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INTRODUCTION 

Copper is essential for the normal growth arid development of 

plants and animals. Animals depend on plants for their 

copper supp1.y, which in turn mine the soil for available 

copper. Abnormalities in the diet of animals can thus be 

related to the availability of copper in the soil and its 

uptake by palatable plants. The relationship between soil 

copper and plant available copper have been well studied in 

overseas countrie 

has been done i.11 

to address t he 

The key obje ct 

(i) To inve st 

wever, little work 

oject is an attempt 

t:"were: 

d iffereu~ copper 

ooncentrations on the growth and chemical composition 

of Atr,iplex nummularia Lindl. and Atr,iplex vestita 

(Thunb.) Aell. 

(ii) To determine which one of the two species grows better 

under conditions of copper deficiency. 

(iii) To investigate the ::::-el.at.kmship between copper supply 

and t.lie activities of the copper enzym.ss, cycochrome 

oxidase, superoxide dismutase, ascorbate oxidase and 

laccase. 
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To f~ciJitate the immediate dissemination of information to 

current journals, this thesis has been written in paper 

form: 

In Chapter 1 an overview is g i ven of copper in the biotic 

and abiotic environment. 

In Chapter 2 the effect of different copper concentrations 

on the growth and chemical composition of A. nummularia 

Lindl. and A. vestita (Thunb.) Aell. is investigated and 

discussed. A comparison is drawn between copper treatments 

and species. 

Chapter 3 deals w J.1-:r---cA---i::~ s-.rre.-J.-aL-'c-J.,<.> p between copper 

supply and the a 

oxidase, supero 

laccase. T:ie ef~t~ 

enzyme 

nzymes, cytochrome 

b ate oxidase and 

and species on 

In conclusion a brief summary is given of the major 

findings of the investigation. 
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1. 1 COPPER IN THE SOIL: 

The total amount of native copper in soil depends on the 

amount of copper in the parent material (Tisdale .et .al. 

1968). It is usually in greater concentration in the soil 

than in parent rock because of weathering of the parent rock 

and the concentration of the element in the upper soil 

horizons by growing plants. Copper in parent rock exhibits 

typical chaloophile behaviour in that its abundant and stable 

minerals are sulfides rather than silicates or oxides 

(Mordtveldt .et .a.J.. 1972). B the most abundant of the 

oopper minerals is which is common 

in igneous and se 

The average oopper cxmte e s between 2 to 

lOOg.m- 3 (Tisdale .etU.Jll_I};f&~I1¥ Wc}Rlral soil solutions 

contain 
\\lF.ST~ RN ,A E . 

about 0.0-lg.m copper ( Devlin 1983). 

Concentrations higher than this are often regarded as toxic 

to plants. Two valences of copper are found in naturally 

occuring cor:-,;;,ounds i.e. cu+ and cu2+. The cu 2 + ion is 

more oommonly found in soils, adsorbed to clay minerals or 

tied up with organic matter. In soil solutions up to 98% of 

the copper is complexed to low molecular weight organic 

compounds (Marschner 1986). Smaller amounts of neutral 

insoluble salts, water-soluble oompounds and copper minerals 

may be present. The cuprous ion, cu+, is unstable at 

ordinary temperatures in ooncentrations greater than 10-7M; 

at higher ooncentrations it can exist in solution only in the 

form of anionic complexes like Cuc12- (Mordtveldt .et fil. 
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1972). cu2+ is readily reduced to the unstable cu+. In 

this respect oopper is similar to iron. Most of the 

functions of oopper as a plant nutrient are based on the 

participa+-i ~::,::1 of enz1'!r.a.ticz.J..:y !::c~-id copper i..,,. redox 

reactions. In the reactions of te:rminal oxidases, oopper 

enzymes react directly with molecular oxygen. Therefore the 

tenninal oxidation in living cells is catalyzed by oopper and 

not by iron (Mordtveldt fil. .al. 1972) • 

1.2 :rnCTmS IN THE OOIL: 

The availability of ~~~ ~::iPcilcmJr"&~~ ;-&~-tennined by several 

factors: level of so soil pH, and the 

presence of other iron, zinc or 

aluminium (Tisdale -.I \9W .SI TY o_f thr! 

,\lESTERN C1\PE 

Copper retention increases with an increase in soil organic 

matter (Tisdale .fil. ,al. 1968). Copper-humus canplexes vary 

in their degree of stability. In sane cases the oopper is 

bound so tightly that it is not available to plants, in 

others, plants can absorb wpper fram the organic canpounds. 

Hence, soils high in organic matter are more subject to 

oopper deficiencies than those with smaller amounts. 

Wallace ( 1984) has shCMI'l that the amount of exchangeable 

oopper decreased as the pH increased. other workers, 

hor,.rever, have found no relationship between oopper 

availability and soil pH (Tisdale fil. _g_l. 1968). They found 
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that increasing aluminium concentrations in solution cultures 

decreased the uptake of copper. It was thus concluded that 

both pH and aluminium activity affect the uptake of copper by 

plants as an increase in both causes a decrease in activity 

of ionic cu 2 +. 

The absolute level of a trace element in the rooting medium 

is not the most important factor in relation to plant growth 

(Tisdale~ ,aL. 1968). More important is the amount of the 

elements in relation to one 

Carolina have found 

to the ratio of coppe 

Scientists in North 

of plants is not 

rather 

medium. They, 

for example, found max1Inum y at a copper to 

. . ITN IVER .~ITV oftht! .. 
1 iron ratio of 2.5:3.0 (Tisaale .tl -.a,l.. 19 68). Simi ar 

\\
1 ES T E R C 1\ p £ 

relationships were discovered between copper and molybdenum 

and between copper and aluminium. The use of absolute 

quantities of elements in plant and soil diagnostic work may 

thus be misleading; these values, especially for the 

microelements, should be considered in relation to one 

another. It is further evident that a great deal of research 

is still needed, for if maximum plant growth is indeed the 

product of some unique ratio among the various nutrient 

elements it is of obvious interest to determine what those 

ratios are. 

1.3 COPPER AVAILABILITY IN KAROO SOILS. 

Ellis (1988) used the following norms, based on the copper 
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requirements of crop plants and not of the natural 

vegetation, to describe the copper status of Karoo soils: 

Status Low 

0 - 0.3 

dry Soil 

Medium 

0.3 - 0.6 

High 

0.6 - 5.0 

Very High 

>5.0 

Using these norms, Ellis (1988) found low copper availability 

m the A horizons of the West Coast ( south) and Knersvlakte 

the Great Karoo (west e Karoo (west and 

east), the Central, f;s1,s ern and Northern Ka roo as well as 
LIN IVERS I TY of tht! 

Boesmanland (west an1\~TiRWt~\p\: Karoo soils are 

classified as having a medium copper a vailability. 

The same low ropper availabilty as found in the littoral and 

near-littoral sands of the West Coast, is also found in the 

sandy soils of the Southern Cape (Ellis, personal 

communication). 

