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parasites if they are placed in three 5-g cul- 
tures rather than one 15-g culture. Also, 
when sand is the culture medium, the den- 
sity at the bottom surface should be 15-25 
postparasites/cm = (0.7-1.1 g wet nemas/100 
cm 0. Sand depth should be 1-2 cm for best 
results. 
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Feeding Behaviour and Histopathology of Hirschmanniella 
oryzae, H. imamuri, and H. spinicaudata on Rice 1 

J. o .  Babatola 2 and J. Bridge 3 

Abstract: T h e  feeding  behav iour  of Hirschmanniella oryzae, H. imamuri, and  H. spinicaudata on  
excised rice roots was very s imi lar  to tha t  of  o the r  ty lenchid  nema todes  on  o the r  hosts.  Juveni les  
and  adul t s  of all th ree  species invaded rice roots, caus ing  extensive mechan ica l  damage .  Feed ing  
and  b u r r o wing  activit ies predisposed roots to secondary infect ion in uns ter i le  cul tures .  Surface- 
sterilized nematodes  did  no t  induce  necrosis in axenic  cul tures .  Key Words: Rice root  nematodes ,  
migra to ry  endoparas i tes .  

The  genus Hirschmanniella contains 
some of the largest tylenchid nematodes. 
Eleven species, H. spinicaudata, H. ima- 
muri, H. mucronata, H. gracilis, H. thornei, 
H. belli, H. caudacrena, H. mangaloriensis, 
H. shamimi, and H. indica, have been 
found in association with rice, Oryza sativa 
L. (1, 14, 16, 17). 

H. oryzae was originally thought  to be 
the causal agent of the 'Omomentek'  disease 
complex of rice in Indonesia (21), which is 
now known to be a virus disease, 'cadang 
cadang,' transmitted by a leaf hopper, 
Nephotettix impicticeps (14). Root-rot dis- 
ease of rice has been linked with the feeding 
activities of H. oryzae (5, 20). The  occur- 
rence of 'Akiochi' disease, a physiological 
disorder, is associated with high infestations 
of H. oryzae (8). The  browning of rice roots 
is suspected to be due to micro-organisms 
but  can be aggravated by H. oryzae (I0). 

Stained roots of rice infected with H.  
oryzae show gregarious invasions through 
the same entry point, and large numbers of 
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the nematode have been found at the base 
of the coleoptiles (21). Sivakumar and 
Seshadri (18) sectioned rice roots infected 
with H. oryzae and observed mechanical 
damage in cortical parenchyma, necrosis 
around the feeding area, and dissolution of 
cell wails. 

The  apparent lack of information on 
the biology of H. spinicaudata and H.  
imamuri is probably because H. oryzae is 
usually considered the more important  
species in sympatric occurrences of species 
of Hirschmanniella in most rice-growing 
areas of the world. 

Presented here are detailed observations 
on the comparative feeding behaviour and 
associated damage of H. oryzae, H. spinicau- 
data, and H. imamuri on rice. 

M A T E R I A L  AND METHODS 

Feeding was observed on excised roots 
of rice cv IR8. The  rice seeds were dehusked 
and surface-sterilized in 0.1% mercuric 
chloride for 10 r a i n  followed by three 
washes in sterile distilled water. Single seeds 
were germinated in 9-cm-diam plastic petri 
dishes containing 25 ml 1% ion agar made 
up with modified White's medium in a 
25___1 C incubator (12). Roots were excised 
three days after germination and the seeds 
were discarded. 
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H. oryzae was obtained from infested 
soil from New Delhi, India; H. imamuri 
came from Suweon, South Korea; and H.  
spinicaudata was from Badeggi, Nigeria. 
All species were cultured on rice in a heated 
greenhouse in large sealed pots, sinmlating 
flooded paddy conditions (3). T h e  nema- 
todes were extracted by soaking the soil 
samples in water, sedimenting the large 
particles and passing the supernatant  
through a bank of gxaded-mesh sieves. T h e  
contents of the sieves were washed onto a 
tissue on a plastic mesh in a tray of water, 
and nematodes were collected in suspension 
after 24 h. Infected roots were chopped into 
0.5-cm pieces, and nematodes were extracted 
by the maceration-filtration technique (19, 

Active nematodes were surface-sterilised 
in 0.5% hibitane diacetate for 10 rain, 
followed by three washes in sterile distilled 
water. About  20 to 30 nematodes were 
introduced around the excised roots and the 
petri dishes were sealed with plastic tape. 
Ti le  same numbers of unsterilised nema- 
todes were introduced around excised roots 
in separate petri dishes. All operations were 
carried out  in a sterile laminar-flow cham- 
ber, and all petri  dishes were stored at 
2 5 ±  1 C in an incubator. 

