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Abstraet. Potato leaf roll virus induces considerable disturbances of phosphorus metabolism 
in leafroll-mfected potato plants. Each variety reacts differently in this respect on the refection, 
to some extent being dependent on the susceptibility of the respective varmty to leafroll and to 
the season as well. In varieties particularly susceptible to leafroll as in Apta and Smghnde there 
~s a decrease of total P after infection On the contrary, varmtles showing medium susceptlblhty 
such as varieties Tatranka, Rlta and Ambra react to leaf roll infection with a considerable in- 
crease of total P. In the comparatively less susceptible variety Krasava, there is no change In 
the level of total P after infection. In autumn, however, a slight decrease of total P even m 
the medium susceptible variety Tatranka, and the less susceptible variety, Krasava, can be 
found. Our results shed a new light on existing controversies m literature regarding phosphorus 
content in leafroll-mfeetod potato plants. 

When the changes in the contents of various phosphorus fractions in the infected plants are 
compared we can observe a tendency of lowmolecular fractions to rise. Among the different 
phosphorus fractions one common feature could be seen, except for the hypersensitive resistant 
variety Apta, namely, that the acid-soluble organic phosphates in the stems of all varieties 
examined, were considerably higher than m healthy stems. 

M a n y  p a p e r s  h a v e  b e e n  d e v o t e d  to  t h e  p a t h o p h y s i o l o g y  of  p o t a t o  leaf ro l l -  
i n f e c t e d  p l a n t s .  S o m e  o lde r  p a p e r s  were  s u m m a r i z e d  b y  ESMAI~CH (1932) i n  
h is  m o n o g r a p h  c o n c e r n i n g  p o t a t o  leafrol l  v i ru s .  R e c e n t  r e su l t s  h a v e  b e e n  
p u b l i s h e d  in  t h e  c o m p r e h e n s i v e  p a p e r  of  VEI~HOEKS (1965). 

R e f e r e n c e s  c o n c e r n i n g  t h e  c h a n g e s  in  p h o s p h o r u s  m e t a b o l i s m  in  c o n n e c t i o n  
w i t h  p o t a t o  l ea f ro l l  i n f e c t i o n  are  scarce.  HOVELANI) et al. (1954) i n v e s t i g a t i n g  
t h e  effect  of  m i n e r a l  n u t r i t i o n  on  t h e  e x p r e s s i o n  of  p o t a t o  leafrol l  v i r u s  
s y m p t o m s  f o u n d  a d i s t i n c t  decrease  of p h o s p h o r u s  i n  t h e  l eaves  of i n f e c t e d  
p l a n t s  g r o w n  i n  a g r e e n h o u s e  or field. The se  a u t h o r s  f u r t h e r  p r o v e d  t h a t  
p h o s p h o r u s  de f i c i ency  p r o d u c e d  s y m p t o m s  r a n g i n g  f r o m  s l i g h t  t o  severe  rol-  
l i n g  of  t h e  l eaves  a n d  f r o m  l i g h t  t o  h e a v y  a n t h o c y a n i n e s  f o r m a t i o n  as  t h e  
a m o u n t  of  p h o s p h o r u s  dec reased .  S y m p t o m s  of  e x t r e m e  p h o s p h o r u s  de f ic iency  
i n  n o n - v i r u s  p l a n t s  were  s i m i l a r  t o  t hose  p r o d u c e d  b y  t h e  v i ru s .  H o v e l a n d  
ca r r i ed  o u t  al l  e x p e r i m e n t s  w i t h  p o t a t o  p l a n t s ,  v a r i e t y  C h i p p e w a .  

* Addres8 Na Karlovee 1, Praha 6, Czechoslovakia. 
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VERHOEKS'S (1965) conclusion was, however, the opposite. He found 
a general increase of phosphorus content in diseased leaves as compared with 
that  of healthy leaves. This author used in all his experiments material from 
potato plants, variety Alpha, grown in an experimental field and after hav- 
ing been infected in the previous year with a moderately virulent strain 
of the virus. The variety Alpha, reacts to leafroll infection with moderately 
severe symptoms. 