1.4 EFFECT OF COPPER AVAILABILITY ON PLANTS 

Copper plays a catalytic role in plants (Bidwell 1974) and 

either directly or indirectly influences the activity of 

especially the photosynthetic enzymes in the plant. Copper 
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fonns an important constituent of certain plant proteins eg. 

ascorbate oxidase (Devlin 1983), laccase (Berlanger ~ .al,. 

1986), superoxide dismutase, cytochrane oxidase and 

plastocyanin (I.ehninger 1982) . Copper, like the other trace 

elements, is essential for no:rmal grc,wth, but toxic at 

relatively low concentrations. 

Major de:f;iciency symptans include a decrease in vegetative 

growth, a decrease in leaf area, leaf chlorosis, necrosis, 

withering of l eav 

as exanthana 

.w,. 1985, Dell 

tenninates physio 

inhibits 

s , also refered to 

. 1984, Agm:wala .et 

. Copper deficiency 

t he plant as it 

eg. catalase 

(Aga.."YWala .et .al . 1 sF&S 8 )J;l wt:c(chfic~Fic oxidase (Agm:wala 

.et .al,. 1986, Bligny .et .aJ.. 1986 & Walker~ _al. 1981), 

aldolase, ascorbate oxidase, superoxice dismutase and 

polY!)henol oxidase (Agarwala ~ .w,. 1985 & Wal ker .et ,al. 

1981) . On the contrary, a reduction in tissue copper causes 

an increase in en....~tic activity of peroxidase and 

ribonuclease enzymes and a corresponding decrease in DNA and 

R..~ production (Agarwala .et .al. 1985) . The decrease in DNA 

can be ascribed to the direct i nvcl vement of copper in DNA 

synthesis or to a fewer number of cells in the interphase. 

The decrease in RNA is due to the stimulation of ribor.~clease 
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synthesis under copper stress (Agarwala ~ gJ_~ 1985). Copper 

deficiency causes male sterility in plants (Dell 1981). Dell 

found a reduction in the ligni£ication of anther walls and 

the absence of the endothecia of anthers in plants subjected 

to copper deficiency. This resulted in reclamation disease, 

i.e. reduced seed set due to reduced pollen fertility and 

failure of the stomia to rupture in the absence of ligni£ied 

anther wall thickenings. Dell also believes that copper 

deficiency interrupts microsporogenesis at or near the 

meiotic stage, an effect sh iciencies in boron and 

molybdenum. 

l e af chlorophyll 

(Adedeji ,et ,al.. 1984); a decrease in plastocyanin (Agarwala 
lJN IVERS I TY ofthP 

.et _al. 1985); a d epletion of carotenoids and plastoquinone 
\VESTER CAPE 

(Droppa 1984); a r eduction in reducing sugar concentration 

eg. sucrose (Agarwala g .a,J.. 1985) and a reduction in soluble 

proteins. Copper deficiency delays plant senescence as it 

retards ethylene production by delaying acetylene reduction 

(Dell 1981 & Snowball ~ _al.. 1980). This result in the 

development of short stems, blind shoots and the abortion of 

flowers (Rey ~ s;U.. 1987, Walker ~ _al.. 1981 & Snowball 

1980). 

Cop~r toxcity shows similar effects to copper deficiency. 

For most crop species the critical toxicity level of copper 

in the leaves is considered to be above 0.02 to 0.03g.kg-l 
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dry mass (Tisdale ~ ,aJ.. 1968). Excessive amounts of copper 

depress the activity of iron and causes iron-deficiency 

symptoms to appear in plants. Major toxic symptoms include 

interveinal chlorosis (Rey ,et _al. 1987), reduced dry matter 

production, degradation of grana stacks and stroma lamellae, 

an increase in the number and size of plastoglobuli and 

intrathylakoidal inclusions (Baszynski .et. .a.J... 1988), a 

decrease in photosynthetic activity and early death of the 

plant (Adedeji .et ,al. 1984). The low sucrose content of 

sugarbeet roots under ss might be due to low 

photosynthetic ac r om depressed 
................ ..u.l.U....u.a.&.....,_11,1,1.1 .......... 

ein , plastocyanin 

(Agarwala ,et. .al . 19 

UN IVERS I TY o'tht! 
1.5 COPPER PROTEINS ~ 

\\rESTERN ~-A E 
Copper is a cxmstituent of copper proteins and enzymes and is 

essential for their function in plant metabolism. Copper 

proteins act as terminal oxidases, mono - and dioxygenases in 

the elimination of superoxide radicals and in electron 

transport pathways (Sandman & Boger 1983). 

Copper is present in three different forms of proteins: 

(a) blue proteins without oxidase activity e.g. 

plastocyanin, which functions in electron transfer; 

(b) non-blue proteins, which produce peroxidases and 

oxidize monophenols to diphenols; e.g superoxide 

dismutase; 

( c) multicopper proteins containing at least four copper 
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atoms per molecule, which act as oxidases e.g. 

ascorbate oxidase and laccase. 

Under conditions of copper deficiency the activity of these 

enzymes decreases fairly rapidly. However, in several cases 

it is difficult or impossible to correlate directly the 

decrease in activity of a certain copper enzyme with gross 

metabolic changes or with inhibition of plant growth. For 

example, in copper-deficient cells a drastic decrease in 

cytochrome oxida se activit s without effect on the 

respiration rate, i 

present in 

1977). 

n zyme might be 

(Bligny & Douce 

l.S.1. Plastocy anPnN IVERS I TY if th~ 

,\rEs TE RN C:i\P F. 
More than 50% of the copper localizea in tne chloroplasts is 

bound to plastocyanin. This compound has a molecular weight 

of 10,000 and contains one copper atom per molecule. 

Plastocyanin is. a component of the electron transport chain 

of photosystern I. The copper atom of this molecule is the 

actual carrier of the electrons, since it is capable of 

undergoing cu+ and cu2+ cycles. The plastocyanin is 

reduced by cyt f during electron transfer of photosystem II 

and transfers the electron to P700 i.e. the photochemical 

reaction centre of photosystem I (Lehninger 1982). 

With copper deficiency, there is a greater decrease in the 

plastocyanin content and the activity of photosystem I than 
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in the content of other chloroplast pigments and the 

activity of photosystan II (Marschner 1986), causing a 

decrease in photosynthetic rate. The decrease in 

photosynthesis can also directly be related to other roles 

of copper in the chloroplast e.g. copper is a canponent of 

certain chloroplast enzymes e.g. superoxide dismutase and 

copper is required for the synthesis of quinones. This is 

reflected in the decrease of plastoquinone under conditions 

of copper deficiency (Marschner 1986) . 

