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Abstract

Maize plants cultivated on nutrient solutions containing increasing amounts
of CrO.2- (from 10-7 to 10-* M) showed growth inhibition, strong reduction
of the root system and an increase of dry matter of leaves. The highest
accumulation of chromium in plant organs appeared in the roots. Chromate
taken up into leaves caused changes in the content of plastid pigments and
lipoquinones similar, in general, to those in senescent plants.

INTRODUCTION

Chromium is a very potent pollutant of natural and agricultural eco-
systems, High levels of chromium were observed in water contaminated
with industrial and municipal sewage (Kabata-Pendias and Pen-
dias 1979). This metal is nonselectively taken up by plants but its phy-
siological role is not known. Huffman and Allaway (1973) have
shown that Cr0,2~ at low concentrations in nutrient solution is not
required for normal growth of some plant species. At higher concen-
trations it has been shown to be absorbed by plants causing the reduction
of growth and affecting metabolism (Sarosiek 1958, Austenfeld
1979). The toxicity of chromium for plants depends on the degree of
its oxidation — Cr%* is 100 times more destructive than Cr3*. In gene-
ral, plants tolerate soluble chromium in amounts of 0.06-50 ppm in the
medium, The most sensitive plants are tobacco, maize and oats (Pratt
1966).

Abbreviations: chlf — chlorophyll; EDTA — ethylenediaminetetraacetic acid;
PQA — plastoquinone A; PQAH, — plastohydroquinone A; a-T — a-tocopherol;
a-TQ — a-tocopherylquinone.
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Little is known on the influence of chromium on the photosynthetic
apparatus in higher plants. Desmet et al. (1975) have demonstrated
absorption of CrO,2~ by isolated chloroplasts and its competition with
methyl viologen for the same electron donor substrate. A few years
later Baszynski et al. (1981) reported that chromate strongly decre-
ased the pigment content, inhibited photosystem II activity and disor-
ganized the fine structure of chloroplasts of Lemna minor L.

The aim of the present studies was to investigate the effect of CrO4%~
on the synthesis of plastid pigments and lipoquinones in 2- and 4-week-
-old Zea mays L. seedlings cultivated on nutrient solutions containing
increasing amounts of chromate. The uptake of Cr%" by maize roots
and leaves was also investigated.

MATERIAL AND METHODS

Seeds of Zea mays L. var. SM 480 were sterilized with 709 alcohol
for 5 min., scaked for 2-3 h in distilled water and germinated on wet
filter paper for 5 days at 27°C in darkness. The seedlings were then
transplanted into glass vessels containing modified Hoagland’s solution
and maintained in a thermostated chamber under 16 hrs light (4.5.
103 uW-cm™2) at 23°C and at a relative humidity of 90°. The modified
Hoagland’s solution contained in mmoles per liter: 4.6 Ca(NOs;)s-4 H,O,
0.5 KNO;, 1.0 KH,POy, 1.6 MgSO4-7 Hy0, 0.1 FeSO4-7 H0, 0.1 Nap-
-EDTA. The micronutrients had the following composition in wmoles per
liter: 100 H3BOg, 100 MnSO4-4 H,0, 5 KJ, 1 NagMoO;4 -2 H,0, 0.1 CuSO,-
-5 H,0, 0:1CoCl;:6 HyO. Since Cr3t precipitates at a pH above 5.5,
only the CrO42~ form was investigated. Chromium (Cré+*) in the form of
K,CrO; was added to the nutrient solution in the following amounts in
moles per liter: 1077, 1076, 105 10—*. The mineral supply was main-
tained by frequent replacement of the nutrient solution (every 3-4 days).
The maize plants were harvested for the experiments after 2 and 4 weeks
of growth.

Chlorophyll concentrations were measured by Arnon’s method
(1949). Carotenoids were chromatographed and estimated by the method
of Hager and Bertenrath (1962). The plastid benzoquinones were
separated on silica gel layers according to Lichtenthaler (1969).
The amounts of benzoquinones were determined spectrophotometrically
after Lichtenthaler (1968). Vitamin K; was chromatographed and
estimated by the method of Lichtenthaler and Tevini (1969).

