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Effect of  Rotylenchulus reniformis on Reflectance of  Cotton Plant Leaves I 

H. W. GAUSMAN, C. M. HEALD, JR., and D. E. ESCOBAR 2 

Abstract: Differences between light reflectance from leaves of cotton (Gossypiurn hirsutum) plants grown with a 
low- or no-nematode (Rotylenchulus reniformis) population (nonstressed), and from leaves grown with a high 
nematode population (stressed) were measured in field and greenhouse experiments. Reflectance was measured 
spectrophotometrically in the laboratory on single leaves and spectroradiometrically in the field on plant canopies. 
Nematode-stressed cotton plants were stunted with fewer, smaller, and darker-green leaves than nonstressed plants. 
Over the 0.5- to 2.5-/~m waveband, stressed leaves had lower reflectance than nonstressed leaves of the same 
chronological age for both field- and greenhouse-grown plants. Reflectance differences between stressed and 
nonstressed leaves in the visible (0.5 to 0.75 vm), near-infrared (0.75 to 1.35 ~m) and infrared water absorption (1.35 
to 2.5 ~m) regions were primarily caused by differences in leaf chlorophyll concentration, mesophyll structure, and 
water content, respectively. Results indicate the potential for remotely sensing nematode-infested plants to 
distinguish them from normal plants. Key words: stressed and nonstressed leaves, remote sensing, chlorophyll 
content. 

Interpretation of remotely sensed data from 
aircraft and spacecraft  requires an 
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understanding of reflectance of features on 
the earth's surface (20, 21). In agriculture, the 
specific problem is interpreting reflectance 
p r o d u c e d  by v e g e t a t i o n ,  u s u a l l y  
superimposed on a soil background (l). Plant 
leaves often yield most of the signal measured 
by remote sensors in aircraft and spacecraft. 
Therefore, they are of prime interest in 
characterizing vegetat ion,  and their 
interaction with electromagnetic radiation 
must be understood. 
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Reflectance and transmittance of a plant 
leaf have been explained on the basis of 
critical reflection of light at the cell wall-air 
interface of the spongy mesophyll tissue (4, 9, 
12, 13, 19, 22, 23). Sinclair et al. (17) 
hypothesized that leaf reflectance derives 
from the diffuse characteristics of plant cell 
walls. Light reflectance from a leaf is generally 
reduced over all wavelengths when the leaf is 
infiltrated with water (15, 16) or an oil mixture 
(5, 23). Most of the reflectance, therefore, 
originates internally and is reduced when the 
cell wall-air interfaces are eliminated. 
However, reflectance at the 0.68- and 1.95-#m 
wavelengths is relatively unchanged by 
infiltrations, so most of it must originate from 
the cuticle or leaf surface (5, 23). Internal 
refractive index discontinuities other than cell 
wall-air interfaces are responsible for some of 
the near-infrared light (0.75- to 1.35-#m) 
reflected by a leaf (3, 17, 23). 

The spectral reflectance, absorptance, and 
transmittance and the geometrical and optical 
parameters (void-area index, index of 
refraction, scattering coefficient, absorption 
coefficient, and infinite reflectance) have been 
determined for 11 plant genera (6) and for 20 
crop plants (7). The dispersion curves (index 
of refraction plotted against wavelength) for 
all plants were quite similar. Experimental 
and theoretical determinations of thickness 
necessary to produce observed leaf absorption 
were in close agreement. At 1.65 #m, infinite 
reflectance was shown to be a function of the 
calculated thickness of the identical compact 
layers of which a leaf is assumed to be 
composed. In general, leaves with compact 
mesophylls had the lowest and leaves with 
porous mesophylls had the highest reflectance 
(6, 7). Results indicated that the mesophyll 
arrangement within leaves comprising plant 
canopies affected the magnitude of a signal 
reaching the detector of a remote sensor. 

The purpose of this research was to 
determine if there were differences between 
the light reflectance for leaves of cotton plants 
grown with a low- or no-nematode population 
(nonstressed) and plant leaves grown with a 
high nematode population (stressed). 

