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Abstract: T h e  influences of a vesicular-arbuscular mycorrhiza ((;Iomus etunicatus) and bur rowing  
nematode (Radophohts similis), alone and in combination,  on the growth of rough lemon (Citrus 
lirnon) seedlings were studied in the greenhouse. Growth of mycorrhizal seedlings was significantly 
greater than that of nonmycorrhizal seedlings or  seedlings inoculated with R. sindlis. Mycorrhizal 
s t imulation of seedling growth was inhibited by nematode infection. When seedlings were inocu- 
lated with G. etunicatus arid R. similis, suppression of seedling growth by R. similis was less on 
VAM seedlings than on nonmycorrhizal seedlings, Nonmycorrhizal  seedlings infected with R. 
similis were significantly smaller than nonntycorrhizal seedlings free of R. similis. Vesicle forma- 
tion and mycelia growth were less in nematode-infected toots. Key Words: Endomycorrhizae, 
bur rowing  nematode, rough lemon. 

Nearly all flowering plants (angio- 
sperms) are associated with symbiotic 
mycorrhizal fungi, which usually benefit 
plant development. Citrus is associated with 
a number of vesicular-arbuscular mycor- 
rhizal (VAM) fungi (6, 8, 11). Under 
natural conditions citrus roots are readily 
colonized by mycorrhizal fungi, which im- 
prove the mineral nutr i t ion of the host by 
improving the uptake of phosphortts (4, 6) 
and perhaps other minor elements (6, 9). If, 
however, these fungi are destroyed by heat 
or fumigation, plant growth is limited and 
vigor is reduced, particularly in soils low in 
phosphorus (6, 7, 18). 

The  combined influence on a host of 
obligate plant-parasitic nematodes and 
obligate endomycorrhizal fungi has been 
studied only recently (3, 5, 13, 15, 17, 19). 
There is variation in host response to the 
pathogen-mycorrhizal complex. Disease 
symptoms caused by pathogenic organisms 
may be less severe in the presence of mycor- 
rhizae (2, 5, 15) or antagonism may occur 
whereby both organisms are adversely af- 
fected (3, 13) or the mycorrhiza may 
predispose its host to the effects of a patho- 
gen (16). 

Rough lemon [Citrus limon (L.) Burm. 
f.] is an important  rootstock used in Florida 
and other citrus-growing areas. Previous 
studies (11, 13) have shown that rough 
lemon seedlings respond readily to mycor- 
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rhizal infection in an Astatula fine sand 
(hyperthermic, uncoated typic quartzipsam- 
ments; formerly Lakeland sand) common to 
the Central Ridge area of Florida. This soil 
contains the minimum phosphorus level of 
40 izg/ml considered adequate for citrus 
cnlture in Florida (14). Only the addition 
of mycorrhizae or high rates of phosphate 
(20) to the soil will provide renewed growth 
of nonmycorrhizal seedlings. 

It has often been demonstrated that 
Radopholus sirnilis (Cobb) Thorne  can 
suppress citrus development and that rough 
lemon rootstock is very susceptible to this 
nematode (12). The  role of mycorrhizae in 
seedling development in the presence of this 
pathogen is unknown. This study was done 
to determine the effect of a VAM fungus, 
Glomus etunicatus Becker g: Gerd., and of 
R. similis on tile development of Citrus 
limon, and to define the interaction of the 
tWO. 

MATERIALS AND METHODS 

Seeds of rough lemon were planted in 
two 25 × 30 × 46-cm wooden flats contain- 
ing steam-pasteurized Astatula fine sand 
(95% sand, 3% silt, 2% clay), 0.25% or- 
ganic matter, pH 5.9, in a greenhouse. Two 
months later, when the seedlings were in 
the one- and two-leaf stages, 500 g of soil 
infested with G. etunicatus (250 chlamy- 
dospores/25 g of soil) was mixed in the 
seedling rows of one fiat. The  source of the 
G. etunicatus inoculum was soil containing 
VAM citrus seedlings free of R. sirnilis. The 
other flat received similar soil free of my- 
corrhizal spores. Two months after the soil 
was infested with mycorrhizal inoculum, 
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the seedlings were removed from each flat 
and washed in flowing tap water to remove 
adhering soil particles, and 20 mycorrhizal 
and 40 nonmycorrhizal  seedlings of un i form 
height and size were selected. 