1. 5. 2. cytochrane 

Cytochrane 

forms the chondrial electron 

transport chain ( a er The enzyme is a 
. . lJN IVERS I TY oftht!' 

mul t1.pept1.de aggregate cxmtalill.ng two he.mes and two copper 
VtTESTERN C1\PE 

atc:ms (Morrison .fil _gj,. 1963) which are involved in the 

electron transport systan and oxidative phosphorylation. 

The cytochrane c oxidase complex or cyt aa3 is a 

structural elanent of the mitochondrial inner membrane. It 

spans the mitochondrial membrane assymetrically (Eytan fil 

.w,. 1975) with hane a facing the outer mernbrane, while hane 

a3 is situated on the matrix side and it has been 

demonstrated that there is a topological sequence 

a-Cu-Cu-a3 (Ma.lmstran 1973) . Cytochrane oxidase catalyzes 

the tra.TJ.sfer of electrons from cytochrome c to oxygen, to 

fo:rm water. The two copper atc:ms undergo oxidation -

reduction between the cu+ and cu2+ forms and are 

responsible for electron transport between the iron 
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components of cytochromes a and a 3 . The copper and iron 

components of cyt aa3 are responsible for transfer of four 

electrons to oxygen to form water (Lehninger 1982). 

If oxygen is only partially reduced by accepting only two 

electrons, the product is hydrogen peroxide or superoxide 

radicals in the acceptance of one electron. Both products 

are extremely toxic to the cells because they attack 

unsaturated fatty acid components of membrane lipids, thus 

damaging membrane struct _ nger 1982). This is 

dismutase, a copper 

superoxide radical in , 

of superoxide 

converts the 

up into water and molecular oxygen by cata lase activity. 
UN IVERS I TY of thf! 

\VESTER CAPE 
1.5.3. Superoxide dismutase (SOD) 

As mentioned in the previous paragraph, superoxide dismutase 

is a ropper containing enzyme acting as a cellular defence 

against the toxic superoxide radical generated in a wide 

range of biochemical and photolytic reactions (Halliwell 

1978). Hence, the activity pattern of SOD may indicate its 

ubiquitous requirement in the plant at a certain level to 

maintain the integrity of protoplasmic constituents. The 

activ.n:y of SOD in plants shows a close correlation to copper 

and nitrogen levels. By contrast the activities of the 

copper oxidases do not correspond with the parallel patterns 

of copper and nitrogen concentrations in the leaves (Walker 

.et .al- 1981). Ayala & Sandman (1988) distinguish between 
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three SOD isoenzymes in the leaves of pea plants grCMn with a 

nonnal oopper supply viz. a plastidic Cu/Zn-SOD, a 

cytoplasmic Cu/Zn-SOD and a Mn-SOD. During oopper 

deprivation the activities of bot.ri Cu/Zn-SOD decreased, with 

a ooncurrent increase of Mn-SOD. Nevert.rieless, total SOD 

activity decreases with a decrease in oopper supply. The 

CU/Zn-isoenzyrne 1:-.ias a :rrolecular mass of 32 • 000, and at the 

active site one copper and zinc atan are probably closely 

oonnected by a camon histidine nitrogen (Sandman & Boger 

1983). In green leaves 

the chloroplasts, 

1.5.4. Ascxn:bate 

Ascorbate oxidase islJ'N mt-sTW,,j t~ ntaining enzyme, 

wide spread in plan \;r E~ ~ R~ d ~jt~ in secondary 

metabolism (Esaka ~ .a,l.. 1988) . It is linked to cytoplasmic 

dehydrogenases via a redox shattle involving glutathione 

(Walker rt .a,l.. 1981). It has a molecular mass of 140.000 

with eight copper ior-..s (Morpurg:::> ::.t.988) • Asoorbate vXi.das~ 

catalyzes the oxidation of asoorbic acid to L-dehydro 

asrorbic acid. 

the cytoplasm. 

The reaction occurs in the cell walls and in 

Its physiological functions are still 

uncertain, but it may act as a terminal respiratory oxidase 

or in CXJTibinations with phenolases. Its activity is a very 

sensitive indicator of the ropper nutritional status of the 

plant i.e. low ascorbate oxidase activity is associated wit.ri 

low ropper status and vice versa. 

asrorbate oxidase activity inc:-eases. 

If copper is added, 

However, a large 
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excess of copper inhibits activity of the enzyme (Esaka ~ 

,al.. 1988). 

1.5.5. Laccase 

La.cease contains six copper atoms per molecule of which four 

are divalent. It occurs in the thylakoid membranes of 

chloroplasts, where it is required for the synthesis of 

plastoquinone, a constituent of photosynthetic electron 

transport chains (Marschner 1986). 

1.5.6. Phenolase 

Phenolase has t wo 

(a) mono-ox yge 

ct ions: 

ols, 

( b) mono-oxygenation of o-aj.phenols leading 
UNIVERSITYo/tht! 

production . 
,VESTER CAPE 

to quinone 

Phenolase is involved in the biosynthesis of lignin and 

alkaloids (Hanson & Havir 1979), the synthesis of electron -

transfer intermediates (Bidwell 1974) and in the formation of 

brown rnelanotic substances, which are sometimes formed when 

tissues are wounded. o-Diphenol oxidase is produced in 

response to wounding, being inhibitors of invasive spore 

gl:OWth and acting as toxins against herbivores (Mayer & Harel 

1979). Under conditions of copper deficiency, the decrease 

in phenolase is quite severe and is correlated with the 

accumulation of phenolics and a decrease in the formation of 

rnelanotic substances. The latter effect is reflected, for 

example in the close correlation between the cx:>lour of spores 

of Aspergj]Jns njger and the copper nutritional status. 
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With an ample copper supply the spores are black; with mild 

deficiency they are light brown; and with severe deficiency 

they are white. The decline in phenolase activity is also 

indirectly responsible for the delay in flCMering and 

maturation often observed in oopf>er-deficient plants. 

1. 5. 7. Dianine axida.se 

Diarnine oxidase metabolizes polyamines such as sf)ennine and 

Sf)ennidine, which are widely found in plant tissues and are 

fil. (1986) reported 

in young developing 

absent in copf>er defic· 

diarnine oxidase is 

lJN IVERSITY of tht! 
1 •6 WPPl!R F'ER"l'ILIZER· \TES TE RN CAPE 

Should fanners experience a shortage of copper in their 

soils, ropf)er can be applied by foliar application of soluble 

or slightly soluble salts or by applying fertilizer materials 

to the soil (Tisdale fil. _al. 1968). CoP?e::- sulpr.z.::.e and 

ropper armoniurn phosphate are a::mnonly used for this 

purpose. 

are used. 

application. 

Lately chelates of copf>er and other rnicronutrients 

These are esf)ecially suitable for soil 

Chelates are rnetalo-organic compounds, such as 

EDm., which though soluble themselves, do not ionize to any 

degree (Tisdale .et fil. 1968). They retain ropper and similar 

metals in a soluble fonn, f)ennitting their absorption by 

plants, yet preventing their oonversion to insol:lble forms in 

the soil. Chelated copper cx::mpounds are ccmnercially 
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available for soil or foliar application. 

