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Figure 8: 

COPPER CONCENTRATION (g.1113 
) 

- A. nummularia - _.'\ veslila 

The effect of copper on the fresh mass of A. 

nurnrnularia and A. vestita (n = 7). 



https://etd.uwc.ac.za/

- 59 -

Dry mass (g) 
30 r----------------------------

25 

20 

15 

JO 

5 

0 

LSD 
t 0.01 

l o.os 

0.0005 0.005 0.05 0.5 5 0 

-:3 Copper concentration (g.m ) 

- A. nummul a ria n A. ves tila 

Figure 9: The effect of copper on the dry mass of A­

nurnrnularia and A- vestita (n = 4). 
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Figure 10: The effect of copper on lateral branching i.'1 

A. nummularia and A- vestita (n = 7). 
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Figure 11: The relat.ionship between copper supply and 

the longest lateral brar1ches in b- numrnularia 

and A. vestita (n ::: 7). 



https://etd.uwc.ac.za/

- 62 -

DRY MASS (g) 
10 ,--------------------------~ 

LSD 

8 I 
0.01 

0.05 

6 

2 

0 
0.0005 0.005 0 .05 0.50 5 0 

COPPER CONCENTRATION (g.111-:1) 

- A. nummularia - A. vestil.a 

Figure 12: The ci..ry mass of the sterns versus copper supply 

in A, numrnularia and A, vestita (n = 4). 
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Table 1: Effect of treatment, species, and treatmen~ & snecies 
on the growth and chemical composition of Atriplex. 

Source of variatiorr 
Plant variable 

ELONGATION 
FRESH MASS: 
Foliage 
Leaves 
Sterns 
DRY Mli.SS: 
Leaves 
Stems 
Roots 
Total 
LEAVES: 
Chlorophyll 
Nitrogen 
Phosphorous 
Chloride 
Sodium 
Potassium 
Calcium 
Magnesium 
Iron 
Zinc 
Manganese 
Copper 
STEMS: 
Nitrogen 
Phosphorous 
Chloride 
Sodium 
Potassium 
Calcium 
Hagnesiurn 
Iron 
Zinc 
Manganese 
Copper 
ROOTS: 
Nitrogen 
Phosphorous 
Chloride 
Sodium 
Potassium 
Calcium 
Magnesium 
Iron 
Zinc 
Manganese 
Copper 

Treatnent Species 

*** NS 

**•k NS 
*** NS 
*** *** 

*** NS 
**>< *** 
*** *** 
*** *** 

**''' *"'"' 
*** NS 

N 

*** *** 
*** *** 
*** *** 
**" *** 
*** N'S 
* ·.le ~'-: :\· -:~ •.",; 

NS NS 
*** NS 
*** *** 
*** *** 

NS NS 
NS "'** 
NS NS 
NS ~s 
*** *** 
*** *** 
*** NS 
* NS 

**.,, NS 
**~ *** 
*** *** 

*** 
* 

= highly significant at p ~ 0.01 
= significant at p ~ 0.05 

Treatmen~ & Specie~ 

NS = not 

:'JS 
-;.•** 

NS 
NS 
NS 
NS 

NS 

NS 
NS 
*** 

NS 

*** 

NS 
NS 
*** 
*** 

* 
NS 
NS 
NS 

NS 

s igr.:. i f ice..:-_-:... 
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The ef feet o:-: species anc. trea-cmen::. on tne r....:. tro;c_. 
content (g.kg- 1 dry mass) in the leaves, s"Cems and roo~s 
of A. numrnularia and A- vestita (n = 4). 

Treatment Leaves Sterr,s Roots i 
g.rn- 3cu -,,,.,,m I.,, 

; 
A. nurnrn. A. vest. A. nurnrn. p_. vest. A. •• U.il~,, • I :-• • \,:--.es-=. .. : 

0.0005 25.200 24.748 14.605 11.430 19.087 

I 
17.878 ' 

0.005 20.515 19.330 13.005 10.135 16.215 16.988 
0.05 16.533 15.000 10.268 9.008 18.788 13.260 
0.5 13.803 16.828 10.398 10.058 17.525 13.978 
5.0 7.990 9.568 8.523 8.035 17.943 

I 
14.973 

I 

LSD (ps0.01) = 7.365 (ps0.01) = 3.359 (p:;;;0.01) = 5.514 l 
(ps0.05) = 5.464 {~.D. 05) = 2.4 94 (ps0.05) = 4.J87 

L SD least signif ic.-, ,~ .. -4•.J: 
·~--~;;i,..,~ 

Table 3: 

Treatment 

g.rn- 3cu 

0.0005 
0.005 
0.05 
0.5 
5.0 

LSD 

I ■ ■ I ■ ■ I ■ ■ I ■ ■ I ■ RJ 

,_ ·-·-·-,_ 

UN IVERS I TY ofth,:-
The effec t e~ ◄ R¥-1-ea ~ n . t\_r~q;tment or~ the phospi':.crolis 
content ( g. kg tfry er-~~ J i 1-el:te~ e aves, stems and roots of 
A- nummularia and A- vestita (n = 4). 

Leaves I Stems I Roots 
I 

I 
! VE:St. ! J>_. i" 

I 

A. nurnrn. A. A. numm. v::::.c:+- ! vest. 1A. nurnrn. .:--.... -~-. ' 
I 

3.156 4.375 i 2.313 3.531 f 3.438 3.625 
3.063 3.500 2.469 I 3.063 2.813 3.188 
1. 969 2.625 1. 250 2.875 2.500 2.656 
1.844 3.063 1.313 3.406 2.500 3.~75 
1.313 1.969 I 1.250 4.000 l.833 3.767 

(ps0.01) 0.896 
I 

0.9l0 (p:,:0.01) 0.911 = I (p:5:0.01) = = 
(ps0.05) = 0.666 I (ps0.05) = 0.675 (p:;;;0.05) = 0.576 

I 
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Table 4: 

Treatment 

g.m- 3cu 

0.0005 
0.005 
0.05 
0.5 
5.0 

LSD 

- 65 -

The effect of speci~s ~nd treatm~nt ?n ~he chlo~cpiyll 
concentration (g.kg 1 ory mass) in tne leaves c~ 
A. nummularia and A. vestita (n = 3). 

