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Root-Knot Nematodes and the Process of Ageing in Plants 
S. G. MJUGE and R. H. ESTEY ~ 

Abstract: Infec t ion  of p lan ts  by root -knot  nematodes  is of ten accompan ied  by physiological  
changes  characterist ic  of  ageing.  Ultra- low tissue luminescence  of infected p lan ts  indica ted  oxida-  
t ion of ce l l -membrane  lipids. Cells with  m e m b r a n e s  subjec ted  to ox ida t ion  lose some of the i r  
capacity for water  re tent ion.  T r e a t i n g  tomato  and  rad ish  wi th  l idocaine hydrochlor ide ,  an  
inh ib i to r  o[ l ipid oxidat ion,  re tarded above-ground  s ym p t oms  of root-knot  nema t ode  infect ion 
and  o[ ageing.  Key Words: Meloidogyne hapla, Meloidogyne incognita, an t iox idan t ,  l idocaine, 
luminescence .  

I t  was noticed long ago that  plants 
infected with root-knot  nematodes differ 
from healthy plants by having drooping 
leaves that  often begin to turn yellow 
earlier. Analyses of such leaves will almost 
invariably show that  they contain a lower 
percentage of water  by weight. Other  
changes noted (5) are also similar to those 
in ageing plants. T h e  drooping of leaves is 
usually explained by impai red  absorpt ion 
of water  f rom soil by the damaged root  
system, thus leading to a water  deficit. 
Nevertheless, the classical test for water  
movement  in the xylem, which involves 
immersion of the roots in a colored solution, 
or the s tandard manomet r ic  test for root  
pressure, will show that  there is little, if 
any, difference in water  t ransportabi l i ty  be- 
tween healthy and Meloidogyne-infected 
plants, as long as no decay accompanies the 
infection. 

Water  metabol ism can be dis turbed by 
the oxidat ion of cel l-membrane phos- 
pholipids (7). Such oxidat ion is usually 
inhibi ted by a complex anti-oxidative sys- 
tem. An impor tan t  role in this system in 
animal  organisms is thought  to be played 
by vi tamin E. Oxidat ion  is not inhibi ted 
when there is malfunct ion  of this vi tamin,  
as in an old organism (2) or in cancerous 
tumors (4). As a result of this malfunct ion  
the phospholipids  in the cell membranes  
are oxidised and form "hypophobic  tails" 
(7). When  that  happens,  cells re tain water  
less well, lose turgor, and  therefore increase 
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their dry-substance content  and specific 
gravity. In  other words, they have symptoms 
that  are universally present in any ageing 
organism. 

T h e  process of ageing of Caenorabditis 
briggsae can be delayed if the nutr i t ional  
substrate is rich in v i tamin  E or in certain 
other chemical compounds  (8). T h e  latter 
include certain procaine derivatives, such 
as Gerovital  H:~ (1), which delay format ion  
of the p igment  of ageing (lipofuscin). Such 
informat ion permits one to speculate that  a 
similar phenomenon  may also influence the 
oxidat ion of lipids in the membranes  of all 
funct ioning cells. In  that  case many  of the 
parameters  of ageing (specific gravity, water 
content, turgor, etc.) may be explained by 
loss of the cell's capacity for controll ing 
water metabolism, as a result of lipid oxida- 
tion in cell membranes .  

Wi th in  that  background of information,  
experiments  were per formed to see whether  
symptoms of ageing in plants are measur- 
ably related to infection by root-knot 
nematodes.  

M A T E R I A L S  A N D  M E T H O D S  

Ultra-low spontaneous luminescence had 
been shown by Tarusov  et al. (6) to be an 
indicator  of l ipid oxidation.  T h e  method  
they suggested was used in these experi- 
ments. Homogenised leaf mater ia l  was 
placed in a cuvette with double walls be- 
tween which water  was circulated. T h e  
front  wall was of t ransparent  quartz of 
1 sq cm. T e m p e r a t u r e  was main ta ined  at 
1 5 ± 1 C .  

Luminescence was measured by a 
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p h o t o m u l t i p l i e r  "FEy-18" wi th  a small  
pho toca thode  hav ing  a spectral  sensi t ivi ty 
in  the range  of 300-600 nm.  