For the determination of chromium content the leaves and roots were
dried at 105°C and digested in the following mixture of acids: HNOs-
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-HySO4-perchloric acid 10:1:4 v/v followed by ammonium persulphate
treatment. The chromium content in plant material was then estimated
on a Pye-Unicam SP-9 atomic absorption spectrophotometer.

RESULTS AND DISCUSSION

In 2- and 4-week-old chromate-treated plants inhibition of growth
and strong reduction of the root system were observed. In 4-week-old
plants treated with 1074 M CrO42~ complete necrosis of the leaves
occurred. Thus, it was impossible to estimate lipoquinone and pigment
levels in these plants. The uptake and accumulation of chromium in
plant organs are shown in Table 1. High levels of chromium were accu-
mulated in maize roots, especially in older seedlings. The amounts of
chromium in roots at 10=% M CrO42~ were about 103 as high as those
in control plant roots (Table 1). Considerably lower amounts of the

Table 1

Content of chromium in maize roots and leaves
(ug per g of dry matter)

Moles

[
|
A 2 weeks | 4 weeks
CrO;~ in
nutrient i "[ § _
solution roots | leaves | roots leaves
S ! T — "
0 0.08-+0.02 | 0.024+0.0 | 0.13 00‘4| 0.03+:0.0 |

10-7 4.154+0.39 | 0.184+0.05 | 11.70+ 1.04 | 0.22--0.04
10-¢ 6.14:£0.47 | 0.1940.05 | 15.56+ 2.95 | 0.25:0.02
10-3 33.91-+291 | 0.364 0‘09i 91.12+ 6.04 0.45 +0.06
10-4 | 47.30+1.76

1.16 +0.16 {127.60 +10.10 | 1.46 +0.27

The values represent means - SE of three independent replicates

metal were translocated to the aerial part of the plants, however, these
amounts as seen from the further results, caused a strong inhibition of
synthesis of plastid pigments and quinones.

Dry matter of maize leaves varied from 7.5% in control plants to
9.8 and 8.8%, respectively in 2- and 4-week-old plants treated with the
highest doses of chromate.

The amounts of chlf a and chlf b were quite stable in chromate-trea-
ted 2-week-old plants (Fig. 1). Older plants showed a faster decrease of
chlf b as compared with chlf ¢« owing to the concentration of chromate

(Fig. 1).
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Fig. 1. Effect of CrO2~

on the synthesis of plastid pigments in maize seedlings.

The values represent means = SE of six independent replicates

Similar changes were observed in the carotenoids content. The con-
tent of P-carotene and xanthophylls decreased parallelly. The xantho-
phylls to f-carotene ratio was stable, except in maize plants cultivated
2 weeks on 107¢ M CrO42~ (Table 2). It is possible that chromate,
a strong oxidizing agent, could oxidize some amounts.of p-carotene to
xanthophylls at this concentration. On the basis of the chlf (a+b) to
carotenoids ratios it could be assumed that the inhibition of carotenoid
synthesis or its decomposition under the influence of chromate occurs
faster than that of chlorophylls. Similar effects of chromate treatment
were observed by Baszynski et al. (1981) for Lemna minor L.

Effect of CrO;~

| Chif a/b ‘ 2.
Chif (a-+b)/carotenoids | 11
Xanthophylls/f-carotene | 2.
PQ A/PQ AH. | 5
o= Tﬂa-TQ 7