I l rr.0 ~a 1 
I 

chlorophyl2. a I chlorophyll b I J.. :._.. ~ c:.lcro~:1}l ~ l ; 
i 

A. nurnrn. A. vest. I A. nurnrn. I A. ve.s-:.. ! -~- nurnm. ! 7\ ves:-.. / -- . i I ! · -

! 
I 

I 3.283 10.739 1.350 6.555 I 4.633 1, ?c~ ! 
I 

-· __ ..,::, 
3.689 12.903 1.691 8.522 5.380 2:.431 
2.057 8.916 1. 527 6.404 I 3.584 15.321 i 

' 3.229 9.627 2.204 6.691 i 5.433 16.32.8 
0.218 0.801 0.144 0.599 i C.362 I l.399 I i 

(p~0.01) = 2.68 ! (ps0.01) = 2.01 (ps:0.01) = 4.55 
! ' 

(ps0.05 ) = 1. 96 ' (_es 0 . 05) = 1. 47 (ps:0.05) = 3.33 
i 

~ 

II ■ ■ I ■ ··- ··- ■ I ■ •• 

..--. ,_ ,_ ,_ -

Table 5: 
UN IVERS I TY of tht! 

The ef~ct of S_.ReFies a~d treatment on the sodiuffi co~::.en~ 
,g k~-- o'ry , r . . i.:'~T: · · = _n - ·'-- --.-,c, =-r1a· ~o~"'""- c.: 
\ • 'j 0. ~/ -~~ ~.i.:.L Q:;.- 1._Vl._t: .::> '-CJ.~~- c;.. ~ U i....O .;... 

A. nummularia and A. vestita (n = 4). 

Treatment Leaves 
i 

Stems I Roots ! i 

g.m- 3cu 
! 

nurnrn. j A. 
I ! ! 

A. nurnrn. A. vest. A. vest. ' A. nurnm. IA· VE:S::.. , 

0.0005 181.62 
I 

27.08 
I 

23.58 172.89 32.31 I 39.61 I 

I 
: 

0.005 156.80 183.12 30.61 i 50.04 27.08 26.86 ! 
0.05 164.26 186.97 30.12 38.08 31. 03 I 25.82 ; 

0.5 151.00 173.88 i 27.04 36.61 29.29 i 27.7 C : 
I 5.0 I 79.35 83.66 I 22.49 29.60 29.16 i 27.~2 

I 
' LSD (ps0.01) - 37.79 ! (ps0.01) = 7.45 (ps:0.01) = "'\ ('\ .,. p 
' 

_\,,,. • '"":;'U 

(ps0.05) = 28.07 (ps0.05) = 5.54 (p~0.05) = - -- c:: I • : ~ 
I 
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Table 6: 
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The effect of species and treatment on the po-:.ass.i.um 
content (g.kg-1 dry mass) in the leaves, stems and roots 
of A. nurnmularia and A- vestita (n = 4). 

Treatment Leaves Stems Roots 

g.rn- 3cu 

0.0005 
0.005 
0.05 
0.5 
5.0 

LSD 

Table 7: 

A. nurnrn. A. vest. A. ! 
nurnrn. I A. vest. A. nurnrn. A. vest. 

12.557 14.865 3.958 
I 

6.560 6.725 i 10.690 ! 
10.560 10.145 4.360 7.323 7.083 s.s3a 
10.705 8.783 4.303 6.715 9.583 6.513 

8.103 9.623 4.103 10.123 9.878 10.350 
6.555 5.560 2.140 5.665 5.838 6.865 

(p~0.01) = 2.786 (p~0.01) = 2.225 (p~0.01) = 3.824 
(p~0.05) = 2.069 (p~0.05) = 1.652 (p~0.05) = 2.840 

-
~ 

11. • 1 • •• ■■• ■■• ■■• ■ I - I- - - -

The effpct oflJ~l;fJ;~~ · 'f~g_ rt!etnt on the calcium content. 
( g. kg- d ry .~ ti El.) ~ ~ g~ t~JVf,li, sterns and roots o:: 
A- nummular1 n~ 1AJ;. · t t .1( rfu = 4) • 

I 

Treatment Leaves Stems Roots i 

g.rn- 3cu A. A. vest. A. J. • • vest. ;._. A. I nurnrn. nmnrn. nurnrn. vest. 
1 

0.0005 7.365 6.828 9.320 6.965 11.212 6.002 
0.005 6.565 6.848 6.603 

! 
6.760 8.250 6.158 

0.05 6.695 6.815 6.495 6.833 6.970 :: i::;, A 
v.-·.J--r""' 

0.5 6.140 6.553 6.315 I 6.190 6.090 6.4:73 

I 
I 

5.0 5.948 6.228 7.740 6.035 10.288 10.635 
I 

LSD (ps0.01) 2.709 
I 

(p:S;0.01) = 0.930 (ps0.01) = 2.514 = I 

(p:S;0.05) = 0.690 {p:S;0.05) = 1. 867 (p:S;0.05) = 2.012 
i 



https://etd.uwc.ac.za/

- 67 -

Table 8: The effect of fpecies and treatment on the magne~iu~ 
content (g.kg- dry mass) in the leaves, stems and ~oots 
of A • .IllllilIIWl.ru and A- vesti~a (~ = 4). 

Treatment Leaves Stems Roots ' i 

g.m- 3cu I"" 
I 

A. numm. A. vest. A. numm. A. vest. ·A. numm. .t:" •• '\7E:St. j 
! 

0.0005 2.945 3.858 1. 503 2.040 3.150 2.803 : 

0.005 3.051 3.865 1. 503 1.733 3.113 2.848 i 
' 0.05 2.665 3.313 1.170 1. 390 2.865 2.72.G ' 

0.5 2.708 3.203 1.095 1.553 2.608 2 C·.-:: . ._,"::,}...; 

5.0 2.523 2.645 1.053 1.120 3.175 3_g20 ! 

LSD (ps0.01) = 0.682 (ps0.01) = 0.477 (ps0.01) = 1.426 
(ps0.05) = 0.506 (D~0.05) = 0. 354 (p::::0.05) = l.059 

., 

•• ■ I ■ ■ I ■ ■ I ■ ■•• ■ I 

,_ I-I-, ........ -

UNIVERSITYo/th~ 
Table 9: The e~fect Q:t7 R,.e.<;;+ .~ d ,-t;(~i ment on the iron co:-.:.~em: 

( g. kg 1 dry Ma •s.:l) .li - ~ h 9:-€:"a-ve , stems and roots of 
A- nurnmularia and A- vestita (n = 4). 