1. 7 CDPi>"....:R 'IOIBRANCE 

Genotypical differences in tolerance to copper and other 

heavy metals are well known in certain species and ecotypes 

of natural vegetation (Woolhouse 1983) . Special plants 

tolerant to heavy metals, called metallophytes, have been 

known for centuries to grow in mining areas. Woolhouse 

( 1983) grouped the mechanisms of copper tolerance in higher 

plants as follows: 

(i) exclusion , 

(ii) .imnobiliza 

(iii) ccmpartrnen 

r uptake; 

walls; 

luble complexes; 

(iv) 
canpart:meiTh9ftE RS IT YP,f'th t! in insoluble 

ccmplexes· \rES TERN Ci\P E 
(v) enzyme adaptation . 

The exclusion or restriction of copper uptake is of minor 

importance in higher plants . The .imnobilization of copper in 

the cell - walls is considered to be an important mechanism of 

copper detoxification, but by far the most important 

mechanism is the canpart:mentation of copper i..'1 soluble and 

insoluble complexes (Marsch.11er 1986) . In this case copper 

binds to specific proteins, called metallothioneins, the 

synthesis of which is induced by high copper concentrations. 

These proteins are rich in cysteine, to which copper is bound 

much more firmly than zinc or cadmium. The adaptation of 

enzymes to high copper concentrations is of limited 

.importance and is presumably restricted to extracellular 
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enzymes such as wall-bound phosphatases in the free space of 

roots (Marschner 1986). 

1.8 COPPER IN ANIMAL NUTRITION 

The importance of copper in animal nutrition was recognized 

in 1928 by scientists at the University of Wisconsin who 

showed that both copper and iron are necessary for hemoglobin 

formation in rats suffering from anemia (Mordtveldt .et _w.. 

1972). SCX>n after demonstrating the essential role of copper 

in hematopoiesis, several 

shown to contain co 

(polyphenoloxidase ), la a 

(1953) has shown buty 

· ase functions were 

a re tyrosinase 

oxidase. Mahler 

e t o be a cupro-

flavoprotein 

group. 

contain~~R~ f f~if'th0i 
VvESTERN C1\PE 

the prosthetic 

Certain diseases of cattle and sheep were shown to be related 

to copper deficiency, symptomized by diarrhea, loss of 

appetite and anemia. These were found in sheep and cattle in 

Florida in 1931 (Mordtveldt _gt _gj_. 1972). Bennets and 

Chapman (1937) in Australia showed that a disease of lambs 

called "enzootic ataxia" was due to a copper deficiency and 

could be prevented by feeding copper to the ewes during 

pregnancy. 

A normal human adult contains approximately 100 to 150mg of 

copper, or 1.5 to 2.0g.m- 3 . Similar concentrations of 

copper occur in the bodies of most adult animal species 
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(Mordtveldt ~ ,al. 1972). The largest concentrations of 

copper occur .in the liver of animals and the liver copper

level reflects the dietary intake of copper. Hence it was 

found that the blood and liver copper-levels of deficient 

animals were well below normal and they fail to thrive unless 

extra copper is supplied, either directly or indirectly. 

A wide range of different clinical syndromes are caused by 

oopper deficiency in animal species. They include anaemia 

cours). All have 

been shown to be caused by copper deficiency and all have 
UNIVERSITY ofthf!' 

been shown to be alleviated by or prevented by the 
\VESTERN C.APE 

administration of adequate amounts of copper (Mordveldt ~ 

sll- 1972). 

1.8.1 Bone disorders 

Bone defects are characterized by spontaneous fractures and 

a condition similar to rickets in young calves and 

osteoporosis .in older animals. The bone changes occur under 

oonditions of normal phosphorous nutrition and were shown to 

be a specific effect of copper deficiency and not anaemia, 

s.ince severe anaemia caused by iron deficiency, failed to 

produce similar effects. 
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1.8.2 Demyelination of the Central Nervous System 

Copper deficiency causes enzootic ataxia commonly called 

"swayback" or "swingback" (Mordveldt gt gJ_. 1972). Two 

types of neonatal ataxia are recognised: (i) A common acute 

form which occurs in newborn lambs; and (ii) a delayed type 

in which clinical symptoms are not observed for weeks or 

months after birth. In both cases the symptoms are 

characterized by spastic paralysis, poor coordination of the 

hind legs, a stiff and staggering gait and an exaggerated 

swing of the hind quart lambs a re completely 

i mmediately. 

1.8.3 o H r a nd Wool 

In sheep, copper deficien~__EEoduces a lack of pigment of 
lJN IV ..lKSITY of thr! 

blackwooled sheep , and characteristic loss of "crimp" from 
VtTESTERN C1\PE 

the fibres of all wool. The copper containing enzyme, 

polyphenol oxidase, is known to catalyze production of 

melanin from L-tyrosine. Hence low copper concentrations 

will inhibit this reaction influencing the pigmentation of 

the wool and hair. The lack of "crimp" is believed by 

Marston (1952) to be due to the need for copper for the 

normal oxidation of cysteine to the -S-S- bond required for 

maintaining the proper helix structure in the protein 

molecules of the wool. 

1.8.4 Fibrosis of the Myocardium 

"Falling disease" is believed to be caused by copper 

deficiency in associat:ion with a selenium deficiency. It is 
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characterized by sudden death, usually without any 

preliminary signs. The anaemia associated with "falling 

disease" is of the macrocytic hypochromic type. The major 

lesion is an atrophy of the myocardium with a replacement 

fibrosis (Mordveldt .etc .al- 1972). 

1.8.5 Diarrhea in cattle 

Severe diarrhea, also known as "sa:>uring disease", has been 

observed in many parts of the world and is known to be 

accentuated in areas with enum and low amounts 

of copper. 

1.8.6 Aortic Ruptu 

Copper deficiency in chicks 12roduced dissecting aneurysm of 
UNIVt.RSITYoftht! 

the aorta and v ario:ps po~ d~foJ"JO.J.ti~s (O'Dell fil fil.. 
Vt EST .t. RN Ld\P .t, 

1961). This was caused by the absence of amine oxidase 

enzyme in chicks dosed with water from copper deficient 

darns. Amine ox.idase increases the incorporation of lysine 

into the . elastins of the aorta and it is dependant on copper 

to perform this function. The enzyme oxidizes the lysine 

molecules by dearnination and in the absence of copper the 

number of oxidized lysine residues are reduced to condense 

for the formation of desmosine. 
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CHAPTER 2 

THE INFLUENCE OF TH AND CHEMICAL 

dl. AND A- yestita 

(Thunb.) Aell. 

UNIVERSITYo/tht! 

\\TESTER CAPE 
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ABSTRACT 

Atr,iplex nummulari.a Lindl. and Atr,iplex vestita (Thunb.) Aell. 

plants were subjected to di£ferent copper concentrations viz. 

