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Lethal Effect of Electrolys is  on N e m a t o d e s  (Meloidogyne incognita) 
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Department o/Physics and Department o[ Zoology, Visva Bharati University, Santiniketan 731 235 (West Bengal, India), 
ld October 1975. 

Summary. Electrolysis  of salt  solutions produces mor ta l i ty  of a p lant-paras i t ic  nematode  Meloidogyne incognita. The 
mor ta l i ty  depends on the  na ture  and amoun t  of the  products  of e lectrochemical  reactions and is enhanced in presence 
of Cu-electrodes. Appl icat ion of magnet ic  fields on electric fields alters nematode  mor t a l i t y  in ferro-magnet ic  electro- 
lytes. 

Exposure  of organisms to electric fields in water  
produces 2 major  effects: 1. or ienta t ion react ion and 2. 
mor ta l i ty .  While  much  a t t en t ion  has been paid to the  
first  effect ~-~, the second effect has no t  been s tudied in 
detail .  The present  paper  deals wi th  the  mor ta l i ty  of a 
p lant-paras i t ic  nematode  Meloidogyne incognita resul t ing 
f rom electrolysis of different  salt  solutions made  wi th  
copper  and p la t inum electrodes. 

Materials and methods. M. incognita larvae were releas- 
ed, in batches of 500, into e lect rolyte  solutions be tween 

~ pair  of Cu- or Pt-electrodes,  1 cm ~, 0.3 cm thick and 
cm apart ,  in petr i  plates of 4 cm diameter .  The  po ten t ia l  

difference across the  electrodes and the  current,  obta ined 
from a 6-V bat te ry ,  were 3 to 3.6 V and 0.06 mA respecti-  
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Fig. 1. Relationship between nematode mortali ty and duration of 
electrolysis of KNO~ solution at 10 -~ g lit -1 concentration using Cu- 
electrodes. Curve visually adapted. No mortal i ty in the control 
without any electric field in 4 h. 
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Fig. 2. Relationship between nematode mortal i ty  and varying con- 
centration of KNO 3 solution electrolyzed for 2 h with Cu-eleetrodes. 
Curves visually adapted. No mortal i ty in the control without any 
electric field in 2 h, 

vely. There  were 4 sets of exper iments :  1. KNO~ solution 
at  10 -1 g lit -1 was electrolyzed wi th  Cu-electrodes for 
0.5, 1.0, 1.5, 2,0, 2.5 and 3.0 h separate ly  and nematode  
mor ta l i ty  was de termined  for each duration.  2. KNO~ 
solut ion a t  5 X l 0  -3, 2 x 1 0  .2 , 4 •  .3 , 6 x 1 0  -2, 8 x 1 0  -~ 
and 10 -1 g lit -1 was electrolyzed for 2 h and nematode  
mor t a l i t y  was de termined  for each concentrat ion.  3, 
Solutions of 9 salts a t  5 • 10 -a g lit -1 of the  ferro- (FeCla, 
COC12, NiCI~), para- (MnCI~, CrCla) and d is -magnet ic  
groups (ZnC12, BaC12, NaC1 and KC1) were electrolyzed 
for 2 h wi th  Cu- and Pt-electrodes,  and the  mor ta l i ty  was 
de te rmined  in each case. 4. A uniform magnet ic  field of 
750 g superimposed on the  electric field in all the  9 salt  
solutions as in 3. The  magnet ic  field was produced by  bar  
magnets  wi th  pole faces 5 cm • 2 cm and 4.4 cm apa r t  and 
was applied a t  r ight  angles to the  electric field (E • H), 
paral le l  to the  la t te r  wi th  nor th  pole and anode  on the  
same side (E ]1 H.N+) and paral lel  wi th  nor th  pole a t  
ca thode (E II N .H- ) .  The control  was wi thou t  any  electric 
field in 1, 2 and 3 and wi th  only magnet ic  field ill 4. All 
the  exper iments  were done a t  room tempera tu re  (33 --  
2 ~ and were repeated  5 t imes  each. 

Results and discussion. Nematode  mor t a l i t y  rose v e r y  
sharply  wi th  the  increase in t ime  (Figure 1) and concen- 
t ra t ion  of K N O  3 solution (Figure 2). Nematodes  also 
died in 2.5 h in pre-electrolyzed K N O  s solution at  10 -1 g 
li t  -1. Af te r  2 h of electrolysis of t h a t  solution, the  p H  
was 6.5 a t  anode and 9.0 a t  cathode.  No nematodes  died 
in the  control.  The results suggest  t h a t  the  mor t a l i t y  was 
due to the  toxic  products  of e lectrochemical  react ions 
and was direct ly  propor t ional  to their  amount .  The  mor-  
t a l i ty  follows Faraday~s 1st law of electrolysis. In  the  
abscissa of Figure  1 the  t ime  could be replaced by  the  
q u a n t i t y  of electricity.  N e m a t o d e  mor t a l i t y  was signif- 
icant ly  higher  (at 0.01 level) wi th  Cu- than  wi th  Pt -  
electrodes in electrolytes of the  3rd set, except ing  ZnCI~ 
and KC1 solutions (Figure 3). The difference in mor t a l i t y  
was tes ted by  Mann-Whi tney  test.  The  higher  mor t a l i t y  
wi th  copper  m a y  be due to CuCI~ as copper  tends  to 
dissolve in electric current  s. Fur ther ,  CuC12 solution at  
5 • 10 -3 and 2 • 10 .3 g lit -1 killed 79.34% and 39.28% 
nematodes  respect ive ly  i n 2 h. 
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The mor t a l i t y  w i th  p la t inum,  an iner t  metal ,  was low 
and  migh t  be due to the  tox ic i ty  of the  sa l t  (BaC12) or to 
HC1 and  HOC1 formed as a resul t  of reac t ion  be tween  
chlorine and wa te r  molecules. The h ighes t  mor t a l i t y  w i th  