Treatment Leaves Stems Roots I 
g.m- 3cu numm. !A. I 

A. numm. A. vest A. numm. A. vest. A. ve-~ ! .::, - . ; 

0.0005 0.215 0.310 0.229 0.162 0.855 I 0.453 I 
0.005 0.205 0.274 0.146 0.204 0.700 i 0.525 

! 0.05 0.207 0.210 0.155 0.180 0.643 0.742 
0.5 0.162 0.199 0.159 0.242 0.422 0.858 
5.0 0.150 0.255 0.172 I 0.215 0.480 0.415 I 

LSD (ps0.01) 0.166 (ps0.01) 0.107 (psD.02.) G.473 
I 

= = = 
(" s0.05 = 0.123 ps;0.05 = 0.079 (p~0.O5) = 0 .. 3--1_.; p ,c 
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Table 10: The e~1ect of spec~es and treatment or- tie_zinc con~ent 
(g.kg dry mass) in the leaves, stems anc roc~s o= 
A- nurnmularia and A- vestita (n = 4). 

Treatment 

g.m- 3cu 

0.0005 
O.v05 
0.05 
0.5 
5.0 

LSD 

Table 11: 

Treatment 

g.m- 3cu 

0.0005 
0.005 
0.05 
0.5 
5.0 

LSD 

' 
Leaves Stems i Root.s 

; 

I : 

A. numm. A. vest. A. numm. A. vest. IA. numrn. I.,, 
! ~ •• vest. i 

' -· 

0.114 0.072 0.058 0.067 O.C:69 """ ~. -.. .,... 

i U, '-·, o 
0.084 0.056 0.040 0.04: 0.061 ,.. ..... .r ... 

V .. VO:> 

0.049 0.072 0.034 0.052 0.072 0.062 
0.031 0.059 0.025 0.040 0.038 0 .. G.; 7 
0.044 0.060 0.036 0.033 0.037 0 ~ - '".' • I.. ::i ; 

(p5:0.0l) = 0.056 (ps0.01) = 0.028 (p~0.01) = C.C,36 
(p5:0.05) = 0 . 042 i (p.£_0 . 05) = 0 . 0 21 (P~-0. 05) = c: ( C27 

' 

llR ■ I ■ ■ I ■ ■ I ■ ■ I ■ 1
• • 

- - - - -

UNIVERSITY ofthr! 
The ef fe e t of ~~c;.i~ ... s ai:w. ·;f~at ment on the r:-:.s.Lganese 
content ( g. k\j E ~Si:rtyt.~~) liAr~ leaves, stems a:-_a roots 
of A. nurnmularia and A. vest ita ( n=4). 

' Leaves Stems Roots 
i 

A. numm. A. vest. A. numm. P.~. vest. A. numm. A. . ....,.J- ! 
Ve:=,'--.! 

i 

0.074 0.048 0.034 0.068 0.:01 I o.csc 
0.068 0.053 0.028 0.035 0.061 I 0.046 
0.067 0.045 0.023 0.026 0.042 O.C.40 
0.045 0.048 0.027 0.032 0.043 0 ,... t,_ \ 

.. ...J - -

0.046 0.042 0.033 0.025 0.038 0.038 
' 

(p5:0.0l) = 0.019 I (ps0.01) = 0.000 I (p~o.01) = 0 .. J45 
(p5:0.05) = 0.014 i (ps0.05) = 0.000 (ps0.05) = G.035 
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Table 12: The ef!rct of specie_s arl:d treatment ~n the copper_ CO!".~E::lt. 
(g.kg dry mass) in tne leaves, s;..ems ar.d root.s CI 
A. nummularia and A- vestita (n = 4). 

Treatment Leaves I Stems ! :<..0c~s I ---
g.m- 3cu A. numm. A. vest. P. •• numrn. A. ' ! !l vest.. 

1 
••• nurmr .. jlL ves·::.. 

0.0005 0.019 0.014 0.022 0.013 0.031 o.o:o 
0.005 0.012 0.016 0.011 0.014 0.023 O.ClS 
0.05 0.014 0.021 0.010 0.017 C.022 0.017 
0.5 0.011 0.029 0.014 0.030 0.035 O.C37 
5.0 0.054 0.057 0.053 I 0.056 0 ");:r. 

• - :;IV 0.398 

LSD (ps0.01) = 0.039 i (ps:0.01) = 0.019 
I 

(p:;:O.Ol) = 0. ~.:;8 
: (ps0.05) = 0.029 !<ps0.05) = 0.014 (?s0.05) = 0 . -; ,., 

i • - ... v 
i 

ll ■ ■ I ■ ■ I ■ ■ I ■ ■ I ■ 1• ■ 

- ,_ ,_ - ~ 

U~ IVERS I TY nf.thl'"_... ,., ... · ~'". ,-~ _ Table 13: The effec t O.L species ana trea .... rnent o.. ;..ne: '--··-'-o- •. ue 

Treatment 

g.m- 3cu 

0.0005 
0.005 
0.05 
0.5 
5.0 

LSD 

content ( g. T ·~ "I]Y prlff_~ ) g ~\._l,.ih l eaves, sterns and :::-00-:.s 
of A. nummularia a.no"",!. ves}:ita ( n = 4). 

I ' 
Leaves I Sterr.s i ;(:)OtS i I 

I 

i"" A. numrn. A. vest. !A. numm. P. •• vest. I:-.• :-.:.1-:iI!uT,. A. '1/2: s-:.. 
I : 197.56 197.21 I 34.21 40.77 ?-, -,-, ")" -, 'i 
I .- I., I; 

191. 00 21:: .. 39 ' 40.06 58.68 26.50 2~.C-"9 I 

198.98 225.03 37_4; I~ ? r::: .).l..0-r 22.90 ~_; .. _ _: 

i 194.46 207.31 

! 

24.77 45.91 30.22 29.61 : 

204.39 208.46 23.85 28.27 29.25 21.98 

(p~0.01) = 48.79 I (ps0.01) = 13.83 (psC.01) = :.3.~62 I 

(ps0.05) = 36.23 i (ps0.C5) = 10.27 I (p~0.05) = :..G. OS 
' 
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THE INF"..i..lJENCE OF 

Linell. and A- -",.>.<!o,~-
U N IVERS I TY of tht! 

\\iTESTERN C1\PE 
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ABS'lRACr 

The activity of ropper containing enzymes, cytochrcme 

oxida.se, superoxide dismutase, ascorbate oxidase and .Laccase 

in the leaves of Atriplex nurrrnularia Lindl. and A- vestita 

( Thunb. ) Aell . wa.o exai,.ir.c:d in :ce.iati.0r.. t.o copper supply. 

Plants were grown in Hoagland nutrient solution in a Fisons 

growth cabinet at three different copper concentrations viz. 

