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Effect of  N i c k e l  on  Mul t ip l i ca t ion  of P o t a t o  Virus  

Nutr i t iona l  changes  in t he  condi t ion  under  which  the  
p lan t s  are grown affect  the  g rowth  of t he  hos t -p l an t  as 
well as the  concen t r a t ion  of t he  virus  in t hem.  A survey  of 
the  l i t e ra ture  reveals  t h a t  a n u m b e r  of s tudies  have  been  
carr ied out  w h i t h  micro and  mac ronu t r i en t s  in several  
hos t  virus combina t ions  which  cover  ma in ly  mult ipl ica-  
t ion of viruses in re la t ion to  hos t  growth.  Such s tudies  
w i th  nickel are lacking. The expe r imen t s  descr ibed here  
were pe r fo rmed  to  de te rmine  the  effect  of nickel nu t r i t i on  
on hos t  growth,  p o t a t o  virus X mul t ip l ica t ion  and ni t ro-  
gen and  free amino  acid levels in t o m a t o  plants .  

The m e thods  of raising the  seedlings of t o m a t o  (Lyco- 
persicum esculentum Mill. Cv. Marglobe) and p repa r ing  the  
po t a to  virus X inoculum were the  same as descr ibed by  
SINGH and SINGH 1. Tomato  seedlings of un i form size were 
selected, washed  wi th  t ap  wa te r  and t h e n  tho rough ly  
r insed in dist i l led water .  Af te r  washing,  each of t h e m  was 
t r a n s p l a n t e d  singly in 10 cm (paraffin coated) clay po t  
filled wi th  1/2 kg of pur i f ied quar t z  sand.  50 ml  of nu t r i en t  
solut ions of Hoag land  and  Snyder  (see MCLEAN and  
Coot~ 2) con ta in ing  0.5 mt  of mic ronu t r i en t  (CHESTER and  
STREET 3) and  mi l iequiva len ts  (meq) of nickel sulphate ,  
p H  7, were  added  to  each po t  twice a week. Dur ing  the  
in te rven ing  period,  t he  necessary  a m o u n t  of dist i l led 
wa te r  was also added  to  the  pots  to avoid dry ing  of the  
p lants .  Af te r  4 days  of t r ansp lan ta t ion ,  the  t o m a t o  
p lan t s  were inocula ted  wi th  po t a to  virus X using 600 
mesh  of c a r b o r u n d u m  as abrasive.  The leaves of cont ro l  
p lan t s  were also rubbed  wi th  c a r b o r u n d u m  mixed  wi th  
disti l led water .  The g rowth  of the  p lants ,  fresh and d ry  
weights  and  virus  concen t ra t ion  were no ted  af ter  40 days.  
At  th is  t ime,  the  to ta l  n i t rogen and  free amino  acids were 
also estimat%d in t o m a t o  leaves. The to ta l  n i t rogen  and 
amino  acids es t ima t ions  were done f rom oven-dr ied  (93 ~ 
leaf mater ia l .  For  ni t rogen,  t he  sample  was d iges ted  by  
the  mic rome thod  descr ibed by  DO~qEEN a and  the  con ten t s  
was e s t ima ted  by  using a color imetr ic  t echn ique  descr ibed 

X in T o m a t o  P lant  

by  SNELL and  SNELL 5 using a t t i lger  P a t t e r n  Biochemical  
Absor t iometer .  Separat ion,  ident i f ica t ion  and  quan t i -  
t a t ive  es t ima t ion  of amino  acids was carr ied out  by  p a p e r  
ch romatograph ic  t echn ique  s, using W h a t m a n  No. 1 
ch roma tograph ic  paper .  Amino  acids f rom exper imen ta l  
samples  were  ident i f ied by  compar ing  wi th  s t anda rds  
which  were run s imul taneously .  The q u a n t i t y  of each 
amino acid was e s t ima ted  by  Dens i tome te r  Type  CM 11/5 
Sr. no. 111 of Toshniwal .  

Test  p l an t s  were grown separa te ly  in n u t r i en t  solut ions 
conta in ing  d i f ferent  levels of nickel (0, 7, 14, 21, 28 and  
35 meq).  Growth  response  to  t he  various nickel levels 
showed a gradual  increase in height ,  f resh and d ry  
weights  f rom Ni 0 up to  Ni 14 meq  level, above which  
g rowth  decreased (Table). The g rowth  of t o m a t o  p lan t s  a t  
these  levels was normal  and  the  leaves had  green colora- 
t ion wi th  br i l l iant  mosaic  symptoms .  Sys temic  s y m p t o m s  
appeared  ap p ro x i ma t e l y  a t  the  same t ime  at  all the  Ni 
levels except  a t  Ni 35. S y m p t o m s  expression,  however ,  
var ied wi th  the  t r e a t m e n t .  P l an t s  grown at  Ni 35 level 
showed effects of excess nickel. The effect  of nickel excess 
s t a r t ed  af ter  the  3rd week of nu t r i t iona l  t r e a t m e n t ,  and  it 
became progress ively  more  severe wi th  t ime.  P l an t s  
developed chlorosis of the  young  leaves wi th  a severe 
necrosis  of t he  leaves and  petioles.  Dur ing  the  expert-  
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Effect of nickel nutrition on tomato plant growth, total nitrogen, total free amino acids (both on dry wt. basis) and potato virus X con- 
centration 

