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Abstraet. The effect of phosphorus deficiency on anthoeyanin content in tomato plants was 
studied from the point of view of pathological anthoeyanin formation. Phosphorus deficiency 
resulted in an evident increase of anthoeyanin 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 growtll 
inhibition of tomato plants under phosphorus deficiency was 18%. Accumulation of antho- 
eyanins is limited by the temperature; authoeyanius 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  an thocyan in s  in connect ion wi th  virus infection was first 
s tudied in detail  b y  MARTIN (1958). This au tho r  compared  a n t h o c y a n i n  
fo rmat ion  in hea l t hy  and  Y-virus- infected  y o u n g  po t a to  p lants  of  the  
va r i e ty  Bint je  and  found  an indirect  correlat ion be tween virus and  an tho-  
cyanin  synthesis.  I f  Mar t in ' s  results are compared  with the  conclusions of  
THI~AN~r and  ~ADNER (1955, 1962), who suppose t h a t  a n t h o c y a n i n  for- 
ma t ion  is controled  b y  an uns table  nucleic acid which mus t  be cont inua l ly  
resynthesized,  a hypothes is  of  compet i t ion  be tween the  above  men t ioned  
unstable  nucleic acid and  the  virus nucleic acid is offered. The work  of  
ULRYCHOV$ and  BRSXK (1967) who repor ted  an inh ib i to ry  effect o f  an tho-  
cyanins  on TMV rep roduc t ion  is also in agreement  wi th  this hypothesis .  

The relat ion be tween virus infection and  anomalous  a n t h o c y a n i n  for- 
ma t ion  in p lants  a t t a c k e d  by  viruses is no t  such a simple func t ion  as the  
facts ment ioned  would  indicate.  I t  is k n o w n  t h a t  a n t h o c y a n i n  fo rma t ion  in 
p lants  infected wi th  p o t a t o  leaf  roll virus varies g rea t ly  depending  on the 
var ie ty ,  on the  vege ta t ion  per iod and  f rom one yea r  to another .  The reasons 
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for these differences in anthocyanin formation are probably complicated 
relations with a number of other factors. 

T ~ M A ~  and EDi~IONDSO~ (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 P~RDRIZET and 
MACQUAIRE (1963) and VERHOEKS (1965). 

A number of recent papers are devoted to the study of anthocyanin syn- 
thesis induced by different substrates (HEss 1967, 1968, SCHRAVDOLF 1967). 
I f  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 PAYNOT and MARTI~ (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 anthoeyanin formation in cold weather. 

HOVELA~D (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 i.e. severe 
rolling of the leaves and heavy anthocyanin formation. ULRYCHOVX and 
LI~BERX (1967) have found that  an intense anthocyanin formation and 
a decrease of total phosphorus up to 28% of control took place in the leaves 
of the hypersensitive resistent variety of potato plant Apta after leaf roll 
virus infection. ULRu 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 anthoeyanin 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 Prfihoniek~. 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  nutr ient  solution and the experimental variants with Knop's  
nutr ient  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. Extract ion of the pigments was carried 
out  with 0.2~r 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 (Sehleicher et Schuell No. 5893). TH~A~r162 and 
ED~OlqDSO~ (1949) extracted the material with 0-1~ HC1 and WAG~CER and 
MOO~R (1966) with the mixture propanol, HC1 and water. They carried out  
heat extraction during several hours. Because our method is very  simple, 
rapid and quanti tat ive according to our preliminary experiments, we pre- 
ferred it to the published methods described. The color intensity was 
measured on a Pulfrieh colorimeter with Elpho supplement using the filters 
$53 and Ses. Correction of  light dispersion was made according to WAG~ER 
and MOHR (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 18.1% and this delay in growth was statistically significant 
(P > 0.05). Increased phosphorus concentration in nutr ient  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 8% 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 tha t  of experimental variant  without  phosphorus 0.77. Mean difference 

is 0.62 and s tandard deviation is ~0-32. 
Results of the experimental  variant  with an enhanced phosphorus con- 

centration in nutr ient  solution were not  uniform, similarly as the growth 
reaction of these plants. I t  seems tha t  the intensity of light plays a pr imary 
importance in these experiments. In the series where growth inhibition was 
observed an increased anthocyaniu 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 a n d  of  e n h a n c e d  p h o s p h o r u s  concen t r a t i on  on a n t h o c y a n i n  
f o r m a t i o n  in t o m a t o  p l an t s  