0.0005, 0.05 and 5.0g.m-3 copper. Treatment and species 

-had a highly significant 

activities of cytochrane a 

asrorbate oxidase. 

in laccase activit 

and species. 

activity were 

(p~0.01) influence on the 

superoxide dismutase and 

ces were observed 

copper treatments 

copper. Enzyme 

activity was signiRWt\~E ~iJ:J,J ~i(:" 5.0g.m-3 copper. 
,'VESTERN C1\PE 

As<X>rbate oxidase activity increased CX>nsistently with the 

increase in CX>pper treatment suggesting that the enzyme 

. . abo O - 3 f requires a copper concentration ve 5. g .m or 

optimal action. 

UITIREKSEL 

Die effek van verskillende koperkonsentrasies op die 

aktiwiteit van die koperbevattende ensierr~, sitochroa.~­

okEic!b.se, 

lakkase in die blare van Atr,iplex numnularia Linell. en A­

vestita (Thunb.) Aell. is ondersoek. Plante is in Hoagland 
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voed.ingsoplossing in 'n Fisons groeikabinet by drie 

verskillende koper konsentrasies nl. 0.0005, 0.05 en 

5.0g.m-3 koper gekweek . Behandeling en spesies het die 

aktiwiteit van sitochroanoksidase, superoksieddismutase en 

askorbiensuuroksidase hcogs betekenisvol 

beYnvloed. Geen betekenisvolle verskille in lakkase 

aktiwiteit is tussen die verskillende koperbehandelings en 

spesies waargeneem nie. Die a'lc'ciwiteit van sitochroan-

oksidase en superoksieddismutase was opt:...~.aal by 0.CSg.m-3 

koper. 

5.0g.m-3 

Betekenisvolle str 

koper 

askorbiensuuroksi dase 

koperkonsentrasie , w 

vir koper 5.0g.m- 3 

a.I 

v:>.n die e~si.en het !:>y 

aktiwiteit van 

· e optimum waarde 

UNIVERSITY ofthl! 

'"TE s T E R 'A E vestita, Keywords: At.rip 1 ex m.mimularia, Atr,iplex 

cytochrane oxidase, superoxide dismutase, asrorbate oxidase, 

laccase, ropper. 
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3 .1 IN'mClla!Ol 

Many specific enzyme sites rontain ropper through which 

ropper supply may exert major effects on the gro.,.rth and 

developnent of plants (Walker ~ .a,l. 1981) . Copper 

influences enzyme activities either by being involved in the 

synthesis of the enzyme itself or sane other protein might 

be .implicated in the inrorporation of ropper into the 

enzyme. In cytochrane c oxida.se for example mere 

inrorporation of ropper in the enzyme is involved (Walker~ 

.al- 1981). 

Plants 

soil. 

tolerant 

ilability in the 

Woolhouse ltiii''r;.t;l~·t{;::,,,~,.J,,~~{.4a-,.;iAA,l~~-S between ropper­

and ro Copper-tolerant 

plants grow equall 

~r levels, whlJ 

excess ropper supp'g: E .~-ti.JI!!". 

affected by a deficient ropper supply. 

adequate or toxic 

Past research primarily dealt with ropper deficiencies in 

plants with fewer articles published on ropper toxicity. 

Copper deficiency has a direct impact on energy metaoolism 

because it affects the synthesis of the ropper-rontaining 

electron carriers, plastocyanin and cytochrane oxida.se, 

resulting in decreased photosynthesis and respiration rates 

(Walker & Webb 1981). The effect of ropper deficiency on a 
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nu."'llber of copper-containing enzymes has been reported. 

Diamine oxidase, ascorbate oxidase, o-diphenol oxi dase, 

superoxide dismutase and cytochrane c oxidase activities 

decreased in plants gro.•.1!! in copper depleted !!'.~--3..a (Hi 11 

1973, Walker fil .aJ.. 1981, Delhaize fil .aJ.. 1985). 

The primary effect of copper deficiency is to retard rather 

than inhibit plant developnent (Reuter fil .al. 1981) . Upon 

addition of copper, these plants will often develop 

normally. r Coppe 

structural damage 

lamellae, resultin 

ultimate death of th 

g 

LE 

~ 

toxic; 

.... 
. • -.l iJ " 
,. ~ -~ 
, le ... ( 

the 

· -■ .I.} ·~ 
.. 

~fl(~ -~- ;es 

as: ns I ~ 

• 

ther hand causes 

and chloroplast 

hetic activity and 

_al. 1988). 

0 

~s 

t 

lJN IVERS I TY ofthf! 
This study was undertaken to asse5' the relation between 

,'VESTERN C1\PE 
copper supply and the activities of a number of copper 

containing enzymes viz. laccase, asoorbate oxidase, 

cytochrane oxidase and superoxide dismutase in the leaves of 

Atri plex nummularia Lindl. and A. vestita ( Thunb. ) Aell. 

3.2 ~ ~.ND ~ 

3.2.1 Cultivation of test plants 

r;;;m;:aul5+ic. cu7.d A. v~st:;ta seeds 

Agricultural Research Institute for the Karoo Region, 

Middelburg, cape. A quantity of seeds of both species were 

rinsed with running tap water for 48 hours, to ranove excess 
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sodium chloride fran the seed coats. The salt tends to 

inhibit seed gennination and must :be renoved prior to 

SO'INing. The seeds were genninated and grown in purified 

sand in = Fisons gro.-lth cabinet (model no. 600G3) under 

twelve hour illumination w.i.th day temperature of 28°C ar:-:! 

night temperature of 16°C. The relative humidity was 60% 

for day and 80% for night temperatures. The sand (20/40 

grade) was washed in a 1: 1 mixture of 15% HCl and 1 % oxalic 

acid solution (Hewitt 1966). 

for two months , with half-

The seedlings were treated, 

ropper, :before t hey e r culture . 
............ ,1,1.1,, ............................... l&LI...U,,.., 

, were t::-ansplanted 

into 500an3 milk es. ne t::r. es were first painted 
. UNIVERSITY ufthl! . black and then white to p~event i~~umination and overheating 
\\i EST ERN C.i\.P E 

of the developing roo-c.s. The bc,t-r.les were t horoughly washed 

and repeatedly rinsed with distilled-deionised water. 

Initially the seedlings were treated with a half strength 

Hoagland solution minus ropper. 'Iwo weeks were alla..red for 

the seedlings to rerover from the transplant :before 

treatments were started. 

Three treatments: 0. 0005, 0. 05 and 5. 0g .!l".-3 ropper were 

used. .r-_-::11 ytical grade reagents w.::::::-e used throUS-!!'"1Ut the 

experiment. The degree of ropper rontamination of the salts 

and water supply was detennined polarographically and ranged 

:between 0.0001 and 0.0005g.rn-3copper. The final ropper 
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concentrations of the test solutions were obtained by the 

standard addition methcxi. Fresh nutrient solution was 

supplied on a weekly basis and daily supplemented with 

distilled deionised water to avoid the concentration of 

mineral elements due to water loss. The experiment was laid 

out according to a randan block design. Fifteen plants were 

used per treatment. These were divided into five groups of 

three each. Each group represented one replicate of a 

specific treatment. This was done to ensure sufficient test 

material for enzyme analysis. 

