
Vertical Migration of the Rice White-Tip Nematode, 
Aphelenchoides besseyi ~ 

J. A. ADAMO,  C. P. M A D A M B A  and T. A. CHEN 2 

• 4bstract: In  t h e  l a b o r a t o r y ,  t h e  v e r t i c a l  m i g r a t i o n  o f  Aphelenchoides  besseyi w a s  f a v o r e d  b y  
r o u g h  s u r f a c e s  a n d  a n  i n v e r s e  w a t e r  g r a d i e n t .  I n  r e l a t i o n  to  g r a v i t y ,  t h e  n e m a t o d e  m i g r a t e d  
d o w n  o r  tap e q u a l l y ,  a c i r c u m s t a n c e  s u g g e s t i n g  t h a t  a g e o t a x i s  was  n o t  i n v o l v e d .  S t e m s  of  r i c e  
s e e d l i n g s  w e r e  ef fec t ive  s u r f a c e s  fo r  v e r t i c a l  m i g r a t i o n  o f  n e m a t o d e s  o n l y  w h e n  t h e  s t e m s  w e r e  
c o n t i n u o u s l y  s u p p l i e d  w i t h  m o i s t u r e .  Key Words:  b e h a v i o r ,  g e o l a x i s .  

T h e  l i terature dealing with the rice 
white-tip disease and its causal organism, 
Aphelenchoides besseyi Christie, was re- 
cently reviewed by Ou (11) and Ichinohe 
(10). Al though no work on vertical migra- 
tion has been reported,  a number  of obser- 
vations indicate the impor tance  of the nem- 
atode's migratory behavior  to survival, dis- 
semination, and its general life pattern.  

Several factors which affect or ientat ion 
and vertical migrat ion of above-ground, 
plant-parasit ic nematodes have been in- 
vestigated (1, 2, 3, 9, 18). Some parasitolo- 
gists have studied the nature  of plant  sur- 
faces as related to the movement  of animal-  
parasitic nematodes and the abiotic ecolog- 
ical factors involved in vertical migrat ion 
(4, 6, 12, 13). Studies on the vertical migra- 
tion of plant-parasitic forms have concen- 
trated pr imari ly  on Aphelenchoides ritz- 
emabosi (Schwartz) Steiner and Buhrer  and 
Ditylenchus dipsaci (Kiihn) Filipjev. 

In the case of A. besseyi, the l i terature 
clearly suggests a relat ionship between mi- 
gratory behavior  and the overall biology of 
the animal.  Apparent ly,  infection of rice 
plants by the nematode from soil is min- 
imal, whereas the organism was found to 
spread via irr igation water  (19). T a m a r a  
and Kegasawa (14) repor ted that  A. besseyi 
did not attack the young roots of rice seed- 
lings. However,  once on the rice plant,  the 
animal was found to move f rom one part  to 
another  (8). T o d d  (15) could not find the 
nematode in any tissues and concluded that  
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it was an ectoparasite on rice. I t  has been 
suggested that  tile nematode does not  over- 
winter in soil (5) and is disseminated pri- 
mari ly through infested seed (7). Fukano 
(7) indicated that  irr igation water  contain- 
ing infested seeds was a secondary means of 
spread. A chemical at traction for A. besseyi 
to certain cultivars of young growing rice 
plants or aqueous extracts of germinat ing 
seed has been demonstra ted  (9). T h e  nem- 
atode migrates upward  in moisture that  
forms on the walls of flasks when it is reared 
on fungi growing on steamed rice (16). We 
have also observed that worms aggregate in 
droplets on both  covers of Petri plates and 
on walls of culture tubes. 

Since A. besseyi must  migrate  vertically 
to reach developing seed, we init iated in- 
vestigations to determine the nature  of 
vertical migrat ion and the factors that  in- 
fluence this behavior.  Experiments  were un- 
der taken to determine the effects of mois- 
ture, texture, surface area, and gravity on 
migrat ion of A. besseyi. 