Observations on feeding were begun 24 h 
after inoculation at magnifications of 100 
and 400. Detailed observations were limited 
to ectoparasitic feeding on the roots because 
feeding within roots is difficult to oh- 
serve. T h e  amount  of work done per stylet 
thrust  during feeding was calculated by use 
of the formula G × d, where G is the mass 
of the nematode and d is the distance 
travelled by the stylet. G was calculated 
with Andrassy's (2) formula: G = (a~b)/(16 
× 100,000), where a is the maximum width, 
and b is the length of the nematode; 16 × 
100,000 is a constant. 

Infected rice roots from pot cultures of 
each species were cut into 0.5-to-l.0-cm 
pieces and fixed overnight in boiling for- 
malin acetic acid or in 3% gluteraldehyde 
in 0.025M phosphate buffer, p H  6.8, at 0 C 
(I3). T h e  root  pieces were dehydrated in a 
graded alcohol series and embedded in 
Paraplast (MP 56-57 C). Ten-micrometer  
sections were cut and stained in modified 
Weigert's hematoxylin (7). Some infected 
roots were stained in 0.1% cotton blue or 
0.5% acid fuchsin in lactophenol before 
observations were made. 

RES U LTS  

T h e  general pat tern of feeding was the 
same for all three species (Table 1). Four  
distinct feeding phases were observed in all 
species: 1) probing or exploration; 2) stylet 
penetrat ion;  3) salivation; and 4) ingestion. 

Probing or explorat ion of roots was 
followed by stylet penetrat ion,  which was 
normally at right angles to the root  surface. 
Rate of stylet thrust was initially low and 
irregular. T h e  energy output  involved in 
stylet penetrat ion by H. spinicaudata was 
about  four times that by H. imamuri and 
53 times that by H. oryzae (Table  2). Often, 
two layers of cells were punctured by H.  
spinicaudata and H. imamuri. After styler 
penetration,  the nematodes remained mo- 
tionless. During salivation, the ampula  of 
the dorsal oesophageal gland duct  enlarged, 
followed by a continuous flow of secretions 
through the stylet into the punctured  cell. 
T h e  cytoplasm of the cell slightly darl~ened 
and the flow of secretion gradually stopped 
as the median oesophageal bulb began to 
twitch spasmodically. T h e  twitching soon 
buil t  up into a steady pulsation, and a re- 
verse flow was observed of cell contents 
through the stylet into the nematode. T h e  
rate of pulsation was considerably lower in 

TABLE 1. Times (in seconds) required for feeding functions of three Hirschmanniella s p e c i e s .  I 

H. imamuri  H. oryzae H. spinicaudata 

Stylet penetration 160 (105-194) 186 (112-206) 148 (93-192) 
Salivation 278 (165-401) 368 (183-520) 207 (131-310) 
Ingestion 247 (228-317) 286 (102-378) 192 (154-321) 
Median b u l b  

pulsation persec. 3.2 (2.9-3A) 3.4 (3.0-3.5) 1.8 (1.4-2.2) 

• n m 3 0 .  
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TABLE 2. Forces applied per stylet thrust during feeding by Hirschmanniella species.a 

H. imamuri H. spinicaudata H. oryzae 

Force applied 44.14/~mg# 169.09#mg# 3.17#mg/z 
Styler length 29-52/z 40-48# 16-19# 

*Means of 15 observations. 

H. spinicaudata than in H. oryzae and H.  
imamuri. When the cells collapsed, the 
nematodes withdrew completely from the 
root, or started to puncture  adjacent cells. 

Adults and juveniles of all stages 
invaded roots, often through the same open- 
ing. Juveniles and males moved in and out  
of the roots more frequently than did gravid 
females, which remained inside the roots 
and laid eggs along their burrowed chan- 
nels. T h e  three species fed at all points 
along the root  bu t  were found more often 
around root  tips and along lateral roots. 
Both H. spinicaudata and H. imamuri be- 
came coiled during salivation and ingestion, 
while H. oryzae assumed an open C posture. 

Damage to the tips of main roots was 
severe, resulting in cessation of growth and 
development  of lateral roots around the 
tips. Necrosis was observed in two to four 
cells around the feeding and invasion sites 
in roots inoculated with unsterilised nema- 
todes. 