,lust before the seedlings were trans- 
planted, 100 g of mycorrhiza-in[ested soil 
containing about  190 G. etunicatus chlamy- 
dospores was mixed in the top 10 cm of 
steam-pasteurized Astatula fine sand subsoil 
in each of twenty 20-cm clay pots; 100 g of 
steam-pasteurized nonmycorrhizal  soil was 
mixed in each of forty similar pots. Astatula 
fine sand was used because it is a preferred 
soil for m a x i m u m  activity of R. similis 
(12). Twen ty  mycorrhizal seedlings were 
t ransplanted into pots containing non- 
mycorrhiza-infested soil, and the 40 non- 
mycorrhizal seedlings were transplanted 
into 20 pots each of soil with and without  
G. etunicatus inoculum. One week later, 
100 R. similis extracted by root incubat ion 
(21) from greenhouse-infected citrus seed- 
lings were added to each of half  of the pots 
in each g3coup of the seedlings. T h e  treat- 
ments were: l) mycorrhizal  seedlings in 
soil free of G. etunicatus and R. similis; 2) 
mycorrhizal seedlings in soil free of G. 
etunicatus but  inoculated with R. similis; 
3) nonmycorrhizal  seedlings in soil infested 
with G. etunicatus but  not inoculated with 
R. similis; 4) nonmycorrhizal  seedlings in 
soil infested with G. etunicatus and inocu- 
lated with R. similis; 5) nonmycorrhizal  
seedlings in soil free of G. etunicatus and 
R. similis; and 6) nonmycorrhizal  seedlings 
in soil free of G. etunicatus but  inoculated 
with R. similis. Trea tments  were replicated 
10 times, 1 p lan t / t r ea tment ,  and random- 
ized in a complete block design on a green- 
house bench. Fiberglass separators were 
placed between pots to prevent  accidental 
cross-contamination. 

Transp lan ted  seedlings were main ta ined  
at ambient  greenhouse temperatures  rang- 
ing fi-om 20-32 C and given regular cultural  
maintenance,  except fertilization. Each 
seedling received 400 ml of an 8-8-8 (N-P-K) 
liquid nutr ient  solution at 1 and 5 months 
and a l iquid 12-0-6 solution plus minor  
elements 3 and 7 months  after transplant- 
ing. Stem diameter  was measured b imonth ly  
to determine growth rate. 

Nine  months  after t ransplanting,  p lant  
height and stem internodes were measured 

and plants were harvested. Stems were cut 
at the soil line and tops of plants were 
oven-dried at 60 C for 48 h. Roots were re- 
moved and washed in flowing tap water. 
T w o  to 3 g of nematode-infected and 
nematode-free feeder roots from mycorrhizal 
plants were placed in hot acid-fuchsin 
lactophenol to stain vesicles, hyphae, and 
nematodes, and were cleared in lactophenol.  
Twenty-five l-cm-long root sections from 
each replicate were examined with a dis- 
secting microscope for vesicles and external  
mycelial development  and were rated for 
each. T h e  vesicle rat ing system was 0 = 0, 
1 --- 1-100, 2 = 101-200, and 3 = over 200 
per l-cm root section. Mycelial development  
was rated as follows: 0 = 0, 1 = slight, 2 = 
moderate,  and 3 = extensive colonization. 
T h e  R. similis was extracted from 2-to-3-g 
root portions from nematode-infected seed- 
lings by incubation.  Nematodes  were 
counted at 3 and 5 days; moist roots were 
weighed and tile numbers  of R. similis per 
gram of root were recorded. After  examina- 
tion, all roots were oven-dried and weighed 
to obtain total root dry weights. 

Tile soil in each pot  was passed through 
a l-ram sieve to remove extraneous debris. 
A 25-g sample was removed, and chlamy- 
dospores were recovered by the wet-sieve 
method,  in which spores are t rapped on 53- 
and 44-/,m sieves, and counted (10). Data 
were subjected to analysis of variance, and 
differences between means were evalnated 
using Duncan 's  mult iple-range test. 

