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Abstract

Some experiments were performed to investigate the physiological role of
copper in oat and sunflower and to recognize some effects of copper deficiency.
Oat and sunflower plants were grown in pots on a peat soil under copper defi-
ciency conditions (—Cu) or with the optimal copper supply (+Cu). In plants
the following measurements were carried out: 1) the activity of ascorbic acid
oxidase (AAO) and of catechol oxidase (PPO) in different plant organs and
at different stages of plant development, 2) the activity and the rate of
photosynthesis, 3) the activity of RuDP-carboxylase, 4) the intensity of plant
respiration. The activity of AAO and of PPO, and also the rate and the activ-
ity of photosynthesis were significantly lower under conditions of copper
deficiency. The activity of both discussed oxidases depended on: 1) the plant
species, 2) plant organs, 3) stage of plant development. Copper deficiency
caused decrease of the respiration intensity of sunflower leaves but it in-
creased to some extent the respiration of oat tops. Obtained results are
consistent with the earlier suggestion of the authors that the PPO activity in
sunflower leaves could be a sensitive indicator of copper supply of the plants.
farther experiments are in progress.

OBJECT OF INVESTIGATION

The main purpose of our experiments was to investigate: 1) are there
any differences in the activity of the two copper-proteid oxidases (i.e.
ascorbic acid oxidase and catechol oxidase) in different organs of plants
and also in different stages of development of the plant, 2) is there any
relationship between the activity of these enzymes, photosynthesis and
respiration intensity in copper deficient or copper sufficient plants. These

* The abstract of this paper has been published in Abstracts of Papers Pre-
sented at the XII International Botanical Congress, Leningrad, July 3-10, 1975,
s. 313.
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problems are very important to recognize the role of copper-proteid oxi-
dases and the biochemical functions of copper in plants; this subject
is still discussed in the literature (Samorodova-Bianki 1971,
Shkolnik 1974; Trojanowski 1963, 1964).

METHODS

Experiments have been started since 1973. The experimental plants:
oat (Avena sativa L. cv. 'Przeb6j II') and sunflower (Helianthus annuus
L. cv. 'Wiernik’) were grown in pots under greenhouse conditions on
a copper deficient peat soil. Plants were supplied properly with a mi-
neral nutrient solution without or with copper (—Cu — control, +Cu
—the optimal dose of CuSO,). The same plants were used in earlier
experiments of the authors (Ruszkowska, Lyszcz 1975a, b; Rusz-
kcwska et al. 1975) and they were recognized as the plants very sen-
sitive to copper deficiency and suitable for copper-proteid oxidases assay.

The ascorbic acid oxidase (AAO) activity was determined in homo-
genates of plant tissues by means of the titration method according to
Ostrovskaya (1961). The activity of the enzyme was expressed as
micromoles of ascorbic acid oxidized by 1 g of fresh weight of plants
during 1 minute, at pH 6,1 and temp. 20-22°C.

The catechol oxidase (PPO) activity was determined in homogenates
of plant tissues using the colorimetric method of Smith and Stotz
(1949). Results were expressed as micromols of 2,6-di-chloroindophenol
(of Eastman firm) oxidized by catechol oxidase contained in 1 g of fresh
plant tissues during 1 minute at pH 7,5 and temp. 20-22°C.

The activity and the rate of photosynthesis were determined by using
1C procedure. Results were expressed as a radioactivity of 1 g of dry
matter of plant material.

RuDP-carboxylase activity was determined by means of *C proce-
dure, according to the Bjorkman’s method in modification of B o-
wes and Ogren (after Wojcieska 1973). Results were expres-
sed as a radioactivity of 1 g of fresh weight.

Respiration of plant organs was determined by means of Infralyt
apparatus (Junkalor — Dessau) operating according to the principle of
absorption of infra-red rays by CO..

RESULTS

1. The activity of ascorbic acid (AAO) and catechol (PPO) oxidases
in plants was in all cases significantly lower under conditions of copper
deficiency than under optimal levels of this trace element (Table 1-2).
These results confirmed the earlier findings of authors and other work-
ers.
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2. The activity of both discussed oxidases depended on the species
of the plant. In oat plants the middle levels of AAO activity there were
found (Table 1) but hardly any traces of PPO activity were observed (data
not presented). It should be noticed that the PPO activity in oat plants was
determined in discussed experiments at the stage of tillering, shooting,
and after earing. At the same stages a marked activity of PPO was found
in cereals by other authors (after Samorodova-Bianki 1971\
This problem needs further experiments. On the other hand rather high
PPO activity was stated in sunflower plants; besides the AAO activity
was there several times higher than in oat plants (Table 2).