i ]
'10-7510-6.|0‘-|o-4. 0 '|0“
. | |
1
I

Table 2

on the I[ltu’dup&nd“ﬂt ratios of plastid pigments and llpoqunwncs in maize

sc"dlmgs
Molcs (‘r04 " in nutrient solution
2 weeks 4 weeks

| 1o-¢ | 1075 |

2.72 j 2,60 | 2.66 | 2.53) 2.28|

1

37 4

’3T| 235| 237
|
I

1132 156 | 166 | 237 103 |11 | 119 [ 137 |
oi [ ag 421 | 26 |t 21 o 21 w2y |
50 | 63 |33 | 20.[..60 | 78 |:3.4: 43 |
90 | 87 | 83 | 83 | 78 | 73 | 50 ‘ 48 |
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Figure 2 shows changes in the lipoquinones in 2- and 4-week-old
maize plants, respectively, treated with CrO;~ A relatively high decre-
ase in PQA content was observed in both groups of plants. This pheno-
menon was accompanied by a remarkable increase in the content of its
reduced form, PQAH,, particularly in 2-week-old chromate-treated
plants (Fig. 2). This is partially seen in the decreasing ratio of PQA to
PQAH,; (Table 2).

TN N [

’ ‘ Plastoquinone A
Z"é_ ¢ § % o -Tocopherol

% £ E E i / 5 4 E 7~ Plastohydroquinone A
: : : E , i 7 c 5 A - Tocopherylquinone
o+ T T

u T Vitamin K
H -1 -8 -5 -4 T wd U_' )
10 107 10 10 0 107 0 CrOy in nutrient solution

4 weeks (mole/1)

400+

nuglg dry matter

2 weeks

Fig. 2. Effect of croj‘ on the synthesis of plastid lipoquinones in maize seedlings.
The values represent means = SE of six independent replicates

The content of o-T in chromate-treated 2- and 4-week-old plants
was reduced at the highest CiO}~ concentrations to about 70 and 50%
of that in control plants, respectively (Fig. 2). The content of «-TQ
remained quite stable irrespective of the age of the plants and the
concentration of chromate in the nutrient solution (Fig. 2). Therefore
the decreasing ratio of «-T to «-TQ in older plants reflects a higher
sensitivity of «-T to chromate treatment (Table 2). Naphtoquinone vita-
min K,; showed a slight increase after 2 weeks owing to the increasing
doses of CrO;~ and was stable in 4-week-old plants (Fig. 2). Higher
levels of vitamin K; were positively correlated with a higher content
of chromium in plants as reported previously (Szkolnik 1980).

Our results confirmed the toxic effect of higher CrO}~ concentra-
tions on plants (Turner and Rust 1971, Kabata-Pendias and
Pendias 1979, Baszynski et al. 1981). Baszynski et al. (1980,
1981) reported that some heavy metals, e.g. cadmium and chromium,
cause changes in the photosynthetic apparatus similar to those due to
senescence. Some of our results presented here seem to confirm this
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observation. The high decrease in f-carotene and lutein contents as ex-
pressed per unit of dry matter and a considerably lower decrease in
violaxanthin and neoxanthin content in chromate-treated maize are si-
milar to the values reported for senescent plants (Wolinska 1975).
The decrease in the ratios of PQA to PQAH, and o-T to a-TQ obser-
ved in our experiments were also reported previously for senescent
plants (Kré6l 1974). However, the decrease in PQA and o-T content
is faster than that caused by senescence only. It is possible that degra-
dation of the photosynthetic apparatus in higher plants under chro-
mate treatment could be affected, among other things, by the inhibi-
tion of synthesis or decomposition of some chloroplast constituents, e.g.
PQA and «-T.

Aknowledgements

The authors wish to thank Professor Dr. T. Baszynski for very helpful remarks.
These investigations were supported by the Institute of Plant Physiology of the
Polish Academy of Sciences, under project MR II/7.

REFERENCES

Arnon D. I, 1949. Copper enzymes in isolated chloroplasts. Polyphenoloxidase
in Beta vulgaris. Plant Physiol. 24: 1-15.

Austenfeld F. A. 1979. Nettophotosynthese der Primir- und Folgeblitter von
Phaseolus vulgaris L. unter dem Einfluss von Nickel, Kobalt und Chrom.
Photosynthetica 13: 434-438.

Baszynhski T., Wajda L, Krél M., Wolinska D, Krupa Z, Tuken-
dorf A. 1980. Photosynthetic activities of cadmium-treated tomato plants.
Physiol. Plant. 48: 365-370.