Due to the early e 

harvested a month 

were taken to reco 

only the leaves 

leaves were weighecl 

plants were 

ed. Photographs 

(Figs 1, 2 & 3) and 

analysis. The 

bags at -40°C in a 

freezer. \VESTERN C_APE 

3.2.2 Extraction of protein 

The leaf material was freeze dried and ground with a Wiley 

intenned.i.ate mill ( 40 mesh). This lyophyllized :[:X','!der was 

collected in glass vials and stored at 0°C until the time of 

analysis. Enzyme 

ground material. 

extraction was done on 0.2gram of the 

The !,X)Wder was harogenized in 10an3 ice 

cold extraction buffer with a nnrtar and pestle. The buffer 

ronsisted of O.lM potassium phosphate buffer, pH 7.8 and 

0. lnM potassium EIYm (Giannopolitis & Ries 1977) . A fEM 
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graJ..ns of purified sand were added to enhance the extraction 

of protein from the cellular tissue. The hanogenate was 

filtered through two layers of cheese cloth and centrifuged 

twice at 13000xg in a Beckman J21 centrifuge. The 

supernatant was oollected in a volumetric flask, made up to 

10an3 wi~h extract.ion bu:tfe:- 0.:1::i s-:.,:,:::e~ at -30°C in a 

freezer. 

3.2.3 Detenni.nation of protein cnntent 

The method of 

protein oontent . 

Coamassie Brilliant 

dete:?:!ll.ine 

the binding of 

A standard curve 

was prepared using 

stock solution 

ooncentrations of 

& 5.0ug protein 

replicates each. 

(25mgBSA 500ml wa~er). Standard 
UNIVERSITY of tht! 
Q f O. 5'r l. ~" 1. 5 l 2 • ~ 2 • 5 f 3. 0 f 4, 0 I 4 • 5 
\\TES EKN CA.rE 

were used (10µ1::: 0.5,ug protein), three 

The stock solution was made up to l00ul 

with distilled deionised water in a 1mm plastic cuvette. 

Three millilitres Bradford reagent was added and thoroughly 

mixed by inversion. Ten minutes were allOVJed for 

protein-dye binding and the optical density was meas~ed at 

595nm on a Milton Roy Spectronic 601 spec-i..rophotaneter. 

This data was represented ir. a standard curve fran which the 

protein oontent of the test samples was determined. 

The reaction mixture of the test samples oonsisted of 10µ1 

diluted ( 1: 1) protein extract, 90µ1 distilled deionised 
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water and 3an3 Bradford reagent. Three determinations 

were :performed :per sample and the average protein mntent 

was determined £ran the standard curve and expressed in 

milligrams protein :per gram freeze dried material (table 2). 

3.2.4 Assay of enzyne activities 

3.2.4.1 cyt.oc::hralE ax.i.dase 

Cytochrane oxidase activity was determined by the 

micros:pectrophotanetric method of Coo:perstein ~ .a.J,. 

(1950). A reduced cytochrane c solution was prepared by 

adding 0.166an3 freshly prepared 1.2M sodium thiosulphate 

to 50an
3 

1. 7M X ~~s~i~~~~!~ 0.03M potassium 

phosphate buffer . fjrE".~1t.t-~;~cf:~~:J~,tf.~·.nuously stirred to 

rem::>ve excess sodi 
1 

event autoxidation 

of the reduced ·a.0n mixtures were 

prepared in ~·, ,-=-ttt11'6c TY o/ tht! 

\\!ESTER APE Blank 

Reduced cytochrane c 

Enzyme extract 

Distilled deionised water 

0.3an3 

0.05an3 

0.3an3 

0.05an3 

The change in optical density at 550nm was measured every 

thirty semnds. After 3 minutes two drops of saturated 

potassium ferricyanide solution were added (to a::rnpletely 

oxidize the cytochrane c) and the total extinction 

determined. Tanperature was kept at 25 °C. 
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Cytohrane c oxidase activity is expressed as the first order 

velocity ronstant for the oxidation; the reaction is first 

order with respect to the reduced cytochrane c (Smith 1955 & 

Cooperstein .et .aJ,. 1950). The value for the optical density 

(OD) of the totally oxidized cytochrane c is subtracted fran 

the values for optical density detennined at definite 

intervals during the oxidation. The value of this 

difference plotted against time should give a straight line 

on sanilog pa.per (OD values on log scale). Fran this plot: 

and 

respectively. 

~ 

' 
T IF --. TI ■ I ■ I 

,- II I I . 
~ 

a.., ,__ ,....- ,....-

aj (i~r tr 

■ I I ■ ■ I 
e ,_ 

~ 

~ ,--

Hrl io1 

r 

he extinctions at 

of ferricyanide 

UN IVERS I TY o_f thl! 

3.2.4.2 SUperaxide , ~,.., . 1 ~) C1\P £ 

Because of the instability of its substrate all available 

assays of superoxide dismutase (SOD) are indirect and depend 

upon its ability to scavenge superoxide radicals fran 

reaction mixtures and thus inhibit reactions caused by these 

radicals (Beaucharrp & Fridovich 1971). Hence SOD activity 

was determined based on the photoreduction of nitroblue 

tetrazolium (NBT) by superoxide radicals. SOD inhibits the 

fonnation of blue fonnazan and was quantified on this 

basis. The photochemical procedure was chosen as being 
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inde:pendent of other enzymes and proteins and therefore more 

reliable in the case of crude extracts (Giannopolitis & Ries 

1977). The original assay of Beauchamp & Fridovich (1971) 

was nodified. The reaction mixture cxmsisted of 13ITM 

methionine; 63µM nitroblue tetrazolium, 1.3µM riboflavin, 

0.05M sodium carbonate, 0.333an3 sample extract and 0.02rrM 

potassium ferricyanide in a final volume of lan3 in a 10nm 

plastic cuvette. The solution was thoroughly mixed by 

inversion and the change in optical density measured at 

560nm against a distilled deionised water blank. The 

initial rate of the reaction was detennined as the increase 

in absorbance at 5 

the presence of 

absorbance is i 

nzyme extract. In 

t he increase in 

tage inhibition was 

used to quantify th 

UN IVERS I TY n/ thf! 