R E S U L T S  

T h e  influence of G. etunicatus and R. 
similis on the growth of rough lemon seed- 
lings became evident 2 months  after 
transplanting.  Differences (P = 0.05) in 
stem diameter  were first found 4 months 
after t ransplant ing (Fig. 1). T h e  stem diam- 
eter of mycorrhizal seedlings in uninfested 
soil (curve 1) was greater (P = 0.05) than 
that of seedlings in all other groups, whereas 
soil inoculat ion with R. similis suppressed 
the growth of mycorrhizal  seedlings (curve 
2). By 6 months  after transplanting,  the 
st imulative influence of soil infestation with 
mycorrhiza on nonmycorrhizal  seedlings 
was apparen t  (curve 3), and by tile end of 
tile exper iment  these seedlings had achieved 
a growth rate similar to that  of mycorrhizal 
seedlings. Seedling growth was less (P = 
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FIG. 1. Influence of single and combined inocu- 
lations with GIomus etunicatus and Radopholus 
similis on development of rough lemou seedlings 
during 9 months as demonstrated by stem diameter 
of: (1) mycorrhizal seedlings in soil not infested 
with f;. etu~tica/us or inoculated with R. similis; 
(2) mycorrhizal seedlings in soil inoculated with R. 
similis alone; (3) nonmycorrhizal seedlings in soil 
infested with (;. etunieatus alone; (4) nonmycor- 
rhizal seedlings in soil infested with I¢;. etunicatus 
and inoculated with R. similis; (5) nonmycorrhizal 
seedlings in soil free of G. etl~nicatus and R. similis; 
and (6) nonmycorrhizal seedlings in soil inoculated 
with R. similis alone. 

0.01) with the o ther  t reatments .  T h e  stem 
d iameter  of  nonmycor rh iza l  seedlings in 
nematode- infes ted soil (curve 6) was signif- 
icant ly  different (P = 0.01) f rom that  of  all 
o ther  seedlings after 7 months  (Fig. 1) 
and at harvest  (Fig. 2). T h e  s t imulat ive 
effect of  mycorrh izae  on seedlings trans- 
p l an ted  in to  soil infested wi th  G. etunicatus  
and  inocula ted  with R.  sirnilis was negated 
by the pa thogenic  effect of  the nematodes  
(curve 4). Nonmycor rh iza l  seedling g rowth  
was dependen t  u p o n  fertilization, partic- 
u lar ly  wi th  P. 

W h e n  the exper imen t  was terminated,  
mycorrhiza l  seedlings in soil free of  G. 
etunicatus and  R.  similis ( t rea tment  1) 
were respectively abou t  4 and  11 times as 
tall as nonmycor rh iza l  seedlings in unin-  
rested soil ( t rea tment  5) and  nonmycor rh iza l  
seedlings in soil free of G. e tunicatus  bu t  
inocu la ted  wi th  R. similis ( t rea tment  6) 
(Table  l, Fig. 2). Stem in te rnode  increment  
g rowth  was shorter  (P = 0.05) in nematode-  
infected seedlings than  in nematode-f ree  
seedlings (Tab le  1). 

FIG. 2. Influence of Glomus etunicatus and 
RadophoIus similis on growth of rough lemon seed- 
lings after 9 months. A) mycorrhizal seedlings alone; 
B) nonmycorrhizal seedlings transplanted in soil 
infested with G. etunieatus; C) mycorrhizal seedlings 
inoculated with R. similis; D) nonmycorrhizal seed- 
lings ill soil infested with G. etunicatus and inocu- 
lated with R. similis; E) nonmycorrhizal seedlings 
not infested with G. etunicatus or R. similis; and F) 
nomnycorrhizal seedlings inoculated with R. similis 
ahme. 

Shoot  and  roo t  oven-dry weights paral- 
leled the o ther  g rowth  data,  ver i fying the 
s t imulat ive influence of  G. etunicatus  and  
the suppressive influence of  R.  similis on 
p lan t  g rowth  (Table  1). 

Examina t i on  of  roots  in l ac tophenol  
for f requency of  vesicle and  mycelial  devel- 
o p m e n t  showed that  100 % of the roots  f rom 
each mycorrhiza l  seedling ( t rea tment  1) 
and each nonmycor rh iza l  seedling g rown 
in soil infested with G. etunicatus (treat- 
m e n t  3) con ta ined  bo th  vesicles and  hyphae.  
Roots  of  only  50% of the mycorrhizal  seed- 
lings f rom soil infested wi th  R.  simiIis 
( t rea tment  2) con ta ined  vesicles, bu t  all 
showed mycelial  deve lopment ,  whereas roots  
of  all bu t  one  nonmycor rh iza l  seedling 
grown in soil infested with G. etunicatus  
and R. similis ( t rea tment  6) con ta ined  
vesicles and  hyphae.  Vesicle and  mycelial  



T A B L E  1. Effects of Glomus etunicatus and Radopholus similis, alone and  in combinat ion ,  on growth of Citrus limon, nematode  and  chlamydospore  popula t ions ,  
and  mycorrhizal  development .  