For increas ing  the signal-to-noise rat io,  
a quar tz  lens was placed be tween  the cuvet te  
and  pho toca thode  to focus tile surface of 
the cuvet te  on to  tile photoca thode .  T i l e  
window of tile p h o t o m u l t i p l i e r  was b rough t  
to the surface t h rough  an  o p e n i n g  in  a 
Dewar vessel to p reven t  abso rp t i on  of tile 
l ight  rays by the l i q u i d  n i t rogen .  Glass 
fogging was avoided by work ing  in  a r o o m  
where tile t empera tu re  could  be lowered to 
abou t  15 C. Sensit ivity,  w i t h i n  the range  of 
400-500 n m  was 10-100 quan t / s ec .  

T h e  ul t ra- low luminescence  of tomato,  
cucumber ,  and  radish p lan ts  was s tudied  
d u r i n g  ageing anti  in  different  stages of in- 
fection by Meloidogyne incognita (Kofoid 
and  Whi te )  Chi twood.  T h e  plants ,  i n  a 
s t andard  ho r t i cu l t u r a l  soil in  pots r andom-  
ized on  a u n i f o r m l y  l ighted greenhouse  
bench,  were inocu la t ed  wi th  50 larvae per 
p l a n t  on  the 10th day after  sprout ing .  
Measurements  of luminescence  were b e g u n  
the day after in fec t ion  and  made  at in tervals  
thereaf ter  (Tab le  1). 

'Fo assess the effect of in fec t ion  by 
root -knot  nematodes  on  the ageing process 
of p lants  and  to see whe ther  the process is 
re la ted to l ip id  ox ida t ion ,  Xylocaiue  
(Lidocaine hydrochlor ide ,  Astra Chemicals  
Ltd.,  Mississauga, Onta r io ,  Canada)  was 

2, April 1978 

used as a l ip id  a n t i o x i d a n t .  I n  one  experi-  
ment ,  tomato  plants ,  seeded a nd  g rown as 
m e n t i o n e d  above,  were i nocu la t ed  at  3 
weeks old wi th  50 larvae per seedl ing of 
e i ther  M. incognita or M. hapla Chi twood  
and  one  week later  were sprayed to run-off  
wi th  a 0.02% Xyloca ine  so lu t ion ,  which  
was repeated  at 5-day intervals  un t i l  four 
sprays had been  appl ied .  

A s imi lar  e x p e r i m e n t  was conduc ted  
wi th  radish  seedlings infected wi th  M. 
incognita. 

R E S U L T S  

T h e  spon taneous  ul t ra- low luminescence  
in un in fec t ed  tomato  a nd  cucumber  p lan ts  
increased very l i t t le  u n t i l  nea r  the end  of 
tile f lowering per iod  or the b e g i n n i n g  of 
f ru i t  fo rmat ion .  For  radish,  tha t  increase 
coincided wi th  i n i t i a t i o n  of the flowering 
shoot. Infec ted  plants ,  i n  contrast ,  had a 
m u c h  ear l ier  increase in  luminescence  
(Tab le  1). T h e  a m o u n t  of increase may de- 
l)end on  the degree of n e m a t o d e  infect ion,  
for a fur ther  increase in  the luminescence  
of some p lan ts  was ev idenced  at  a b o u t  thc 
t ime that  the second gene ra t i on  of nema-  
todes was in fec t ing  tile plants .  

T h e r e  was no  signif icant  difference in  
leaf mass be tween  infected a nd  un in fec t ed  
or be tween  treated a nd  u n t r e a t e d  tomato,  
cucumber ,  and  radish  plants .  T h e r e  was, 

TABLE 1. Effect of Meloidogyne incognita infectinn on luminescence of leaf homogenates of tomato. 
cucumber, and radish. 