Nickel Treatment Stem height Fresh shoot wt. Dry shoot wt. Nitrogen Free amino acids Local lesions o 
(me q) (era) (g) (g) (%) (%) 

0 Healthy 29.5 7.44 0.491 3.28 1.010 
Diseased 21.9 3.94 0.245 4.00 1.025 91 

7 Healthy 29.8 9.69 0.578 3.52 1.300 
Diseased 23.1 4.40 0.314 4.02 1.415 99 

14 Healthy 34.1 10.31 0.656 4.95 1.795 
Diseased 26.7 5.81 0.326 4.85 1.715 174 

21 Healthy 30.3 6.64 0.572 4.35 1.565 
Diseased 26.7 5.00 0.230 4.25 1.480 132 

28 Healthy 27.2 6.30 0.528 4.29 1.310 
Diseased 20.0 2.00 0.228 4.22 1,238 129 

35 Healthy 24.2 5.75 0.481 4.21 1,233 
Diseased 18.5 1.58 0.218 4.19 1.118 122 

F calculated value 

C.D. 

Inoculated 105.7 ~ 21.53 ~ 326.00 ~ 1.12 1.16 
Treatment 18.5 ~ 2.51 7.37 b 6.23 b 38.63 �9 

1% level 4.322 5.644 0.1128 1.0080 0.938 
5% level 2.756 3.599 0.0719 0.6427 0.619 

F tabulated value 
1% 5% 

16.26 6.61 
10.97 5.05 

~, b Significant at 1% and 5% level. ~ Average number of local lesions, produced on 20 leaves of C. amaranticolor. 
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m e n t a l  period,  25% of p l a n t s  died. The  p l a n t s  wh ich  
were g rown a t  Ni  21 and  Ni 28 levels h a d  also deve loped  
s l ight  chlorosis  w i t h  necro t ic  lesions on  t he  leaves,  
pe t io l  and  s tem.  Such  lesions were more  in t o m a t o  p l a n t s  
g rown a t  Ni  28 t h a n  those  a t  Ni  21 level.  The  s t em of these  
p l a n t s  were s l ight ly  b e n t  a t  one side. The  disease s y m p t o m s  
were v e r y  mi ld  mosaic  w i t h  severe chlorosis  of y o u n g  
leaves  a t  Ni 28 a n d  Ni 35 level, b u t  a t  Ni  21 level  t h e  
disease s y m p t o m s  consis ted  of mi ld  chlorosis  w i t h  mosaic.  

The  resu l t s  g iven  in t he  Tab le  show t h a t  levels of nickel  
which  increased  v e g e t a t i v e  g r o w t h  also increased  t h e  
p o t a t o  v i rus  X c o n c e n t r a t i o n  (up to  Ni  24). Excess  of Ni  
caused  s t u n t i n g  of t he  p lan t s .  Inc rease  in level  of Ni  
caused  a p r o p o r t i o n a t e  s t u n t i n g  of t he  p lan t s .  I t s  effect  
on  v i rus  concen t r a t i on ,  however ,  was  no t  p ropo r t i ona t e .  
I t  has  also been  obse rved  t h a t  t he  n i t r ogen  a n d  free 
amino  acid c o n t e n t s  were h igher  in h e a l t h y  t o m a t o  leaves  

t h a n  in diseased a t  each  t r e a t m e n t .  The  h igher  c o n t e n t  of 
n i t r ogen  a n d  a m i n o  acid were n o t e d  in h e a l t h y  t o m a t o  
p l a n t  leaf g rown a t  Ni  14. Twelve  amino  acids viz. 
arginine ,  a spa r t i c  acid, glycine, g lu t amic  acid, a lanine ,  
th reon ine ,  me th ion ine ,  val ine ,  prol in ,  t r y p t o p h a n ,  iso- 
leucine a n d  leucine were obse rved  in h e a l t h y  and  diseased 
t o m a t o  leaves.  The  c o n c e n t r a t i o n  of each  amino  acid va r i ed  
in t h e  h e a l t h y  an d  diseased leaves  growing a t  t h e  same 
level, b u t  t h e  n u m b e r  r e m a i n e d  t h e  same 7. 

