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Effects of Copper Stress on Growth and Nitrogen Metabolism of Kummerowia stipulacea Maxim. Makino
from Two Different Sites
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(1.Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Jingzhou 434000, China;?2. School of Resource and
Environmental Science, Wuhan University, Wuhan 430079, China )
Abstract: A research was made on the effects of copper stress and nutrient deficiency as well as their combinational action on growth and ni-
trogen metaholism of Kummerowia stipulacea Maxim. ) Makino from a copper mine—field and from an uncontaminated one by using solution
culture of seedlings. The results showed that the copper absorbed by the plant was mostly distributed in the root, and the content of nitrate ni—
trogen and nitrate reductase (NR ) activity in the plant tissue decreased under copper stress, with the ammonium nitrogen (NH3 )content and
glutamine synthetase GS ) activity in the leaf increasing and the plant biomass decreasing. Under the copper stress, copper content in the
leaf and GS activity in the root of the plant from a coper mine field site were lower than those from the uncontaminated one, while the biomass
of the leaf and NR activity in the tissue of the plant from the mine field site were higher than from the uncontaminated one. Nutrient deficien—
cy made NH; and NOj contents and NR and GS activities in the plant tissue decrease significantly, while causing the biomass of the root to
increase substantially. Furthermore, the activity of GS in the leaf of the plant from the mine site changed less greatly than that from the uncon—
taminated one. The combinational action of both Cu stress and nutrient deficiency made copper content in the plant tissue and GS activity in
the leaf increase significantly, while causing the biomass of and NR activity in the root to decrease substantially. Besides, the content of cop—
per in the leaf of the plant from the mine site increased less than that from the uncontaminated one. Thus, it can be concluded that the nutri—
tion deficiency stress could promote the absorption of exogeneous copper by Korean Lespedeza Kummerrowia stipulacea (espedeza stipu—

lacea ) and the growth of the root simultaneously, while under the combined stress of copper stress and nutrient deficiency, nitrogen
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metabolism in the plant from the uncontaminated site would be more disturbed than that in the plant from the copper mine field one which

displayed more adaptability to the barren environment of high copper content. Effects of copper stress and nutrient deficiency on nitrogen

metabolism in the plant related not only to changes of nitrogen and carbon available in plant but also directly to changes of enzyme activity in

the plant tissue.
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Figure 1 Copper contents in leaves of K. stipulacea
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Figure 2 Copper contents in roots of K. stipulacea
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Table 2 ANOVA of copper contents in tissues of K. stipulacea
(F-value ) ©=3)

FfH

i il R/

Fp 6.63" 2.48 1.50
Fe 134.41™ 258.11" 166.20™
Fs 40.84™ 150.82"" 37.20

Fpxc 9.99" 242 2.05

Fpxs 641" 1.33 3.65
Fexs 62.59" 154.02" 38.19

Fpxcxs 5.10" 1.55 1.91
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X FAEMSZ M, Fe FR AL IRIRE 10 wmol * L™ F1 0 wmol » L Hil ¥ & Xf
FAEMIEAIR , Fs 28 E IR MAI%E  1/2 Hoagland F1 1/20Hoagland 5 377 %
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Figure 3 Biomass of leaves of K. stipulacea
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Figure 4 Biomass of roots of K. stipulacea
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Table 3 ANOVA of biomass of K. stipulacea (F=value ) @=3)

FlH

it Lisd Hid

Fp 3.69 0.18 1.17

Fe 30.15™ 17.94" 2.79
Fs 55.62° 14.11" 34.10™

Fpxc 6.18" 2.64 0.01

Fpxs 2.68 2.29 0.04
Fexs 1.75 32347 11.60"

Fpxcxs 1.47 0.15 0.77
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Figure 5 Nitrate contents in leaves of K. stipulacea
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Figure 6 Nitrate contents in roots of K. stipulacea
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Table 4 ANOVA of nitrate contents in tissues of K. stipulacea

(F—value ) =3

FlH

- Uit R

Fp 3.85 0.36 0.09
Fe 3.08 12.31" 10.49"
Fs 9.51" 30.40™ 24.78™

Fpxc 0.14 0.17 0.13

Fpxs 1.86 1.80 0.85

Fexs 0.32 0.75 457

Fpxcxs 0.75 0.13 241
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Figure 7 Ammonium contents in leaves of K. stipulacea —';;m
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Table 5 ANOVA of ammonuim contents in tissues of K. stipulacea Z 20[
(F*—value ) b=3)

FlH
it it Hid/mt
Fp 438 29.98" 14.38"
Fe 26.07 1.99 19.55°
Fs 0.38 13.67" 3.15
Fpxc 3.06 0.35 0.47
Fpxs 0.05 2.98 1.01
Fexs 2.19 1.17 0.05
Fpxcxs 0.02 2 0.69

