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Plant Parasitic Nematodes Associated with 
Leatherleaf Fern 1 

D. T .  KAPLAN 2 AND LANCE S. OSBORNE s 

Abstract: Seven species of  plant parasitic nematodes were found to be associated with leatherleaf 
fern (Rumohra adiantiformis) in central Florida. Of  these, Pratylenchus penetrans, Tylenchorhynchus 
claytoni, and Criconemoides cu~vatum were commonly encountered.  Nematode communities generally 
included two or three species of  plant parasitic nematodes, with greatest diversity in nematode 
species occurring in ferneries shaded by oak trees. Species diversity was not  correlated with fernery 
age. Leatherleaf  fern was tolerant  ofP.  penetrans and T. claytoni in microplot tests. 
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Florida leads the world in the production 
of  leatherleaf fern (Rumohra adiantiformis 
(Forst.) Ching) with approximately 2,400 
hectares (6,000 acres) concentrated pri- 
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marily in three counties in central Florida. 
The  current annual wholesale value of  the 
crop is $63.2 million, and the volume is 
estimated to increase at a rate of  15% per 
year (2). 

Leatherleaf fern is a host of  the lesion 
nematode, Pratylenchus penetrans (8), with 
some populations causing more damage (7) 
to leatherleaf fern than others (3,7). P. pen- 
etrans infects both roots and rhizomes (3,7); 
it is dispersed by planting nematode-in- 
fected rhizomes (propagules) in new fern- 
eries. Dipping infected propagules in ne- 
maticides reduces  nema tode  densit ies 
(3,7,10); however, this procedure tends 
only to slow nematode establishment in 
ferneries (7). Application of  nematicides to 
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fern beds has resulted in a variety of  re- 
sponses. Nematicide application can de- 
crease nematode population densities and 
increase yield, decrease nematode densi- 
ties without influencing yield, or have no 
significant effect on nematodes but  in- 
crease yield (4,7,8,10). In one study, ne- 
maticide treatment reduced lesion nema- 
tode population densities within 3 to 6 
months, but yield increases were not ob- 
served until 2 years after the initial ne- 
maticide treatment (3). The  high cash val- 
ue of  leatherleaf fern enables growers to 
apply nematicides with little or no infor- 
mation on nematode-related yield losses in 
their ferneries. 

In the field, we found that frequent har- 
vesting of  the crop (foliage) impeded iden- 
tification of  diseased areas within ferneries. 
Although nematodes were commonly en- 
countered, nematode damage to roots was 
difficult to identify because leatherleaf fern 
roots are dark brown. In preliminary stud- 
ies, we detec ted  several plant-parasitic 
nematode species in ferneries which had 
not been previously associated with the 
crop. 

Our objectives were to 1) identify plant- 
parasitic nematodes associated with leath- 
erleaf fern in Florida, 2) determine pop- 
ulation densities o f  nematode species in 
ferneries, 3) determine if soil sampling 
could adequately characterize the nema- 
tode community, and 4) evaluate the influ- 
ence of  P. penetrans, Tylenchorhynchus clay- 
toni, and Criconemoides curvatum on growth 
of  leatherleaf fern. 

MATERIALS AND METHODS 

Identification and population densities of 
plant parasitic nematodes associated with leath- 
erleaffern: Samples collected from leath- 
erleaf ferneries consisted of  soil and roots 
in the top 30.5 cm of  soil. Five samples, 
each a composite of  five subsamples, were 
collected randomly in fern beds in 28 fern- 
eries for a total of  140 samples. Samples 
were processed by first sifting out roots 
from soil with 3,540-~m-pore sieve. Sifted 
soil from each sample was thoroughly 
mixed and 600 cm s soil was processed (5) 
with nematodes recovered from 250-, 90-, 
53-, 45-, and 38-~m-pore sieves. Roots 
were rinsed free of  excess soil, and nema- 
todes were extracted by jar  incubation at 