MATERIALS AND METHODS 

Field experiment: Cotton, Gossypium 
hirsutum L., plants were selected from a 
nematicide test using two adjacent plots; one 
treated with a soil fumigant, 1,3-dichloropro- 

pene 1,2-dichloropropane (D-D), and the 
other nontreated. Each plot consisted of four 
rows 16.4 m long spaced 84 cm apart. The soil 
was a Hidalgo sandy clay loam naturally 
infested with the reniform nematode, 
Rotylenchulus reniformis Linford & Oliveira. 
The fumigant was applied at the rate of 114 
l i ters/ha with two chisels per row 
approximately 25 cm deep and 13 cm to either 
side of the row middle. Cotton seed (cultivar 
Stoneville 7A) were planted 15 March 1974, 6 
days after fumigant was applied. 

Soil was sampled for nematode analysis on 
7 March (prefumigation count) and 14 May 
1974; each sample consisted of 100 g, a 
composite of five samples taken from the 
middle two rows. Nematodes were separated 
from the soil by the Baermann funnel 
technique. 

Soil fumigation reduced the nematode 
population from 800/100 g to 40/100 g soil as 
determined in the May count, Prefumigation 
March  coun t s  were 240 and  333 
nematodes/100 g soil for nonfumigated and 
fumigated, respectively. 

Day lengths during the 73 days from plant 
emergence to leaf collections were 13.2 to 13.6 
h. Mean daily temperature and relative 
humidity ranged from 22.6 to 31.8 C and from 
63.2 to 87.1%, respectively. The field was 
irrigated once with approximately 15 cm of 
water, and 11 cm of rain fell. 

Greenhouse experiment: Thirty 15-cm 
diam metal pots were filled with 1,500 g of 
steam-sterilized Hidalgo sandy clay loam soil, 
and two Stoneville 7A cotton seeds were 
planted in each pot. Five days after 
emergence, plants were thinned to one plant 
per pot. Nematodes (R. reniformis) for 
inoculation were collected from infested 
cotton fields and increased on cowpea (Vigna 
unguiculata (L.) Walp. 'Blackeye') roots in the 
greenhouse. These nematodes were washed 
five times in sterile distilled water and 45,000 
then added to each of 15 pots in 40 ml of water 
into four 0.6-cm diam holes (10 cm deep) 
equally spaced 2.5 cm from point of plant 
location. Leaves for spectral measurements 
were collected 41 days after planting, and 2 
days later the pots were emptied and a 
composite sample of 100 g of soil was taken 
from each pot. Nematodes were separated 
from soil and counted as in the field test. 
Nematodes recovered from the greenhouse 
test averaged 2,833/100 g of soil with a range 
from 900 to 7,320. 
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FIG. I-(A,B). Cotton leaf reflectance spectrum 
changes in plants under stress from high populations of  
the reniform nematode, Rotylenchulus reniformis. Total 
diffuse light reflectance spectra over the 0.5- to 2.5-/~m 
waveband of nonstressed and stressed cotton leaves from 
plants grown A) in the field, and B) in the greenhouse. 

Lea f  collection and measurements: For the 
field experiment, one leaf was sampled from 
each of 32 randomly selected plants for each 
treatment. Seven leaves were saved for 
chlorophyll analyses and 25 leaves were used 
for spectral measurements. When leaves 
became macroscopically visible, the dates 
were recorded, and as leaves became large 
enough, they were tagged. Thus, leaves of the 
same chronological age were used for both 
treatments. All leaves were 12 days old when 
spectral measurements were made. However, 
since leaves of stressed nonfumigated plants 
grew slower and were stunted, they were from 
different nodes than leaves of nonstressed 
fumigated plants. Nonstressed leaves were 
sampled from the 16th node (counting up 

1975 

from plant bottom); stressed leaves were 
sampled from the 13th and 14th nodes. Plant 
heights on leaf collecting day were 49.3 and 
61.7 cm for stressed and nonstressed plants, 
respectively. 

