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Abstraet. The effect of phosphorus deficiency on anthocyanin content in tomsato plants was
studied from the point of view of pathological anthocyanin formation. Phosphorus deficiency
resulted in an evident increase of anthocyanin content in all experiments, independently of
the tomato variety and of the cultivation conditions. The anthocyanin amount was five times
higher on the average and the differences were statistically significant. The average growth
inhibition of tomato plants under phosphorus deficiency was 189%,. Accumulation of antho-
cyanins is limited by the temperature; anthocyanins are not synthesized at temperatures
above 30°. The results of the experimental variant with enhanced phosphorus concentration
in nutrient solution were not uniform. In some experiments a decrease of anthocyanins ac-
companied by slight growth stimulation was observed, in others an increase associated with
growth inhibition. It seems that cultivation conditions, especially the light intensity, play an
important role in these experimental variants.

Biosynthesis of anthocyanins in connection with virus infection was first
studied in detail by Martin (1958). This author compared anthocyanin
formation in healthy and Y-virus-infected young potato plants of the
variety Bintje and found an indirect correlation between virus and antho-
cyanin synthesis. If Martin’s results are compared with the conclusions of
TaiMaNN and RADNER (1955, 1962), who suppose that anthocyanin for-
mation is controled by an unstable nucleic acid which must be continually
resynthesized, a hypothesis of competition between the above mentioned
unstable nucleic acid and the virus nucleic acid is offered. The work of
ULrycHOVA and BREAR (1967) who reported an inhibitory effect of antho-
cyanins on TMV reproduction is also in agreement with this hypothesis.

The relation between virus infection and anomalous anthocyanin for-
mation in plants attacked by viruses is not such a simple function as the
facts mentioned would indicate. It is known that anthocyanin formation in
plants infected with potato leaf roll virus varies greatly depending on the
variety, on the vegetation period and from one year to another. The reasons

* Address: Na Karlovee 1, Praha 6. Czechoslovakia.
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for these differences in anthocyanin formation are probably complicated
relations with a number of other factors.

TaiMANN and EpMoNDsoN (1949) reported in the first of a series of very
exact papers concerning anthocyanin biosynthesis in Spirodela oligorrhiza,
that light is an indispensable factor for anthocyanin formation and that
sugars, especially saccharose, have a strong stimulatory effect. Accumu-
lation of sugars in potato leaf roll virus infected plants is well known and
a detailed dynamic study in this respect was carried out by PERDRIZET and
MacqQuaire (1963) and VEREOEKS (1965).

A number of recent papers are devoted to the study of anthocyanin syn-
thesis induced by different substrates (HEss 1967, 1968, SCHRAUDOLY 1967).
If the evident physiological changes owing to the presence of virus or
another infectious agent in the host plants are taken into consideration,
the possibility of a substrate-induced anthocyanin synthesis in virus in-
fected plants becames very probable.

An important contribution to the study of factors conditioning antho-
cyanin synthesis is the paper of PaAyNor and MARTIN (1968). These authors
observed the dependence of anthocyanin synthesis in leaves of Begonia
gracilis on the temperature (17°, 20°, 23°, 30°) under constant illumination
of 8000 lux and 16 hours’ photoperiod. The most intense anthocyanin syn-
thesis took place at the temperature 17°; when the temperature was raised
the intensity of anthocyanin formation decreased and was practically
stopped at 30°. This conclusion can be connected with the commonly known
observation of a stronger anthocyanin formation in cold weather.

Hoveranp (1954) has found a reduced phosphorus content in leaves of
potato plants, variety Chippewa, infected with leaf roll virus. This author
proved in addition that phosphorus deficiency provokes in potato plants of
the corresponding variety symptoms similar to leaf roll infection ¢.e. severe
rolling of the leaves and heavy anthocyanin formation. UrLrycHOVA and
LimBERK (1967) have found that an intense anthocyanin formation and
a decrease of total phosphorus up to 289, of control took place in the leaves
of the hypersensitive resistent variety of potato plant Apta after leaf roll
virus infection. ULRYcHOVA and LiMBERK (1968) have further stated that
in potato varieties particularly susceptible to leaf roll, there was a decrease
of total phosphorus after infection. The given facts indicate that patho-
logical anthocyanin formation can be intimately connected with phosphorus
deficiency. The aim of our present paper was to verify this relation.

Material and Methods

Plant Cultivation

We used tomato plants of the variety Imun in most experiments; in two
experiments, tomato plants designated 63L 1245* from California were
used and in one experiment, we worked with the variety Prithonické. The
experiments were carried out partly in a greenhouse partly in a cultivation

* Seeds were obtained from the Department of Vegetable Crops, University of California.
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box with artificial illumination by two 500 W Philips mercury lamps and
a twelve hour photoperiod and at an average temperature of 20°.

Germination of seeds and cultivation of seedlings were carried out in
pots filled with small glass balls. The pots with control plants were watered
with Knop’s nutrient solution and the experimental variants with Knop’s
nutrient solution either without phosphorus or with double phosphorus
dose.

