AR
HELEMEEN " AE Cu TN AR A L 3Eh &
FRXT Cu MY 42 R B WK T % ) H 45 b 3 4 i)
PR 2%5 (P<0.05) ; ot 200 pg - g7 Cu AL 2T
ZH B B AR R ,800 FIT1 000 pg + g ' Cu AbFHZH Y
WA R BN, T 400 F1600 pg + g7 Cu AbHRA R H
R BN, BECX— MG BRI - 5 p A X g
R Cu FEXPEINERA —& MR EER, A
B0 Cu BE 7385  (H4F 3 Cu &2 THETR
FROTIR 2 A% B, AT HC TR Cu AL 28 7 2 58, MRk A4 9
Cu KAEBLE, WX k= AT EEA, X 5
KEB AR AEVR B HEAY & WIETE Cu & i
e 1) 3R R A K 22 B E R R R 2 —

ia AU W T AR YA IR HR AL ) o 4 s 1) A
RESIT  AF 3 AL AL PR IR FR AN X Cu A 5%
18 R W/ N TR HA A B R A e A
(P<0.05), M1, #E Cu B R 200, 400 F1 600
ng - g BT RINFE IS REGERETRAR  MAE Cu
NN R 800 ng - g A L E G i R BN HE
fH 1000 pg - g ' Cu ZbFELH H 558 R EERAR, X—
S5 RPN Cu 38 i RO N A G

TERT AL XIS e PR EE 1) 52 PR S OR A L)
IZAE ) TS e 58 R IS B 1) bR TS e 1 i
R R, Cu PR R e SR A S A ) Cu 15 G PR 52
P& RE T A X BEAR A F AT L AE Cu IR AS
[l e EIR ARk Cu LR B R T
SRR H 25 5 835 (P<0.05) . Hid iy cu R R
DL 800 ng + g™ Cu AbFRA SR, HK N 1 000 pg - g™
Cu ZbFRAL; AR Cu AR L1 000 pg - g7 Cu &b
FHZH f i, HEUC 400 FT600 wg - g7 Cu AbFRZ; 4
PRI Cu FLERWLL 1 000 pg - g Cu LB iy, 1
WA 400 1800 pg » ¢ Cu ZbHEZH, 1000 pg - g ™' Cu
AL FRALIE SR AR A4 bk Cu B R4 ] fiE 5 A bk
TR Cu F 8 1Y B &G 56, 5 13 Cu IR )
PEEA X, FELHE Cu BINEN 1000 pg - ¢ ' A
T BRI A K 2 B ] R R AR SRR R
WK Ca FRLR B, (HAE Ca IINE 1000 wg - ¢ LA
IR B AR IR LA RME R Cu V5t
HEmHEM,

£3 ECuFMEFRFAMNLERZHNN Cu MRRE . EERZUMEERE(X+SD) Y

Table 3 Cu accumulation, enrichment coefficient and translocation coefficient of Iris sanguinea Donn ex Horn. seedling in soil with different Cu

additions (X+SD)"

Cu ¥Im Cu®&i/pg - g! Cu content EHEAN BB Cu Fl&E#/pg  Cu accumulation
H/pg - g it i Enrichment Translocation ny o) St
Cu addition Leaf Root coefficient coefficient Leaf Root Whole plant
0(CK) 7.467+0.052f 14.767+0.266f 0.276+0.002a  0.506+0.067a  2.088x0.014f  2.062+0.153f  4.151+0.089f
200 8.200+0.110e 24.033+0.160e 0.083+0.013b  0.341+0.036b  2.353+0.157e¢ 3.653+0.171e  6.006+0.275¢
400 8.700+0.121d 28.733+0.142d 0.049+0.006f  0.303+0.004c  2.517+0.032¢ 4.702+0.226b  7.220+0. 130b
600 11.833+0.214c  44.567x0.741c 0.053+0.02le  0.266+0.015¢  2.423+0.008d 4.323+0.008c  6.745+0.016d
800 17.133+0.131b  57.167+0.519b  0.071+0.026d  0.300+0.019d  3.415+0.187a  3.716+0.031d  7.131+0.083¢c
1 000 25.167+0.044a 112.100+0.656a 0.077+0.014c  0.225+0.012f  2.710+0.279b  5.007+0.142a  7.717+0. 142a

D+ Cu AJE M 22. 719 pg - g~' Background value of Cu in soil is 22. 719 pg - g5 FF R AR B /NG FEEFRTE 5% KF 257 B E

Different small letters in the same column indicate the significant difference at 5% level.