2 C1- -> CIe + 2e 
C12 q- H20 = HC1 + HOC1 

BaCI~ (Figure 3) m i g h t  be due to t he  tox ic i ty  of ba r ium 
because the  contro l  w i th  BaCI~ alone showed 18% mor-  
ta l i ty .  
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Fig. 3. Nematode mortality resulting from electrolysis of 9 salt solu- 
tions at 5• 10 -a g lit -1 concentration for 2 h using Cu- and Pt- 
electrodes with and without magnetic field. Controls for each elec- 
trolyte excepting BaCI~: 1. without electric and magnetic field - no 
mortality in 2 h; 2. with magnetic field alone - no mortality in 2 h. 
18% mortality in BaC12 in both 1 and 2. 
a, b, e, d, different letters indicate significant difference in mortality 
at 0.01 level within the graph for an electrolyte. 

The average pe rcen tage  mor t a l i t y  under  crossed fields 
(E H) was the  same as under  E H . N  + and would  there-  
fore s t and  for b o t h  the  s i tua t ions  in Figure  3. In  solut ions 
of fe r ro-magnet ic  salts  the re  was a s ignif icant  increase 
(at 0.05 level) in n e m a t o d e  mor t a l i t y  ill b o t h  electric and 
magne t ic  fields (E H, E H.N+). In  CoCI~ there  was a 
s ignif icant  decrease (at 0.05 level) in mor t a l i t y  unde r  
E H . N - .  No nema todes  died in t he  contro l  of 4. 

The ra te  of chemical  react ion is a l te red  unde r  the  influ- 
ence of magne t ic  fields TM. BHATNAGAR and  MATHUR 9 
suggested t h a t  the  a l tered ra tes  in a n u m b e r  of chemical  
react ions  were caused by  a s t i r r ing effect  of the  magne t ic  
field on the  solut ion as well as an a l ignment  of pa ramag-  
net ic  m o m e n t s  of the  molecules involved.  In  the  p resen t  
e x p e r i m e n t  b iomagne t ic  effects were observed  only  in 
case of Ie r ro-magnet ic  sal ts  and,  as such, could be ascribed 
to the  a l ignment  of para-magnetic m o m e n t s  of the  mo- 
lecules which migh t  have  increased the  veloci ty  of electro- 
chemical  react ions.  
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Summary. UV-i r rad ia t ion  of pheny la lan ine  by  253.7 n m  l ight  in the  presence of hydrogen  peroxide  formed 5 n inhydr in  
reac t ive  p roduc t s  and  ammonia .  Four  of t h e m  were ident i f ied as aspar t ic  acid, serine, a lanine and lysine. 

Stable  and uns tab le  subs tances  which  produce  chemical  
effects  have  been  shown to  be formed b y  u l t rav io le t  (UV) 
light.  One such subs tance  is hyd rogen  peroxide  fo rmed  
dur ing  UV- i r rad ia t ion  of nicot ine in t he  presence  of 
me thy l ene  blue 2. EERRARI and  PASSERA 3 have  shown the  
fo rma t ion  of serine b y  UV- i r rad ia t ion  of aspar t ic  acid. 
They  sugges ted  t h a t  t he  hyd roxy l  radical  for its forma-  
t ion  comes f rom hyd rogen  peroxide,  p roduced  by  U V  
act ion on oxygen  p re sen t  in solutions.  

We  not iced d i f fe ren t  behav iour  of hydrogen  peroxide  
on UV-i r radia t ion .  Exposu re  to  253.7 n m  l ight  resul ts  in 
its d i sappearance  and  the  same t r end  was not iced  when  
i r radia ted  in t he  presence  of ci trul l ine and  arginine.  
However ,  in t he  presence  of Iysine, ty ros ine  and  phenyl -  
alanine,  t he  a m o u n t  remained  unchanged  wi th  va ry ing  
rad ia t ion  doses. In  view of these  observat ions ,  an in- 
ves t iga t ion  of t he  effect  of 253.7 nlI1 l ight  on aqueous  
solut ions of pheny la lan ine  in t he  presence  of hydrogen  

peroxide  was under taken .  Special emphas i s  has been laid 
on the  separa t ion  and ident i f ica t ion  of amino  acids thus  
formed.  

A shor t  wave leng th  U V - l amp  Spectrol ine (manufac-  
tu red  by  Black L igh t  Eas te rn ,  Inc.  USA,  model  R-51) 
hav ing  m a x i m u m  emission at  253.7 n m  and in tens i ty  155 
~w/cm 2 at  a d i s tance  of 18" was employed  as rad ia t ion  
source. Aqueous  solut ion of 2 m M  pheny la lan ine  were 
exposed t o  U V  as previous ly  r epor ted  4. To s t u d y  the  
effects  of hydrogen  peroxide,  equal  amo u n t s  (v/v) were 
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