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Occurrence of Biotypes in Radopholus citrophilus 
D. T. KAPLAN l AND J. H. O'BANNON 2 

Abstract: Two morphologically and karyotypically identical populations of the citrus burrowing 
nematode, Radopholus citrophilus, differed in their ability to damage and reproduce in roots of citrus 
rootstocks previously identified as either resistant or tolerant. These populations are considered to 
be biotypes, and their occurrence may explain the appearance of spreading decline symptoms in 
plantings of rootstocks previously considered resistant. 

Key words: burrowing nematode, citrus, control, resistance, taxonomy. 

The causal agent of spreading decline 
(12), the citrus burrowing nematode Ra- 
dopholus citrophilus, Huettel, Dickson, and 
Kaplan (7), has been managed for more 
than 25 years by the "push and treat" pro- 
gram (13), barriers (11), a "nematode-free 
nursery stock" certification program, and 
resistant or tolerant rootstocks (2). Al- 
though these approaches have been suc- 
cessful in limiting the spread of this disease 
in Florida citrus, the recent ban on ethyl- 
ene dibromide (EDB) and the current lack 
of a registered, economically feasible al- 
ternative nematicide has terminated the 
"push and treat"  and barrier programs. 
The nursery stock certification program 
will continue to limit introduction of R. 
citrophilus into noninfested groves. Use of 
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nematode-resistant or nematode-tolerant 
rootstocks remains a primary means of 
burrowing nematode management. 

Rootstocks used for control of  the citrus 
burrowing nematode are not completely 
incompatible with this pest. Low popula- 
tions of R. citrophilus have been associated 
with these rootstocks, and there is concern 
that resistance-breaking biotypes of this 
nematode may develop (10). 

Trees affected with spreading decline 
show poor growth, dieback in the upper 
canopy, reduction in tree size and fruit and 
leaf numbers, and poor response to fertil- 
ization (12). We have observed spreading 
decline symptoms in isolated plantings of  
sweet orange (Citrus sinensis [L.] Osbeck) 
on Milam lemon (C. limon [L.] Burm. f. cv. 
Milam) and Carrizo citrange (C. sinensis x 
Poncirus trifoliata [L.] Raf.) rootstocks re- 
ported to be resistant or tolerant to R. ci- 
trophilus (2,8). The purpose of this study 
was to determine if the appearance of 
spreading decline symptoms in a burrow- 
ing nematode-resistant rootstock planting 
resulted from the development of new bur- 
rowing nematode biotypes capable of re- 
producing in, and causing damage to, roots 
of  bur rowing  nematode- res i s tan t  root- 
stocks. 



Biotypes of  Radopholus citrophilus: Kaplan, O'Bannon 159 

TABLE 1. Populat ion densities of  two Radopholus citrophilus populat ions on five citrus rootstocks,  g reenhouse  
Exper iment  1 (average of  10 replications). 

Rootstock 

Ridge Pineapple Algerian navel Milam lemon Carrizo citrange Rough lemon 

Month 11" 2 I 2 1 2 1 2 1 2 

6 13 69"Z~ 12 163"* 0 60* 28 118" 288 81 
9 12 101"* 8 115"* 0 131"* 0 329** 481 78 

12 14 495** 18 369** 5 157"* 71 657** 424 185 

~f R. citrophilus population 1 obtained from roots of rough lemon and population 2 from roots of Milam lemon from trees 
in groves showing symptoms of spreading decline. 

R. citrophilus per gram moist root weight. Data were transformed (log x + 1) and population 1 vs. 2 evaluated at 6, 9, or 
12 months postinoculation by Tukey's Honestly Significant Difference Test, *P = 0.05, **P ~ 0.01. 

MATERIALS AND M E T H O D S  

Greenhouse cultures of  two Radopholus 
citrophilus populations were maintained in 
bins containing rough lemon (Citrus limon 
[L.] Burm. f.) trees growing in Astatula 
fine sand (hyperthermic, uncoated typic 
quartzipsamments). One R. citrophilus pop- 
ulation (P1) was isolated from roots of  
rough lemon, a R. citrophiIus-susceptible 
rootstock. A second R. citrophilus popula- 
tion (P2) was isolated from roots of Milam 
lemon, a R. citrophilus-resistant rootstock. 
Both populations were isolated from groves 
exhibiting spreading decline symptoms. 