Days Luminescence in quants/sec x 
after Tomato Cucumber Radi.sh 

infection Control Infected Control Infected Control Infected 

1 22 21 18 19 20 22 
2 21 28 19 30 21 27 
3 22 40a 18 38a 20 39 
4 25 42a 19 40a 21 60a 
5 23 55b 20 50a 21 65a 

10 22 49b 21 54b 21 70b E 
20 24 48a 20 53b 45 z 75b 
30 r 23 60b 18 56b 76 74 
45 35 63a 26 70b' 75 74 
60Y 39 75" 86Y 76 
75 60 y 82 80 78 
90 65 90 85 82 

XEach figure is an average for 10 plants. Averages followed by a or 
means of their respective controls at the 5% (a) or 2% (b) levels. 
rAppearance of a new generation of nematodes, under all plants. 
"End of flowering or, for radish, the beginning of flowering shoot. 

b are significantly different from the 



however,  a d is t inc t  difference in  the t i m i n g  
of bo th  the appea rance  of the flowers and  
the end  of the t lowering period.  In  infected 
b u t  un t r ea t ed  p lants  the f lowering per iod  
began  4-5 days earl ier  and  ended  15-20 days 
earl ier  t han  in  un in fec t ed  plants .  Xyloca ine  
t r e a tmen t  d id  no t  shift tha t  t i m i n g  in 
hea l thy  tomato  p lan t s  b u t  b r o u g h t  it  back 
to n o r m a l  in  infected p lan ts  ( T a b l e  2). 

Sinfilarly, Xylocaine- t rea ted  un in fec t ed  
radish p lan t s  were no t  different  f rom con- 
trols sprayed wi th  water  ( T a b l e  3), whereas 
Xylocaine- t rea ted  infected p lan ts  differed 
from water-sprayed p lan ts  bo th  in  the t ime 

TABLE 2. Influence of Xylocaine on tomato 
plants infected with root-knot nematodes. 

Nematode Treatrnent 

Water 
Days  content 

flowers of 
present leaves ~ 

First Last %Y 

Controls Water 33a 124a 74a 
Xylocaine 31a 126a 75a 

M. ineognita Water 27b 103b 69b 
Xylocaine 31a 122a 72a 

M. hapla Water 26b 109b 66b 
Xylocaine 30a 119a 70a 

~One hour after watering. 
YAverage of 10 plants. 
Numbers followed by the same letter within each 
column of data are not significantly different (P = 
0.05). 

TABLE 3. Influence of Xylocaine on radish 
plants i.ufected with M. incognita. 

Appearance 
of flower Weight of 

shoots bulbs 
Treatment (days) (g)~ 

Controls Water 35 (33-36)a 10 (5-15)a 
(no 
nematodes) Xylocaine 35 (34-36)a 11 (6-15)a 

M. incognita Water 22 (20-25)b 1 (0-3) b 
Xylocaine 33 (22-35)a 6 (0-10)c 

• Average of ten plants, 35 days after seeding. 
Means followed by the same letter within each 
column of data are not significantly different (P = 
0.02). 
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of flower-shoot appea rance  a nd  in  the 
weight  of storage roots. A single spray ing  
wi th  0.02% Xyloca ine  delayed f lowering 
shoots in  infected p lan ts  to the n o r m a l  t ime 
of un in fec t ed  plants .  

D I S C U S S I O N  

T h i s  work shows once aga in  that  root- 
kno t  nematodes  provoke p r o f o u n d  physio- 
logic changes no t  on ly  in  the affected o rgan  
b u t  in  the whole p lan t .  

T h e  he igh tened  l ip id  ox i da t i on  in  the 
cell m e m b r a n e s  is a p p a r e n t l y  the resul t  of 
a d i s tu rbance  i n  the ba lance  of the 
ox ida t i on - r educ t i on  processes. A p p l i c a t i o n  
of an an t i -ox idan t ,  such as Xylocaine ,  
tends to normal ize  those processes in  root- 
knot - infec ted  p lan t s  b u t  does no t  affect 
them in  un in fec t ed  plants .  

i t  is no tewor thy  that  a 0 .2% so lu t ion  of 
ano the r  an t i -ox idan t ,  propyl  gal late  e ther  
acid, has been  shown to redttce root  ga l l ing  
an d  increase yields of cucumber  p lan ts  (3). 

Those  results, w i th  ours, seem to indi -  
cate tha t  d u r i n g  roo t -knot  deve lopment ,  
jus t  as d u r i n g  ageing, a pa thogen ic  oxida- 
t ion  takes place which  can be lessened by 
app ly ing  ant i -oxidants .  
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