For  the greenhouse experiment, leaves 
from both nonstressed (fumigated) and 
stressed (nonfumigated) plants were sampled 
from the 9th and 10th nodes. Leaves of the 
same chronological age (11 days old) were 
used for both treatments. Plant heights on leaf 
sampling day were 36.5 cm and 32.6 cm for the 
nonstressed and stressed plants, respectively. 
Only 14 leaves from each treatment were used 
for spectral measurements. Leaves were 
halved lengthwise; one half was used for 
spectrophotometric measurements, and the 
other half was used for chlorophyll analyses. 
Immediately after harvest, leaves were 
wrapped in polyethylene to minimize 
dehydration and then stored on ice. 

M e a s u r e m e n t s  of  th ickness ,  d i f fuse  
reflectance, transmittance, and fixation of 
tissue were completed within 7 h after leaves 
were collected. Leaf thickness was measured 
with a linear-displacement transducer and 
digi ta l  v o l t m e t e r  (8). Leaf  a rea  was 
determined with a planimeter. Water content 
of leaves was determined on a dry-weight 
basis; leaves were oven-dried at 68 C for 48 h 
and cooled in a desiccator before weighing. 

Tissue pieces sampled from the center of 
leaves were fixed in formalin-acetic acid- 
alcohol, dehydrated with a tertiary butanol 
series, embedded in paraffin, stained with the 
sa f ran in  fas t -g reen  c o m b i n a t i o n ,  and 
transversally microtomed at 12-#m thickness 
(li).  

A Beckman@ Model DK-2A spectro- 
photometer,  equipped with a reflectance 
attachment, was used to measure total diffuse 
reflectance on upper (adaxial) surfaces of 
single leaves over the 0.5- to 2.5-#m 
waveband. Data were corrected for decay of 
the barium sulfate standard (2) to give 
absolute radiometric data. 

To reduce the enormous amount  of spec- 
trophotometrically generated data and 
facilitate interpretation, seven wavelengths 
were selected from the 41 wavelengths 
measured at 0.05-#m increments over the 
0.50- to 2.50-~m waveband. Wavelengths 
selected were 0.55, 0.65, 0.85, 1.45, 1.65, 1.95, 
and 2.20 #m; representing, respectively, the 
green re f l ec tance  peak ,  c h l o r o p h y l l  
absorption band, a wavelength on the near- 
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FIG. 2-(A, B). Cotton leaf structural changes in plants under stress from high populations of the reniform nematode, 
Rotylenchulus reniformis. Photomicrographs of internal structure of A) nonstressed, and B) stressed cotton leaves 
from plants grown in the field. 

i n f r a red  p l a t e au ,  the 1 .45-#m wa t e r -  / 
absorption band, the 1.65-#m peak following 70 
the 1.45-#m water-absorption band, the 1.95- 
#m water-absorption band, and the 2.2-~m 6o 
peak following the 1.95-~zm water-absorption 
band. ~ o" 50[ 

The t-test (18) was used to test statistically 
the differences between means of stressed and ~ 4o 
nonstressed leaves for reflectance data at each 
of the seven wavelengths. For each treatment ~ 3o 
and wavelength, reflectances were averaged 
for 14 and 25 leaves for the greenhouse and 2 o ~  
field e x p e r i m e n t s ,  r e spec t ive ly .  T o t a l  
chlorophyll was determined by a routine ,o 
method (10) on leaf samples stored I 0 days at I , ' -  
- 1 5  C + 5 C. o 

Spectroradiometric field measurements o5 
were made to support  the spectrophotometr i-  
eally measured greenhouse light reflectance 
results of plant leaves f rom the field and 
greenhouse experiments. Cot ton plants (134 
days old) f rom each of two other separate 
plots f rom the same nematode-infested field 
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FIG. 3. Cotton field plant canopy reflectance spectra 
changes when plants are stressed by high populations of 
the reniform nematode, Rotylenchulus reniformis. 
Spectroradiometric reflectance spectra of single 
nonstressed and stressed field cotton plant canopies over 
the 0.5- to 2.5-/~m waveband. 
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were selected for spectroradiometric measure- 
ments. An Exotech ® Model 20 spectroradio- 
meter (14) was used to measure reflected 
radiation from nonstressed and stressed single 
plant canopies over the 0.5- to 2.5-#m 
waveband. Measurements were made with 
sensors with a 15-degree field view (0.2 m 2) 
placed 1.5 m above each plant canopy. 
Nonstressed plants were 107.0-cm high and 
had more foliage with larger and lighter green 
leaves than the 81.0-cm high stressed plants. 
The foliage for both treatments was somewhat 
blemished and perforated by insects. 

