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Abstract. Metabolic disturbances in Nicotiana glauca, a symptomless carrier of potato witches' 
broom were studied. The dry weight content of leaves of diseased plants was slightly decrease4, 
that of the stems increased. The ash content in the dry weight of the whole diseased plant was 
decreased by 11 ~o. Contrary to tomato plants which had shown considerable disproportiorm in 
the distribution of mvtabolites among the individual organs investigated (UL~YCHOV.~, ' LIM- 
B~.RK 1964), the content of the total nitrogen and of the individual nitrogen fractions of both 
leaves and stems of diseased Nicotiana glauca were decreased. The content of glutamine was 
increased in both organs in spite of the decrease of ammonia nitrogen by nearly 30~o in both 
cases. The most striking disturbance found in the diseased plants of Nicotiana glauca was the 
67% increase of a low-molecular phosphorus fraction (P extractable with 0.2N HC104) in the 
leaves. This result agrees with that found in diseased tomato plants and may be primarily as- 
sociated with the virus infection. The content of all other phosphorus fractions of both leaves 
and stems was decreased. 

I n  our  previous  work (ULRYCHOV.~, LIMBERK 1964) we found  considerable 
d ispropor t ions  in the  d is t r ibu t ion  of  metabol i tes  a m o n g  the individual  organs  
inves t iga ted  in t o m a t o  p lants  infected with po t a to  witches '  broom.  The  
physiological  p ic ture  cor responded rough ly  to the  morphologica l  p ic ture  of  
the  disease. The leaves of  the  diseased plant ,  m a r k e d l y  inhibi ted in g rowth  
a n d  deve lopment ,  were ac tua l ly  s ta rv ing  and  the  con ten t  of  all n i t rogen  
and  phosphorus  f ract ions  were decreased,  except  for the  low-molecular  
phosphorus  f rac t ion  soluble in 0.2N HCIO 4 which was increased b y  23%. 
On the  o ther  hand,  the  s tems s t rongly  th ickened  wi th  m a n y  root le ts  and  
sprouts  a long thei r  entire l eng th  forming the  character is t ic  b rooms were 
overflowing especially wi th  n i t rogenous  metaboli tes .  The conten t  of  the  to ta l  
n i t rogen was increased b y  61%, t h a t  of  a m m o n i a  N was raised 7-times and  
t h a t  of  non-pro te in  • 3.5-times. An  accumula t i on  of  bo th  g lu tamine  and  
proline in s tems of  diseased plants  was found.  The con ten t  of  the to t a l  
phosphorus  in s tems was sl ight ly lowered, bu t  the  f rac t ion  of  P soluble in 
0-2N HCIO 4 and  t h a t  of  bo th  R N A  and  D N A  were increased.  
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The aim of the present work was to obtain information which of the 
metabolic changes were directly associated with the disease. For this purpose 
we studied the pathophysiology of Nicotiana glauca, a symptomless carrier 
of potato witches' broom (VxL~NTA 1958). The symptoms of the disease were 
manifested only in flowers which are virescent and sterile. 

Material and Methods 

Seedlings of Nicotiana glauca were grafted early in spring with scions from 
diseased plants of N. glauca. The infectivity of all plants used for analyses 
was verified by regrafting on tomato plants. All analyses were carried out 
at least four months after grafting. In some experiments plants infected last 
year were used. Both infected and control plants were cut off several times 
during this period to form new sprouts. 

The determination of dry weight, ash content and different phosphorus 
and nitrogen fractions was carried out according to the methods described 
in detail previously (ULRYCROVA, ]'~IMBERK 1964). 

Results 

The results of all analyses are summarized in Tables 1, 2 and 3. 
As follows from Table 1, the dry weight content of leaves of diseased 

plants is slightly but significantly decreased, that  of the stems increased. 
The ash content in dry weight of the whole diseased plant is decreased by 
11%. These results agree with those found for tomato plants. 

Table 1. Dry weight and  ash content  

Dry weigh~ 
and  ash content 

L o a v e s  
Dry weight in O/o 
Stems 
Dry weight in % 
Ash content  in dry  
weight in % of the  
whole p lan t  

Hea l thy  
p lan ts  

x 

10.47 

8.43 

9.87 

Diseased p lan t s  

in% 
x of hea l thy  

o n e s  

9.99 95.4 

8.79 104.2 

8.77 88.8 

~ e a l l  
difference 

d 

0"48 

0"36 

1.10 

S tanda rd  
deviat ion 

S 

0"69 

0"74 

0.70 

n P 

13 P > 0.05 

8 P >  0-30 

3 P > 0.20 

The results of the phosphorus fraetionation are summarized in Table 2. 
I t  may be seen that  there are great differences in the content of individual 
phosphorus fractions between the leaves and the stems of diseased plants. 
In  the stems the level of all fractions examined is lower. On the other hand,  
the content of the total phosphorus in the leaves is slightly increased: This 
increase is mostly due to a 22% increase of the inorganic phosphorusfrac-  
tion and especially to the highly significant increase of the phosphorus 
fraction soluble in 0.2N HC104 (67%). 
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Table 2. Am o u n t  of different phosphorus  fractions (hi mg P/g of dry mat ter )  