Zusammen/assung. Der  Ef fek t  v o n  Nickel  (Ni) auf  die 
V e r m e h r u n g  des Kar to f f e tv i rus  in  der  T o m a t e n p f i a n z e  
(Lycopers icum e s c u l e n t u m  Mill cv. Marglobe)  wurde  
u n t e r s u c h t .  In  A b h ~n g i g k e i t  v o m  Nickel -Spiegel  n a h m  
sowohl  das  v e g e t a t i v e  W a c h s t u m  der  Pf lanze ,  der  Virus,  
wie s u c h  der  G e s a m t g e h a l t  a n  S t icks tof f  u n d  freien Amino-  
s~uren  zu. 
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Endosymbiotic Microorganisms in Cletus signatus Walker (Coreidae: Heteroptera) 

Symbios i s  b e t w e e n  insects  and  mic roo rgan i sms  is 
well k n o w n  1. The  bug  Cletus signatus W a l k e r  h a r b o u r s  i ts  
bac t e r i a l  s y m b i o t e s  in  t he  myce tome ,  which  is associa ted  
w i t h  t he  las t  sec t ion  of t he  midgu t ,  t he  ep i the l ia l  cells 
of wh ich  evag ina t e  to  fo rm 2 rows of caeca ~. S tudies  
dea l t  w i t h  here  were c o n d u c t e d  to d iscover  va r ious  
charac te r i s t i c s  of symbio t i c  mic roo rgan i sms  of C. signatus, 
t h e i r  mode  of t r a n s m i s s i o n  to progeny,  e l imina t ion  lead ing  
to a p o s y m b i o t i c  insec ts  and  t h e i r  p r o b a b l e  funct ions .  

S y m b i o t e s  were coccoid rod - shaped  bac t e r i a  b o t h  in 
cu l tu re  med ia  and  t i ssue  (Figures  A and  B), g ram-  
posi t ive ,  capsu la ted ,  spore - forming  and  mott le .  They  
hyd ro lysed  s tarch ,  ge la t in  and  casein and  ut i l ized 
sucrose, glucose and  m a n n o s e  w i t h o u t  p roduc ing  gas, b u t  
d id  no t  ut i l ize  xylose, a r ab inose  and  lactose.  C i t ra te  test ,  
r e d u c t i o n  of n i t r a t e s ,  p r o d u c t i o n  of a m m o n i a  f rom 
pep tone ,  Voges P r o s k a u e r  test ,  m e t h y l  red test ,  m e t h y l e n e  
blue  r e d u c t i o n  were posi t ive ,  whi le  indole  t e s t  and  
lec i th inase  tess were nega t ive .  They  f ixed n i t rogen  in 
JE•sEzq's a n i t rogen- f l ee  medium. (5.6 mg /g  sugar  in  
14 days).  T h e y  were f a t a l  to  guinea-pigs  in  h y p o d e r m a I  
in jec t ion  of a h e a v y  dose. On t he  basis  of above  cha rac t e r -  
ist ics t he  bac t e r i a  were ident i f ied  as v e r y  closely r e l a t ed  
to Bacillus cereus F r a n k l a n d ,  and  F r a n k l a n d  4 w i t h  ce r t a in  
differences,  and  were t e n t a t i v e l y  n a m e d  Bacillus cereus 
vat .  signatus. Serological  t es t s  c o n d u c t e d  conf i rmed  t h a t  
t he  cu l tu red  b a c t e r i u m  was s imi la r  to  those  found  in 
var ious  t issues.  

T ransmi s s ion  of b a c t e r i a  was found  to occur  t h r o u g h  
t h e  ovaries,  s ince t h e  smears  of ovaries ,  eggs a n d  haemo-  
l y m p h  showed t he  presence  of bac t e r i a l  symbio tes .  The  
p a t h w a y  of t r a n s m i s s i o n  is t h u s  f rom m y c e t o n e  to h a e m -  
o l y m p h  and  t h e n  to ovar ies  a n d  deve lop ing  oocytes.  
Symbio t e s  were also p r e sen t  in  t he  smears  of h a e m o l y m p h  
of ma le  bugs,  m a l p i g h i a n  t u b e s  of b o t h  male  and  female  
bugs,  and  testes ,  a l t h o u g h  in m u c h  less number s .  T h e  
cause  of such  a d i s t r i b u t i o n  is no t  k n o w n  a t  p resen t .  
BUCHNER'S 1 genera l i za t ion  t h a t  t r a n s m i s s i o n  in  he te ro -  
p t e r o n s  h a v i n g  m y c e t o n e s  in  t he  i n t e s t i ne  is a lways  
ex t e rna l  does n o t  hold  t r ue  in th i s  case. 

Cu l tu red  symbio t e s  were found  a u t o t r o p h i c  to  all 
essent ia l  v i t amins ,  w h e n  rea red  Oil a v i t amin - f r ee  me d i u m.  

Photomicrographs showing a) cultured symbiotes; b) symbiotes in 
smear of mycetomic tissue; • 500. 
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