RESULTS AND DISCUSSION 

Plant growth: Stressed cotton plants from 
the field and greenhouse experiments were 
essentially alike in appearance; plants were 
stunted with fewer, smaller, and darker-green 
leaves than nonstressed plants. 

In the field test, differences between 
nonstressed and stressed plants in leaf water 
content and leaf area were highly significant 
(P = 0.01). Field-grown nonstressed leaves 
were larger in area (25.5 cm 2) than stressed 
leaves (17.3 cm 2) with less water content 
(77.5%) than stressed leaves (78.3%). Leaf 
thicknesses of nonstressed (.16 mm) and 
stressed (.15 mm) leaves were statistically 
alike. 

For the greenhouse plants, the difference 
between stressed and nonstressed leaves for 
water content, leaf thickness, and leaf area 
was not significant. Leaf water content, 
thickness, and area were 70. 1%, 0.18 mm, and 
25.4 cm 2 for nonstressed leaves and 73.1%, 
0.18 mm, and 22.5 cm 2 for stressed leaves, 
respectively. 

Reflectance spectra: The 0.5- to 2.5-~m 
waveband can be characterized by three 
categories: (i) the visible region (0.5- to 0.75- 
#m) dominated by pigment absorption of 
light; (ii) the near-infrared region (0.75- to 
1.35-#m) of high reflectance affected by leaf 
structure; and (iii) the infrared water 
absorption region (1.35- to 2.5-#m) greatly 
influenced by the amount of water in the leaf 
tissue with strong water absorption bands 
occurring at 1.45- and 1.95-#m wavelengths. 

In both field- (Fig. l-A) and greenhouse- 
grown plants (Fig. l-B) stressed leaves had 
lower reflectance than nonstressed leaves over 
the entire 0.5- to 2.5-#m waveband. Thus, 
greenhouse results supported field results. 

Within the visible spectral region, at the 

0.55- and 0.65-#m wavelengths, stressed field- 
grown leaves had lower reflectance than 
nonstressed leaves (P = 0.01), apparently 
because stressed leaves contained more 
chlorophyll (4.3 mg/g) than nonstressed 
leaves (4.1 mg/g).  Leaves with high 
chlorophyll concentration have more light 
absorptance and, consequently,  less 
reflectance than leaves with low chlorophyll 
concentration. No significant difference was 
noted between the light reflectances of 
greenhouse-grown stressed and nonstressed 
leaves at the 0.55- and 0.65-#m wavelengths; 
although like field-grown leaves, their 
chlorophyll concentration was higher for 
stressed (4.0 rag/g) than for nonstressed (3.7 
mg/g) leaves. Within the near-infrared 
spectral region at the 0.85-•m wavelength, 
stressed leaves had lower reflectance than 
nonstressed leaves (P = 0.01) for both 
greenhouse-grown (2.6%) and field-grown 
(4.9%) plants. 

Reflectance in the near-infrared waveband 
is known to be affected by internal leaf 
structure (3). As intercellular air spaces in the 
leaf mesophyll increases, reflectance increases 
because light goes more often from a high (cell 
wall) to a low (air) refractive index and is 
scattered. Stressed leaves (Fig. 2-A) showed 
no evidence of abnormal cells, but they had a 
compact cellular arrangement  in the 
mesophyll with few intercellular spaces, 
whereas nonstressed leaves (Fig. 2-B) had a 
loosely arranged (spongy) mesophyll with 
many intercellular spaces. Thus, the lower 
reflectance of stressed leaves is associated with 
a compact mesophyll, and the higher 
reflectance of nonstressed leaves is associated 
with a spongy mesophyll. The near-infrared 
reflectance difference between nonstressed 
and stressed leaves apparently was caused by 
differences in internal cellular structure of the 
leaf mesophyll. Since results for greenhouse- 
and field-grown leaves were the same, this 
negates the premise that the field-applied 
nematicide may have chemically induced the 
compactness of stressed leaves. 