I (P<0.001 ), Cu MHAMHEYIH HESRA ST E
FHE P<0.001 )o EFRH AR S E S i
FIRAL P<0.01 ). ARSI, kA rh i
BAGEY Cu MbFIHE Y Cu i A
SEN A S M R AG, S e
I B R A D T P 2 8 3 SRR G s AR P B S R
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Figure 10 NR activity in leaves of K. stipulacea
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Table 6 ANOVA of NR activities in tissues of K. stipulacea
(F—value ) b=3)

FfH
- i R/
Fp 358 1.12 0.03
Fe 183.29™ 199.41 1.61
Fs 43.47 43.88™ 0.64
Fpxc 927" 923" 0.05
Fpxs 0.05 2.77 1.98
Fexs 0.21 6.04 3.08
Fpxcxs 0.92 0.16 0.40
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P<0.001, 4R : P<0.001 ). Cu MHEFIEFREKZ A VEH
AP T NR TGP — 2P R P<0.05 ), E F R
T Cu XHEPIIARN NR IGVER SRR . AOCE
Gt ordr s AP S IR A SR B P Cu A3
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IEAE,
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DL 11 B 12, & XAEYI Y GS W RS IX AR
(P<0.01 )o Cu Mria fHAE M GS TEMEF R (P<
0.001 )o B FFHRMAEY AR GS TGRS P<
0.05 ), HULH 0 XAEAI b GS TEPEREAIRAS HLAEDT X
B (P<0.01 ) Cu Wit FIE FR6IC A VE FIBHE )
e GS TEMEE—20 B TR (P<0.001 )0 ST
ST RN  AE T A S B S TG RS Cu AbEE
W AP cu i M ESA SRR EEIE
ARG, A A i R e R RS DR R T
UMD AR AR T A SR & B PR 5 3
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Table 7 ANOVA of GS activities in tissues of K. stipulacea
(F—value ) (=3 )

Pl

iy R R

Fp 12.117 0.25 5.29°
Fe 69.36™ 1.12 19.79™
Fs 6.84" 12.67" 13.217

Fpxc 0.06 9.02" 7.00°

Fpxs 10.83" 0.68 6.14"

Fexs 26477 0.06 1.54

Fpxexs 0.62 0.00 0.09
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Figure 11 GS activities in leaves of K. stipulacea
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Figure 12 GS activities in leaves of K. stipulacea

3 iFig

TR Cu B T3 2 ) 43 S 48 s A b s 2 A
BrBe, AN Cu WEEARME 0.01 pmol - L I AHH 1
W Cu AR BEARNE AR Cu HREEARMK; X44MR Cu
R E R ORI WG B IR ZH R P ) Cu i BEEGE B
FHA AR T, 7E 10 wmol * L Cu BB B AE ) 2H 21
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Table 8 Correlation analysis between tested parameters of leaves of K. stipulacea Pearson correlation )

ZH AR EIRW A M4 5 d L RIEFOA) HESAGE I NRIEE - Gs A
e
B 0.000
L REEL7/i -0.506" 0.688™
Il £ 0.690" -0.381 -0.629™
IS A -0.295 0.517~ 0.575" -0.430°
AR 0.707" -0.085 -0.538" -0.229
i NR M -0.845" 0411 0.771" -0.810" 0.513° -0.739"
i GS 1E 0.698" -0.219 -0.450" -0.236 0.727" -0.703"
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Table 9 Correlation analysis between tested parameters of leaves of K. stipulacea [Pearson correlation )
28 il i B A 7 it HRA ik RAESA = REAEA HL NR 5 M GS T
il
HIR 0.000
MR & B 0.663" -0.507"
AR -0.455" -0.502° -0.353
HRAH A -0.446" 0.701° -0.733" -0.101
WEER T -0.173 0.454° -0.345 -0.135 0.378
M NR 5P -0.846™ 0.397 -0.856™ 0.303 0.744™ 0.367
2GS -0.168 0.564™ -0.378 —-0.195 0.633™ 0.237 0.282
T Cu & i, X 5258 IS R]Rs 10, LA 2878 M G R AR AR P e A

HAE Cu HEEFRBRE SN, 67 KRN Cu
B ORI A B R ORI, i U W SRS AR 1A
) Cu ZaRER 30 AEA I BORR TR, ARERXS Cu BT
R FEAE X REIT Cu 1594 EEEEE X, T HA
WFFEEs RN TS TR0 2 F AR BE A 1
Cu SRR AR T ) Cu WZ B THE , BRI
JE BT TR AR P Cu WRBE R TS, X
s 5 E IR TR BRABIEAT OC L BR AW R B T SR
XA MAC, T DR O B A /e S 7% S L™
A= B H-ATP BB H A 57 FRA T AR AR PR pH
(B, TR HE 1 AL 0T BH 8 g o201, i ., 2k ik
A5 G 7 A AR S M FH B 5 i A AT A
Pt A g AT

