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Abstract: [Objective] Response of Impatiens uliginosa to copper ions on the floral color with respect of the physiological
and biochemical properties of the petals was investigated. [ Method] Under treatments of varied Cu’* concentrations (i.e., 0,
5, 10, 15, and 20 mg~L71) in culture medium, the chromaticity, pH of cell fluid, pigments, and basal metabolites of flower petals
of the I. uliginosa at full blooming stage were determined. The correlations among Cu2+, physiological and biochemical indices,
and flower color were analyzed. [ Result] (1) The contents of anthocyanins, flavonoids, and soluble sugars in petals
decreased significantly in comparison to control as the Cu’" concentration increased (P<0.05). (2) Soluble protein increased
significantly over control with increasing Cu’" at P<0.05. (3) In the range of 0-15 mg'Lfl, Cu’" exerted no significant effect in
the contents of carotenoids and proline. (4) There were extremely significant correlations among the color values,
anthocyanins, flavonoids, soluble sugar, proline, and soluble protein of petals on the plants treated by cu’' at different
concentrations. (5) The stepwise regression analysis showed that the flower chromaticity a* and b* were mainly affected by

anthocyanins, soluble sugar and proline. [ Conclusion] Anthocyanin appeared to directly govern the color of 1. uliginosa
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flowers. Cu”" seemed to affect the petal color through regulating anthocyanin biosynthesis in /. uliginosa.

Key words: Impatiens uliginosa; cu™; flower color; pigments; basal metabolite
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ST 22 B, WK 4R (Impatiens uliginosa )
ERANAER R —AF R S 2 A AR MY, HAETE &7 47
WK, ERE, BARE RSN T
KA BT S BEHE TR TE A (8 AR S T TR Y e
I 2o A 4 S R AL ) 0 4 I T e AL E R
A=Y ihaa , JoH R E G JE P T E K 8 RAE AR
AT o B, ASHF5E LA K 42 KR 356 41 R
PRI [6) 5 it Cu® X 48 00 2 4% A B A AL 46 4 1 32
W), A BT — 2 T K A R R RS
Ak . T AMEFE IR Y A6 02 W55 AE ) o 2 ke
iz —"", gt 2 Z I dE R, e
R ERE . WEpHE, AR, SRS &
a0 e A IR R R R R A AR (0 R EE )
(SE SRS} & S R AN A EAR UL
% ( Rieger Begonia ) AL (IR ; TLik 54 0K
T & E R A3 ( Davidia involucrata ) 1%
EOOCHE N R . HHETA R B X6 1 52 i AR 7
R B EMY . W, To &M R AT, K
FEE R G MR MAAES BRI (Hydrangea
macrophylla ) 5 12 Y BLE (A% 5 Takeda
AU B e A A A -34S W R R 1 %
GAOEGUIE ML R A4 ( Centaurea cyanus ) ;
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g b B R T UR R A AT B O O 3 5
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#r, R H Origin 2018 #EAT/ER .

2 ER55H

21 FRIESE S AETHEKEREREEETK
M TR, FERR S Cu” b B R, WK 4R
e K AL, FICHTE A Cu® & 1N &
WiARR, REEEBEE TEREMR (K1), ¥
JE L*¥E 51.60~ 56.86, & AH a*{H i [l A~ T 17.60~
29.27, A HH b*{H i Bl A T-8.06~-14.73, 7E Cu’ &
20 mg-L ' F, BIRE L*. (R a*fE A b*{E K (1
/A, BE5HMALEREFEES (P<0.05); B
CHEZE WA/, RUIEEAR, 5 RIS R —
B AR h BRI, {UE Cu’ S 10 mg L
WR2RIIG R, HARMIE-25°41 .
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7¥: A B. C. D. EMICA EEA A0 (CK) . 5. 10, 15, 20mgL ™.
Note: Cu” concentrations: A=0 mg-L™' (CK); B=5mg'L™; C=10 mg'L™"; D=15 mg'L™; E=20 mg'L ",
1 TE&E " LETHEKEREMRET L

Fig. 1  Variation of petal color of I. uliginosa treated with different concentrations of cu”
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Table | Flower petal chromaticity of I. uliginosa treated with different concentration of cu”

cut R
Cu” concentration/ (mg-L™) L ar b* e h ()
0 (CK) 56.61+0.94 a 29.27+125a -13.75+1.08 ¢ 32.34+1.55a -25.16+1.02a
5 56.86+1.28 a 2426+0.15¢ -11.661+0.65 b 26.93+0.26 ¢ —25.68+1.30a
10 5520+1.12a 25.76+£0.70 b -14.73+1.68 ¢ 29.69+1.42b —29.70+2.23 b
15 56.63+2.04a 2246+0.25d -11.03+0.77 b 25.03£0.12d —26.16+1.84 a
20 51.60+£0.26 b 17.60+0.43 ¢ —8.061+0.15a 19.36+045¢ —24.63+0.24 a

I FAEREEAR NS PR RAEREE (P<0.05).

Note: Data with different lowercase letters on same column indicate significant difference at P<<0.05.