3.2.4.3 Asrorbate ~ TERN C1\PE 

Asrorbate oxidase activity was assayed at 25°C by following 

the decrease in absorbance at 265nm (Vines & Oberbacher 

1963). A matched pair 10nm quartz cuvettes were used. The 

reaction mixtures ronsisted of: 

Sample 

O.lM Phosphate;E:I:Ym buffer pHS.6 2.9an3 

O.OOSM L-asrorbic acid o.1an3 

Enzyme extract O.lan3 

Blank 

2.9an3 

O.lan3 
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Blank solutions were prepared fresh to prevent autoxidation 

of the L-asrorbic acid. The blank cell was placed in the 

sarrple c:arpart:rnent and the test cell in the reference 

c:arpart:rnent of the spectrophotaneter and the increase in 

absorbance was nnnitored at 265nm for 3 minutes. Enzyme 

activity was expressed as the change in absorbance per 

minute. 

3.2.4.4 I.accase 

The method of Reinhamnar ( 1969) was used to determine laccase 

activity. Reaction mixtures were prepared as follows: 

0.6rrM N,N-dime 

p-phenyleneamin 

Enzyme extract 3 

Blank 

3.0an3 

Distilled deio1•+4~ 'Lr:,--oif.'d'i'! SIT y th r! 0. 05an3 

\·VESTERN C1\PE 

The solutions were thoroughly mixed by inversion and the 

increase in absorbance at 323nm was measured for 3 minutes in 

a Hitachi U3201 spectrophotaneter, equipped with a time 

drive. ~ature was kept constant at 25°C and enzyme 

activity was expressed as increase in absorbance per minute. 

3 .2. 5 statistical analysis 

Results were subjected to statistical analysis of variance 

using .ANJVA.12, a Significant Statistics (SIGS'mT) :package, 

and least significant differences between species and 

treabnents were calculated at the p=0.01 and p=0.05 levels. 
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3. 3 RFSULTS AND DI~I~ 

3.3.1 Visual syrrptans: 

Atr.i+>lex nurmru,laria and A- vestita exhibited nonnal grc:Mth 

at 0.0Sg.rn-3 oopper (Fig. 1, 2 & 3). When ccmpared to the 

preceeding experiment (chapter 2) it was evident that copper 

stress effects established quicker in water than in sand 

culture. This is attributed to the even, easily accessible 

spread of mineral nutrients through a liquid medium and the 

absence of a possible adsorbant for the oopper ions. Three 

weeks after treatments were started, plants at 5.0g.rn-3 

copper showed sev wes were chlorotic 

and leaf growth waB::1---&l!:-rOlria± d l:IlfJ#>;~P (Fig. 4). Toxic 

as a reddish 

started. Plants 

syrnptans appeared 

oolour before sev 

appeared dessicat v ~1mf:eitiT 7 (1_( ~ early harvest was 

necessary to ensw,r Fs~ifi .. ©i N e hp t erial for enzyme 

analysis. Similar symptans have been described for 

'Sarrantha' roses (Rey .et .al. 1987), sugarbeet ( Agarwala .et 

.el. 1985) and subterranean clover (Reuter .et .al. 1981) . No 

typical deficiency symptans like necrosis, bending of leaf 

tips and grey leaf blades (Reuther & Labanaskus 1966) were 

observed (Fig. 5). Rey .et .al. (1987) attributed the lack of 

deficiency symptans to the CU:Fe ratio in the plant. 

Although the oopper level is below the critical level, the 

CU:Fe ratio is still sufficient to oounteract the deficiency 

syrnptans. 
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3.3.2 Protein roncentrati.on of the plants 

The interaction between copper treatment and species had no 

significant effect on the protein concentration of the 

leaves of the Atriplex species, although highly significant 

(p,"0.01) differences were observed between species and 

treatments seperatel y ( table 1) . The protein concentration 

in A- vestita. was higher than that of A- rnmmularia, with 

the highest concentrations measured at 0.05g.rn-3 copper in 

both species (table 2). In both species no significant 

differences were observed between the two lower copper 

levels, while the protein concentration at 5.0g.rn-3 copper 

decreased highly s ·. 

clover this 

decrease in 

depression in act· 

In subteranean 

t was caused by a 

is caused by the 

. ing enzymes in the 

presence of excess ~ \{ Sn<li~~'.f~ (;:Jt J-980). 

\VESTERN C1\PE 

3.3.3 cytochrane axidase: 

Both copper treatment and species highly significantly 

(~0.01) influenced cytochrane oxidase activity in the 

leaves of Atriplex (table 1). Copper stress significantly 

(~0.05) 

vestita. 

inhibits cytochrane oxidase activity in A. 

In A. nurrmularia no significant differences were 

observed in cytochrane oxidase activity between the 

different copper treatments (Fig. 6). Maximal activity was 

recorded at 0.05g.rn-3 copper for both species. cytochrane 

oxidase activity was highly significantly (~0.01) higher in 

A- vestita than in A- mmrnularia at 0.05g.rn-3 copper. 
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cytochrane oxidase is the tenninal oxidase in the 

mitochondrial electron transport chain (Walker .et. .al. 

1981). Due to the rrore xerarorphic nature, the greater 

number and smaller leaves, a greater volume to leafarea 

ratio, smaller intercellular spaces and rcore palisadic 

tissue (Esau 1977), it can be cx:mcluded that A- vestita 

a:mtains rrore mitochondria than A- mmrnularia explaining the 

higher activity readings. The decrease in cytochrane 

oxidase activity, at deficient copper levels, corresponds 

with the decrease in cytochrane oxidase activity recorded in 

cultured sycanore cells (Bligny and Douce 1979), 

subterranean clove and in red clover 

(Hill 1973) . 

3.3.4 Superaxide . 

SUperoxide dismuta ,._,,,-::.!"il",:arL,,..c:. , as the percentage 

inhibition of the ,'\p,tt,;l;;o1te!:tutt A •~--1i.y blue tetrazolimn 

(Fig. 7). Copper treatment and species had a highly 

significant (~. 01) influence on the SOD activity in the 

leaves of Atriplex (table 1). The percentage inhibition 

recorded at 5.0g.m-3 copper was highly significantly 

(~0.01) lower a::mpared to the other treatments .implicating 

low SOD activity. SOD activity at the low and adequate 

copper levels showed no significant differences between the 

species and the treatments (Fig. 7). Maximal inhibition 

i.e. SOD activity occured at 5.0g.m-3 copper in both 

cases. 
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The lack of NBT inhibition at the lo.v copper levels can be 

attributed to the presence of three SOD isoenzyrnes viz a 

plastidic CU/Zn-SOD, a cytoplasmic CU/Zn-SOD and a Mn-SOD 

(Ayala & Sandman 1988). During copper deprivation the 

activities of both Cu/Zn-SOD isoenzymes decreased, but a 

concurrent increase in Mn-SOD suppress the establismnent of 

deficiency symptans (P.yala & Sandman 1988) . Nevertheless, 

total SOD activity nonnally decreases with a reduction in 

tissue copper. 