The aim of our present work is to throw some new light on existing contro- 
versies regarding phosphorus content in leafroll-infected potato plants. For 
this purpose we investigated six different potato varieties with various sus- 
ceptibility to leafroll infection. The results obtained with the hypersensitive 
resistant variety of potato, Apta, have been partly published in our previous 
paper (UL~YC~OVs and LIlVIBERK 1967). We found that the leafroll infection 
in potato plants, variety Apta, is associated with considerable disturbances 
in phosphorus metabolism. A distinct activation of phosphorus compounds 
after infection which is manifested especially by the increase of the low- 
molecular phosphorus fractions, is followed by a steep decrease of all phos- 
phorus fractions. Two months after infection the plants are emptied as re- 
gards phosphorus compounds. The total P in the leaves fell to a quarter 
in comparison with healthy plants and the inorganic P diminished to one 
tenth. 

Material and Methods 

In our experiments we used the following varieties of potato plants: Apta, 
Sieglinde, Tatranka, Ambra, Rita and Krasava. The plants were grown from 
the tuber of healthy plants. All experiments were carried out in a green- 
house. The plants were infected at an early stage of development by graft- 
ing with scions of diseased potato plants, variety Sieglinde. The plant material 
was ready for analyses 6--8 weeks after grafting. Two experimental series 

Table  1 
Dry  weight of leaves and s tems of heal thy (H) and  dmeased (D) potato plants  in per cent  

Variety 

Apta  
Sieglinde 
Ta t ranka  
Ta t ranka  
Ri ta  
K r a s a v a  
Krasava  
Ambra  

Date of 
grafting 

3. 6. 
3.6 .  
3 . 6 .  

18. 8. 
3 . 6 .  
3.6 .  

18. 8. 
infection from 
last year 

H 

11.79 
9-30 

12.62 
11.44 
12.96 
16.80 
12.08 
10.55 

Leaves 

D m% 
of H 

17"15 145 
15"05 162 
16"49 131 
12"96 113 
13"96 108 
16"32 97 
14"09 117 
16"05 152 

H 

6-70 
7"00 

11"40 
5.79 
6"36 
8"26 
6"16 
7"00 

Stems 

m% 
D 

of H 

14.19 212 
9.26 132 
8-04 70 
6"09 105 
6-80 107 
8.44 102 
8.68 140 

10.17 145 
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Table 2 

A m o u n t  of different phosphorus  fractions m pota to  p lants  (cv. Apta)  infected wi th  po ta to  
leafroll v i rus  (m mg P . g-1 of dry  mat ter) .  All analyses were carrmd out  between the  6th and  
8th week after  grafting.  I t  = hea l thy  plants ,  D = diseased p lan ts  

Fract ion 

Inorganic  P 
P extractable  
wi th  0.2 N HC104 
Lipid P 
R N A  P 
D N A  P 
Total  Ptheor.  
Total  P 

H 

1-97 

1.00 
O'95 
1-54 
0"13 
5"59 
5"70 

I 

Leaves 

D in % 
of H 

0"22 11 

0.51 51 
0.38 40 
0.33 21 
0.04 31 
1.48 21 
1.63 28 

H 

4.21 

1-24 
0-71 
0.81 
0-08 
7-05 
7-96 

Stems 

D in ~o 
of H 

1-38 33 

0 73 59 
0 44 62 
0 42 52 
0 06 75 
3 03 43 
3 42 43 

Date  of 
graf t ing 

3 6. 