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

Nematodes  used were f rom cultures 
mainta ined in the laboratory on Alternaria 
brassicae (Berk.) Sacc. grown in potato- 
dextrose-agar (PDA). T h e  nematodes were 
originally isolated from rice grown in 
Potatan, Iloilo, the Philippines.  Studies 
were conducted dur ing  December,  January,  
and February when the normal  laboratory 
telnperatures were 25-30 C. All experiments  
were conducted in the dark. Ti le  test struc- 
tures were removed after 18-24 11 of incuba- 
tion, soaked in water, and the water  ex- 
amined for numbers  of nematodes present. 

Upward migration in a moist environ- 
ment: Upward  migrat ion was de termined 
by using capillary tubing (0.8 m m  diam), 
glass microscope slides (13 x 38 mm),  
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wooden match sticks (2 x 2 mm), and rice 
seedling (Oryza sativa Linn., 'Ta ichung  
Native I') stems about  4 mm wide. All the 
materials were 38 mm long. Each structure 
was placed individually and separately in 
an upright position in a Syracuse dish previ- 
ously filled with melted paraffin wax (Fig. 
! A-C). One ml of sterile distilled water was 
placed around each structure, and 10 hand- 
picked, freshly isolated, active worms were 
added. Each treatment was replicated 10 
times. The  Syracuse dishes were placed in 
enamel pans which in turn were kept in 
large moistened plastic bags. After 20 h, the 
structures were removed and soaked in 
water. Rice stems and match sticks were 
teased into small pieces and soaked over- 
night. Nematodes isolated from each struc- 
ture were counted. 

Upward migration in a firm of moisture: 
In addit ion to the vertical structures uti- 
lized in the first experiment, three-ply cot- 
ton string (0.7 mm diam) was also included 
in the next series of tests. A film of moisture 
was provided to each surface by a string 
serving as a wick drawing water from a 
small well. A pair of capillary tubes, match 
sticks, rice stems, or strings was placed in 
an upright  position in a dish containing 
minced nematode-fungus culture. Treat- 
ments were replicated l0 times. Each struc- 
ture was individually provided with a small 
well (Fig. l-E, 2-B). One of the wells of 
each pair contained 3 ml of water, and the 
other was empty. 

Two  other structures, glass slides and 
capillary tubes without wells, were also in- 
cluded in the second experiment. Three  
13 x 38 mm glass slides, provided with wells, 
were placed in a dish of minced culture. 
Two of these slides had smooth surfaces, 
and the other was roughened with a dia- 
mond pencil (Fig. l-D). One of the smooth 
slides was allowed to remain dry. A pair of 
capillary tubes, without wells, was placed in 
a dish of culture. One of the tubes was half- 
filled with water, and the other was dry. 
Each structure was removed after 24 h, 
soaked, and the number  of nematodes on 
each was determined as previously de- 
scribed. 

Surface area: A third experiment was 
conducted to determine the relationship of 
surface area to numbers of nematodes 
climbing glass slides. Three  glass slides of 

the same length were used (Fig. I-F). Two  
were of the same width (14-15 mm), but  
one had a rough surface and the other was 
smooth. The  third glass slide had a rough 
surface and a narrowed width (7-8 ram). A 
film of moisture was provided for each 
slide by a string drawing water from a 
well. The  slides were removed from the 
culture dishes, and the worms were counted 
18 h after initiation. The  experiment was 
replicated 5 times. 

Downward migration in a film of mois- 
ture: The  descending behavior of the nem- 
atode was determined by using a set-up 
similar to that previously described. Two 
cotton strings were connected to each of 
five dishes of minced culture and extended 
downward into small wells below (Fig. 2-A). 
One well of each pair of strings was pro- 
vided with water. Each string was removed 
after 24 h and soaked before the nematodes 
were counted. 

Vertical migration in relation to grav- 
i~: A pair of wells with accompanying 
cotton strings was attached directly to each 
culture dish containing the nematodes. One 
well of each pair was placed above the cul- 
ture dish, and the other was placed below 
(Fig. 2-C). In the first treatment, only the 
upper wells were filled with water, whereas 
in the second treatment, the lower wells 
were filled. In the third treatment, both the 
upper and lower wells were supplied with 
water. No water was supplied in any well in 
the last treatment. Instead, water was ap- 
plied on the culture dishes. All treatments 
were replicated 5 times. The  wells and 
strings were removed after 20 h and the 
numbers of nematodes present were de- 
termined. 