3.3.5 Asex>:rbate 

Ascorbate oxidase was significantly 

tween treatment a"ld (p~0.01) 

species ( table 1) . cor e oxi se activity increased 

. UNIVERSITYo[tht:- . . 
with the increase in ropper concem:rati on in both A-

\\or EST E RN C1\PE 
nurmru.laria and A. vestita (Fig. 8), with activities in A-

vestita highly significantly (p~0.01) higher than that of A-

nunrnularia. The inhibition of ascorbate oxidase activity at 

the lCM copper level corresponds with the lCM activities 

reoorded by Hill ( 1973) in red clover. The high activity 

readings at 5.0g.rn-3 oopper can be attributed to 

additional oxidation of L-asoorbate by other enzymes such as 

o-diphenol oxidase (Hallaway fil. ,al. 1970). cu2+ ions also 

catalyse the oxidation of asoorbate (Hallaway .fil. ,al. 1970). 

HCMever, EDTA was added during the assay procedure, 

chelating the cu2+ ions and neutralizing their effect. 

The influence of o-diphenol oxidase was not investigated, 

but pH and temperature specificity should eliminate possible 
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effects of o-diphenol oxidation of the substrate. Another 

possibility is that the critical level (Rey .et .al. 1987) 

above which copper will decrease asco:r:bate oxidase activity 

may well exceed 5.0g.m-3 in A m.mmularia and A- vestita. 

According to Rey .et .aJ..(1987) the critical value for enzyme 

action is species dependent, explaining the unique behaviour 

of the two species in question. However, this needs to be 

further researched. 

3.3.6 Laccase: 

No significant differences in laccase activity were observed 

between the differ 

species (table 1). 

slightly 

little difference 

treatments, the tr cN ~"~-!JA.L,£?,ll 

O.OSg.m-3 copper. \VE S 

O.OOOSg.m-3 and 5.0g.m-3 copper. 

3. 4 CllCIIJSIOi 

and between the 

vestita was 

Although 

the different 

~w,~.u11Q11111l ~ enzyme action at 

fiiliill ilion occured at 

Copper availability has a definite influence on the activity 

of certain copper containing enzymes in the leaves of A, 

mmmularia and A- vestita, with activities in A- vestita 

nonnall y higher than that of A. nurrmularia. lDil copper 

reduces the activity of laccase, ascorbate oxidase, 

cytochrane oxidase and superoxide dismutase in both 

species. Optimal activity occurs at O.OSg.m-3 copper, 
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while excess copper strongly inhiliits enzyme activity, with 

the exception of ascorbate oxidase. This can be attributed 

either to a high critical copper level or to additional 

catalization of L-ascorbic acid by other enzymes such as 

o-diphenol oxidase (Hallaway ~ .al. 1970) . However, this 

needs to be researched. 

The low enzyme activities in copper deficient leaves may be 

a result of a copper limiting holoenzyme assanbly, in which 

the apoproteins of these enzymes are still synthesized 

(Delhaize ~ .al, . 1986) . This was the case for cytochrane c 

oxidase in copper - · ~ .aJ.. 1975) and 

for galactose 

dendroides (Shat 

mechanism would 

the apoprotein so 

An alternative 

t he synthesis of 

filh synthesized in its 

absence. Delhaize r ~ ~ 5 N?&en ~ indirect evidence 

that diamine oxidase, ascorbate oxidase and o-diphenol 

oxidase are synthesized only during early leaf developnent 

and that in copper deficient leaves, apoproteins of these 

enzymes are either absent or cannot be reactivated, even if 

copper bea::rnes available. 

Atriplex nunmularia and Atriplex vestita are ooth 

copper-sensitive species. The decrease in enzyme activity 

at toxic copper levels can be attriliuted to structural 

damage of cell rnanbranes and chloroplast larnellae (Baszynski 

~ .al. 1988), which result in decreased photosynthetic 
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activity and ultimate death of tI1e plants. Copper toxicity 

therefore not only inhibits, but eventually terminates ~he 

activity of laccase, ascorbate oxidase, cyotchrome oxidase 

and superoxide dismutas,:; in A. IllliiwUlaria &J.d A. vestita, 

which la:..ds tc tli.c: deat.'fi of t.he p2..5u.:.:::s. 
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Table 1: The effect of copper treatment and species on the protein 
concentration and activities of certain copper-containing 
enzymes in Atriplex. 

Source of 
Variable: 

Treatment Species 

Protein concentration *** *** 
Enzyme avtivity: 
Laccase NS NS 
Ascorbate oxidase *** *** 
Cytochrome oxidase *** *** 
superoxide dismutase *** *** 

*** = highly significant at ps0 . 01 
NS not significant -

1• ■ I ■ ■ I ■ ■ I ■ ■ I ■ ■ I - - ,_ 
,,_ -

l.JN IVERS I TY of tht:" 

'\TESTERN CA E 

variation 

Treatment & Species 

NS 

NS 
*** 
*** 
*** 

Table 2: The effect of copper on the protein concentration in the 
leaves of a. numrnularia and A- vestita (n = 5). 

Protein concentration 
Copper g.kg-1 dry mass 
Tre'.:%ment 
g.m A. nummularia A. vestita 

0.0005 22.30 22.90 
0.05 20.40 28.00 
5.0 7.00 13.97 

*LSD (ps0.01) = 8.38 
(ps0.05) = 6.12 

* = least significant difference 
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Figure 1: The effect of different copper concentrations 

on the growth of A- nurrnnularia. 
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Figure 2: 
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The effect of different copper concentrations 

on the growt.1. of A. vestita. 
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Figure 3: 
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/t. V£~1rl'I 

4 as f'//n 
c:::.v. 

Both A. mmmularia and b- vestita grew best 

at 0.05g.rn-3 copper. 
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Figure 4: 

. ~5.,-,r.. 

~01'/"' 
C.v. 

A- nurmnularia and A. vestita shCMing toxic 

symptans at 5.0g.rn-3 oopper. 
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Figure 5: 
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/J. IVV/11"1Vt.lfA'/,? 

~ Coo5 /r'"' 
Cu. 