Growth of C. limon 

T r e a t m e n t  Oven-dry  weight  Popula t ion  
P lan t  In t e rnode  /~. Ch lamydo-  Mycorrhizal  develop- 

T r e a t m e n t  G. R.  he i gh t  growth Shoot Root  similis/ spores/  m e n t  ra t ing  of roots" 
no. etunicatus similis (cm) (mm) (g) (g) g of  root 25g of root Vesicles Mycelia 

c~ 

P~ 
Mycorrhizal  seedling 

1 + 0 182.1a ~ 2.53a 42.5a 14.6a 135.0a 1,05a 1.02a 
2 + + 100.5c 2.19b 16.1 c 7.0c 81.9a 64.8b 0.2'2 b 0.50b 

Nonmycorrh iza l  seedlings 

3 + 0 161.5b 2.49a 33.5b 10.6b 48.8b 1.07a 1 . l l a  
4 + + 50.9d 1.95c fi.ld 2.8d 85.9a 12.8b 0.52b 0.84b 
5 0 0 37.7d 2.44a 3.3d 2.6d 
6 0 + 15.0e 1.01d 0.5e 0.3e 157.6a 

"Root rat ings:  vesicles (no./25 l -cm root  sections: 0 = 0, 1 = 1-100, 2 = 101-200, 3 = over 200); mycelial  colonization (in 25 l -cm root sections: 0 = none,  1 = sl ight ,  
2 = moderate ,  3 ~ extensive). 
bEach va lue  is the  m e a n  for 10 plants .  W i t h i n  a co lumn,  means  followed by the  same let ter  do not  differ significantly (P = 0.05) according to Duncan ' s  mul t ip l e - range  
test. 

q- 

c~ 
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d e v e l o p m e n t  were  s ign i f ican t ly  (P = 0.05) 
less in  mycor rh i za l  n e m a t o d e - i n f e c t e d  seed- 
l ings t han  in the  c o m p a r a b l e  nematode - f r ee  
seedl ings  ( T a b l e  1). 

D I S C U S S I O N  

I n  this s tudy  a n d  a s imi l a r  s tudy  no t  
r e p o r t e d  here,  R. similis n u m b e r s  f rom my- 
cor rh iza l  seedl ings  were  no t  d i f fe ren t  f rom 
n u m b e r s  f rom n o n m y c o r r h i z a l  seedl ings;  
however ,  the  r e d u c t i o n  in  vesicle f o r m a t i o n  
was s igni f icant  ( T a b l e  1). Since vesicles of 
G. etunicatus can occupy  m u c h  of the  r o o t  
cor tex,  as can R. sirnilis, i t  suggests t ha t  
d i s r u p t i o n  of  cor t ic le  tissue by  R. similis 
leaves l i t t l e  space for  co lon i za t i on  by  the  
symbion t .  T h e  sever i ty  of  roo t  d a m a g e  also 
adverse ly  effects myce l i a l  g rowth ;  the re fo re  
R. similis severely l imi t s  the  d e v e l o p m e n t  
of  G. etunicatus. Simi la r ly ,  A t i l a n o  et al. (1) 
f o u n d  tha t  Meloidogyne arenaria on my- 
cor rh iza l  g r ape  roo ts  nega t ed  the  benef ic ia l  
effects of GIomus [asciculatus. O n  the 
o the r  hand ,  Pratylenchus brachyurus or  
Meloidogyne incognita on co t ton  a p p a r -  
en t ly  do  no t  adverse ly  inf luence  Gigaspora 
margarita d e v e l o p m e n t  (5, 15), a n d  
Heterodera solanacearum a n d  Endogone 
gigantea are  m u t u a l l y  a n t a g o n i s t i c  on  to- 
bacco (3). Because G. etunicatus r o o t  
i n fec t ion  was r e d u c e d  by R. similis, its ro le  
in  inc reas ing  the  u p t a k e  of  nu t r i en t s ,  par-  
t i cu la r ly  p h o s p h o r u s  (4, 20), was p r o b a b l y  
severely i n h i b i t e d  in  n e m a t o d e - i n f e c t e d  
seedlings.  T h i s  i n h i b i t i o n ,  c o m b i n e d  wi th  
the  v i ru l ence  of the  p a t h o g e n ,  suppressed  
p l a n t  g rowth .  W h i l e  myco r rh i za l  deve lop-  
m e n t  may  slow in fec t ion  a n d  disease 
p r o d u c t i o n  by  R. similis, disease s y m p t o m s  
caused  by the p a t h o g e n  suppressed  the  
benef ic ia l  inf luence  of the  symbion t .  