Table 3 

The same as Table 2, for cv. Smglinde 

Frac t ion  

Inorganic  P 
P extractable  
wi th  0.2 N HC10,  
Lipid P 
R N A  P 
D N A  P 
Total  P theor.  
Total  P 

H 

0-62 

0"94 
0'83 
1-13 
0.12 
3"63 
3.52 

Leaves 

D 
in % 
of H 

0.52 

H 

1.63 

0.77 
0-53 
0"67 
0.10 
3-70 
3.71 

Stems 

D 

1'72 84 

0.54 57 
0.58 71 
0"62 55 
0-09 80 
2-35 65 
2-64 75 

in % 
of H 

105 

1.03 133 
0.37 70 
0"78 116 
0.09 90 
3"99 108 
4-00 108 

Date  of 
graft ing 

3, 6. 

were realized with the varieties Tatranka and Krasava;  one in summer 
(plants were grafted on June 3rd), the second in au tumn (plants were grafted 
on August  18th). The plants of the var ie ty  Ambra, were infected in the pre- 
vious year. 

To determine the different phosphorus fractions the apical parts of plants 
were used. The est imation was made separately in leaves and stems, includ- 
ing petioles. Different phosphorus fractions in both  heal thy and diseased 
pota to  plants were obtained as described by  HOLD~N (1952) and M~CIEW- 
SxA-PoTAPCZYK (1960). As the values of the remaining P were negligible we 
did not  est imate it in our analyses. Total P was determined separately in dry 
matter .  All results were related to the dry matter .  For every experiment 
sprouts from at least five plants were united and one half of this material 
served for the determination of dry  weight, the other half for phosphorus 
fractionation. Phosphorus was determined according to Po~s  (1946) and 
ZELLER (1949). 
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Table 4 

The same as Table 2, for cv. T a t r anka  

Fract ion 

Inorganic  P 
P extractable  
wi th  0.2 N HC10 4 
Lipid P 
R N A  P 
D N A  P 
Total  P theor.  
Total  P 

Inorganic  P 
P ext rac table  
wi th  0.2 N HCIO 4 
Lipid P 
R N A  P 
D N A  P 
Total  P theor.  
Total  P 

H 

0-82 

0"36 
0"79 
0"71 
0"17 
2"85 
2"91 

2"04 

1.19 
0"95 
1.15 
0.14 
5.47 
5-85 

Leaves 

in % 
D 

of H 

2.18 265 

0"91 250 
0"69 87 
0.54 76 
0.14 82 
4.46 156 
4'61 158 

1"56 

1.13 
0.86 
1.34 
0.13 
5.02 
5.51 

76 

95 
90 

116 
93 
92 
94 

! 

H 

3-96 

0.42 
0.48 
0-19 
0.07 
5.12 
5.59 

6.56 

1-16 
0.76 
0.54 
0.12 
9.14 
9.67 

Stems 

D 

6"02 

1"19 
1"06 
0'52 
0"14 
8"93 
9"18 

4.73 

1"43 
0"88 
0"95 
0"10 
8"09 
8"01 

in % 
of H 

152 

283 
220 
275 
200 
174 
164 

72 

123 
116 
176 

84 
88 
83 

Date  of 
graft ing 

Table 5 

The  same as Table 2, for ev. R l ta  

Frac t ion  

Inorganic  P 
P ext rac table  
with 0.2 N HC104 
Lipid P 
R N A  P 
D N A  P 
Total  P theor.  
Total  P 

H 

1.27 

1.32 
1-02 
1.28 
0.14 
5.03 
4.41 

Leaves 

D 

3.58 

of  H 

284 

0-72 55 
1.12 l I 0  
1-30 102 
0.14 100 
6.86 136 
6.49 147 

H 

3.71 

0"93 
0.96 
0.79 
0.09 
6.48 

Stems 

D 

3"97 

in % 
of H 

107 

1.18 127 
0.92 96 
0.91 115 
0.09 100 
7.07 109 
6 52 112 

Date  of  
g ra f tmg  

3.  6 .  

R e s u l t s  a n d  D i s e u s s i o n  

The values of dry mat ter  in leaves and stems of heal thy and leafroll- 
infected plants are given in Table 1. 