Over the 1.35- to 2.5-#m waveband, 
stressed leaves had less reflectance than 
nonstressed leaves (Fig. 1), but only 
differences for field-grown plants were 
statistically significant (P = 0.01). Average 
reflectance differences between stressed and 
nonstressed leaves for field-grown plants were 
2.1,4.0, 0.6, and 2.6%at the 1.45-, 1.65-, 1.95-, 
and 2.2-#m wavelengths, respectively. The 



lower reflectance of stressed leaves, compared  
with nonstressed leaves, within the 1.35- to 
2 .5-#m waveband  was apparen t ly  caused by 
water accumula t ion  a n d / o r  absorp t ion .  Both 
field- and greenhouse-stressed leaves had 
higher water  contents  than  did nonstressed 
leaves. 

Spectroradiometric f ield data: Both 
stressed and  nonstressed p lant  canopies 
completely obscured the soil within the field 
of view that  measurements  were made.  
Stressed plants  had a lower reflectance than  
nonstressed plants  over the entire 0.5- to 2.5- 
#m waveband.  The lower reflectance of the 
s tunted stressed plants  (Fig. 3) compared  with 
nonstressed plants  in the visible, near-  
infrared,  and  infrared water abso rp t ion  
regions was pr imar i ly  caused by their darker-  
green foliage, smaller  leaves with a more 
compact  in ternal  structure,  and  more 
succulent  foliage, respectively. Hence,  spec- 
t roradiometr ic  field data  suppor ted  the spec- 
t r o p h o t o m e t r i c  l a b o r a t o r y  r e f l e c t a n c e  
measurements  on leaves collected f rom field- 
and  greenhouse-grown plants.  

Our  data  show that  leaves of nematode-  
stressed cot ton  plants  have less reflectance 
than  leaves of nonstressed plants  over the 
entire 0.5- to 2 .5-#m waveband.  The reflected 
spectral responses of leaves f rom plants  grown 
unde r  different stress condi t ions  such as 
nematode  infestat ion,  salinity stress, water 
s t ress ,  n u t r i e n t  d e f i c i e n c i e s ,  i n s e c t  
infestat ions,  and  diseases must  be known.  In 
remote sensing, an  awareness of these 
reflectance characterist ics should facilitate 
detect ing stressed plants  and  dis t inguishing 
them f rom n o r m a l  plants.  Such studies should 
be encouraged so that  a better  unde r s t and ing  
can be acquired abou t  the reflectance 
produced by stressed p lant  leaves. Our  results 
indicate tha t  remote sensing has much 
potent ia l  for d is t inguishing nematode-  
infected plants  f rom noninfec ted  plants.  

LITERATURE CITED 
1. ALLEN, W. A., and A. J. RICHARDSON. 1968. 

Interaction of light with a plant canopy. J. Opt. 
Soc. Am. 58:1023-1028. 

2. ALLEN, W. A., and A. J. RICHARDSON. 1971. 
Calibration of a laboratory spectrophotometer for 
specular light by means of stacked glass plates. 
Rev. Sci. lnstrum. 42:I813-1817. 