Fraction 
Hea l thy  
p lan ts  

x 

Diseased p lants  

in % o f  
x hea l thy  

o n e s  

~ O  a n  

difference 
d 

S tandard  
deviat ion 

S 

Leaves 
Inorganic P 
P extractable 
with 0,2 N HC104 
Lipid P 
R N A  P 
DNA P 
Total P theoret.  
Total P 

Stems 
Inorganic P 
P exctractable 
with 0,2 N HC104 
Lipid P 
RNA P 
DNA P 
Total P theoret.  
Total  P 

l"47 

0"53 
0"96 
0"97 
0"33 
4"26 
4'01 

1"60 

0"65 
0"68 
0"62 
0"18 
3"37 
3'69 

1"80 

0"89 
0"79 
0"89 
0"29 
4"66 
4"19 

1.22 

0"61 
0"65 
0"50 
0"16 
3"14 
3"30 

122'4 

167"3 
82'6 
91"4 
88"6 

109"3 
104"7 

76'0 

94"1 
94-4 
81'0 
87"2 
84"1 
89"6 

0"33 

0"36 
0"17 
0"08 
0"04 

0'18 

0-38 

0"04 
0"03 
0.12 
0"02 

0'38 

0.56 

0.14 
0'17 
0"06 
0'02 

0"27 

0"17 

0"16 
0"16 
0"11 
0"01 

0"35 

n P 

7 P > 0.20 

7 P > 0.001 
4 P > 0.20 
3 P > 0.20 
4 P > 0.05 

5 P >  O.3O 

5 P > O.01 

P > 0-70 
P > 0.70 
P > 0.20 
P > 0.05 

P > 0.20 

Table 3 summarizes the changes in the individual nitrogen fractions. The 
leaves and the stems of diseased plants show a lowered content of all nitrogen 
fractions. In spite of the decrease of ammonia N by nearly 30% it was 
found by paper chromatography that the glutamine content in extracts of 
both organs was higher, similarly to the diseased tomato plants. The 
glutamine content in the leaves quantitatively determined after the chro- 

Table 3. Am o u n t  of different ni trogen fractions (in mg 1~/100 mg  of dry matter)  

Fract ion 
Hea l thy  
plants  

x 

Diseased plants 

in ~o of 
x hea l thy  

ones 

Mean 
difference 

d 

Standard 
deviation 

S 

Leaves 
Ammonia  N 
Non-protein N 
Protein  N 
Total  N 

Stems 
Ammonia  N 
Non-protein N 
Protein N 
Total  N 

0"11 
0"97 
3"27 
4"35 

0.074 
0.79 
1.31 
2.18 

0"08 
0"91 
3"14 
4"13 

0.050 
0.61 
1.29 
1.95 

72.7 
93.8 
96.0 
94.9 

71.4 
77"2 
98"4 
89"4 

0.025 
0.06 
0.13 
0.23 

0.023 
0.19 
0.013 
0.23 

0.03 
0.10 
0"06 
0.14 

0.022 
0.17 
0.26 
0.19 

n P 

3 P > 0.30 
3 P >  0.50 
3 P > 0.10 
3 P > 0.20 

3 P > 0-20 
3 P > 0.20 
3 P > 0.50 
3 P > 0.20 
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matographic separation and elution was 
D S R F E L  1953). 

Discussion 

increased by 31% (FISCHER, 

When the results of the present work are compared with those previously 
published, the following conclusions could be drawn: Great disturbances in 
nitrogen metabolism, found in tomato plants, represent in our opinion con- 
sequent changes leading to striking morphological alterations. On the other 
hand, 2Vicotiana glauca does not show any morphological alterations due to 
the infection and the changes in the content of the individual nitrogen 
fractions being not essential, though there is a general decrease.!The latter 
result agrees with the former findings (Du~Loe 1930), viz. that  the content 
of the total nitrogen decreases in host plants which were infected with 
yellows. 

The most striking finding is the 67 ~o rise of the low-molecular phosphorus 
fraction soluble in 0.2N HCIO 4. This fraction was also the only one which 
was increased in the leaves of tomato plants infected with potato witches' 
broom, where the content of total phosphorus was significantly lowered. 
Thus, we can suppose that  this disturbance is primarily associated with 
this virus infection. The above-mentioned fraction involves mostly the 
phosphorylated sugars and nueleotides, including the ATP/ADP system, 
which has not only the role of the energy capture, transfer and supply, but 
also the regulating function between the exergonic and endergonic reactions. 
For the present we have no experimental data enabling us to presume 
a disturbance in the regulating function of the system ATP/ADP due to 
virus infection. But the foregoing findings of the increase in the respiratory 
rate after the infection summarized by WY~D (1943), and the high sugar 
content especially of saceharose in the plants suffering from yellows and 
leafroll ( P E R D R I S E D ,  MACQAIRE 1963) and the findings of an increased 
glutamine level in potato witches' broom and in leaf-roll (ALLISO~r 1953) are 
facts that  can be correlated with our presumption. 
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M. UL~YC]~ovA, J.  LI~B~.R~r, ~ ' s tav  experimonthlni botaniky  ~SAV, Praha:  Metabollek6 po- 
ruehy u Nicotiana glauca, latentniho hostitele metlovitostI b r a m b o r u . ~  Biol. Plant .  9 : 56--60, 
1967. 