0.0005, 0.005, 0.05, 0.5 and 5.0 g .m- 3 copper. Plants were 

grown in a Conviron growth chamber under twelve hour 

illumination, with day and night temperatures of 26° /20°C and 

relative humidity of 60%/80% respectively. Treatment and 

species signi£icantly i nfl uenced the g rowth and chemical 

oomposition of the p1¼\tt~§_.!L~_{t~~~~~~t~_t~ .. !~~,.t~ fresh and dry 

mass production, occ~~el:d~'E-i~ ~-~ No typical 

deficiency symptom th e toxic copper 

concentration severel~~~~~~~~~~~~ in both species. 

Leaves were small andl cc . ... 

branches. The large~\p ' l'fli eN ,ey.l?tfus was dead, with 

new growth showing as short protrusions. Tissue copper 

increased with the increasing oopper concentration, while leaf 

nitrogen and phosphorous responded inversely to copper 

treatment. The potassium, sodium, calcium, magnesium, iron, 

zinc and manganese concentrations were not significantly 

affected by the lower copper treatments, while 5.0g.m- 3 

oopper significantly reduced nutrient uptake in both species. 

Atriplex vestita grew significantly better theu"'l A.nurnmularia at 

the lower copper treatments with higher yields for all of the 

parameters tested. However, 'h,. vestita is more susceptible to 

copper toxicity than A.nurnmularia. 
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UITTREKSEL 

Atriplex nummularia Lindl. en Atriplex vestita (Thunb .) Aell. 

pl.ante is aan verskillende koper konsentrasies onderwerp, nl. 

0.0005, 0.005, 0.05, 0.5 en 5.0g.m- 3 koper. Die plante is in 

potte met sand in 'n Conviron groeikabinet. gekweek, ender twaalf 

uur beligting, met dag en nag temperature van 26°C/20°C en 

relatiewe voggehalte van 60%/80% onderskeidelik. Behandeling en 

spesies het. die groei en c:,cr.,iese samestel.2.ing van die plante 

betekenisvol beinv l oed . Le ngte g roei , v ars- en droemassa 

produksie was ma ks · 

simptome het. nie voorg~OJll;Il:1.-e;;r =- ·""'-'-..1.1 

albei spesies bet.ekeni 

chloroties, met minde 

die wortelstelsel w 

uitsteeksels. Die kJv~ ?k~rls &~i 

r . Tipiese tekort 

oksisiteit groei by 

Blare was klein en 

grootste deel van 

f ,e'i in die vorm van 

toegeneern, terwyl die stikstof- en fosforinhoud van die blare 

afgeneem het met toename in koperkonsentrasie. Die laer 

koperkonsentrasies het geen bet ekenisvolle invloed op die 

kalium-, natrium-, kalsium-, magnesium-, yster-, sink- en 

mangaankonsentrasies van die plante gehad nie, terwyl die 

behandeling met 5.0g.m- 3 koper minerale voeding betekenisvol 

onderdruk het.. Atriplex yestita het betekenisvol beter as A. 

nummu)arja gegroei by die lae koperkonsentrasies, terwyl dit 

meer vatbaar was vir kopertoksisiteit as h,. nummularia. 

Keywords: Atr:iplex, copper deficiency, copper toxicity, growth. 
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2.1 INTRODUCTION 

Copper is an essential trace element for normal plant 

development. Agricultural plants often show toxicity or 

deficiency of this element (Hill, 1973). In South Africa, 

areas of copper deficiency have been identified in the 

southern and western Cape Province, while copper toxicity is 

more common towards the interior of the country (Ellis, 1987; 

and Vosloo, 1990; personal communication). Sheep in the 

southern and western Cape Province often show severe 

deficiency symptoms like 

artificially dose the , 

licks or "solkupro" 

("sway back"), poor 

d eath. Farmers 

-containing salt 

water. 

UN IVERS I TY of tht! 
Attiplex nummula~~f ~1,-- tf fl Af rEA.P ~v~s ~:.'4 

(Thunb.) 

AELL., two drought resistant, halophytic species, are planted 

in some of these areas for grazing purposes. Little is known 

about the reaction of these plants to soil copper 

availability, hence the effect of copper on the growth and 

chemical composition of these species was investigated. 

Since past research on copper nutrition primarily delt with 

copper deficiencies in plants, with fewer articles published 

on copper toxicity, copper concentrations ranging from 

deficient to toxic were used during this investigation. 
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2.2 MATERIALS AND METHODS 

2.2 .1 Cultivation, treatment and harvesting of plants 

Atriplex nummu)aria and 'h,. vestita seeds were supplied by the 

Agricultural Research Institute for the Karoo Region, 

Middelburg, Cape. Sodium chloride tends to inhibit seed 

germination and must be removed prior to sowing, so seeds 

were leached with running tap water to remove excess salt. 

Seeds were sown in seperate 

strength Hoagland n 

Fisons growth cabine 

illumination, with day 

treated with half 

e rminated in a 

hour 

and relative 

humidity of 26°C/20° y . Sand (20/40 

grade) was washed in t} ~:J:¥:Jk~lcI'£9J t t:l and 1% oxalic 

acid solution ( Hew1.f~~911y RN C 1\PE 

After two months, each seedling was transplanted into a 

seperate polythene container with sand, prior to which the 

roots were rinsed in distilled water to remove all adhering 

sand particles. Three weeks were allowed for the seedlings 

to recove:r from the transnlant be::8re -::!'."e?.::::;2:'.'.t:.S were 

started. All nutrients, except copper, were uniformly 

applied. Five copper treatments were used (0.0005; 0.005; 

0.05; 0.5 and 5.0 g.m- 3 ), replicated seven times in a 

rendom block design. Sodium chloride was added to a final 

concentration of 0.05M, because of the halophytic nature of 

the plants. Analytical grade reagents were used throughout 
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the experiment. The degree of contamination of the nutrient 

salts and distilled water was determined via polarography and 

final copper concentrations were obtained by the standard 

addition method. The pH was controlled between 6.5 and 7.0 to 

prevent the precipitation of mineral nutrients and the 

suppression of copper uptake by the plants (Wallace 1984). 

Fresh nutrient solution was applied weekly after the sand was 

rinsed with distilled deionised water and allowed to drain. 

Photographs were taken to record visual symptoms that occured 

during the experi _ 
.,_ _________ .,,, 

weeks after which the 

eekly basis for ten 

The roots were 

excised, rinsed i n d Nm¥£ . !Lilis¥ ct,_Mlitt~r to remove soil 

pa..rticles and mineral tiE-~Jt~ It.~ rn'lenP & i ed at 6 O ° C. The 

number and length of the lateral bra..'1.ches were recorded. The 

shoots were weighed, first the stems and leaves combined and 

then seperately. The seven replicates were divided into two 

groups: Three were used for chlorophyll determinations and thus 

stored in a freezer at -40°C until the time of analysis. The 

remainder of the replicates were oven dried at 60°C and the dry 

mass of the stems, leaves and roots were determined seperately. 