D a t e  of  V a r i e t y  
of  t om-  Cu l t i va t i on  

e x p e r i m e n t  a t e  p l a n t  

17. 4. 1968 I m u n  Greenhouse  
20. 5. 1968 I m u n  Greenhouse  
25. 6. 1968 I m u n  Cu l t iva t ion  

box  
18.10.  1968 I m u n  Greenhouse  
15. 11. 1968 I m u n  Cu l t i va t i on  

box  
3. 1. 1969 I m u ~  Cu l t i va t i on  

box  
18.2 .  1969 63L1245 C u l t i va t i on  

b o x  
18. 2. 1969 I m u n  C u l t i va t i on  

box  
28. 3. 1969 63L1245 Cu l t i va t i on  

box  
28. 3. 1969 I m u n  Cu l t i va t i on  

box  
24. 4. 1969 Prf lho-  Cu l t iva t ion  

nick6 box  

Control  

0"12 
0"55 

0"07 
0"03 

0"05 

0"17 

0"14 

0"04 

0"06 

0-1! 

0 '37 

A n t h o c y a n i n  c o n t e n t *  

- - p  

1.07 
1.14 

0.26 
0.40 

0.45 

0.99 

0.99 

0.19 

0.57 

1.14 

1.29 

% of  
cont ro l  

892 
207 

371 
1333 

900 

582 

707 

475 

950 

1036 

348 

+ 2 P  ~/o of  
cont ro l  

0.50 91 

0.03 43 
0.08 266 

0.04 80 

0.39 236 

0.14 100 

0.03 75 

0"09 150 

0-17 154 

0"34 92 

* A n h o c y a n i n  c o n t e n t  is g iven  in ex t i nc t i on  va lues  of  t he  ex t r ac t s  ob t a ined  b y  cen t r i f uga t i on  
a n d  f i l t ra t ion  of  h o m o g e n a t e s  (1 g o f  ma t e r i a l  a n d  10 ml  of  0 .2N HC104). M e a s u r e m e n t  was  
m a d e  in 1 c m  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 s tandard 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 PAYNOT and ~V[ARTII~ (1968) 
who found that  anthocyanin synthesis in Begonia gracilis s topped 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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rov6ho def le l tu  n a  o b s a h  a n t o k y a n d  v rost l in~ieh raj l !ete .  -- Biol. Plant.  12 : 231--235, 1970. 

V rhmci s tudia patologick6 antokyanizaco u rostlin byl sledov&n vliv fosforov6ho deficitu 
na  tvorbu antokyanfi  u raj6at. Nedosta tek fosforu vodl vo v~ech pHpadech noz~vislo na  pou~iit6 
odrfid6 rajSeto a na  kult iva6nich podmink~eh k v~razn6mu zv:~oni h ladiny antokyanfi.  V prfi- 
m6ru byl obsah antokyanf i  zv~w sedmkrs  a rozd/ly byly s ta t is t icky vysoce prfikazn6. PrO- 
m6rn~ rfistov~ inhibico rostlin rajSat p~i fosforov6m deficitu byla 18%. Hromad6ni  an tokyan~  
bylo limitovs teplotou; p~i teplot6 kolem 30 ~ so an tokya ny  nerve 'f ly.  Pokusng~ var ianta  so 
z v ~ o n ~ m  obsahem fosforu nodala jodnoznaSn~ v Csledek. V n6kter~ch pokusoeh bylo pozoro- 
v~no sni~.eni obsahu antokyanfi ,  provs rdstovou stimulaci,  v n6kter~ch pak zv~on i ,  dopro- 
v~zen6 naopak rfistovou inhibici. Zds so, ~o u t6to pokusn6 var ian ty  hrajf v:~znamnou dlohu 
kul t ivaSn/podminlry,  zejm6na inteusi ta  osv6tlonfl 