RESULTS 

Upward migration in a moist environ- 
ment: Tile upward migration of A. besseyi 
on vertical structures from a "pool" of 
water and in a moist environment was 
found to vary with surface conditions. The  
ascent on nontextured, nonabsorbent, sur- 
faces of capillary tubes or glass slides was 
nil. The  rate of climb on rough, absorbent 
match sticks was high al though it was not 
so on rice seedling stems exhibiting tex- 
tured surfaces. 

Upward migration in a film of moisture: 
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FIG. 2 (A-C). Arrangement of strings, wells, and cultures for vertical migratory studies on the nem- 
alode, Aphelenchoides besseyi. A) Set-up for descending studies. B) Position of material for ascending 
studies, t:) Arrangement of materials for tests involving vertical migration in relation to gravity. 

The vertical ascent of nematodes in a film 
of moisture was found to be texture de- 
pendent (Table 1). The  upward climb of 
A. besseyi on smooth surfaces, regardless of 
moisture conditions, was almost nil. The  
number  of worms climbing wet and dry 
capillary tubes did not differ. Likewise, no 
differences were found in the numbers of 
nematodes moving up wet and dry smooth- 
surfaced glass slides. All textured surfaces 
supplied with a continuous film of mois- 
ture (from a source located above the dish) 
encouraged an upward movement of nem- 
atodes. A few worms were observed to move 
upward on strings connected to dry wells. 
The  string became wet when moisture was 
imbibed from the culture dish by capillary 
action. 

/ / / / /  
\ \ \ \ \  

Surface area: The  number  of nematodes 
ascending glass slides was found to vary 
with the area of the structure (Table 2). 
The  results show that nematodes climbed 
rough-surfaced glass slides o£ wider width 
more effectively than smooth surfaces. More 
worms climbed roughened 14.5-mm wide 
slides than those with a 7.5 mm width. 

Downward migration: The  descending 
movement of nematodes on string was ob- 
served when moisture was initiated from a 
source located below the culture dish. As in 
the earlier experiment, strings connected to 
dry wells became wet as a result of capillary 
action. 

Vertical migration in relation to grav- 
ity: The  vertical migration of A. besseyi 
was not directly affected by gravity (Table 

FIG. 1 (A-F). Structures and arrangements of materials used in ascending migratory studies on the 
nematode, Aphelenchoides besseyi. A-C) Capillary tube, match stick, and "cut" glass slide set-up in wax- 
lilled dishes with "pools" of water. D) Rough and smooth slides. E) Match sticks--showing the arrangement 
of vertical structures, strings and wells for migration studies in a film of moisture. F~ Modified glass slides-- 
showing the position of three different slides (rough thin, smooth wide, and rough wide), strings, and 
wells for upward migratory studies. 
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TABLE l. Upward  migration of Aphelenchoides 
besseyi in a film of moisture on various structures. 

Structure No. 
and Surface nematodes 

t reatment  texture x ascending y 

TABLE 2. Upward  migrat ion of Aphelenchoides 
besseyi as affected by the surface area of moistened 
glass slides. 

No. nematodes 
Trea tmen t  ascending* 

Capillary tube wi thout  well 
A dry surface (control) N T  0 a 
B wet surface N T  0 a  

Capillary tube with well 
A dry well (control) N T  0 a 
B wet well N T  0 a 

(;lass slide with well 
A dry well (control) N T  0 a 
B wet well N T  6 a 
C wet well T 111 b 

Match stick with well 
A dry well (control) T 1 a 
B wet well T 86 b 

Rice seedling with well 
A dry well (control) T 6 a 
B wet well T 90 b 

String with well 
A dry well (control) '  T 4 a 
B wet well T 113 b 

xT = Textured;  N T  = uontextured.  
rMean of 10 replications each. Trea tment  means 
followed by the same letter do not differ from one 
another  according to Duncan's  muh ip le  range test 
( P  = .05).  
'Strings attached to dry wells became wet due to 
capillary action. 