2.2.2 Plant analysis 

Plant samples were ground in a Wiley Intermediate Mill ( 60 

mesh) and digested in a sulphuric acid-peroxide mixture (Allen 

.et .al. 1986). In the case of plants with high yields, samples 
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of 0.4 grams of material were used for the digest, while 0.2 

grams were used in plant samples with low yields. The digested 

mixtures were diluted with 20cm3 distilled deionised water 

and filtered through Whatrnan no. 1 filter paper. The filtrates 

were made up to 100cm 3 by further addition of distilled 

deionised water and transfered to brown plastic bottles for 

storage. 

The following analyses were performed: 

2.2.2.1 

method 

2.2.2.2 Macronutrie 

a Micro-Kjeldahl 

ith a Pye-Unicam SP9 

Atomic Absorption Spe sodium were 

diluted in distilledUde,i9 ised. c¥l~ r (:l,:15), with a Hamilton r, 1 t...K.311 l: o_f thl! 
Microlab diluter, w ·w ga ~ll_ttNil't~- s ium were diluted 

(1:9) with Lanthanum(lll)oxide solution to suppress 

interferences in the atomic absorption flame (Allen fil ,al.. 

1986). 

2.2.2.3 - Micronutrients: iron, zinc, manganese and copper 

were determined directly with a Pye-Unicam SP9 Atomic 

Absorption Spectrophotometer. 

2.2.2.4 Phosphorous was determined using the phospho-

molybdo-blue method of Allen fil _al. (1986). 

2.2.2.5 Chloride was determined with a Radiometer TTT 80 

automatic titrator fitted with a silver electrode ( Horwitz 

1980). 
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2.2.2.6 Chlorophyll was determined by the met.hod of Knudson 

.et .a..1.. (1977). 

2.2.3 Statistical Analysis 

Results were subjected to statistical analysis of variance usi.T'lg 

ANOVA12 and a Significant Statistics (SIGSTAT) package. Least 

significant differences between species and treatments were 

calculated at the p =0 . 01 and p =0 . 05 levels. 

2.3 RESULTS AND 

2.3.1 Visual symp 

Optimal growth in "Dll,.,.:u~~•:JI :! cured at O.OSg.m- 3 

ropper (Fig.s 1, 2 & \ \E 'Ji :e R ·0wer at o.ooosg.m- 3 

copper (Fig.s 1 & 2). Atriplex vesti:ta was less affected by the 

low ropper concentration (Fig. 4). Both species showed toxic 

symptoms at 5.0g.m- 3 copper (Fig. 1, 2 & 5). Atriplex 

vestita, with smaller, more chlorotic leaves, appeared more 

susceptible to copper toxicity than A. nurnrnularia. Toxic 

symptoms appeared first in the new growth as a reddish colour, 

followed by severe interveinal chlorosis of the leaves. Plant 

growth was reduced, and by the end of the experiment the young 

shoots died. Two months after treatments were started plants 

were desiccated and stunted. Similar effects were reported in 

'Samantha' roses (Rey .et .a].. 1987) and in sugarbeet (Agarwala .et. 

.al. 1985). 
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Root growth of both species was strongly inhibited by the 

5.0g.m- 3 copper concentration (Fig. 6). A- vestita has the 

better developed root system and therefor the root/shoot ratio 

oould be more favourable. The largest part of the root systems 

dia:i and the reduced new growth showed severe disooloration with 

few lateral branches. This effect was also reported for the 

roots of 'Samantha' roses (Rey ~ ,al.. 1987), A- nummularia 

(Green 1986) and Chenopodiurn album (Green 1988). The 

inhib.ition of root elongation is caused by a decrease in IAA 

oxklase activity in roots 

(Marschner 1986) . T , 

acid (IAA) concentra 

inhlb.ition of root elon 

copper concentrations 

sed indole-3-acetic 

nd the subsequent 

Part of 

this inhibition i s Cqtlij~d - 0¥, ~t.liy~np, becau se the increased 
U 1~ IV .r...K~IT'\: of tht! 

auxin ooncentration ffl~r5Ettl~Y1t_~~p1-_t of ethylene, which 

in turn retards root and stem elongation. The roots of A

vestita were affected more by the toxic oopper levels than those 

of A.. nummu]ariar while root development in A. nummularia was 

suppressed more by the low oopper concentrations. Optimum root 

development occured at O.OSg.m- 3 copper in both plant species. 

Except for slower growth, no typical deficiency symptoms such as 

necrosis of the leaves, bending of the leaf tips and grey leaf 

b.la:ies (Reuther & Labanaskus 1966) were detected. This was also 

the case in 'Samantha' roses (Rey ,et .aJ_. 1987) and subterranean 

clover (Reuter ~ .aJ.. 1981). Rey ,et .aJ_. (1987) attribute this 

to the Cu:Fe ratio in the plants. Although the copper level is 

below the critical value, the Cu:Fe ratio was sufficient to 
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oounteract the deficiency symptoms. However, the optimal range 

for the Cu: Fe ratio is still to be determined through a 

manipulation of iron and oopper from deficient to toxic levels . 

Leaf senescence and internode elongat..ion of the lateral branches 

were delayed by the lower copper concentrations, supporting 

Reuters' (1981) theory that copper deficiency delays, rather 

than decreases, the development of lateral branches and leaves. 

This stands in oontrast with copper toxicity which completely 

inhibits cell elongation and plant development in copper 

sensitive species. The mo observed in the copper 

deficient plants is ~~~~!:=.l:a.w~:!:a2:l~a reduction in 

matter production 

hu s stronger apical 

internode elongat..ion 

of lateral branches (R 

dominance is present under conditions of lowe r copper supply, 
UN IVERS I TY oftht! 

perhaps supporting ~~E• ~ff W hE ,\!? f f apical dominance 

( Hillman, 19 84). 

2.3.2 Growth of plants 

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

influence on the growth of Atriplex (table 1). Optimum 

elongation, fresh mass and dry mass production occu red at 

0.0Sg.m- 3 copper (Fig.s 7, 8 & 9). Atriplex vestita grew 

better than A. numnm)arip at the deficient oopper ooncentrations 

w.u:h highly significant (p~0.01) higher yields in fresh and dry 

mass production (Fig.s 8 & 9). Although not significant, A

vestita appeared more susceptible to toxic copper than A. 

nummuJaria with slower growth and lower yields in fresh and dry 

mass. Using elongation growth as an indicator of growth became 
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a problem when lateral branches formed. The number of lateral 

branches and the longest lateral branch showed a similar effect 

to the other growth indicators (Fig.s 10 & 11). Optimal lateral 

branching occured at 0.05g.m- 3copper in both species. 