These populations were used as inocu- 
lum sources in Experiment 1 and in other 
experiments conducted between 1975 and 
1978. Subsequently, monoxenic cultures 
were developed using 6-mm carrot disks 
surface sterilized by flaming in 95% ETOH. 
Nematodes were surface sterilized by in- 
cubation in 1.0% 8-hydroxyquinoline hemi- 
sulfate salt (20 minutes) and rinsing twice 
in 0.1% streptomycin sulfate. Carrot disks 
were inoculated with nematodes in suspen- 
sion in the streptomycin sulfate solution at 
23 C. Such cultures were subsequently used 
to obtain nematode inoculum for Experi- 
ment 2 and other experiments conducted 
between 1979 and 1983. 

Greenhouse studies 
Preliminary studies and six experiments 

were conducted to compare the reproduc- 
tive potential of the two R. citrophilus pop- 
ulations on a series of  citrus rootstocks. 
The  two experiments described here in de- 
tail were representative of  all trials con- 
ducted. 

Experiment I: Equal numbers of 8-month- 
old seedlings of  Ridge Pineapple and AI- 

gerian navel sweet oranges, Carrizo cit- 
range, and Milam and rough lemons were 
planted in two soil tanks containing Asta- 
tula fine sand. Each tank was previously 
infested with one of  the two nematode pop- 
ulations. Eight months later, seedlings were 
selected for uniformity and transplanted to 
20-cm-d clay pots containing steam-pas- 
teurized Astatula sand. The 10 replicate 
pots in each treatment were randomized 
on greenhouse benches. Nematode popu- 
lations were determined in 2-3-g samples 
of fibrous roots removed from each pot 6, 
9, and 12 months after transplanting. Each 
sample site within a pot was marked to avoid 
subsequent sampling at the same site. Root 
samples were washed, and nematodes were 
recovered by jar  incubation after 4 and 7 
days at 26 _+ 1 C (14). Roots were weighed 
moist, and data were expressed as nema- 
todes per gram moist root weight. 

Experiment 2: Six-month-old seedlings of 
Carrizo citrange, Milam and rough lem- 
ons, and Albritton sweet orange were 
planted in 20-cm-d clay pots containing 
steam-pasteurized Astatula sand. Ninety 
juvenile and adult nematodes extracted 
from carrot cultures were added to the soil 
around each seedling. Eight pots of each 
nematode population-citrus variety com- 
bination were randomized on a green- 
house bench. Plants were harvested at 6, 
9, and 12 months postinoculation. At har- 
vest, root systems were washed and all fi- 
brous roots collected; nematodes  re- 
covered from fibrous roots were incubated 
in jars for 7 days at 26 _+ 1 C (14). Sub- 
sequently, these roots were dried for 24 
hours at 76 C, dry root weights were de- 
termined, and data were expressed as 
nematodes per gram dry root weight. 
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TABLE 2. Populat ion densities of  two Radopholus citrophilus populat ions on four  citrus rootstocks,  green- 
house Exper iment  2 (average of  eight replications). 

Rootstock 

Albritton sweet orange Milam lemon Carrizo citrange Rough lemon 

Month 11" 2 1 2 1 2 1 2 

6 34 3,928"*z~ 19 762** 109 784** 1,053 1,059 
9 3 653** 20 481"* 67 1,123"* 747 409* 

12 4 514" * 59 360"* 160 829* * 473 963 * * 

~f R. ci~ophilus population 1 obtained from roots of rough lemon and population 2 from roots of Milam lemon from t r e e s  

in groves showing symptoms of spreading decline. 
R. citrophilus per gram dry root weight. Comparison of population 1 vs. 2 as per Table 1 evaluated by Tukey's Honestly 

Significant Difference Test, *P = 0.05, **P = 0.01. 

Stem diameters, 7.6 cm above the soil 
line, were recorded before the final harvest 
(12 months postinoculation). 

Morphometric and karyotypic analysis 
of nematode populations 

Twenty specimens of  each of  the two 
populations were obtained from carrot cul- 
tures, killed in hot triethanolamine for- 
malin (TAF) (1), and observed in TAF. Fe- 
male body, neck, stylet and tail length, 
width, V, a, b, and c ratios; and male body, 
styler, spicule, excretory pore to head end, 
and tail length, as well as height and width 
of  head were measured using a light mi- 
croscope. Karyotypic analyses were con- 
ducted as described by Huettel  and Dick- 
s o n  (4). 