Byly s tudov~ny m~tabolick6 poruchy u Niootiana glauca, la tentnfho hostitele metlovitost i  
b ramboru  (potato withes'  broom). Suw listh nemocn~ch rostlin byla  mirii6 sni#,ona, zatimco 
suw os byla  vy~w Obsah popelu v cel~rch rostling~ch byl u nemocn3%h rostlin sni~ien o 1 1 % .  
Na roz4il oct rostl in rajSat,  kdv byly nalezeny v~razn6 disproporce v rozlo#.eni metaboli t f i  mezi 
jednot l ivf ra i  orggny (ULarcgov~,  LIMBEI~K 1964), byl obsah celkov~ho dusiku i jednot l ivych 
dusikat~rch frakcl sni~en jak  v listech, t a k  v osAch. V obou orgs byl v~razni~ zv39~ien obsah 
glutaminu,  p~estotte amoniak~lni dusik byl v obou pf lpadech t6m6f o 30 % ni~ihi. Nejvyrazn6jw 
zm~nou u infikovana~ch rostlin Nicotiana glauca bylo zv39~eni fosforov6 frakce, oxt rahovatc ln~ 
0,2~-HC10~ v listoch o 67 % s~atisticky vysoce prhkazn~. Tento v~slectek je v souhlasu s mile. 
zem u rostlin rajSat.  Obsah os ta tn lch  frakci fosforu v l istech a v~ech frakcl fosforu v osgmh byl 
sni~en. 

M. YJIbPHXOBA, J:[. JIIIMBEPK, ]/IHcTHTyT aKciiep~IMeHTa~b~o~ 6oraniiir q C A H ,  H p a r a  
Hapy~eHH~ O6MeHa Be, IIIeCTB y Nicotiana glauca, JIaTeHTHOPO XO3HHHa BHpyca MeT~hqa-  
TOOTH n a p r o d ~ R .  - -  Biol.  P l an t .  9 : 56- -60 ,  i967.  

I/IceJIeJ~oBaniicb Hapymeai ia  o6MeHa B0meCTB y Nicotiana glauca, JIaTeiiTiioro xoaaiiHa 
Biipyca MeweJIbqaTOCWii xapToq~eJIn (po ta to  wi tches '  broom).  Cyxoe Bemecwno 6OJIblthtX 
pacweniifi HOHIIH~eItO, Memay TeM KaK cyxoe BeHleCTBO cTe6JIefi 6hlJIO HOBhImeHHHhlM. Coaepma- 
Hne ao; lu  ~ I~enoM pacTeiiiiii 6uno  y 60nbHUX pacTeI~iifi nOltiimeno Ha t 1 % .  B OTniiqiie 
OT TOMaTOB, rxe  6Mn~I Ha~t~elthI 6oJit, miie ~(iicnponopvl~III n paciipezienennH Mewa6oniiT0n 
Mem~Iy OT~e~UbH~Mn opraHaM~l (YJIbprlXOBA, ~IIIMBEPK 1964), o6miifi aaoT ~I aaow ow~e~bHI, IX 
~paI~aiifi oi(a3aJIcft IIOIIH~eHHhIM n a n  B JIHCTbHX, TaR H B cwe6nax. B 060~IX opraHax peal(o 
nOBhlmeHo co;~epmaiiiie rJIiOTaMiiIta, IteCMovp~[ Ha TO, qWO B 060HX cnyqa~x  aMMHaqiiM~ 
a3OT 6hIJI nOHH~eH noqwii Ha 30%. CaMaIM BBIpa3HTeJIBHMM II3MeiieH~IeM IIH(~FIKffpoBaHHMX 
pacweHHfi Nicotiana glauca 6~iJlO noB~ameH~le ~pa~i~Hii ~oc~opa,  a~cTparHpyeMoro 0,2 N - -  
HCIO4 n JIHCTb~X Ha 67%, CTaWHCVHqecI~ff BhlCORO ~OCWOBepHoe. DTOT peay.qbVaT ~[BY[HeTC~ 
CXO2iHHh~M C pe3yY[hTaTOM no~IyqeHiih/M l]pii aHa~[43e TOMaTOn. Co~ep~am~e OCTaX~bHHhIK q~pai~- 
IIIIfi ~oc~opa  ~ ~IIICT~HX II scex ~paI~IIIIfi ~oc~opa  n cTeSxIfIX 5hIJIO IIIOIIHmeHHI, IM. 