2.2.2 REFAFLECu MR REZAR A SN
TE Cu ¥R AN [ B - 2 b 28 0 4l B R FR XS
Cu LR EIERBA R BILFK 4, k4]

UL AEESH AR TP AY Cu S EEEIEE 3 Cu BRI AY
P i S AR B 3, 45 AL BEAL I FIR FH Y Cu 75
R TR, HA AL PR A AT K 2 e (P<
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0.05) ; 734N, RIS XF HALL IR AR BRAL, 48 & 3 #R h
) Cu ¥ W m TR,

FE Cu TSI ARI Y L8 rh | AL BN 4l X Cu 1)
AR /N T X H A AL PR (R A 22
5 (P<0.05) ; B 8P Cu BN a3 en, L B4
X Cu 1Y & 5 RBCEWE/N, LA 1000 pg « g7 Cu &b
PRI 4 R B/ X T BB BN AE BT Cu b
T A B SO, RIVAE i T A 9 T AR P % B AL
Tl BEATXT Cu P AR X IR S i R R 6, DTG 920 i T

x4

Cu R Z M= A FEIEH .

FALBRLAE B DX Cu 52 R 5 X R
Al E 2R HA IR )b Ay 1 222 5 (P<0.05) .
Horp  7E Cu #ANE A 200,400 F1 600 wg - o' ) 135
W s REO B AR TX R, H DL 200 g - oAb HE
R AE Cu BRI R 800 AT 1 000 wg - g ' HIS
AR ZERE/NFX I, HEL1 000 pg « ¢7' Cu
OB e/, X —BRGAD SAE YR Cu o6 A R
IV

# Cu FMERRNTERIEEEM Cu WRRE EERYNHEERE(XSD)Y

Table 4 Cu accumulation, enrichment coefficient and translocation coefficient of Iris ensata Thunb. var. hortensis Makino et Nemoto seedling in

soil with different Cu additions (X+SD)"

Cu TN Cu &#/ug - g”'  Cu content SRR 8 B Cu BB H/pg  Cu accumulation
"/ ng - g_l i i Enrichment Translocation 18 ] o bk
Cu addition Leaf Root coefficient coefficient Leaf Root Whole plant
0(CK) 9.467+0.013f 25.200+0.051f 0.515+0.012a  0.376+0.032d  1.164+0.067f 2.587+0.138f  3.752+0.165f
200 27.367+0.012e 61.733+0.241e 0.283+0.026b  0.443+0.065a  4.141+0.125d 8.169+0.091b 12.311+0.231¢
400 28.933+0.018d 75.300+0.085d 0.163+0.005¢  0.384+0.003¢  5.131+0.286b 11.421+0.368a 16.551+0.337a
600 31.333+0.024¢  78.567+0.381¢ 0.153+0.003d  0.399+0.034b  6.611+0.133a  6.678+0.255¢ 13.290+0.294hb
800 31.967+0.079b 86.067+0.216b 0.108+0.018¢  0.371+0.033e  5.008+0.297c¢  6.541+0.043d 11.549+0.133d
1 000 38.733+0.064a 109.863+0.577a 0.099+0.004f  0.353+0.013f 3.370+0.085e 5.713+0.282e¢  9.083+0. 152e

D 58 Cu AJRA{E K 22. 719 [T g_l Background value of Cu in soil is 22. 719 pg - g_] s SRR /NG FHRERIRTE 5% K L ERBFH

Different small letters in the same column indicate the significant difference at 5% level.