RESULTS 

The  two Radopholus citrophilus popula- 
tions differed consistently in their ability 
to 1) reproduce on roots of  Carrizo cit- 
range, Milam lemon, and Albritton, A1- 

gerian navel, and Ridge Pineapple oranges 
and 2) reduce the growth of  these root- 
stocks previously considered tolerant to the 
burrowing nematode. Significant popula- 
tions of  R. citrophilus, originally isolated 
from roots of  Milam lemon (P2), were pres- 
ent in roots of  four rootstocks previously 
reported as resistant or tolerant to R. ci- 
trophiIus (Table 1). Similarly, in Experi- 
ment 2, P2 reproduced on three citrus 
species previously considered incompatible 
with the burrowing nematode (Table 2). 
Fibrous root  weight and stem diameters 
(Table 3) were significantly reduced by P2, 
compared with P1. 

Nematodes of  the two R. citrophilus pop- 
ulations were similar in morphology (Ta- 
ble 4) and karyotype (five chromosomes). 

DISCUSSION 

The  two R. citrophilus populations ex- 
amined differ with respect to their ability 
to ove rcome  citrus roo t s tock  defense  
mechanisms and to cause disease. In this 

TABLE 3. Influence of  two Radopholus cit)vphilus populat ions on dry fibrous root  weight (g) and stem 
diameter  (mm) of  four  citrus rootstocks (greenhouse  Exper iment  2) (average of  eight replications). 

Rootstock 

Albritton sweet orange Milam lemon Carrizo citrange Rough lemon 

Month I t  2 1 2 1 2 1 2 

Fibrous roots  

6 3.0 0.6"*~ 4.2 2.7** 2.4 2.0 2.3 1.5 
9 4.7 0.9** 5.0 1.7"* 3.0 1.9"* 2.0 2.0 

12 8.1 2.2** 6.2 2.2** 3.1 2.1" 4.0 3.0 

Stems 

12 9.0** 6.0 9.9** 6.9 8.2** 6.1 5.9 6.3 

t R. citrophilus population 1 from roots of rough lemon and population 2 from roots of Milam lemon from trees in groves 
showing symptoms of spreading decline. 

z~ Comparisons evaluated by Tukey's Honestly Significant Difference Test, *P = 0~05, **P = 0.01. 
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and previous studies (identified as R. similis 
Orlando I and Orlando II) (4-6), they ap- 
pear to be morphologically and karyotyp- 
ically identical. Both populations have sim- 
ilar e lec t rophOret ic  pa t t e rns  for  total  
protein and isozymes (5,6). Based on the 
above facts, they should be considered sep- 
arate biotypes. Biotype 1 is designated as 
that population which reproduces poorly 
in Milam lemon and does not cause signif- 
icant damage. Biotype 2 reproduces well 
in (and significantly damages) Milam lem- 
on, Carrizo citrange, Albritton sweet, Al- 
gerian navel, and Ridge Pineapple orange 
rootstocks. 

Rootstocks resistant or tolerant to R. ci- 
trophilus have often been planted in groves 
where spreading decline had been ob- 
served. In many instances, subsequent tree 
growth was deemed adequate following 
implementation of  "push and treat" con- 
trol strategies and good citricultural prac- 
tices. O'Bannon and Ford (10) speculated 
that the persistence of  low nematode pop- 
ulation levels in roots of  these rootstocks 
might lead to resistance-breaking races. 
Their  prediction appears to have been cor- 
rect because, in some locations, spreading 
decline symptoms have recurred in plant- 
ings on Milam lemon or Carrizo citrange 
rootstocks. Biotype 2 was isolated from such 
a location. Our  findings indicate that poor  
rootstock performance may result from the 
presence of  resistance-breaking biotypes. 
Poor rootstock performance may also be 
attributed to variability in the inheritance 
of  genes conferring resistance to R. citroph- 
ilus (3, Kaplan, unpubl.). 