In stained roots there were lesions ex- 
tending along the burrowed channels of 
the nematode for some distance from tile 
entry point, until, eventually, the nema- 
todes were surrounded by broken, al though 
non-necrotic, cells. No necrosis was observed 
on or around nematode feeding and in- 
vasion sites in axenic cultures. Root  growth 
stopped after 5 weeks, and thereafter gen- 
eral browning occurred around tips, lateral 
root primordia,  root  axils, and root  hair  
bases in both axenic and unsterile cultures. 
Groups of adult  nematodes were often ob- 
served within roots infected by either H.  
imamuri or H. oryzae, but  only single indi- 
viduals of H. spinicaudata were observed at 
any one site. Mechanical damage caused 
large cavities and collapse of cell walls, 
mainly within the cortex. T h e  stele was 
damaged only in roots infected by H.  
spinicaudata (Fig. 1A). T h e  burrowing 
activities of H. imamuri almost severed 
pr imordia  of lateral roots (Fig. 1B), and 

observations were similar in roots infected 
by the other two species. Such root  
pr imordia  turned brown when killed, and 
could be mistaken for lesions caused during 
feeding. Cortical and lacunal ceils were 
collapsed, and cell walls were broken by 
nematode feeding. 

In infected roots from flooded soil cul- 
tures, roots invaded by any of the three 
species were predisposed to secondary infec- 
tion by rot-inducing micro-organisms. T h e  
nematodes moved progressively from ne- 
crotic areas to healthy cortical tissues as 
necrosis spread. Necrosis, together with 
separation and breakdown of cell walls and 
collapse of cells, ult imately killed roots 
invaded by as few as 10 nematodes. 

DISCUSSION 

T h e  feeding patterns of the three species 
are similar to those described for other  
tylenchid nematodes (6, 9, 23). In all three 
species the feeding and invasion of root 
tissues, both  inter-cellularly and intra- 
cellularly, caused extensive mechanical 
damage. The re  was a complete lack of 
necrosis around feeding and invasion sites 
in axenic cultures of all three species 5 
weeks after inoculation. Similar observa- 
tions have been made on banana roots 
attacked by Radopholus similis (4). T h e  
occurrence of necrosis along burrowed chan- 
nels within rice roots a round feeding and 
invasion sites in contaminated cultures of 
all three species agrees with other observa- 
tions (5, 11, 18, 21), and other studies have 
shown that necrosis is less in uninoculated 
roots than in roots inoculated with H.  
oryzae (10). 

T h e  continuous d iminut ion  of necrosis 
along burrowed cavities and its absence 
around the nematode for some distance 
within the root  suggests that there may be 
a phoretic relationship between soil micro- 
organisms and the rice root  nematodes. 
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FIG. 1. A) Damage to the stele and cortex of rice root cv IR  8 caused by the feeding of H. spinicaudata 
(c = cavities, n == nematodes). B) Cavities, c, a round  the base and sides of a lateral root p r imord ium caused 
by H. imamuri. 

. . . . . . . .  L . . . .  
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Feeding of the nematodes caused cessa- 
tion of growth of the main roots and a 
proliferation of lateral roots close to the 
damaged root tips, apparently from break- 
ing of the apical dominance of the roots. 
The creation of large cavities in the cortical 
parenchyma of the root, often accompanied 
by rot-inducing micro-organisms, caused 
disruption and eventual death of the roots. 
Because H. spinicaudata feeds on the stele, 
allowing secondary contamination of the 
vascular  tissues, i t  appears  to have  a grea te r  
damage  p o t e n t i a l  t han  the o the r  two species. 
T h e  col lapse of  cell  walls  also r educed  the 
m e c h a n i c a l  s u p p o r t  t ha t  roots  can offer the  
p lan t .  Observa t ions  of  S i v a k u m a r  and  
Seshadri  (18) and  M a t h u r  a n d  Prasad (11) 
showing  a cel l-wall  t h i cken ing  a n d  dissolu- 
t ion  in  r ice roots  a r o u n d  sites in fec ted  w i t h  
H. oryzae are s imi la r  to ou r  observa t ions  
m a d e  on  y o u n g  roots  in fec ted  by all  the 
three  species of  Hirschmanniella. T h i s  d id  
n o t  occur  in  the absence of secondary  
organisms,  however .  N e m a t o d e s  were  com- 
m o n l y  f o u n d  in  the ae r enchyma  tissues and,  
since aerenchyma cells are adaptations to 
aquatic life, permitting the movement of 
oxygen  f rom leaves to roots  (15), the dam- 
age to these tissues is l ike ly  to res t r ic t  the 
passage of  oxygen,  thus p lac ing  the roots  
u n d e r  oxygen  stress. 