3. The activity of discussed oxidases depended on plant organs and
on stage of the plant development.

Oat

A middle values of AAO activity was stated in oat leaves at the til-
lering stage; their activity decreased at the stage of shooting and earing

Table 1

The influence of copper on the ascorbic acid
oxidase (AAQ) activity in oat plants in
umol « min—1 - g—1 . 10—2 of fresh weight

Stage of development AAO activity _
and plant organ —Cu +Cu
1. Tillering
leaves 4.1 17.3
roots 14.6 21.2
2. Shooting
leaves 0 0.4
culms 2.4 21.7
roots 10.3 20.9
3. After earing
upper leaves 2.2 4.2
lower leaves 24 18.5
culms — upper part 2.8 3.5
culms — lower part 4.5 8.2
grain —* 19.9
roots Tk 20.7
4, Before ripening
upper leaves 4.3 55.4
lower leaves 2.0 2.7
culms — upper part 1.2 1.3 |
culms — lower part 4.4 21.2 |
grain — 5.7
roots 9.8 277 |

* .— no grain.
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(Table 1). Later on the AAO activity increased rapidly in clder leaves
getting yellow (Table 1 — upper leaves, the stage before ripening). Even
in half dead leaves it was stated some activity of this enzyme (Table 1
— lower leaves, the stage before ripening). The AAO activity was rather
high in lower part of culms and in immature grains; during the ripening
of grains it decreased. It should be noticed that in oat roots the AAO
activity was high during the all examined stages of vegetation.

Sunflower

In the tops of sunflower the PPO activity increased with the devel-
opment of the plants and it was high in all metabolically active centres
(ie. in young leaves, in upper parts of stems, in buds, and in immature
seeds). In the roots the PPO activity was rather low during the all time
of vegetation (Table 2). The AAO activity in sunflower tops was higher
than in roots and it increased with the time of plant growth (Table 2).

4, A close relationship was found between the copper nutrition and
photosynthesis (Table 3; data present measurements carried out on the
youngest fully expanded leaves at different stages of plant development).

The rate of photosynthesis as well as the activity of RuDP-carboxy-

Table 2

The influence of copper on the .catechol oxidase (PPO) and on the ascorbic acid
oxidase (AAO) activity in sunflower plants

PPO activity AAO activity
Stage of development in pmol - min—1. g—1 [in pmol-min—1.g—1.10—2
and plant organ of fresh weight of fresh weight
—Cu +Cu —Cu +Cu
1." Stage of 6-8 leaves
leaves 11.3 17.8 31 89
stems 3.2 20.6 10 80
roots 3.6 44 27 46
2. Before flowering
leaves 6.2 24.0 61 139
stems 3.0 13.6 76 166
roots 34 6.5 33 54
3. Flowering
upper leaves 2.0 45.2 90 262
lower leaves 2.8 16.3 58 136
stems — upper part 2.6 17.1 Vil 290
stems — lower part 0.9 8.7 18 129
buds 3.2 47.6 154 303
flowers 3.2 28.9 76 296
seeds 2.2 46.4 127 332
roots 14 6.6 35 111
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lase were much higher in the oat plant leaves sufficiently supplied with
copper in comparison to the copper deficient ones (Table 3).

In the leaves of young sunflower plants (8 leaves stage) in which
symptoms of copper deficiency were hardly visible, no significant differ-
ences in the rate of photosynthesis and the activity of RuDP-carboxy-
lase were found between —Cu and +Cu plants. At flowering, copper
deficiency of leaves caused a decrease of the rate of photosynthesis but
it increased the activity of RuDP-carboxylase. This phenomenon is dif-
ficult to explain and needs further investigations. -

Table 3

Effects of Cu on the rate of photosynthesis and activity of the RuDP-carboxylase

Plant species Pshotosynthesis RuDP -'carboxylase activity
and stage of development 10% cpm/g fr. wt. 10* cpmy/g fr. wt.
—Cu +Cu —Cu +Cu

Oat

shooting 1892.0 2902.9 22.5 43.3

earing 1906.0 2518.0 225 35.9
Sunflower

8 leaves stage 1122.0 1172.0 38.1 38.3

flowering 762.9 1811.1 42.2 31.2

There was a positive effect of copper on the photosynthesis activity,
especially in oat plants (Table 4). Response of the plants to the copper
depended on the stage of development of the whole plants and especially
of the leaves. The decrease in photosynthesis rate as a result of Cu de-
ficiency was largest in the older plants and in the leaves developed la-
ter, when the symptoms of copper deficiency became clearly visible.