F u n g u s  s p o r u l a t i o n  a p p e a r e d  var iab le ,  
and  c h l a m y d o s p o r e  n u m b e r s  were  lower  
f rom soils c o n t a i n i n g  R. similis--infected 
seedlings.  T h e r e  is no  i n d i c a t i o n  tha t  R.  
similis in f luenced  spo ru l a t i on ,  b u t  r a t h e r  
spore  p r o d u c t i o n  was less because  of  an  
u n d e s i r a b l e  subs t ra te  for myce l i a  g rowth .  

T h e  de le t e r ious  effect of R. simiIis on 
p l a n t  d e v e l o p m e n t  was p a r t i c u l a r l y  not ice-  
ab le  in the  l eng th  of  i n t e r n o d a l  g rowth .  
S h o r t e n e d  in t e rnodes  r e su l t ed  f rom infec- 
t ion  wi th  R. similis, regardless  of  mycor-  
rh iza l  i nvo lvemen t .  

P a r t i c u l a r l y  i m p o r t a n t  in  g reenhouse  
s tudies  is the  gene ra l  p rac t ice  of  s te r i l i z ing  
the soil  or  p o t t i n g  m e d i a  be fore  p l a n t i n g  
a n d  i n o c u l a t i n g  w i th  the  pes t  to be  s tud ied .  
T h i s  e x p e r i m e n t  g r a p h i c a l l y  i l lus t ra tes  the  
need  to accoun t  for the  effects of o t h e r  
o rgan i sms  in i n t e r p r e t a t i o n  of  results .  
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Screening Soybeans for Resistance to 
Reniform Nematode Disease in the Philippines ~ 

B. K. LIM 2 ond M. B. CASTILLO '~ 

Abstract: Sixty-five soybean varieties were tested in the field for resistance to Rotylenchulus 
reniIormis. Criteria for resistance or  susceptibility were root necrosis, nematode recovery from 
roots and soil, and egg production.  Nine varieties were resistant, 13 moderately resistant, 26 
moderately susceptible, and 17 susceptible. Linear correlations between resistance rat ing and each 
assessment parameter  were highly significantly positive, suggesting that  any of the parameters  
could be used to identify resistance. There  were also highly significant positive linear correlations 
between any two combinations of parameters,  indicating that they were reciprocally related. Key 
Words: soybean resistance, screening, Rotylenehuhts reni[ormis, reniform nematode, assessment 
parameters,  statistical correlations. 

Soybean [Glycine max (L.) Merr.] is 
becoming an important  crop in the Philip- 
pines because demand, particularly for 
livestock feed, exceeds production, and feed 
millers import  soybean meal at an annual 
cost of $70 million in foreign exchange (3). 

A potentially important  pest of soybean 
is the reniform nematode, Rotylenchulus 
reni/ormis Linford 8c Oliveira (2, 14). 
Rotylenchulus spp. are the most widely dis- 
tr ibuted and abundant  nematodes in the 
Philippines, in soils growing soybean and 
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other nongraminaceous annual  upland 
crops (4, 5, 10). In a field experiment,  yield 
reduction in soybean clue to R. reni[ormis 
was as high as 45% during the dry season 
(8). This  nematode is believed to be as im- 
portant  as Meloidogyne spp. on soybean. 

Several soybean breeding lines and 
varities showed resistance to R. reni[ormis 
in pot experiments conducted in the United 
States (1, 2, 13, 15). This  study was de- 
signed to screen soybean varieties for re- 
sistance to R. reni[ormis under  Phil ippine 
conditions, and to identify the most efficient 
parameters for determining varietal re- 
sistance. 

MATERIALS AND M E T H O D S  

T h e  exper iment  was conducted on an 
area of 17 × 40 in on Maahas clay loam soil 
at the Internat ional  Rice Research Insti tute 
(IRRI)  Exper iment  Station, College, 
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