T h e  feed ing  act ivi t ies  of  the three  
Hirschmanniella species thus a p p e a r  to 
have  de le te r ious  effects on  the r ice p l a n t  in  
terms of mechan i ca l  d a m a g e  to the  stele and  
p a r e n c h y m a  tissues, d i s r u p t i o n  of  g rowth ,  
and  p red i spos i t ion  of  the r ice r o o t  to sec- 
o n d a r y  in fec t ion  t h r o u g h  the feed ing  and  
invas ion  sites. Al l  of  these w o u l d  resul t  in  

poor  g ra in  yield.  
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Effect of Nonhost Cultivars on 
Heterodera schachtii Population Dynamics 1 

G. D. Griffin ~ 

Abstract: Broadcast plantings of nonhost cultivars (alfalfa, barley, bean, onion, potato, and 
wheat) in soil in redwood boxes (4.2 X 30 >( 14 cm) infested with Heterodera schachtii reduced 
the initial nematode populations (P = 0.05). The reduction was greater with sugarbeets, a host, 
than with all other cropping treatments except onion, bean, and fallow (P = 0.05). After 80 
days, when the root growth of all treatments had completely penetrated the soil, the nematode 
population was lower under onion than under wheat and barley (P = 0.05). The terminal 
nematode population (160 days) was lowest under onion, followed by bean, potato, fallow, and 
alfalfa. The nematode population was less under onion than under fallow, alfalfa, barley, and 
wheat (P = 0.05). Bean, potato, and fallow nematode populations were less than barley popula- 
tions (P = 0.05). When broadcast plantings of these cultivars were simulated in microplots, the 
terminal population (100 days) was significantly lower under onion and bean than fallow (P = 
0.05). However, no significant differences in reduction of H. schachtii population density were 
obtained when commercial row plantings of these crops were simulated in microplots. H. 
schachtii suppressed growth of barley, tomato, and sugarbeet, but not of bean, onion, alfalfa, or 
wheat in the greenhouse. Only the growth of sugarbeet was suppressed significantly in the field 
(P = 0.05). 

Chemica l s  a n d  c rop  r o t a t i o n  are  the  two 
m a j o r  m e t h o d s  of  c o n t r o l l i n g  the  suga rbee t  
cyst n e m a t o d e  (Heterodera schachtii Schm.). 
F o r  over  30 years  1 ,3 -d i ch lo ropropene  has  
been  used to con t ro l  H. schachtii (10); m o r e  
recent ly ,  a systemic n e m a t i c i d e ,  a l d i c a r b  
(2 m e t h y l - 2 - [ m e t h y l t h i o ] p r o p i o n a l d e h y d e  O- 
[ m e t h y l c a r b a m o y l ] o x i m e ) ,  has p r o v i d e d  ex- 
ce l len t  con t ro l  (1). W h e n  chemica l s  a re  n o t  
used, a c rop  r o t a t i o n  w i th  a n o n h o s t  cu l t i va r  
for as long  as 5 years wi l l  r educe  the  nema-  
tode  p o p u l a t i o n  sufficiently to a l low prof i ta-  
b le  suga rbee t  yields.  Howeve r ,  because  
cu l t i va t ed  l a n d  is b e c o m i n g  scarce, a l e n g t h y  
r o t a t i o n  is o f t en  imprac t i ca l ,  a n d  the  cost  of  
chemica l  con t ro l  m a y  soon b e c o m e  p r o h i b i -  
t ive.  

O n e  m a n a g e a b l e  c r o p - r o t a t i o n  p rac t i ce  
t ha t  has  r ece ived  m i n i m a l  a t t e n t i o n  is the  
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effect(s) of  n o n h o s t  crops  on  suga rbee t  nem-  
a t o d e  p o p u l a t i o n  dynamics  (3, 4). W e  have  
long  k n o w n  tha t  r o o t  diffusates  of  ce r t a in  
p l an t s  s t i m u l a t e  h a t c h i n g  of  n e m a t o d e s  a n d  
tha t  n e m a t o d e s  a re  a t t r a c t e d  to  these dif-  
fusates (4, 8). Since hos t  p l an t s  (beets,  broc-  
coli ,  caul i f lower ,  etc.) have  a pos i t ive  effect 
on  the  h a t c h i n g  o f  suga rbee t  n e m a t o d e  
l a rvae  (12), one  m i g h t  suppose  t ha t  some 
p l an t s  m i g h t  have  a n e u t r a l  or  even a nega-  
t ive effect on  the  h a t c h i n g  of  larvae .  T h e r e  
a re  m a n y  n o n h o s t  c rops  t ha t  m a y  be  used  
for r o t a t i o n a l  c on t ro l  of  the  suga rbee t  nem-  
a t o d e  (7), b u t  l i t t l e  is k n o w n  a b o u t  the  
effect of  e c o n o m i c a l l y  i m p o r t a n t  n o n h o s t  
crops on  the  p o p u l a t i o n  dynamics  of  H .  
schachtii. T h i s  s tudy  was i n i t i a t e d  to com- 
pa re  the  a b i l i t y  of  se lec ted  n o n h o s t  crops  
to r e d u c e  p o p u l a t i o n s  o f  H. schachtii. 

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

EtYects of crop rotation on H. schachtii 
populations: Sandy  l o a m  d u m p  d i r t  soil  
( m o i s t u r e - h o l d i n g  capac i ty  = 2 2 % )  in-  
fes ted w i th  H. schachtii was co l lec ted  f rom 
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