Baszynski T, Kré6l M., Wolinska D, 1981. Photosynthetic apparatus of
Lemna minor L. as affected by chromate treatment. In: Proc. 5th Interm.
Congress on Photosynthesis, Greece vol. 2, pp. 111-122.

Desmet G, De Ruyter A, Ringoet A, 1975. Absorption and metabolism
of CrOg2- by isolated chloroplasts. Phytochemistry 14: 2585-2588.

Hager A. Bertenrath T., 1962, Verteilungschromatographische Trennung
von Chlorophyllen und Karotenoiden griiner Pflanzen an Diinnschichten. Plan-
ta 58: 564-568.

Huffman E. W, Allaway W. H,, 1973. Growth of plants in solution culture
containing low levels of chromium. Plant Physiol. 52: 72-75.

Kabata-Pendias A, Pendias H., 1979. Pierwiastki $§ladowe w S$rodowisku
biologicznym. Wydawnictwa Geologiczne, Warszawa, pp. 204-211.

Krél M., 1974. Chloroplast lipogquinones in ontogenesis of winter wheat. Ann. Univ.
Mariae Curie-Sklodowska, sectio C, 29: 59-75.

Lichtenthaler H. K., 1968. Verbreitung und relative Konzentration der lipophi-
len Plastidenchinone in griiner Pflanzen. Planta 81: 140-152.

Lichtenthaler H. K, 1969. Zur Synthese der lipophilen Plastidenchinone und
Sekundédr-Karotenoide wéhrend der Chromoplasten-Entwicklung. Ber. dtsci.
bot. Ges, 82: 483-497.



Chromate on synthesis of plastid pigments 281

l.ichtenthaler H. K, Tevini M, 1969. Die Wirkung von UV-Strahlen auf
die Lipochinon-Pigment-Zusammensetzung isolierter Spinat-chloroplasten. Z.
Naturforsch. 24b: 764-769.

Pratt P. F.,, 1966. Chromium. In: Diagnostic Crileria for Plants and Soil. H. D.
Chapman (ed.), University of California, Riverside, pp. 134-141.

Sarosiek J., 1958, Zawarto$¢ chromu a karlowato$é¢ Senecio wviscosus L. Acta
Soc. Bot. Pol. 27: 1-17.

Szkolnik M., 1980. Mikroelementy w zZyciu roslin. PWRIL, Warszawa, p. 411.

Turner M. A, Rust R. H. 1971. Effects of chromium on growth and mineral
nutrition of soybeans. Soil Sci. Soc. Amer. Proc. 35: 755-759.

Wolinska D, 1975. Starzenie sie chloroplastow roslin wyzszych. Wiad. Bot. 19:
165-180.

Wplyw jonéw chromianowych mna synteze barwnikéw i lipochinonéw
plastydowych w siewkach Zea mays L.

Streszczenie

Badano wplyw jonéw chromianowych na synteze barwnikéw i lipochinonéw
plastydowych w liSciach 2- i 4-tygodniowych siewek kukurydzy uprawianych w
kulturach wodnych zawierajgcych wzrastajace stezenia jonéow CrOg2- (10-7-10-4 M).
Jony chromianowe powodowaly zahamowanie wzrostu badanych roslin, silng re-
dukcje systemu korzeniowego, a po 4 tygodniach przy stezeniu 104 M powodowaly
calkowite obumieranie roélin. Chrom byl pobierany i akumulowany przede wszyst-
kim w systemie korzeniowym, natomiast w liSciach 2- i 4-tygodniowych siewek
kukurydzy akumulowany byt w ilosciach kilkudziesieciokrotnie mniejszych. Obser-
wowano znaczny spadek zawarto$ci zaréwno barwnikéw jak i lipochinonow plas-
tydowych u roélin uprawianych w kulturach wodnych zawierajacych jony chromia-
nowe. Zmiany w zawartosci skladnikéw chloroplastowych podobne byly do zmian
obserwowanych w procesie starzenia sie roslin.
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