H 2 4 S0 0] UL, 45 Ab BEZH A6 B AR i K 48k Cu
FE R B E KT X IR (P<0.05) , H¥BE 3% Cu
IR 2 S BRI A A T e n s
HR R AR T AR ARk #, Hod 1) Cu
FEELL 600 pg - ¢ Cu ZbFEAH f i, HK A 400
1800 pg -+ ¢ Cu AL ; R Cu BRI 400
pg - g Cu AL fe iy, HR A 200 pg - g7 Cu AbFE
2 RAY Cu FLEE WL 400 pg - ¢' Cu A P4 B
L, HOR A 600 pg + ¢! Cu ABFRZH, HRFI 2R Cu FH
ZRA R AL HITE 400 pg - g7 Cu ALFA i
i Cu R 1 B H BRAE 600 pg - g7 Cu AbBH
4, HAE Cu IWINEART 600 ng - ¢ FISF T 48 Bl
YA RR L BT, BRI, AR AR B AP A E -4 Cu U
JiNie 400 ~600 pg - ¢ YA LA EE R Cu 155
THEME,

309 ik

Cu B AR AEBELBRTULTHEMMEICEZ

— MR ZFEER A 5 S SR R AR 22 19 2E 3G

TR A R E BT A S 5 A
WINANE Cu BEAEHEAEYAE K (Had Y Cu XA T
HPIRNE) Cu BRI E AR

FEM B AR A AN B SR B R K A
TRia 6 MARKAE R RN R o T8 bR 1Y B
{ELHFLAE 400 pg - ¢ ' Cu AbBRA , HAT MR AG B0 Fl i
3 114 35 5 84 50 B AE 200 1 600 pg + ¢! Cu b3
2H 5 AR B R RS R T B Y S
HITE 600 wg + g™ Cu ZbFRAL AR AR F0 1 2 10
B fE H PLAE400 pg - g 'Cu b FAH MK FF,
2 FREIAE S BE A PR (400 ~ 600 pg - g7 ) Cu 75 3¢
A KA XS R A, HAE Bl 18 Cu 15 L1
i P 5 TR FR 5 1 A R AR i 1Y Cu RHEIRFNAE
BRI AERA — & AR HEVERL, I Cu &8 m i 1
SN A MR KA RIE R, X AR Cu XA A
K M (1) 3 3k 5

TE Cu B3 43931 24 200,400 600,800 F1 1 000
pg - g B IR INRIAE AR T T R
TR HARX Cu WA R m A B E S Tt A
X Cu (A B B 2 FhAE Y 09 R 34 B —
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INFESE, 4% Cu 55 R PR IIRIAE Bl A9 A KR BL L Cu iR R iz i) 55

FERY Cu FRERAE ST, R, 76 LB e & 0 o, L mT %
JECR B MRIZBURGIR (14 7 vk AR R B R AR . 5 4h,
£ Cu B[R] Y 8 IR 2R AL B X Cu 1%
18 R, X 2 AR AT Cu AL 42 222
- Co WO EBAEHL T 353, 98/ Cu [a] Hb_E 3431
iz, TS Cu Xt L F 3840 (1 35 5, X 515 2 i
Cu ML A TR PESLAREL

TR Cu V55 H R SEPR B B BE ) FEER
F Cu BB RSk 7E Cu BSNS54 400 Al
600 pg - ¢ MY PIRIRAAL B bR A —
() Cu FRERE ST, HAEEEXT Cu (U EBE Sm s TIE
i, MYTETG YIRS P RENS IR W (B A IER ) £ K
SEHAE I G R E E A, BARTE Cu i
1000 pg - g B HIEHEIRXT Cu IR R i
i, IR R AR A2 3] M ARRR L B R R
2l AR A T AE Cu BN Jy 400 pg - g7 1Y
FHEFEIR A A KA BT, B AR 2R Cu B
s, I EINE B A 3 Cu BI{E S %K
K400 pg - g, FECPRTE Y B L R v E R X
Cu W ERAE N E LS E IR, 78 Cu IS INHE N 600
peg - g BRI AL ETH I R Y Cu BB R R, HAE
B G A ORI Fe e, PRI A6 S BT 4 Cu
B2 % KR 600 ng » ¢, MR E K L IEIREE R
ﬁ$ﬁ(ﬁ,@;%$ﬂﬁg%i@ﬁﬁﬁ$%§(400 pe - g_l)
FIFBE (600 pg + ') Cu V55 HIEMRIMIIE A,

BN S AKE Cu MR B bR,
B Ti% 2 A A L3 Cu 759 B — & TR
I EA —E RO R Cu BIRE ST, W)k B4 W
Ttk R 5 B RS AR T S
17, AR FRFIAE B T LIAE SR Cu V5 4% 38 2 W 5%
MY RS2 AR B Cu V5 Y2 + 3 AR I 1E B FIERES
Ak A T T ELA VAR Y R AN

SE ik
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