Use of  nematode-resistant citrus root- 
stocks alone may not be adequate to man- 
age spreading decline, and this control 
method needs to be reevaluated. Ideally, 
these rootstocks should be planted in soil 
treated with a fumigant or contact nema- 
ticide that has eliminated a large portion 
of  the R. citrophilus population. However,  
with increasing awareness of  possible en- 
vironmental pollution and cost of  treat- 
ment, adequate reduction of  soil nema- 
todes with nematicides has proven difficult 
to achieve. Control of  spreading decline 
should focus on use of  rootstocks in con- 
junction with other  management  practices 
(9) which will enhance tree tolerance to 
nematode damage and reduce soil nema- 

TABLE 4. Morphometrics  (in #m) of  two popula- 
tions of  Radopholus citrophilus. 

Popula- Popula- 
tion I t  tion 2 + / -  

Females (n = 20) 
Stylet length 18.7:]: 19.4 0.9 
Tail length 70.4 65.3 4.3 
Neck length 165.2 157.5 6.8 
Width 23.4 23.9 2.8 
Body length 744.0 697.2 51.0 
V (%) 60.0 59.0 
Ratios 

a 31.8 29.2 
b 4.5 4.4 
c 10.6 10.6 

Males (n = 20) 
Stylet length 15.1 15.4 0.7 
Head height  6.6 6.8 0.2 
Head width 8.3 8.5 0.3 
Spicule length 19.9 19.6 1.0 
Tail length 76.5 70.2 3.6 
Body length 646.8 642.0 29.1 
Excretory pore 

to head end 95.9 93.2 3.4 

t R. citrophilus population 1 obtained from roots of rough 
lemon and population 2 from roots of Milam lemon from 
trees in groves showing symptoms of spreading decline. 

:~ No differences in any parameter used to compare pop- 
ulations 1 and 2 by Tukey's Honestly Significant Difference 
Test (P = 0.05). 

tode populations with minimal adverse ef- 
fects on the environment. 
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Studies on the Host Range, Biology, and Pathogenicity 
of Punctodera punctata Infecting Turfgrasses 1 

A. D. RADICE, R. F. MYERS, AND P. M. HALISKY 2 

Abstract: Punctodera punctata completed its life cycle on Poa annua (annual bluegrass), P. pratensis 
(Merion Kentucky bluegrass), Lolium perenne (perennial ryegrass), and Festuca rubra rubra (spreading 
rescue). Minimum time for completion of a life cycle from second-stage juvenile to mature  brown 
cyst was 40 days at 22-28  C. Inoculation by single juveniles indicated that  reproduction was most 
likely by amphimixis. Infestation levels of  50 or 500 juveni les /250 cm 3 soil did not affect top dry 
weight, root dry weight, or total dry weight of  Poa annua. 

Key words: cyst nematode,  Poa annua, P. pratensis, Lolium perenne, Festuca rubra rubra, pathogenicity, 
life cycle, reproduction.  

Punctodera punctata (Thorne,  1928) Mul- 
vey and Stone, 1976, the grass cyst nema- 
tode, was described by Thorne  (10) from 
specimens infecting wheat roots in Sas- 
katchewan, Canada. During routine soil in- 
spections of potato fields for the golden 
nematode in 1949, Chitwood (3) discov- 
ered P. punctata in Pembina County, North 
Dakota, the first record of  this species in 
the United States. 

Subsequent reports from Michigan (2), 
Texas (5), Minnesota (9), and Quebec (1) 
listed the cool-season turfgrasses Poa an- 
nua, P. pratensis, and Agrostis palustris as 
hosts for this nematode. According to rec- 
ords of  the United States Department of 
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Agriculture Plant Quarantine Division, P. 
punctata has been intercepted from 29 
countries since 1949 (6). Wheeler (11) also 
reported this nematode had been inter- 
cepted from France and England. Recently 
P. punctata was found associated with golf 
course greens and fairways in New Jersey 
(7,8). 

Despite its world-wide occurrence, in- 
formation concerning the host range, bi- 
ology, and pathogenicity of P. punctata is 
sparse. The  objectives of this study were 
to acquire information on the host range, 
life cycle, mode of reproduction, and 
pathogenicity of a New Jersey population 
of P. punctata found infecting annual and 
perennial turfgrasses. 

MATERIALS AND METHODS 

Cysts were extracted from 250-cm 3 sam- 
ples of  soil throughout  this study by the 
centrifugal-flotation method (4). Cysts were 
collected from nested 250- and 149-#m- 
pore sieves no longer than 2 days before 
use and stored in distilled water at 4 C. 
Inoculum of P. punctata was obtained di- 
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