As can be seen from the table the dry mat ter  is distinctly increased in 
pota to  varieties reacting to leafroll infection with severe symptoms.  The 
highest value of dry mat ter  can be observed with the hypersensitive resistant 
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Table 6 

The same as Table 2, for cv. K ra sava  
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Frac t ion  

Inorganic  P 
P ext rac table  
w , th  0-2 N HC10~ 
Lipid P 
R N A  P 
D N A  P 
Total  P theor.  
Total  P 

Inorganic  P 
P extractable  
wxth 0-2 N HCIO 4 
Lipid P 
R N A  P 
D N A  P 
Total P theor.  
Total P 

H 

1-38 

0'46 
0.99 
0.89 
0.17 
3.89 
4.03 

1.19 

1 00 
l.Ol 
1.16 
0-21 
4.57 
4.86 

Leaves Stems 

D in % t t  
of H 

1-18 85 5.03 

0.78 169 0-17 
0.85 86 0.78 
0.86 97 0-60 
0.17 100 0"10 
3.84 100 6.68 
3.74 93 7.03 

1-21 102 

0"67 67 
0.92 91 
0"71 61 
0"14 67 
3.65 80 
3.62 75 

6"56 

1-07 
0.69 
0 47 
0.08 
8.87 
8.91 

D 

4'36 

0"73 
0"77 
0"66 
0-08 
6-60 
6.53 

5"62 

1"41 
0-61 
0"41 
0"07 
8"12 
7"52 

m %  
of t t  

86 

430 
99 

110 
80 

10O 
93 

86 

132 
88 
87 
87 
92 
84 

D a t e  of  
graf t ing 

3. 6. 

18.8.  

Table 7 

The same as Table 2, for ev. A m b r a  

Fract ion 

Ino rgamc  P 
P extractable  
wi th  0.2 N HC104 
Lipid P 
R N A  P 
DNA P 
Total  P theor.  
Total  P 

H 

051 

0.82 
0.78 
071 
0.10 
2-92 
3.21 

Leaves 

D 

1.02 

Ln % 
of H 

200 

0.79 96 
0.62 79 
0 64 90 
0-08 80 
3.15 107 
3-19 100 

H 

2 63 

0.80 
0.50 
0-38 
0.08 
4-39 
4.77 

Stems 

D 

4-48 

m %  
of H 

170 

1-22 152 
0-44 88 
0-49 129 
0.07 88 
6-70 152 
6.37 134 

Date  of 
g ra f tmg 

Infec tmn 
occurred 
du rmg  
the 
previous 
s u m m e r  

variety Apta ( U L R Y C I t O V A  and LIMBERK 1967). The varieties Sieglinde and 
Ambra show a considerable rise of dry matter as well. The varieties Tatranka 
and Rita reacting to leafrol! infection with moderately severe symptoms 
increase the dry matter slightly. Variety Krasava, showing only very mo- 
derate symptoms does not practically change dry matter after infection 
during summer. In addition, it can be seen from the table that  the reaction 
of plants to leafroll infection is conditioned by the season. 

The content of different phosphorus fractions in various potato varieties 
is given in Tables 2 to 7. 
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The data  show that  in all cases there are considerable disturbances of 
phosphorus metabolism in leafroll-infected plants. We can say that  each 
variety reacts differently in this respect being to some extent  dependent on 
the susceptibil i ty of the respective variety to leafroll and to the season. In 
varieties particularly susceptible to leafroll infection there is a decrease of 
total P after infection. But  a slight decrease of the phosphorus level was 
found, too, in the medium susceptible variety Tatranka, and in the compara- 
t ively little susceptible variety,  Krasava,  in autumn. In summer, however, 
in varieties showing medium susceptibili ty to leafroll such as Tatranka, Ri ta  
and Ambra,  there was a considerable increase of total P after infection. The 
less susceptible variety, Krasava, did not  change the level of total P after 
infection. 

As regards changes in the content of  different phosphorus fractions we 
noticed tha t  there was a rising tendency of lowmolecular fractions especially 
of the inorganic P and of the acid-soluble organic P. Among the different phos- 
phorus fractions one common feature could be observed, except for the 
hypersensit ive resistant variety Apta, namely that  the acid-soluble organic 
phosphates in the stems of all varieties examined were considerably higher 
than in heal thy stems. 