Atriplex yestita invested highly significantly (p6 0.0l) more 

energy in stern production than A- nummularia, resulting in a 

more woody species, except at 5.0g.rn- 3 (Fig. 12), where copper 

toxicity inhibited stern growth. 

2.3.3 

The interaction b etw , 

leaves and sterns of 

, a nd species had no 

ncentration of the 

However, treatment 

alone, caused a highl~ , significant j p60.0l) decrease in the 
UNil·ERSITY ofth!! 

nitrogen concentraw ~tU~e~itf\i't l eaves of both A. 

nummu]aria and A. vestita as the copper concentration increased 

(table 2). The decrease in leaf and stern nitrogen is consistent 

with the suggestion of Snowball .et .a.i.. ( 1980) that copper 

toxici±.y interferes with nitrogen fixation in the plants. This 

interference is attributed to the depression in activity of 

copper containing enzymes. The nitrogen concentration in the 

leaves did not differ significantly between the two species, 

while the sterns of A. nummularia contained significantly 

(p~0.05) more nitrogen per gram dry mass than A- yestita at the 

lower copper levels. The nitrogen concentration in the roots 

showed no significant change between the different copper 

treatments and between the two Atr.i,plex species (Tab. 1 & 2). 
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2.3.4 Phosphorous concentration of the plants 

The phosphorous ooncentration in the leaves of both Atr.i,plex 

species decreased highly significantly (p~0.01), with the 

increase in copper concentration, while the phosphorous 

ooncentration in all plant organs was significantly (p~0.05) 

higher in A. vestita than in A,. nummularia (table 3). Spencer 

(1966), in Mordtveldt .et .aJ_. (1972), reported that high soil 

copper reduces phosphorous and iron uptake. 

2.3.5 Chlorophyll 

Both treatment ands 

influence on the chl 

(table 1). Leaves of 

he Atr;i,plex plants 

igh ly significantly 

(p~0.01) more chlorop~,xll than A,. nurnrnularia (table 4), except 
lJ N IVERS I TY ofthf! 

at 5.0g.m- 3 copper. This can be attribut ed to the more 
\\!ESTER CAPE 

xeromorphic character of h, . vestita, with its greater number of 

smaller leaves suggesting a higher volume to area ratio, 

smaller intercellular spaces and more palisade tissue (Esau 

1977). Relatively small changes in chlorophyll a and 

chlorophyll b content were detected at the low copper 

concentrations in both species, suggesting that copper 

marginally affects the ratio of the two pigments in the plant. 

Baszynski fil .al. (1978) also found slight changes in 

chlorophyll in copper deficient spinach chloroplasts. Small 

changes in chlorophyll oontent were also reoorded by Ayala & 

Sandman (1988) in copper deficient pea plants, making it 

difficult to assume a specific effect of copper deficiency on 

chlorophyll metabolism. Horvath .et .aJ_. (1983), however, found 
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a decrease of leaf chlorophyll, carotenoids and plastoquinone 

when the foliar copper was decreased by fifty percent and 

concluded that copper regulates the synthesis of these 

pigments. From the results of this experiment and that of 

Ayala & Sandman (1988) it. can be concluded that this regulatory 

effect of copper could be species dependent. 

Maximum chlorophyll was recorded at the lower (0.0005 & 

0.0OSg.m- 3 ) copper concentrations in both species. It was 

found that leaves of 

higher chlorophyll and 

possibly compensates f , 

reduced carbohydrate 

determined. 

plant s often contain 

schner 1986). This 

tic efficiency and 

ately this was not 

UNIVERSITY nftht! 

,fESTERN C1\PE 
The lowest chlorophyll content was measu red at 5.0g .m- 3 

copper, which caused severe chlorosis of the leaves. This is 

in agreement with Lolkema & Vooijs (1986) who found a decrease 

in chlorophyll content in copper sensitive Silene cucubalus 

when exposed to toxic copper concentrations. Chlorosis is a 

direct result of the action of high copper concentrations on 

lipid peroxidation and thus the destruction of thylakoid 

manbranes (Sandman & Boger 1983). The most visible symptom of 

copper toxicity in spinach is the striking loss of chloroplast 

membrane constituents such as chlorophyll, carotenoids and 

l.ipoquinones (Baszynski _et al. 1988). Copper toxicity results 

in the degradation of grana stacks and stroma lamellae and an 

increase in the number and size of the plastoglobuli and 
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intrathyllakoi.dal inclusions. This results in leaf chlorosis, 

a c.ecrease in photosynthetic activity and early death of the 

plant. This feature was also recorded. by F_dedeji fil fil., (1984:) 

in two tropical crops and by Hsu fil .§.1. (1988) in spinach 

chloroplasts. 

2.3.6 Macronutrients 

The concentration of macronutrient elements in the sterns and 

the leaves of both A, nummv)aria a.11.d 'h., vestita did not differ 

significantly among t 

a significant d rop 

5.0g.rn- 3 copper. 

(Osmond ,et .aJ., 1980 

:tments. However, 

p t ake occured at 

kn own halophytes 

e conditions by 

storing excess s odili.liN c.EMEdt ?d · nY ~M.il vesicles on the 

leaves. This explainil'\f:. ~e · jg · E cfliurn concentrations 

recorded in the leaves of both plants (Tab. 5). A highly 

significant (p=0.01) drop in sodium was recorded in the stems 

and leaves of both species at 5.0g.rn- 3 copper . The 

concentration of potassium, calcium and magnesium ions, were 

expectedly lower than the sodium concentration in both species. 

In most cases the potassium, calcium and magnesium ion 

concentrations decreased significantly (pf0.05) with the 

increase in copper concentration (Tab. 6, 7 & 8). This 

decrease is attributed to the leakage of cations from the roots 

to the surrounding medium due to structural damage of cellular 

membranes in the roots (Sela et _g}. 1988, Mordtveldt fil ,al.. 

1972). 
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2.3. 7 Micronutrients 

Copper treatment and species had a significant effect on the 

micronutrient content of Atriplex (table 1). The iron 

concentration was lowest at 5.0g.m- 3 copper in both A. 

nurnrimJaria and A. vestita, although not significantly (table 

9). This decrease in iron corresponds with the reduction in 

leaf and root iron conceritration recorded i •• 'Samantha' roses 

(Rey .et .al. 1987) and .in bush bean plants (Wallace 1984) in the 

presence of excess copper . According t o Wallace (1984), 

effects associated wi \~.!_!.~~~L(~tt~.t((~!u§L~~t~e often the result 

of iron deficiency c..1--1,1,=i;l_.nu...- '}11:.Qf'~s.,;;....,eQ,t,pe r in the plant. 

sites in the roots 

movement of iron wit 

· g for adsorption 

a nd reduces the 

, fil ,al. 1973). The 

rJAir.t:eci. by phosphorous 

deficiency in the presence of excess copper, but it can be 

reversed by .increas.ing the pH which decreases copper uptake 

(Wallace 1984). Copper also causes iron deficiency by 

oxidizing iron to an insoluble ferric state, eliminating 

soluble ferrous iron from the nutrient solution (Erkama 1950). 