3. GAUSMAN, H. W. 1974. Leaf reflectance of near- 
infrared. Photogramm. Eng. 40:183-191. 

4. GAUSMAN, H. W., and W. A. ALLEN. 1973. 
Optical parameters of leaves of 30 plant species. 
Plant Physiol. 52:57-62. 

Nematodes Affect Reflectance: Gausman, et al. 373 

5. GAUSMAN, H. W., W. A. ALLEN, and D. E. 
ESCOBAR. 1974. Refractive index of plant cell 
walls. Appl. Opt. 13:109-111. 

6. GAUSMAN, H. W., W. A. ALLEN, M. SCHUPP, 
C. L. WIEGAND, D. E. ESCOBAR, and R. R. 
RODRIGUEZ. 1970. Reflectance, transmittance 
and absorptance of light of leaves for 11 plant 
genera with different leaf mesophyll  
.arrangements. Texas A&M Univ., Tech. 
Monograph 7.38 p. 

7. GAUSMAN, H. W., W. A. ALLEN, C. L. 
WIEGAND, D. E. ESCOBAR, R. R. 
RODRIGUEZ, and A. J. RICHARDSON. 1973. 
The leaf mesophylls of twenty crops, their light 
spectra, and optical and geometrical parameters. 
U.S. Dep. Agric., Tech. Bull. 1465. 59 p. 

8. HE1LMAN, M. D., C. L. GONZALEZ, W. A. 
SWANSON, and W. J. RIPPERT. 1968. 
Adaptation of a linear transducer for measuring 
leaf thickness. Agron. J. 60:578-579. 

9. HOFFER, R. M., and C. J. JOHANNSEN. 1969. 
Ecological potentials in spectral signature 
analysis. Pages 1-16 in: P. Johnson, ed. Remote 
sensing in ecology. Univ. Georgia Press, Athens. 
244 p. 

10. HORWITZ, W. (ed.). 1965. Official methods of 
analysis, ed. 10, Assoc. Offic. Agric. Chemists, 
Washington, DC. 957 p. 

11. JENSEN, W. A. 1962. Botanical histochemistry. W. 
H. Freeman & Co., San Francisco. 408 p. 

12. KNIPLING, E. B. 1970. Physical and physiological 
basis for the reflectance of visible and near- 
infrared radiation from vegetation. Remote Sens. 
Environ. 1:155-159. 

13. KUMAR, R. 1972. Radiation fromplants-reflection 
and emission: A review. AA&ES 72-2-2, Purdue 
University, Lafayette, Indiana. 88 p. 

14. LEAMER, R. W., V. I. MYERS, and L. F. SILVA. 
1973. A spectroradiometer for field use. Rev. Sci. 
lnstrum. 44:611-614. 

15. MOSS, R. A. 1951. Absorption spectra of leaves. 
Ph.D. Thesis. Iowa State Univ., Ames. 68 p. 

16. PEARMAN, G. 1. 1966. The reflection of visible 
radiation from leaves of some western Australian 
species. Aust. J. Biol, Sci. 19:97-103. 

17. SINCLAIR, T. R., M. M. SCHREIBER, and R. M. 
HOFFER. 1973. Diffuse reflectance hypothesis 
for the pathway of solar radiation through leaves. 
Agron. J. 65:276-283. 

18. STEEL, R. G. D., and J. H. TORRIE. 1960. 
Principles and procedures of statistics. McGraw- 
Hill, New York. 481 p. 

19. THOMAS, J. R., C. L. WIEGAND, and V. 1. 
MYERS. 1967. Reflectance of cotton leaves and 
its relation to yield. Agron. J. 59:551-554. 

20. WIEGAND, C. L., H. W. GAUSMAN, and W. A. 
ALLEN. 1972. Physiological factors and optical 
parameters as bases of vegetation discrimination 
and stress analysis. Pages 82-102 in Proc. Seminar 
on Operational Remote Sensing, Am. Soc. 
Photogramm., Falls Church, Virginia. 341 p. 

21. WIEGAND, C. L., H. W. GAUSMAN, W. A. 
ALLEN, and R. W. LEAMER.. 1969. Interaction 
of electromagnetic energy with agricultural terrain 
features. Proc. Earth Resources Program Status 
Review, Earth Resources Div., NASA, Johnson 
Manned Spacecraft Center, Houston, Texas, 
Sept. 16-18, 1969. Vol. I1, Sect. 22:1-14. 