TEAIRYS 1, 1/20Hoagland & FR AL BRZH ™ X
FIARR XA AR Ay B A 5 ) T s a3, BRIV 1720
AR A B TR BRI S P REAR AR A e 8 T
Xiong S5 ATl A BLRIAE R BRI, i ml g
EFRER AN T A B FESE R L] , R AN B
8 AR A3 A A AT HAT BRI T AR =2,

Cu W& IR B S A A I X AR Cu
BRI RS XA, 2 PO XAE I AE Cu [
N AER RN E SR U R O RE ) AR XY
ISR, B DXL /D 2 35 X AL AR A A 45
A vy Sk B R 2 4 AR s - O TR R R B SR AR
AR XAEYIED X R ORI T E
HEA R X v 0 RN 2 0 b3 A SR BT PATL AR 173K 44
P Z 8] BB R gt A 2 B i 2 AR B i A
(S i D[V A8

R R AR A PRI I 3R S AR
YERTR d i A R A2 A i A B A A R 58 Uiy, H
FICHLAR GEEJE NOs ) Wit 5L AL A Pl AL
BPIRE SH 2Z A] ARE LA RAR e S A AR A

PRI 2 —, A IE A K A B Y SR
X ICHLA R IR E RS B AR R R

i PR 30 it T M DA Sy S AT ) 2 K B 1Y
AARFR bR, RS R R 2 R Hh (A AR T, th 2 PR
A, AR ER A T OCsEM A . AHIRIA 5l
M NRA DS I T LY AR P9 A RS A TR
FREIKF | o f W5 A 0 A 2R AR K AR
ARSI b | BRI D TG 1 A s 22—,
FE3ZE] Cu W8 FVE FRERIAE FIHAE Y AR NR T
PEBEAR, TAE Cu il 5 SRR 2 A VE R B A AR
NR 6 Pt — 2 REAR , ELAE Y o R R 0 D 0%
FEAR A8 5 o X SR ST 45 9 — 30 . Cu 51k
NR 6 PEFEAR A SR nT RE S (1 )Cu BL%BX [R] 2 i
SR/ O X A I S ) NI TR W45 e (A L
A AR [E R, LG REAS P I ] NR TR
PE; @ )Cu BTt 1 BB o 5 A R A D g v 1) s S I
A 255 AR TR 6 )Cu Wra s T A4 i 16
A M ISR A S R B KRB TR A
TR R A IR B K A 2 6 5 @ )5 i NR 36 PE AR E
FIRE R L T 56 A VR G BEARED> T AP 4 2L b )
HERL, T NR BYFRIA 2 OCH Z0, [ NR & —Fh
VR, AR NR BIFELEXT NOs A — 5 K
Cu W8T NR W& ME R REAL 5 A PR N NOss D
K120 R AR I v S R S DS 1 A A v 2 21
A 2 G o 5 B 3 IR A G E B 13X — 255 Cu
JEIR 3 0 DX P R P P i TR 3 i il 1% P R A1 A e A
WD o T R — s R LR HIL e X AE )
PP T R EE A A A R 2 Y

TE = A, GS SR Rk 1 2B . 7E ATP
HERBIIE OL T ML NH; 5 4 R A8 i &
Jiie o B 5 A AR A Y B SO S A BT
RAVALS Y E AR . GS TEA[FIFEY) 4121
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AR AR, FEARREE H Cu WrE A R
GS I B E TR . Mack SERUBFFT R, K F AN
) NHi-N & T i, GS 1 PR B FHE, Terce—
Laforgue 55 M B UL GS ¥ M 1 T 1= J&AE W % HAKR Py
NH; &t i —Fiad L], R GS JEN ) 3RiA
FE RS T2, Cruz C SFIMFSE R M GS
TP FUAR Fh ey X AR A 25 R — 2, AR5
KIREYI R GS T X ol i R R i AR 1T B
WJE Cu B BHES M GS I ETHR , AR GS i
A AR RN . GS I PETI B NHEHR T
R VIAC AT LA R AT A TE 8 FR BRI R
TR NH: BRI, GS TR PERRAC . [RIREDY, Cu a
FRERR A AE FHB AL i NHG 7 Sk d5 5, T G s A
Yt rh GS TR R o

TR N AT IO epios D iR i, 220t P
IR A WAL S UASECS BT . I NR 1
GS B A R A S AR EZ B, X
AN S A AR A I B R AR AR SRS T
SRR AP b A S A R S AR A
{14 RS TR A S AR 1 2 3 A OG , X R B Cu i fi
TP L A AL TR LIRS T T4
WRN TP,
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