Preliminary experiments were carried out  with tubers of the varieties 
Apta, Sieglinde and Krasava. The content of total P was in all cases higher. 

The results of our experiments differ considerably from existing ones in 
literature. The reason of these contradictions was the fact, tha t  the above 
mentioned authors had worked with different varieties of potato  plants and 
under different experimental conditions. The results obtained show tha t  the 
changes in the level of phosphorus after leafroll infection are, to some extent,  
the function of the susceptibili ty of the respective variety to leafroll and to 
some extent,  the function of the season. I t  is a certain that  the changes of 
phosphorus metabolism in diseased plants could vary  from one year to an- 
other as it has been observed on the expression of leafroll symptoms.  

The general tendency of low molecular fractions in leafroll-infected plants 
to rise could probably be in connection with the changes in carbohydrate  
metabolism and in the changed energetic balance. 
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B n p y c  c K p y q n u a n n a  aInCTbeB rcapTo(~ena BhIauBaeT CHglbnt,Ie n a p y m e H n a  MeTa6oaInaMa 
~oc/Dopa y aapaa~eltHUX pacTennf i .  B 3aBncnMOCT~ OT nyBCTBUTenLnOCTU COpTa I~ B n p y c y  
cKpyqnBaHnfl  JII/ICTbeB KfpTO(~eJIFI II TOH~Ke B 3aB~IC1RMOCTII OT BeFeTflIIIIOHHOFO nepno~Ia i{a~-  
~Iufi COpT p e a r n p y e T  n a  n n ~ e K t m m  ;~o onpealeaeI~nofi eTeneuH no -paanoMy.  CopTa CnaI, HO 
qyBcTmiTem, n u e  u B n p y c y  c u p y q n B a n H a  nnCT~,eB KapToq~ena, /car  n a n p  A p t a  (UT, RYC~OVX 
LIMaERK 1967) U S i e g l i n d e ,  p e a r n p y m T  n a  nn~ei~ilnlO n o H n m e n n e M  noa]~qecTBa o 6 m e r o  
qSoc~opa. Y c a a 6 o  qyBCTBnTenbnoro CopTa K r a s a v a  co~epa~a~ne  uoannecTBa  o 6 m e r o  qboc- 
~opfl ]]paKTriqecHrI He ~3MeHffeTCfl. O~HflKO, ocenbIO MOTgHo na6J]IO~aTb He3HaqnTeJIl)Hoe no-  
n n ~ e n u e  r~o~HqecwBa 0 5 m e r o  q~ocqSopa n y c p e ~ n e  '~yBCWBnWe~bnOro COpTa T a t r a n k a  n caaSo  
qyBCTBI~TeJIbHOrO CopTa K r a s a v a .  Pe3yJIbTaWb~ ~amef i  pa~oTh~ 0~%~eH~IIOT n p o T n B o p e q ~ a ,  
KOTop~e ~I0 ( '~x hop  cymecwBoBaa~ B anwepawype  no  c o ~ e p ~ a n n m  /pocq~opa B z n c w b a x  
~apToqbeaa,  3 a p a ~ e n n l ) i x  BnpycoM c ~ p y q n B a n n a .  

C p a B n n B a a  n a M e n e n n ~  B co~Iepaeannn owRealhnbix q b p a i ~ f i  q~oc/popa y 5OabHhaX pacweHnfi 
MOH(HO naSYiiOgiaTb cTpeMaeune  ~ nOB~,m~ennIO c o a e p ~ a n n a  nna~oMoae~yaapH~IX q~pauu~fi.  
Cpe~m ow~eYIbHI,IX dppa~uufi  qbocqSopa BO3MO~i~HO HafiwI4 o ~ n y  06myra  uepwy y Bcex HCI]t)IThI- 
BaeM~x COOTOB. B~,~pa3gTeJIbn0e HoBb~meHge c o ; I e p ~ a ~ a  paCTBOprtMOrO o p r a n n ~ e c ~ n  CBU- 
aaHHoro ~ o c ~ o p a  n cweS~ax aapa~eHHmX pacweunfi .  