25 C for 7 days (12). Data are expressed 
as nematodes per 100 cm 3 soil or  nema- 
todes per  gram root dry weight. 

Influence of P. penetrans and T. claytoni on 
leatherleaffern: Nematode-free leatherleaf 
ferns were grown from spores (6). Plants 
were grown for 2 years in steamed potting 
media before use in the experiment. Poly- 
vinyl chloride microplots (15 cm d x 35 
cm deep) were filled with steamed sandy 
loam (pH 6.0) obtained from a fernery in 
Seville, Florida, randomized, placed in two 
greenhouse soil tanks (1) at 24 4- 2 C, and 
maintained under saran shade cloth (13- 
20 microwatts/cm~). Ferns were watered 
semiweekly and top dressed bimonthly with 
10 cm 3 slow release fertilizer (19-6-12). 
Two, 10-cm rhizome segments with grow- 
ing points intact were planted in each mi- 
croplot and grown for 12 months before 
the microplot soil was infested with nema- 
todes. Nematodes for inoculum were ex- 
tracted from soil (5), quantified, and treat- 
ed with aqueous 1.0% 8-hydroxyquinoline 
sulfate for 10 minutes before introduction 
into microplot soil. 

Pratylenchus penetrans was collected from 
a fernery in DeLand, Florida, and 10 mi- 
croplots were each inoculated with 0, 12.5, 
25.0, or 50.0 nematodes per  100 cm s soil. 
Tylenchorhynchus claytoni and Criconemoides 
curvatum were obtained from fernery soil 
col lected in D e L e o n  Springs, Florida.  
Nematodes were extracted and surface 
sterilized as described earlier, and micro- 
plot soil was inoculated with 0, 5, 10, or 
20 nematodes per 100 cm 3 soil. Com- 
mencing 6 months after microplot inocu- 
lation, microplot yields (fronds) and nema- 
tode population densities were determined 
at 3-month intervals for 1 year. At each 
harvest, five fronds were left intact. Yield 
data included the number  and dry weight 
of  fronds harvested from each microplot. 
To  determine nematode population den- 
sities, soil samples (100 cm 3) consisting of  
two composite 2.5-cm-d cores removed 
from each microplot were extracted by 
Baermann funnel for 24 hours, nematodes 
recovered were counted, and nematode 
days (9) were determined for each plot. 
Nematode days facilitate damage estimates 
attributed to nematodes over time when 
plotted against average frond dry weight 
and the number of fronds produced in each 
microplot. 
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TABLE 1. Relative f requencies  (%) and popula t ion densities o f  seven plant  parasitic nematodes  in root  and 
soil samples f rom 28 lea ther leaf  ferner ies  located in central  Florida. 

Soil Roots 

Nematode % Density* % Densityt 

Pratylenchus penetrans 71 24.6 (21.3) 68 174 (196) 
TyIenchorhynchus claytoni 32 34.8 (49.9) 43 21 (17) 
Criconemoides curvatum 71 25.4 (22.6) 25 45 (71) 
Hemicycliophora sp. 14 15.6 (6.4) 4 9 (0) 
Trophonemaflor~dens~s 18 14.1 (5,9) 7 9 (1) 
Paratrichodorus minor 4 30.2 (8.0) 0 - -  
Xiphinema americanum 4 7.8 (0.0) 0 - -  

* Nematodes per 100 cm ~ soil followed by standard deviation in parentheses. 
t Nematodes per gram root dry weight followed by standard deviation in parentheses. 

RESULTS 

Seven species of  plant parasitic nema- 
todes were detected in 28 leatherleaf fern- 
eries located in central Florida (Table 1). 
Pratylenchus penetrans, T. claytoni, and C. 
curvatum were most commonly encoun- 
tered (Table 1, Fig. 1). Soil samples in gen- 
eral provided a better  qualitative estimate 
of  the plant-parasitic nematode community 
in ferneries than did root samples (Table 
1, Fig. 1). 