The zinc and manganese concentrations also decreased 

significantly (p~0.05) with the increase in copper in both 

species (Tab. 10 & 11). Like iron, copper interferes with zinc 

uptake by competing for absorption sites in the roots. This 

was illutrated in barley roo·cs (i"'.iordtveldt. fil fil. 1972). 

Manganese is absorbed by a different mechanism and its decrease 

can be regarded as an indirect effect of copper toxicity. 
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Manganese loss, for example, can be the result of leakage 

caused by structural damage to root membranes. The zinc 

concentration did not differ significantly between the two 

species, while the manganese concentration in the leaves and 

roots were significantly higher in A, numrnularia at 0.0005 

g.m- 3 copper. 

Tissue copper increased highly significantly (p~ 0.01) in the 

leaves, stems and roots of both species (table 12) at the 

highest copper conce s olution. Similar 

'Samantha' roses 

(Rey .et _al. 1987). 

2.3.8 Chloride CO.a,.u...cc-.un...1<
7di~ 1I \ tlfet i a nts 

The chJoride concentr~ r • n5 .:ili ..., .i.,~~u:P.s\ cHi. ~ t he roots did not 

cliffer significantly between the different copper treatments 

and Atriplex species (table 1). However, the chloride 

concentration in the stems decreased significantly with the 

increase in copper treatment (table 13). The e}..'tremely high 

chloride co!:.cer.t=ations of t::e :!..eaves correspo:.lc.~ well wi-:.:: the 

high sodium concentrations recorded in table 5 and the 

halophytic nature of the plants (Osmond fl .a.J... 1980). 

2.4 CONCLUSION 

Copper deficiency significantly (pi 0.05) depressed yield in b. 

nurnrnu)ar;ia compared to A. vestita. Typical deficiency symptoms 

such as leaf chlorosis, distortion and necrosis in young 
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leaflets (Snowball .et ,aJ.. 1980, Adedeji .file _al. 1984, Agarwala 

.et .al. 1985 & Rey .et .a}.. 1987) were absent. The lack of 

specific symptoms make it difficult to recognize copper 

deficiency in the field and highlights the need for developing 

reliable diagnostic procedures to define the copper status of 

the plant (Reuter .et .a}.. 1981). The more erect habit of the 

copper deficient plants is primarily related to the reduction 

in dry matter of lateral branches associated with delayed plant 

development. Atr,iplex vestita grew significantly better than 

b. numrnularia at the at ion, with higher 

fresh and dry matter eooi~f=-.1:!lW,'"Tf! ,1:;=1;,e.F....n-t1trient assimilation 

and more chlorop hyl 

developed root syste 

ted to the better 

copper (Fig. 6) . lJN IVERS I TY of th~ 

\\lESTERN C1\PE 

conditions of low 

Optimum growth in both A,. nummularia and b. vestita occurred at 

0.05g.m- 3 copper. Optimal plant elongation, lateral 

branching, fresh and dry matter production were recorded at 

o.osg.m- 3 copper. Atr,iplex nurnmularia and A. vestita are 

highly susceptible to copper toxicity with b- vestita t.he more 

serisitive species. Copper toxicity in both species resulted in 

decreased growth and plant development, severe leaf chlorosis, 

increased leaf abscission and death of young shoots. The high 

degree of leaf chlorosis is attributed to structural damage of 

the chloroplast lamellae caused by copper excess ( Baszynski .et 

.a]... 1988). This results in a decrease in leaf chlorophyll and 

decreased photosynthetic activity. However, many of the 

symptoms associated with copper stress, whether def~cient or 
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toxic, are often not the result of copper stress itself, but 

can be attributed to the depression in uptake of other 

nutrients. Chlorophyll deficiency for example can also be 

caused by a decrease in iron uptake under conditions of copper 

excess. 

The nutrient status of the two Atriolex species was not 

significantly affected by the low copper concentrations, while 

copper toxicity strongly inhibited nutrient uptake. The 

absorption of both ni~~~i~~§ii~~~ were inhibited by 

increasing copper c 

concentrations di d 

species. However, 

evident that A- vesti'!Ja 

nummular.ia ( see appen · r 

mineral nutrient 

,ly between the two 

dry mass, it is 

~ o graze~s ~han A. 

mineral nutrients 

than A- nummuJ2ria at all the different copper concentrations, 

except at 5.0g.m- 3 . It is thus concluded that A- vestita is 

better adapted and will grow better in the low copper soils of 

the southern and the western Cape. It would be more 

advantageous to farmers to plant A. vestita rather than A

nummnl 2Tia, but further field trials on copper poor soils are 

required to confirm the result of this growth chamber study. 
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Figure 1: The effect of copper supply on the growth of 

A- nummularia. 
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Figure 2: 
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The effect of copper supply on the growth of 

A- vestita . 
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Figure 3: 
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h,. nurnmuJ aria and A.vestita both grew best with 

a copper supply of O.OSg.m- 3 . 
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Figure 4: 
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A- vestita was less affected by the low copper 

concentration than A- numrnularia. 
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A, vestita was more susceptible to copper 

toxicity than A, nummularia. 
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J 

Figure 6: The effect of d.iffe:::-ent copper concentrations 

on root deve2.:::>pme:i.t in b,. nummularia and A

vestita. 
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The effect of copper on the elongation growth 

of A. nummularia and a. vestita (n = 7). 
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Figure 8: 
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) 

- A. nummularia - _.'\ veslila 

The effect of copper on the fresh mass of A. 

nurnrnularia and A. vestita (n = 7). 
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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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LONGEST LATERAL BRANCH (mm) 
350 ~-------------------------~ 

300 

250 

200 

150 

100 

50 

0 

LSD 

I o. 01 

0.05 

0 .0005 0 .005 0 .05 0 .5 5.0 

COPPER CONCENTRATION (g.n13 
) 

- A. nummularia - A. vestita 

Figure 11: The relat.ionship between copper supply and 

the longest lateral brar1ches in b- numrnularia 

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



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

- 76 -

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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The effect of different copper concentrations 

on the growt.1. of A. vestita. 
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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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. ~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: 

- 98 -

/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.-------------------------

50 

40 

20 

10 

0 
0.0005 0 -i~PE s TE i~ ,1\P E 0

·
5 

COPPER CONCENTRATION (g.m-3
) 

- 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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COPPER CONCENTRATION (g.m-3
) 

- 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
) 

200 ..---------------------------, 
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01\0 STE R0N5 C.A PE o.5 o 

COP PER CONCENTRATION (g.m-3
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- A. nummularia ~ A. vestita 

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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50 
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- A. nummularia ~ A. vestita 
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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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L = LEAVES S = STEMS R = ROOTS 

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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L = LEAVES S = STEMS R = ROOTS 

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,----------------------------, 
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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,--------------------------, 
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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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