374 Journal o f  Nematology, Vol. 7, No. 4, October 1975 

22. WILLST,~TTER,  R., and A. STOLL.  1918. Page 122 
in Untersuchungen fiber die Assimilation der 
Kohlens~iure. Springer-Verlag, Berlin. 448 p. 

23. W O O L L E Y ,  J. T. 1971. Re f l ec t a nce  a n d  
transmit tance of light by leaves. Plant Physiol. 
47:656-662. 

Rhabditis peilio Schneider (Nematoda) From the Earthworm, Aporrectodea 
trapezoides Duges (Annelida) l 

GEORGE O. POINAR,  JR. and G E R A R D  M. T H O M A S  2 

Abstract: Studies were conducted on the behak, ior of the nematode,  Rhabditis pellio, in the earthworm, 
Aporrectodea trapezoides, f rom southern California. Juvenile and adult  nematodes  were found in the bladders and 
tubules of  the metanephridia of the host. Similar nematodes that  entered the coelom were encapsulated and 
incorporated into multiple capsules ("brown bodies"). It was demonstra ted that  this host  response is an  effective 
defense reaction since dead and dying nematodes,  as well as living forms, were found in the capsules. Key words: 
nematode,  defense reaction. 

Earthworms can serve as intermediate, sole, 
o r  t r a n s p o r t  h o s t s  o f  n e m a t o d e s .  
Representatives of the nematode orders 
Spirurida, Strongylida, and Ascaridida utilize 
earthworms as intermediate hosts, and 
members of the Drilonematoida occur as 
mature adults in the coelom of earthworms, 
whereas  species of  Syngamus uti l ize 
earthworms as transport hosts (5). Still 
another group of nematodes, members of the 
Rhabditidae, can utilize earthworms as 
temporary hosts. It is a representative of the 
Rhabditidae that is discussed here. 

The earliest report of rhabditid nematodes 
from earthworms appears to be made by 
Dujardin (4), who described Rhabditis 
terricola and mentioned that it could be found 
in the body cavity of earthworms. Dujardin's 
description encompassed more than one 
species, however, and R. terricola is now 
considered strictly a soil-inhabiting species. 
Schneider (12) later described R. pellio, which 
is the first description of a rhabditid taken 
from earthworms. Batschli (1) redescribed 
what he considered was Schneider's R. pellio. 
However, the male that B~itschli described 
had a leptoderan bursa, whereas Schneider 
described the male with a peloderan bursa. It 
was clear that there were two nematodes 
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described as R. pellio, and within a 3-year 
span, three alternative names were published 
to replace the R. pellio of Batschli. These were 
R. leptodera Hertwig (6), R. johnsoni 
Micoletzky (11), and R. maupasi Seurat in 
Maupas (9). The latter name had priority and 
is currently in use. Since than, 12 additional 
species of rhabditid nematodes have been 
described from living earthworms, most of 
these by V61k (I 4). Although many European 
authors have commented on the association 
between R. pellio and earthworms, few 
identified the hosts. Aside from Cu6not (2), 
who found R. pellio in Allolobophora 
terrestris Lav., only V61k (14) identified four 
oligochaetes that harbored this species. There 
appears to be no host records for R. pellio in 
N o r th  Amer ica ,  and  a p p a r e n t l y  on ly  
Dougherty and Calhoun (3) established the 
presence of this nematode in the United States 
when they isolated it from unidentified 
earthworms in northern California. The 
present study describes the association 
between Rhabditis pellio Schneider and the 
earthworm, Aporrectodea trapezoides Duges, 
from southern California. 

MATERIALS AND M E T H O D S  

Stages of Rhabditis (Pellioditis)pellio were 
obtained from specimens of Aporrectodea 
trapezoides collected in Riverside, California. 
Nematode colonies were established by 
placing metanephridia or portions of the body 
wall of A. trapezoides on plates of nutrient 

FIG. 1-2. The nematode,  Rhabditis pellio, in the ear thworm Aporrectodea trapezoides: 1) within a metanephridial  
bladder, and 2) in a metanephridial  tubule. 
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