22 FRELE LB THRASREBRAMGpH  WHSmgl M10mgL” B, pHEREFARE (P>

B4k 0.05), & 2.1 7B &5 AT, X WA Cu™' it
W 2 TR, WK A KB A pH (it gy T AETREAT a* ALK DL R AR R DA

e, SLAEARA IO pH A f 5y A BB oo P VN TRERG I @ PRt
i 0—SmaL . p [T O Ay 1020 23 TASECCRBTRKSREBEEREE

meL ' pH W F W, i @IS, Ol mgg%%ﬁ%%@m%ﬁ%% o
R M )L ) =]
5851 . T, R HR UL B A €5 W AR IR . NIEL 3 -A R LR
5.80 1 L M, A AR R, SX AL, Bk B
LS L P2 (P<0.05); Cu™ it 20 mgL ' WF, fE61F
g0} SRILAT, W CK A 54.7%, 3258 & b Cu 5 it
2oy ¢ WK R R, SXTR L, ik B E R
z 560 ¢ (P<0.05); Cu’" &tk 20 mgL ' W, 2R & 4t it
3351 %, L CK 2>4091% (& 3-B). P, FEaiifmsg
330 T TR 45k V6 20 2 5 TR VLK 42 RUAE 0725 1k 1 S B TR 2
M T T T T B Cu™ BRI, MW K b e T R
cu i 7E Cu” & 20 mg L I, KBS P REERE, B
Cu?” concentration/(mg L") 0.13mgg ', SHAHEREE (P<0.05), FWI%

E: RANSFRRRZREZKTE (P<0.05), K 3~4H. BAE 2T RR RSN K 4 B A5k (& 3-C ).
:ﬁiﬁgﬁﬁiﬁxfm“mmmmm“%mw 24 FREE Cu™ {E T EA S RIEHEE K 54

2 FREE Cu S TRk S R B pH L RlLikas

Fig.2 Petal cell fluid pH of I. uliginosa treated with different VEAE ML 1T A B AT IR G S BT, X e

concentrations of Cu’’ TR B A VR i B Cu” R
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Fig. 3 Anthocyanidins in petals of I. uliginosa treated with different concentrations of cu™*
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PEAGERES, N 747 mgg ', J& CKH2.10 %
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(P<<0.05) (E4-C). & Bk, SEmbARiy &
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251 FEAENT  BME2WLIEH Cu™ KL

AR R S A8 2 MAE R A ek . o™ A

b S R IEAI O, 5 A axE 5 3 R 6
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Fig. 4 Basal metabolites in petals of I. uliginosa treated with different concentrations of cu”
2 o BEBLEWIEFSREZ AMNELER
Table 2 Correlation between Cu2+, physiological and biochemical indices, and flower color
Eizpn +
: cv’ L* a* b pH AC cc FC SS sp Pro
Index
Cu24 1
L* —0.535% 1
a* —0.884** 0.364 1
b* 0.709%* -0.475 —0.886%* 1
pH 0.033 0.124 —-0.09 —0.065 1
AC —0.927** 0.479 0.939** —0.821** —0.099 1
CcC 0.196 —0.439 —0.243 0.475 —0.353 —0.296 1
FC —0.775%* 0.514* 0.646** —0.418 —0.243 0.679%* —0.264 1
SS —0.971** 0.625* 0.854** —0.725%* —0.022 0.921** —0.211 0.732%* 1
SP 0.884%** —0.632* —0.675%* 0.589%* —0.301 —0.779%* 0.246 —0.604* —0.918** 1
Pro —0.499 0.336 0.729%* —0.715%* 0.004 0.567* —0.366 0.46 0.449 —0.248 1

T SRR R IRAE0.05F10.01 /KT EARSIE 2

Note: * and ** indicate significant correlations at P<<0.05 and P<<0.01, respectively.



11 FHHF

MEBFHEREREE TG LA LFR 1327

(P<<0.01), SRR L*2 BEHRMHX (P<0.05); B
JE L5 EEE RIS R R ARG, ST
FEHRERERAMHELE (P<0.05). O a*E 501,
SVEETR AT MR I R A S E A OG, ST
PERE M B TARE (P<<0.01); {O4H b*E 5 n
EARERFEFMRX (P<0.05), S50, fJEHt
B IR B G (P<<0.01). Cu’ Sl
FEHERFEEMHL (P<0.05), SE@F. MER, 7]
VA MBS AR B A 6 (P<<0.01). AL, Culil it
MK SR EE . FERIY) & Bk A A R
252 FEFEPEHAT TEMEMEMTH Cu® L KR

AR AR S 6 0 2 A R B B 25 SR R R R
%, b — A A B A AL 3 bR AT 72 4 [ E 43 AT
A 904 B 2 o’ B B 0 T R B R A A
a*ff . A bE R B EMH T (P<0.05). &AM
R (£3) W, ' SAHEEA SRR LE
EAK, S5EHM a E5 5B E X (P<0.05), %
W] Cu’ b 0 b a* (i AT S PR 2R A A B .
A axl S AT . AR 2 IEHE (P<0.05);
A b5 AT PR o AL, 50 ad 5
BE A (P<0.05), FUEFEREKES X1
MR OEEALOL . A RS &,