S). The re  was significant upward  movement  
of the nematode  when only the wells above 
the culture initially contained water. On 
the other hand, the direction of movement  
shifted downward markedly  when only the 
wells below had water. In cases where both  
upper  and lower wells were provided with 
water, migra t ion in both  directions was ob- 
served. However,  the mean num ber  of nem- 
atodes moving upward  was greater  than 
that  migra t ing downward.  T h e  flow of 
water  from the wells in this t rea tment  was 
appreciably influenced by gravity. After  
incubation,  the upper  wells were nearly 
empty,  but  the lower wells were almost  full. 
When  all wells were initially dry, migra t ion 
was comparat ively less, but  there was signif- 
icant downward movement  of the nema- 
tode. Like those in all previous tests, strings 
at tached to dry wells were wet upon re- 
moval  and tinted with p igment  which ap- 

Smooth slide with ca. 
area of 145 mm-"/cm (control) 2 a 

Rough slide with ca. 
area of 75 mmZ/cm 75 b 

Rough slide with ca. 
area of 145 mm2/cm 165 c 

'Mean of five replications each. T rea tmen t  means 
followed by the same letter do not differ from one 
another  according to Duncan 's  mult iple range test 
(P = .05). 

parent ly  came from tile fungi in the culture 
dish. 

DISCUSSION 

T h e  results of the present work showed 
that  A. besseyi cl imbed any roughened sur- 
face continuously supplied with moisture 
or which had the abil i ty to hold moisture.  
Effectiveness of surfaces for vertical migra- 
tion was positively related to structure 
width. Aphelenchoides besseyi descended 
under  conditions of a water  gradient  initi- 
ated from below, and in most  cases the 
animal  migrated against an opposite gentle 

TABLE 3. Vertical migrat ion of Aphelenchoides 
besseyi in a fihn of moisture on string. 

No. nematodes 
T rea tmen t  (position migrat ing 
of moisture supply) (ascending/descending)" 

Above culture dish b 212/3"* 

Below culture dish 3/210"* 

Both above and 
below culture dish 400/99* 

Neither  above nor  
below culture dish 
(in culture dish only) 20/60* 

"Mean of five replications each. Mean numbers  of 
nematodes ascending and descending were analyzed 
for each t reatment  by the paired t-test, (*, ** = 
significant at 5 and 1% levels, respectively). 
bln all cases strings attached to dry wells became 
wet due to capillary action. 
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f low of  wa te r .  T h e  d a t a  a lso  i n d i c a t e d  t h a t  
t he  m o v e m e n t  was  n o t  d i r e c t i o n a l  w i t h  re- 
spec t  to g r a v i t y ;  ,4. besseyi m i g r a t e d  u p  o r  
d o w n  e q u a l l y  wel l ,  a c i r c u m s t a n c e  suggest-  
i n g  t h a t  a g e o t a x i s  was  n o t  i n v o l v e d .  

S tems  of  r i ce  seed l ings  w e r e  f o u n d  to  be  
r e l a t i v e l y  i n e f f e c t i v e  s t r u c t u r e s  fo r  n e m a -  
t o d e  m i g r a t i o n  w h e n  they  w e r e  w e t t e d  f r o m  
be low.  H o w e v e r ,  w h e n  m o i s t u r e  was  con-  
t i n u o u s l y  s u p p l i e d ,  A. besseyi c o u l d  r e a d i l y  
m i g r a t e  o n  r i ce  s tems.  

