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C a r b o h y d r a t e  and  N i t r o g e n  C o n t e n t  of  a 

V i r u s - D i s e a s e d  T o b a c c o  P l a n t  

Introduct ion.  Prev ious  d a t a  show t h a t  v i ru s  in fec t ion  
usua l ly  affects  t h e  c a r b o h y d r a t e  a n d  n i t r o g e n  c o n t e n t  of 
t h e  diseased p l a n t s ;  inc reased  soluble  s u g a r  c o n t e n t  of 
bee t  leaves  in fec ted  w i t h  v i ru s  yel lows w as  no t i ced  b y  
STANG:E I, GEROLA a n d  GILARDI ~ p r o v e d  a n  increase  in  
amy la se  a c t i v i t y  d u r i n g  t he  s p r o u t i n g  of v i rus - in fec ted  
p o t a t o  t ube r s .  O n  t h e  o t h e r  h a n d ,  v i rus -d i seased  p l a n t s  
t e n d  to  a c c u m u l a t e  o rgan ic  acids  a n d  in p a r t i c u l a r  a m i n o  
acids,  oxalic,  mal ic ,  a n d  c i t r ic  acids  (COMMONER a n d  
NEHARI a w o r k i n g  w i t h  t o b a c c o  mosa ic  v i r u s ;  GOVINDJ :Elg 
et  al.  4 us ing  yel low v e i n  mosa ic  of Hibiscus) .  

The  fol lowing is a n  e n d e a v o u r  to  e luc ida te  t he  effects  
of t o b a c c o  mosa ic  v i ru s  (TMV) o n  t h e  c a r b o h y d r a t e  a n d  
n i t r ogen  c o n t e n t  of t obacco  leaves .  

Mater ia ls  and  methods. P l a n t s  of Nico t iana  tabaaum 
were  g r o w n  u n d e r  n a t u r a l  cond i t i ons  in  a g lass-house .  
T h e y  were  s p r a y e d  weekly  w i t h  0.0015 p .p .m,  pho l ido l  
for p r o t e c t i o n  aga in s t  in sec t  pests .  W h e n  t h e  p l a n t s  were 
a b o u t  20 inches  h igh ,  ha l f  of t h e m  were  i n o c u l a t e d  w i t h  
t obacco  mosa ic  v i rus  t h r o u g h  r u b b i n g  t h e  lower  leaves  
w i t h  a d i lu te  w a t e r  so lu t ion  of t h e  p a r t i a l l y  pur i f ied  v i rus  
c o n t a i n i n g  a sma l l  a m o u n t  of c a r b o r u n d u m  as ab ras ive .  
T h r e e  weeks  la ter ,  t h e  in fec ted  a n d  h e a l t h y  leaves  were 
col lec ted  a n d  each  was  r a n d o m i z e d  for  u n i f o r m i t y  in  10 
samples ,  5 leaves  each.  Samples  were  weighed,  f rozen  a t  
0°C for 10 days ,  t h a w e d  r ap i d l y  (BAWDEN a n d  PIRIE ~) 
a n d  t r i t u r a t e d  in  a m o r t a r .  T h e  sap  was  passed  t h r o u g h  
cheese -c lo th  a n d  m a d e  u p  to  vo lume .  T h e  res idue  a n d  ex-  
t r a c t  were a n a l y s e d  for  t h e i r  c a r b o h y d r a t e  f r ac t ions  ac- 
co rd ing  to  t h e  m e t h o d  a d o p t e d  b y  NAGtlIB6'L T h e  
so luble  n i t r o g e n  f r ac t ions  e s t i m a t e d  in  t h e  t i s sue  e x t r a c t  
were  a m m o n i a - ,  amide- ,  amino- ,  n i t r a t e ,  n i t r i t e ,  a n d  t o t a l  
so luble  n i t r o g e n ;  t h e  di f ference b e t w e e n  t h e  l a t t e r  a n d  
t h e  s u m  t o t a l  of t h e  f i r s t  5 f r ac t ions  was  ca l led  t h e  
pep t ide -N .  