5. There were rather few results of our experiments on respiration

Table 4

Effect of copper on the activity of photosynthesis (10° cpm per plant)

Plant Exposure I Exposure II Exposure III Exposure IV
an
—Cu +Cu —Cu +Cu —Cu +Cu —Cu +Cu

Oat 376 523 965 2669 1264 4441 378 1462
Sunflower 1027 1290 1967 3692 7272 11612 6237 8774

Explanations:

Exp. Date Oat Sunflower

I May 29 tillering & leaves stage

1I June 14 shooting buds stage

111 July 3 earing flowering

v July 16 grain filling seeds filling
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intensity of the examined plants. The results obtained  indicated that
copper deficiency caused the decrease of the respiration intensity of sun-
flower leaves before flowering: the intensity of respiration of —Cu leaves
was then 2.9 and of +Cu leaves it amounted 4.39 (data expressed in
mg of CO,+h—1- g1 of dry matter). On the other hand under the copper
deficiency conditions the respiration of oat tops at shooting stage was
even higher in comparison with the plants sufficiently supplied with
copper and it amounted 5.61 and 4.50, respectively. This difference of
results could be explained as follows: in sunflower plants the AAO activ-
ity was much higher than in oat plants (compare Table 1 with Table 2).
As the ascorbic acid oxidase is probably involved in the process of plant
respiration thus the low level of this enzyme activity under conditions
of copper deficiency in sunflower could be a sufficient cause of the de-
crease of the respiration of this plant. Some further experiments on
that problem are needed. : S '

6. The results obtained are consistent with the earlier suggestion of
the authors that the PPO activity in sunflower leaves could be a sensi-
tive indicator of copper supply of plants. :

Further experiments are in progress. A more detailed discussion on
studied problem will be presented in the next papers.
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Aktywno$¢ oksydazy askorbinianowej i oksydazy katecholowej
w réznych organach roélin oraz intensywno$é¢ fotosyntezy i oddychania
w zaleznos$ci od fazy rozwoju i zaopatrzenia roslin w miedz

Streszczenie

Badania mialy na celu lepsze poznanie fizjologicznej roli miedzi w roSlinach
oraz skutkéw jej niedoboru. W ramach tych badan przeprowadzono do§wiadczenia
wazonowe z owsem i slonecznikiem na torfie niskim w warunkach niedoboru mie-
dzi (—Cu) lub przy optymalnym zaopatrzeniu roélin w miedZ (+Cu). W roélinach
oznaczano: 1) aktywno§¢ dwoéch oksydaz miedzio-proteidowych (oksydazy askor-
binianowej i oksydazy katecholowej) w réznych organach i w réinych fazach roz-
wojowych badanych roflin, 2) aktywno$é i intensywno$é fotosyntezy oraz aktyw-
nos¢ karboksylazy RuDP jako wskaznika intensywnos$ci fotosyntezy, 3) intensyw-
noéé¢ oddychania ciemniowego.

W warunkach niedoboru miedzi aktywno$é oksydazy askorbinianowej (AAO)
i oksydazy katecholowej (PPO) byla znacznie niZsza w poréwnaniu z optymalnym
poziomem Cu w roflinie (tabele 1, 2). W owsie stwierdzono éredni poziom aktywno-
§ci AAO i zaledwie §lady aktywnoSci PPO, natomiast w stoneczniku wysoki po-
ziom aktywnosci PPO i AAO. Aktywno$é obu badanych oksydaz zalezala od organu
rosliny oraz fazy jej rozwoju. W liSciach owsa stwierdzono $redni poziom aktyw-
nofci AAO w okresie ktzewienia, niski poziom — w czasie strzelania w %dzblo i wy-
suwania wiech, a bardzo wysoki poziom aktywno§ci— w starych, zétknacych li-
sciach. Ponadto do$¢ wysoki poziom aktywno§ci AAO wykazywaly zielone Zdibla
i niedojrzale ziarna owsa oraz— przez caly czas wegetacji — korzenie. W czeSciach
nadziemnych stonecznika aktywno§é PPO wzrastala wraz z wiekiem rofliny
i byla wysoka we wszystkich metabolicznie aktywnych centrach, tj. miodych li§-
ciach, gérnej czeSci lodyg, pakach i niedojrzalych nasionach. W korzeniach sto-
necznika aktywno§¢ PPO byla niska w ciggu calej wegetacji. Aktywnosé AAO
w roslinach slonecznika wzrastala wraz z wiekiem roéliny.

Stwierdzono wspbélzalezno§é miedzy poziomem zaopatrzenia roélin w mieds
a fotosynteza. Mianowicie, intensywno§é oraz aktywno§é fotosyntezy, a takize
czeSciowo aktywno$é karboksylazy RuDP (w przypadku lifci owsa) byly duzo wyz-
sze w roSlinach dostatecznie zaopatrzonych w miedZ niz w roflinach niedoboro_
wych (tab. 2 i 3). Niedobér miedzi wplywal na oslabienie intensywno$ci oddycha-
nia lifci slonecznika, natomiast powodowal pewien wzrost w intensywno$ci oddy-
chania czgéei nadziemnych owsa. Wynik ten autorzy prébuja tlumaczyé
rézng aktywnos$cia AAO w badanych roflinach. Uzyskane wyniki s§ potwierdze-
niem wnioskéw z poprzednich badaf autoréw (1975), ze aktywno§é oksydazy kate-
cholowej w liSciach stonecznika moze byé czulym wskaznikiem diagnostycznym przy
wykrywaniu niedoboru miedzi w roélinach.
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