Anthoeyanin Estimation

Anthocyanin content in tomato plants was determined five weeks after
the establishment of an experiment. Extraction of the pigments was carried
out with 0-2x perchloric acid; 10 g of material were thoroughly homogenized
for several minutes with 100 ml of acid. The homogenate thus obtained was
centrifuged at 10 000 x g for 20 minutes and the supernatant was filtred
through a dense paper filter (Schleicher et Schuell No. 5893). THIMANN and
EpMonNDsoN (1949) extracted the material with 0-1x HCl and WaeNER and
Moour (1966) with the mixture propanol, HCl and water. They carried out
heat extraction during several hours. Because our method is very simple,
rapid and quantitative according to our preliminary experiments, we pre-
ferred it to the published methods described. The color intensity was
measured on a Pulfrich colorimeter with Elpho supplement using the filters
S;; and Sg,. Correction of light dispersion was made according to WAGNER
and Mour (1966). The effect of phosphorus deficiency on the growth of
plants was determined by weighing 20 plants.

Results and Diseussion

The average growth inhibition of tomato plants subjected to phosphorus
deficiency was 18-19, and this delay in growth was statistically significant
(P > 0-05). Increased phosphorus concentration in nutrient solution did
not exhibit a distinctly uniform effect; in some experimental series there
was a stimulation, in others an inhibition of growth. In average, a statisti-
cally insignificant growth inhibition of 89, was found.

Anthocyanin production in the different experimental series and variants
is given in the Table 1.

As can be seen from the Table 1, phosphorus deficiency resulted in evident
increase of anthocyanin level in all experiments, independently of the tom-
ato variety and of the cultivation conditions. Anthocyanin content was
five times higher on the average and the differences are statistically sig-
nificant, P > 0-000001. The average extinction value of the control is 0-15
.and that of experimental variant without phosphorus 0-77. Mean difference
15 0-62 and standard deviation is +-0-32,

Results of the experimental variant with an enhanced phosphorus con-
centration in nutrient solution were not uniform, similarly as the growth
reaction of these plants. It seems that the intensity of light plays a primary
importance in these experiments. In the series where growth inhibition was
observed an increased anthocyanin production was found and growth
stimulation was accompanied by a decreased anthocyanin level. A final
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TaBLE 1

EFFECT OF PHOSPHORUS DEFICIENCY and of enhanced phosphorus concentration on anthocyanin
formation in tomato plants

Vari Anthocyanin content*
Date of ariety o
N f tom- | Cultivation o, 0
experiment | Control | —P %of | op %0 of
ato plant control control
17. 4.1968 Imun Greenhouse 0-12 1-07 892
20. 5.1968 Imun Greenhouse 0-55 1-14 207 0-50 91
25. 6.1968 Imun Cultivation
box 0-07 0-26 371 0-03 43
18.10.1968 | Imun Greenhouse 0-03 0-40 1333 0-08 266
15.11. 1968 Imun Cultivation
box 0-05 0-45 900 0-04 80
3. 1.1969 Imun Cultivation
box 017 0-99 582 0-39 236
18.2. 1969 63L1245 | Cultivation
box 0-14 0-99 707 0-14 100
18. 2.1969 Imun Cultivation
box 0-04 0-19 475 0-03 75
28. 3.1969 63L1245 | Cultivation
box 0-06 057 950 0-09 150
28. 3.1969 Imun Cultivation
box 0-11 1-14 1036 0-17 154
24. 4.1969 Priaho- Cultivation
' nické box 0-37 1-29 348 0-34 92

* Anhocyanin content is given in extinction values of the extracts obtained by centrifugation
and filtration of homogenates (1 g of material and 10 ml of (-2N HCIO4). Measurement was
made in 1 em cell.

conclusion about the effect of enhanced phosphorus concentration in nu-
trien solution on anthocyanin formation could be made only if experiments
were carried out under standard temperature and light conditions.
Evidence for the effect of phosphorus deficiency on anthocyanin accumu-

lation is presented. For the present, we can not say in which metabolic
relation this two phenomena are, if there is some direct or indirect relation
through the mediation of sugars. Accumulation of anthocyanins under
phosphorus deficiency is limited by the temperature. Anthocyanins were
not synthesized in summer when the temperature rose above 30°. This
observation is in agreement with the results of Pay~or and MarTIN (1968)
who found that anthocyanin synthesis in Begonia gracilis stopped at the
temperature 30°. Thus the temperature is a factor rating higher than phos-
phorus deficiency.

. Our paper is a contribution to the problem of pathological anthocyanin
formation in plants.
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V rédmei studia patologické antokyanizace u rostlin byl sledovan vliv fosforového deficitu
na tvorbu antokyanu u rajéat. Nedostatek fosforu vedl ve viech piipadech nezévisle na pouZité
odrads rajéete a na kultivaénich podminkéch k vyraznému zvy$eni hladiny antokyani. V pri-
méru byl obsah antokyanii zvysen sedmkrat a rozdily byly statisticky vysoce prtukazné. Pra-
mé&rnd ristova inhibice rostlin rajéat pti fosforovém deficitu byla 189,. Hromadéni antokyanit
bylo limitovéno teplotou; pfi teplotd kolem 30° se antokyany netvofily. Pokusn4 varianta se
zvy8enym obsahem fosforu nedala jednoznaény vysledek. V ndkterych pokusech bylo pozoro-
vano sniZeni obsahu antokyani, provédzené rastovou stimulaci, v n&kterych pak zvyseni, dopro-
vazené naopak rastovou inhibici. Zd4 se, #e u této pokusné varianty hraji vyznammou tlohu
kultiva¢ni podminky, zejména intensita osvétleni.