Amides ,  p ro te ins ,  a n d  t o t a l  so luble  n i t r o g e n  were es t i -  
m a t e d  t h r o u g h  t h e i r  c o n v e r s i o n  to  a m m o n i a  e i t h e r  b y  

hyd ro lys i s  in  2 . 5 N  H~SO4 so lu t ion  a t  100°C for 4 h for the  
f i r s t  f r ac t ion  or  b y  d iges t ion  for  t h e  l a s t  two  fractionS. 
T h e  e s t i m a t i o n  of a m m o n i a  was ca r r ied  o u t  us ing  Nessler 's  
so lu t ion  p r e p a r e d  b y  DELORY S. N i t r a t e s  a n d  n i t r i t e s  were 
e s t i m a t e d  acco rd ing  to  PAECH a n d  TRACEY 9, while 
RUSSELL'S m e t h o d  ~0 was app l i ed  for  t he  d e t e r m i n a t i o n  of 
a m i n o  n i t r ogen .  

Resul ts  and  discussion.  Analys i s  of b o t h  h e a l t h y  and  
diseased leaves  for  t h e i r  d i f f e ren t  c a r b o h y d r a t e  a n d  ni t ro-  
gen  f r ac t ions  p r o v e d  t h e  absence  of ga lac tose ,  soluble 
d i sacchar ides ,  a n d  n i t r i t e s  f rom the  t issues.  

E//ect  o/ tobacco mosaic virus o~ the nitrogen content o/ 
tobacco leaves. T a b l e  I records  t h e  m e a n  v a l u e  of t h e  dif" 
f e ren t  n i t r o g e n  f r ac t ions  p r e sen t  in  t he  h e a l t h y  and  
diseased t obacco  leaves.  T h e  T a b l e  shows c lear ly  t h a t  the  
i n fec t ed  leaves  c o n t a i n e d  a s ign i f i can t ly  h i g h  level  of 
t o t a l  n i t r o g e n  t h a t  resuI ted  f rom t h e  inc reased  p r o t e i n  and  
p e p t i d e  n i t r o g e n  c o n t e n t s  whi le  t h e  o t h e r  f r ac t ions  were 
m o r e  or  less s imi la r  to  t h o s e  of t h e  cont ro l .  These  resul ts  
agree  w i t h  t hose  of STAlgG:E 1, who  f o u n d  t h a t  t h e  vi rus  
yel lows inc reased  t he  n i t r o g e n  c o n t e n t  of s u g a r  beet  
b lades .  F u r t h e r m o r e ,  FIFE 1~ s h o w e d  t h a t  a m i n o  acids, 
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Table I. Nitrogen fractions in healthy and diseased tobacco leaves (mgN]100 g fresh weight) 

Treatment Ammonia and Amino Nitrate Peptide Total soluble Insoluble Total 
amide nitrogen proteins nitrogen 

Healthy 4.09 4- 0.41 1.19 4- 0.09 2.81 t 0.22 14.23 4- 0.77 22.32 4- 1.28 13.74 4- 0.47 36.06 4- 1.76 
Diseased 3.57 :J: 0.45 1.21 4- 0.12 2.59 4- 0.27 21.94 4- 0.83 29.31 :~: 1.51 18.86 4- 0.85 48.17 4- 0.26 

Table II. Carbohydrate fractions in healthy and diseases tobacco leaves (mg sugar]100 g fresh weight) 

Treat- Soluble fractions 
ment 

Glu- Fruc- Total Pen- Total Total 
cose tose hexose tose mono- soluble 

saccha- sugars 
rides 

Insoluble frac~ons 

Gluco- Fructo- Galacto- Total Pento- 
sans sans sans hexo- sans 

s a n s  

Total 
poly- 
saecha- 
rides 

Total 
carbo- 
hydrates 

Healthy 18,75 39.5 58.25 1.92 60.17 60.17 
:k 1.43 ~:3.0~ :k~.3 :]:0.21 +4.03 +4.08 

Diseased 21.82 39.8 61.12 2.30 63.42 63.42 
4- 1.07 4- 3.07 4- 3.14 4- 0.27 4- 3.25 4- 3.25 

75.23 43.68 81.00 1 9 9 . 9 1  203.89 403.80 
4- 4.74 -4- 3.29 4- 4.79 :J: 7.22 :J:: 8.11 :J: 13.71 

103.74 43.21 67.36 214.31 211.86 426.17 
4- 2.71 4- 3.22 4- 4.4 i 5.02 4- 11.32 i 1t.34 

463.97 
! 1 7 . 8 0  

469.59 
4-18.39 
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particularly arginine, aspartic and glutamic acids, tend 
to accumulate in sugar beet leaves affected by  the curly 
top virus, while DIEN~R x~ showed tha t  virus-infected 
peach leaves contained higher proline content  than the 
healthy ones. RE1NDEL and BIENENFELD xa proved that  
the leaf roll induced a high soluble nitrogen content  of 
potato leaves mostly phosphorus containing peptides. 

t~//ect o/tobacco mosaic virus on the carbohydrate content 
o] tobacco leaves. Table IX represents the mean values of 
the different carbohydrate fractions present in both 
healthy and diseased leaves. The Table shows clearly that  
virus infection seemed to have no significant effect on the 
different soluble carbohydrate fractions of tobacco 
leaves. Furthermore, in spite of the fact that  the total  
polysaccharide content  was more or less similar in both 
diseased and healthy leaves, yet  the glucosan content 
was higher and the galactosan content  was lower in the 
former than in the latter. 