A:triplex species showing no deficiency 

symptoms at 0.0005g.m-3 copper. 
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6 Log Ferrocytochrome.min·1 g·1ctr .mass 
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Figure 6: 

LSD 

I 0 . 01 

0.05 

of tht! 5 

C Op p ~ r lli ; ifi' cfiltli atCi, ff ~ g . m3 ) 

- A. nummularia - A. vestita 

Effect of oopper on the activity of cycochrane 

axidase in the leaves of Atr,iplex (n = 5). 
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Figure 7: 

- A. nummularia ~ A. vestita 

Effect of copper on the activity of 

superoxide disrnutase in the leaves of 

Atriplex (n = 5). 
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6 Abs.min-1 g-1 dry mass 
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Figure 8: 

LSD 

I 0.01 

0.05 

n_f tht! 5.o 

Cop pe r ~ rRr{i_t<i.o ~P (lg. ni-3
) 

- A. nummularia - A. vestit a 

Effect of ccpper on the activity of ascorbate 

oxidase in the leaves of Atr:i.plex ( n = 5) . 
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Figure 9: 

- A nummulc1ria 
~3al . 
~ A. veslita. 

The effect of copper on the activity of 

laccase in the leaves of Atr,i,plex (n = 5). 

0.01 

0.05 
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The interaction between copper supply and species 

significantly influenced the gra.vth, chemical carposition 

and activities of copper-containing enzymes in Atr,iplex. 

Maximal growth occured at O.OSg.rn-3 copper in Atriplex 

nurrmularia Linell . and Atriplex vestita ( Thunb. ) Aell. 

(::;:halimus). Except for slower growth, no typical deficiency 

syrrptans were detected in both species. Copper toxicity 

significantly depressed 

internode elonga 

developnent in bo 

The largest 

reduced new 

lateral bra~ches . 

as measured by 

hing, and root 

The plants appeared 

d chlorotic leaves. 

Due to the halophytic nature of the plants, sodium and 

chloride contents were exceptionally high in the leaves of 

both plar:::.s . '!'he lower cop:f>er concentratim:..s !'-3.d no 

significant influence on the mineral nutrient concentration 

of both species. However, when related to the total dry 

mass (appendix) it is evident that maximum growth and 

nutrient accumulation occured at O. 05g .m-3 copper. Copper 

toxicity significantly depressed the uptake .and 

translocation of cations, with a cona:mnitant decrease in 

nitrogen, phophorous and chloride in the leaves, stems and 

roots. 
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This is attributed to cation leakage, competition of oopper 

with o-c:.her cations for absorption sites in the roots, 

cellular damage, and the depression in activity of 

oopper-oontaining enzymes. Leaf chlorosis, associated with 

oopper toxicity, is the result of decreased iron uptake and 

structural damage to chloroplast lamellae. 

Treatment and species had a highly significant (p=0.01) 

influence on the activities of cytochrane oY.idase, 

superoxide 

differences wer e 

different 

and superoxide 

oxidase . No significant 

:...i vity between the 

Cytochrane oxidase 

wer e maximal at 

O.OSg.rn-3 copper. IJ::M oopper hardly i nhibited enzyme 
UN IVERS I TY ofth!! 

activity, while significant inhibition occured at the toy.ic 
\VESTERN C1\PE 

oopper a:mcentration. Asoorbate oxidase activity increased 

with the increase in copper treatment suggesting that the 

enzyme has a critical value for copper adequacy above 5.0 

g.m-3 copper. 

Atri.plax vestita grows oe·c~er -::.han A. nurrmuj_aria in l.CM 

copper environments, with significantly higher yields in 

fresh mass, dry mass, and chlorophy 11 production. When 

related to total dry mass, it contains significantly more 

mineral nutrients and the activity of certain 

physiologically important copper-containing enzymes is 

higher in this species. 
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APPENDIX 

NITROGEN CONTENT (mg .plant -1
) 

300 .---------------------------, 
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,\r ES T E RN , i\. P E 
COP PER CONCENTRATION (g .m-3 ) 

5 .0 

- A. nummularia ~ A. vestita 

L = LEAVES S = STEMS R = ROOTS 

Figure 1: The effect of copper t:!:"eatment on the total 

nitroger_ content of a. nurnmularia and a. vestita. 
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PHOSPHOROUS CONTENT (mg .planC1
) 60.-------------------------
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·
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COPPER CONCENTRATION (g.m-3
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- A. nummularia ~ A. vestita 

L = LEAVES S = STEMS R = ROOTS 

5.0 

Figure 2: The effect of copper treatment on the 

phosphorous content of A- nummularia and A- vestita. 
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CHLORIDE CONTENT (mg.plant-1
) 
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- A. nummularia ~ A. vestita 

L = LEAVES S =STEMS R = ROOTS 

Figure 3: The effect of copper treatment on the chloride 

content of A. nummularia and A- vestita. 
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POTASSIUM CONTENT (mg.plant-1
) 
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L = LEAVES S = STEMS R = ROOTS 

F.igw:e 4: The effect of copper treatment on the potassium 

content of A- nummularia and A- vestita. 
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SODIUM CONTENT (mg .plant-1
) 
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content of A- numrnular ' a and A. yestita. 
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CALCIUM CONTENT (mg .planC1
) 
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5 .0 

F.igure 6: The effect of copper treatment on the calcium 

conte~t of A- numrnularia and A- vestita. 
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MAGNESIUM CONTENT (mg .planC1
) 
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Figure 7: The effect cf copper treatment on the magnesium 

content cf a. nummularic, and G• va.;,..;i-c,;,,. 
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IRON CONTENT (mg.planC1
) 
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Figure 8: The effect of copper treatment on the iron 

content of a. nummularia and A. vestite.. 
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ZINC CONTENT (mg.plant - 1
) 

2,----------------------------, 

1.5 

1 

0.5 

0 

o. ~PESTE ~-~ ,1\PE0 ·50 

COPPER CONCENTRATION (g.m-3
) 

- A. nummularia ~ A. vestita 

L = LEAVES S = STEMS R = ROOTS 

5.0 

Figure 9: The effect of copper treatrr.ent on the zinc 

content of A- nummulari a and A- vesti;a. 
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MANGANESE CONTENT (mg.plant -i) 
1,--------------------------, 

0.8 

0.6 

0.4 

0.2 

0 
0.0005 o. \\6E STE _t-~ c 1\p Eo. 5o 

COPPER CONCENTRATION (g.m-3
) 

5.0 

- A. nummularia ~ A. vestita 

L = LEAVES S = STEMS R = ROOTS 

Figure 10: The effect of copper treatment on the 

manganese content of A, nummularia and A, vestita. 
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COPPER CONTENT (mg.plant-1
) 
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Figure 11: The eff cct of copper treatment on the copper 

conten-c. of A. numrr;ularia and A- vest:ita. 
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