A greater  diversity of  plant-parasitic 
nematode species was detected in ferneries 
under oak tree canopies than in those cov- 
ered with shade cloth (Fig. 2). Trophonema 
floridensis and Hemicycliophora sp. were de- 
tected only in ferneries under oak trees. 
Ferneries sampled were 2-13 years old. 
Nematode species diversity was not cor- 
related with fernery age (r = 0.02). 

It was determined in microplots that 1) 
leatherleaf fern was a host of P. penetrans 

and T. claytoni (Table 2), 2) C. curvature did 
not persist under our experimental con- 
ditions, and 3) neither P. penetrans (Fig. 3a, 
b) nor T. claytoni (Fig. 4a, b) adversely in- 
fluenced leatherleaf fern yield. 

DISCUSSION 

Although seven species of  plant parasitic 
nematodes were associated with leather- 
leaf ferns, only P. penetrans, T. claytoni, and 
C. curvature were recovered frequently. 
Paratrichodorus minor was detected in only 
one fernery which was located in Zellwood, 
Florida. This fernery differed from others 
in that it was geographically isolated from 
other ferneries and was situated in muck 
soils. Most leatherleaf ferns are grown in 
sandy loam soils. T. floridensis and Hemicy- 
cliophora spp. appear to be primarily asso- 
ciated with roots of  oak trees which pro- 
vide shade for many ferneries. 
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Fxo. 1. Frequency (%) o f  i ndependen t  and con- 
comit tant  detect ion o f  plant parasitic nematode  species 
in roo t  and soil samples f rom 28 lea ther leaf  ferner ies  
located in central  Florida. PP = Pratylenchus penetrans. 
TY = Tylenchorhynchus claytoni. C = Criconemoides cur- 
vatum. H = Hemicvcliophora sp. T P  = Trophonema flor- 
idensis. X = Xiphinema americanum. PM = Paratricho- 
dorus minor. 

Fro. 2. Numbers  o f  plant  parasitic nematode  
species found  in lea ther leaf  ferner ies  shaded  by shade 
cloth or  by oak trees.  
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TABLE 2. Initial (Pi, 15July 1983) and final Pf, 15 
November 1984) population densities of Pratylenchus 
penetrans and Tylenchorhynchus claytoni per 100 cm s soil 
in leatherleaf fern greenhouse microplots. 

Pi P f  

3 5  
I- 
o 30 
o. 
0 

2 5  

q~ 2 0  

P. penetrans 12.5 60.0 
25.0 103.0 o 15 
50.0 105.0 

T. claytoni 5.0 14.0 ~ 10 
10.0 30.0 
20.0 56.0 ~ 5. 

Lea the r l ea f  ferns are  grown in shade 
p rov ided  by overstories  o f  large oak t rees  
or  u n d e r  shade cloth (approximate ly  73% 
shade). Gr e a t e r  n e m a t o d e  species diversity 
in ferner ies  u n d e r  oak trees may be re la ted  
to site prepara t ion .  In ferner ies  u n d e r  oak 
trees, oak roots  limit tillage and prep lan t  
t r ea tmen t  of  soil. In contrast ,  sites u n d e r  
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Influence of Pratylenchus penetrans (nema-  FIG.  3. 
tode days) on a) the number of leatherleaf fern fronds 
per microplot and b) dry weight in grams of fronds 
produced by leatherleaf ferns growing in microplots. 
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FzG. 4. Influence of Tylenchorhynchus claytoni 
(nematode days) on a) the number of leatherleaf fern 
fronds per microplot and b) dry weight in grams of 
fronds produced by leatherleaf fern growing in mi- 
croplots. 

shade cloth received extensive prepara t ive  
tillage which may requi re  several months  
imposing a fallow per iod  on indigenous 
nema tode  populat ions and the reby  reduc-  
ing thei r  densities. T h e s e  sites are  occa- 
sionally fumiga ted  for  weed cont ro l  which 
would also r educe  n e m a t o d e  popula t ion  
densities. 