®3 o BEBLENEFRSEEZENZESEIEASH

Table 3 Stepwise regression on cu”, physiological and biochemical indices, and flower color

F8FFIndex %35 [ )9 J5 R Stepwise regression equation F{EF value 52 H1 5% Z B Multiple correlation coefficient
cu’' Cu’'=23.313-0.9972*+2.007A 188.228 0.969
a* a*=2.807+10.054B+0.086C 89.103 0.937
b* b*=3.071-0.856a*+0.476D 33.387 0.848

i ANAEEERASE; BAEOHEE; CAHMERSE; DTS &,

Note: A: soluble protein content; B: anthocyanin content; C: proline content; D: soluble sugar content.

3 WJwh4gr

N L HERHLAT Y CuL 4% R A AL R AR
A B A, XFfE Lab #4700, Al {f
63 A B A Sl i ARHESE & BURE Cu”
N K A KA B A8 R, A G M 43 B 3R W]
Cu”™ 5 (A b W B EIEAE, 50O a* i 2
BEFAR (P<0.01), HZELFIHMTHEI Cu™
5 A a*fl 5 UG (P<0.05), R Cu'
S A AR B R

16 B (0 32 4 M VR pH (W 2, a0 B A 2 4
( Pharbitis nil ) TEALTE WS40 440 MW pH o 6.6, 7
T AE 01 € 40 B v pH Sy 7.7°Y, AR5 & K 42
JREE 2T 5 240 I 9 pH {E 2 55 R Pk, B Cu® 5y
fn, pHAESGH G, SAE6H SRR,
LU MO pH (H AR AE A TAEAIE, 54
$4E ( Lonicera japonica ) ™™ WFFR 45 98—

BRI 2 AR AR 2, (H e 328 R R
CRFEEEY AT AR, WY LA A
REEA 3L KWEWEY . KNE MR
FE R WOt TREmASY, REW
TR RN E, AN ( Chimonanthus
praecox ) " E 2% (Magnolia ) ®. T s g " 4
I b S BRAE €8 2 1708 A 2 5 e R ) A6 T 2 61

EENZE . AT KB Cu® & 3 Ik 4 X8
WP AR, R . EaAr . TR . nTE TR
FrE R TR, A ICE S B R B R e At .
bHENF A AT . BEE . AR AR
AR A SR, BB RES R o 518
iy . AR S 2 B FIEMHE (P<0.05),
b*(E 5 PR R W IE MG (P<0.05), RUE
A . IR & i R R A (E Y N
R, MEMERE SRR A bENEERNE, W
I, AT RIS AR A & SR 5 M A I A € 1 DG B
F5598

16 R R RS Ao AR R, HOLA Y
ACSREEEEIRA HE AT, AWk Bk
Cu” S AT M, LSRG
WEEMK (P<0.01), FUIATEHEIENE & & 0>
Wil T RER, S, s mroe gl
— 3 ERREMYRNS B YT, SEa
TR R K R E, AP R B Cu” i
BN AR i T, LS AR AT i A A
K (P<0.05), IR & 5% AL 6 5,
U B R RS — B AR R R T R R
e smERBBRESME, Wab (Cotinus
coggygria ‘Royal Purple’) T H B FHEMHXE (P <
0.05) ™, $E# 4 ( Petunia hybrida ) W55 W] n] v Pk
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ARG EZ EA HEXREY D ARk
BBE Cu” g B M A E A B R B, S
FEEOH S EENRERNC (P<0.01), RUIATETEE
FLM R 7K A RAE A R, SRt wrse
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AN R B AN 7] 45 T B 1 X6 AL ) 1) 2 Vil 0 AN — A
(Y, s gAY % BT 65 LN AR 652 Cu” Al
AP BE RS R, Y Cu” MR o 3.2X 107 mol-L ™' A,
HAL IR BE AL REERIIN, HAE (A5 X
W N 5 Schreiber 45 P % L 45 BR 4K & W BT
ABIE 7 40 pgg ', 10 pgg AL R DAL B 26 B
SIS A, ASTF S PR R UL 3 B Cu”" ik i 154 fn v
K4 RAE WA, 24 Cu” & 4k 20 mg L Y,
HEFER . TR " 5T EEA R R
FIEMXK (P<0.05), S5HOH . S8, o #H
B B A DG (P<<0.01), B A5 #r & B
Cu’ 5l PR 1 R B E ARG (P<0.05),
FW] Cu” & B IR LR AR &

g LTIk, R B R R VR K £ RUFE (AR
Py EERZE, Cu’ W B LM 75 5 WAL (15 1) Ll
PR &, I Cu™ R 3E R K 4 RUE (1
B4 25 45 IR S M AE I R L AR BT SEAL A BT o
SAEMA IR SR AZ MR, 5 aIIEE N
RN ZE G . 43145 45 7 THDRHE K 4 RUAE 63,722 1k
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