M o s t  o f  t he  d a t a  o b t a i n e d  w e r e  i n  gen -  
e ra l  a g r e e m e n t  w i t h  t h e  c o n c e p t  o f  g r e a t e r  
n t i g r a t i o n  t o w a r d  t h e  w e t t e r  e n d  of  a w a t e r  
g r a d i e n t .  I n  t w o  e x p e r i m e n t s  c o n d u c t e d ,  
t h e  effect  o f  g r a v i t y  o n  t h e  f low of  w a t e r  in-  
f l u e n c e d  n e m a t o d e  m i g r a t i o n .  W h e n  mois -  
t u r e  was  a p p l i e d  to t h e  su r f ace  o f  t h e  cul-  
t u re s  b u t  n o t  s u p p l i e d  in  t h e  wel ls ,  i t  was  
f o u n d  t h a t  w a t e r  m i g r a t e d  u p  a n d  d o w n  
s t r ings  as i n d i c a t e d  by its phys i ca l  p re sence .  
I n  th is  case, m o r e  w a t e r  a n d  m o r e  w o r m s  
w e r e  f o u n d  b e l o w ,  a l t h o u g h  g e n e r a l l y  l o w  
n u m b e r s  of  n e m a t o d e s  w e r e  e n c o u n t e r e d .  
T h e s e  e v e n t s  c a n  be  e x p l a i n e d  by  w a y  of  a 
w a t e r  g r a d i e n t  h y p o t h e s i s  a n d  g rav i t y .  H o w -  
ever ,  w h e n  u p p e r  a n d  l o w e r  wel l s  w e r e  in i -  
t i a l ly  w e t  a n d  t h e  c u l t u r e s  r e l a t i v e l y  dry,  i t  
was f o u n d  t h a t  t h e  u p p e r  we l l s  w e r e  n e a r l y  
d r y  w h i l e  t h e  l o w e r  we l l s  w e r e  fu l l  a n d  
p i g m e n t e d  a t  t h e  e n d  of  t h e  e x p e r i m e n t .  
T h e s e  r e su l t s  sugges t ed  t h a t  w a t e r  i n i t i a l l y  
a n d  c o n t i n u o u s l y  m i g r a t e d  d o w n  f r o m  up-  
p e r  wel ls ,  w h i l e  a t  s o m e  p o i n t  t h e  u p w a r d  
m i g r a t i o n  of  w a t e r  f r o m  t h e  l o w e r  we l l s  
s t o p p e d  a n d  r e v e r s e d  i ts  d i r e c t i o n  o r  t r e n d  
of  m o v e m e n t .  I f  a g r a d i e n t  was  the  o p e r a t -  
i ng  fac to r ,  e q u a l  o r  h i g h e r  n u m b e r s  of  n e m -  
a todes  s h o u l d  h a v e  b e e n  f o u n d  d e s c e n d i n g .  
I n  th is  case, m o r e  w o r m s  m i g r a t e d  u p w a r d .  
T h e  d a t a  sugges t ed  t h a t  t h e  w o r m s  w e r e  af- 
f ec ted  by  a n o t h e r  fac tor .  

T h e r e  is l i t t l e  e v i d e n c e  for  r h e o t a c t i c  
r e sponses  o f  p l a n t - p a r a s i t i c  n e m a t o d e s .  T h e  
f ind ings  of  W a l l a c e  (17), a n d  of  B a r r a c l o u g h  
a n d  F r e n c h  (1) s h o w e d  this  was  n o t  t h e  case 
w i t h  .4. ritzemabosi. A f o r m  of  f low o r i e n t a -  
t ion ,  p e r h a p s  as a t ac t i l e  s t i m u l a t i o n ,  w o u l d  
h e l p  to  e x p l a i n  t h e  p r e s e n t  o b s e r v a t i o n  a n d  
w o u l d  be  i n  a g r e e m e n t  w i t h  t h e  da ta .  
W h e t h e r  th is  o b s e r v a t i o n  was  a r e s u l t  o f  
t he  n a t u r e  o f  t h e  e x p e r i m e n t  o r  a f o r m  of  
f low o r i e n t a t i o n  r e m a i n s  to be  s h o w n .  
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Adenosine Triphosphate Quantification as Related to 
Cryptobiosis, Nematode Eggs, and Larvae ~ 