Evaluat ion o f  soil samples ex t rac ted  by 
Bae rmann  funnel  appea red  adequa te  to 
c h a r a c t e r i z e  n e m a t o d e  c o m m u n i t i e s  in 
ferneries.  Lesion nematodes  on o ther  crops 
are not  readily found  in soil whereas  high 
popula t ion  densities occur  in roots,  such as 
P. coffeae on citrus (5). While not  addressed 
in this study, factors responsible for  the 
p reponderance  o f  lesion nematodes  in fern- 
ery soils may be re la ted  to the unusual  
roots  o f  lea ther leaf  fern.  F r o m  a practical  
s tandpoint ,  nematodes  in l ea ther lea f  fern-  
eries can be adequate ly  d e t e r m i n e d  by ex- 
t ract ing soil samples. This  is helpful  in that  
ex t rac t ing  nematodes  f rom roo t  samples 
requires  m o re  handl ing and  t ime than  ex- 
t ract ing nematodes  f rom soil with B a e r -  
mann  funnels.  Lesion n e m a t o d e  popula-  



30 Journal of Nematology, Volume 18, No. 1, January 1986 

tion densities in microplot soil were similar 
to those observed in the field suggesting 
that microplots may be used to evaluate 
the influence of  plant parasitic nematodes 
on the growth of leatherleaf fern. 

I n  our study, leatherleaf fern yield was 
not suppressed by P. penetrans or T. claytoni 
in contrast to the report  of  Rhoades (8), 
who observed suppressed growth within 
several months of  inoculation with P. pen- 
etrans. This difference may be attributed 
to the following: 1) inoculum source - -  
variation in the pathogenicity of  lesion 

n e m a t o d e  isolates (11); 2) leatherleaf fern 
source-- leather leaf  fern from different 
sources may respond differently to nema- 
tode parasitism; 3) treatment of  propa- 
gules-- in  our study, leatherleaf fern prop- 
agules were  raised f rom spores and 
maintained in sterilized potting media be- 
fore being used in microplots, whereas in 
the previous research propagules were tak- 
en from the field; 4) treatment of  inocu- 
lum--nematodes  were surface sterilized 
prior to use in our study, but not in pre- 
vious studies; and 5) plant condit ion--ferns 
in our study were well established prior to 
inoculation. 

L e a t h e r l e a f  fern  to le rance  to lesion 
nematodes may explain lack of  response to 
treatments where relatively nonphytotoxic 
nematicides reduced lesion nematode soil 
population densities, but did not increase 
yields (3,7,8), as well as those in which 
treatment of  soil or propagules did not re- 
duce nematode population densities, but  
did cause increases in yield (4). 

This is the first report  that leatherleaf 
fern is a host of T. claytoni. Its feeding habit 
on fern roots has not been determined. 

In this study, nematode days were used 
in a manner similar to insect days (9), which 
provide a single measure of  the intensity 
of  insect attack. In this case, nematode days 
give a measure of  damage caused by nema- 
todes over time by incorporating both time 
and population density data into a single 
variable. Calculation of  nematode days 
represents the area under the curve when 
nematode numbers are plotted against 
time. They provide a single expression of  
the intensity and duration of  nematode in- 
festation. 

Our  findings suggest that P. penetrans- 
infection or T. claytoni-infection of  well-es- 
tablished leatherleaf fern did not suppress 

yield. Pathogenicity of P. penetrans or T. 
claytoni to leatherleaf fern could require 
that fern propagules be infested at planting 
or  that they be planted in infested soil. 
Nematodes may also interact with rhizo- 
sphere microorganisms to impair plant 
growth. These conditions were not inves- 
tigated in our study. However, this would 
suggest that leatherleaf fern production 
could be improved through the use of  
nematode-free propagules in conjunction 
with the use of  noninfested fernery sites or 
with preplant fumigation. It appears that 
nematicide usage could be greatly reduced 
if leatherleaf ferns were well established 
prior to the introduction of  these nema- 
todes. 
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