These results indicate tha t  the only effect of the virus 
on the carbohydrate metabolism seemed to be the activa- 
tion of starch phosphorylase accompanied by retardation 
of hexose isomerase. This contradicts the observations of 
STANGE I, who found that  the concentration of sucrose, 

glucose and fructose was always higher in the sugar beet 
leaves affected with virus yellows than  in the healthy 
ones. 

Zusammen/assung. Der Tabakmosaikvirus vermehrte 
den Gehalt an Protein- und Peptidstickstoff in den be- 
fallenen Tabakbl~ttern,  wirkte aber weder auf die totalen 
Kohlehydrate noch auf die Kohlehydratfraktionen. Hin-  
gegen wurde eine gewisse Beschleunigung der Glukosan- 
bi ldung nachgewiesen, ein Ph~nomen, das yon einer 
gleichzeitigen Abnahme der Galaktosanbildung begleitet 
w a r .  
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Chlamydospore Germination a n d  A r t i f i c i a l  
Culture of Pro tomyces  macrosporus  U n g e r  

Coriander (Coriandrum sativum L.) suffers recurrently 
from a 'stem gall' disease, incited by Protomyces macro- 
sporus Unger which is widely distributed in the country. 
The infection stimulates development of linear to fusoid, 
coalescent gall-like swellings over the stem surface and 
twirling 'goose-neck' shoots during preflowering period 
of the host. Abundant  chlamydospores develop inter- 
cellularly in the hypertrophied tissues providing primary 
inoculum for the pathogen in the following crop season. 

During the course of investigation, mature galls were 
collected in March-April 1963, stored under low tempera- 
ture conditions and a portion was weathered out of doors. 
Periodical tests for chlamydospore germination gave 
negative results. Earlier, POPTA*, VON Bu~REN *, and 
BUTLER a reported their germination, while TUBAKI 4 indi- 
cated terminat ion of the dormancy period as prerequisite 
for it. Chlamydospores were fixed onto the slides by 
alternate wetting and drying and inverted over wet cot- 
ton for moisture condensationS,% Less than  25% chlamy- 
dospores from both the lots kept for 4 months in storage 
germinated at  room temperature (22 to 24°C) after pro- 
longed incubation. Immersion of the spores in water for 
over a week was ][avourable to help break the thick exo- 
spore 3,4. The hard thick exospore was possibly blocking 
the germination which was apparently construed for a 
prolonged dormancy. Steeping in acidulated or weakly 
alkalined distilled water (pH 5 to 5.5 and 8 to 8.5 respec- 
tively) for a short period helped soften the exospore and 
hastened their germination to over 90%. Mature chlamy- 
dospores developed in the current season also yielded a 
high germination percentage when similarly pretreated. 

Pretreated chlamydospores, prior to bursting their exo- 
spores, were transferred to sterile moist filter paper 
strips stuck inside the cover of a petri plate and inverted 

over potato-dextrose-agar medium as suggested by  
TUBAKI 4. The plates were incubated at  room tempera- 
ture. The spores germinated, ejecting their contents over 
the agar substrate, which developed into small colonies. 
Isolated colonies were transferred to potato-dextrose-agar 
slants. They appeared like glistening bacterial  colonies 
externally, consisting of unicellular budding spores. Two 
types of cultures could be differentiated by  their pig- 
mentation.  One of them was dull, creamy white, and the 
other bright, deep salmon-red in colour. 

Several lots of month-old host seedlings were inocu- 
lated by spraying separately with the two culture types 
and retained in moist chambers for 48 h. Typical galls 
developed on the inoculated stems in about 2 weeks in 
both cases. Further  work is in progress. 

Zusammen/assung. Die Keimruhe der Chlamydosporen 
yon Protomyces macrosporus Unger, welcher auf Corian- 
drum sativum L. Stamm-Gallen erzeugt, kann durch 
ktinstliches Aufweichen der Exospore gebrochen werden. 
Der Pilz ist auf Kartoffel-Dextrose-Agar kultivierbar. 
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