HARVEY W. SPURR, JR. 2 

Abstract: Sonification was the most  effective me thod  used for d i s in t eg ra t ing  nematode  eggs and  
larvae for adenosine t r i phospha te  (ATP) de te rmina t ions .  Sensit ivi ty of the assay was sufficient 
to measure  A TP  in one larva. Second-stage larvae of Anguina tritici averaged 1 x 10s femto- 
grams (fg) A T P  and  Meloidogyne incognita eggs, 0.8 x 105 fg ATP.  Larvae  of Panagrellus 
redivivus, a saprobe, averaged 12.2 x 105 fg ATP,  a measuremen t  which was considerably  h ighe r  
than  the A TP  levels in p l an t  parasites.  Endophy t i c  bacter ia  and  fungi  from wheat  galls were 
detected as background  organisms associated wi th  A. tritiei act iva ted  by hydra t ion .  Also, bac te r ia  
in suspensitms of eggs from M. incognita prepared  wi th  NaCIO were measured  by the use of 
bu tano l  ex t rac t ion  and A T P  de te rmina t ion .  Second-stage A. tritici larvae increased in  A T P  
content  w i th in  40 mln  af ter  be ing  ac t iva ted  from cryptobiosis  by hydra t ion .  In the c ryptobio t ic  
state, larvae had 50% less ATI '  than  when  active. ATP  concent ra t ions  were s imi la r  in galls of 
different  ages. Apparen t ly ,  A T P  concent ra t ions  do not  change d u r i n g  cryptobiosis.  Starvat ion 
results  in a decl ine in A TP  concen t ra t ion / l a rva .  Subject ing A. tritici larvae to the le tha l  tem- 
pe ra tu re  of 60 C resul ted  in  a three-fold increase in  the decay ra te  o[ A T P  over tha t  of larvae 
snnified, then  heated at  60 C. These  results  suggest an associat ion between A T P  decay and  the 
mechan i sm tha t  causes dea th  of larvae at  e levated tempera tures .  Key Words: Anguina tritici, 
Meloidogyne incognita, Panagrellus redivivus, starvat ion,  t he rma l  inac t iva t ion .  

Living organisms depend on adenosine 
triphosphate (ATP) and similar com- 
pounds to energize vital metabolic activ- 
ities, and nematodes in various states of 
hypobiosis must preserve adequate ATP,  or 
a mechanism for synthesizing it, to survive. 
The  measurement of A T P  in nematodes 
has been hampered by the lack of suitable 
techniques. When  a sensitive instrument 
was developed for the quantification of 

Received for publication 26 August 1975. 
l Cooperative investigations of the Southern Region, Agri- 

cultural Research Service, United States Department of 
Agriculture and the North Carolina State University Agri- 
cultural Experiment Station, Raleigh. Paper No. 4830 of 
the North Carolina Agricultural Experiment Station, Ra- 
leigh. Mention of a trademark or proprietary product 
does not constitute a guarantee or warranty of the prod- 
uct by the U.S. Department of Agriculture or North Caro- 
lina State University, and does not imply its approval to 
the exclusion of other products that may be suitable. 

2Research Plant Pathologist, Southern Region, Agricul- 
tural Research Service, U. S. Department of Agriculture, 
Oxford Tobacco Research Laboratory, Oxford, North Caro- 
lina 27565 and Professor of Plant Pathology, North Caro- 
lina State University, Raleigh. The author appreciates the 
technical assistance of Eleanor T. Howard and thanks Dr. 
T. T. Hebert for providing wheat galls and W. M. Wil- 
liams for the photographs. 

bacterial A T P  and populations (1, 2), I de- 
signed these experiments to: (i) extract and 
quantify nematode ATP,  (ii) compare ATP 
in different larvae and eggs, and (iii) de- 
termine A T P  in cryptobiotic larvae before 
and during hydration and activation. 

MATERIALS A N D  M E T H O D S  

Sources and species of nematodes: T o  
obtain active larvae of Anguina tritici 
(Steinbuch) Filip., wheat  galls ("cockles") 
were soaked in water, opened with a teas- 
ing needle, and the second-stage larvae 
squeezed out with forceps into water in a 
watch glass. Hydration caused the larvae to 
take shape and become active. When  galls 
were soaked 1 h or less before excision, 
larval movement began 8-24 h after excision 
and fewer viable larvae were obtained than 
when galls were soaked for longer periods 
before excision. When  galls were soaked for 
1-3 days prior to excision, high numbers of 
active larvae were observed after 45-60 rain. 
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