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Histopathogenesis of the Galls Induced by 
Nothanguina phyllobia in Solanum elaeagnifolium 

J. A. Skinner, C. C. Orr, and A. F. Robinson 1 

Abstract: T h e  histopathogenesis  of the foliar galls induced by Nothanguina phyllobia T h o r n e  
in Solanum elaeagnilolium Cav. was examined via serial sections prepared  from p lan t  shoots at 11 
time intervals (0.5-30 days) following inoculation.  Nematodes infected the blades and petioles of 
young leaves sur rounding  the shoot apex. Hyper t rophy  and hyperplasia of the palisade, pi th ,  
cortical, and vascular parenchyma resulted in the format ion of confluent leaf, petiole, and stem 
galls up to 25 ctn3 in volume. Externally, leaf galls were irregular, l ight-green, convoluted 
spheroid bulges dis tending the abaxial surface. Mature galls contained a cavity l ined wi th  
parenchymogenous nutr i t ive tissue compris ing intercel lular  spaces and actively dividing hyper-  
t rophied cells. These  cells contained granular  cytoplasm, hyper t roph ied  nuclei, and bright ly 
stained large nucleoli. Vascular tissues were not discernibly affected dur ing  the early stages of  
gall development .  As gall development  progressed, however, vascular elements were of ten dis- 
placed and disoriented. T h e  histopathology of  this nematode  indicates that  N. phyllobia is a 
highly specialized parasite and, for that  reason, is suitable as a biological control  agent.  Key 
Words: histopathology, nutr i t ive tissue, hyper t rophy,  hyperplasia,  biological control.  

Nothanguina phyllobia Thorne  (the 
silver-leaf nightshade nematode) causes ex- 
tensive galls on the leaves, stems, and flowers 
of Solanum elaeagni[olium Cav. (silver-leaf 
nightshade), an important  perennial weed 
species of the southwestern United States 
(24). Orr et al. (20) proposed using N. 
phyllobia for biological control of S. 
elaeagnifolium. Subsequent studies on the 
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host specificity, distribution, virulence (22), 
and behavior (23) of the nematode have 
demonstrated its suitability as a biological 
control. 

Tile wide range of host responses to 
plant-parasitic nelnatodes was extensively 
reviewed by Dropkin (2) and Endo (3). 
Nematodes of several genera--Ditylenchus 
(27), Anguina (9,25), Paranguina (11), and 
Nothanguina (7,20,24)-cause galls on vari- 
ous aerial parts. Parenchyma hypertrophy 
and hyperplasia account for most of the gall 
caused by each of these genera. Galls 
induced by Nothanguina cecidoplastes 
(Goodey) Whitehead on the leaves of the 
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grass Bothriochloa pertusa (L.) A. Camus 
have specialized cell types (7); that may be 
the case also with the galls induced by N. 
phyUobia. This  paper describes the histo- 
pathogenesis of the galls induced by N. 
phyllobia on S. elaeagni[olium. 

MATERIALS AND M E T H O D S  

Galled S. elaeagniJolium foliage col- 
lected from the Lubbock, Texas, area was 
air-dried to less than 10% moisture and 
stored at 10 C. Nematodes were extracted 
by mixing galled plant  material with water 
and macerating in a blender for 1 rain. So 
that more nematodes could escape, macer- 
ated tissue was soaked in water for 4 h; 
leaving the material in suspension longer 
paralyzed or killed the nematodes. Larvae 
that emerged from the tissue were concen- 
trated in water and used immediately for 
inoculations. 

Rhizomes of S. elaeagnifolium were cut 
into segments having three potential ly ac- 
tive nodes (ca 6 cm). Five segments were 
planted horizontally 3 cm deep in each of 
20 clay crocks containing 3 liters of a 
sterilized Olton loam soil (55% sand, 21% 
silt, 24% clay). These crocks were then 
watered to excess and placed in a green- 
house with adequate light and temperature; 
shoots emerged 4-10 days after planting. 
Plastic cylinders (2 cm high, 3 cm diam) 
were pressed 1 cm deep into tile soil sur- 
rounding the stem bases of 70 young shoots 
(1-7 cm tall). T h e  soil surface within each 
cylinder was then inoculated with 2 ml of 
an aqueous nematode suspension (ca 40,000 
infective larvae). High relative humidi ty  
was maintained by enclosing each crock for 
5 days in a moistened plastic bag. Nematode 
movement on foliar surfaces was verified by 
observing 10 randomly selected plants under  
a dissecting microscope several hours after 
inoculation, both in situ and after staining 
with acid fuchsin lactophenol. 

Shoots were harvested 0.5, 1, 1.5, 2, 3, 4, 
5, 7, 9, 15, and 30 days after inoculation; 
five replicates were included for each inter- 
val. Uninoculated shoots of similar size and 
age were harvested for anatomical com- 
parison. Harvested plants were fixed in 
formalin-acetic acid-alcohol (FAA) (12), 
dehydrated in a tertiary butyl alcohol series, 
and embedded in Paraplast (Sherwood 

Medical Industries, Inc., St. Louis, Mo.). 
Shoots were sectioned transversely or longi- 
tudinally with a rotary microtome at 15 
t~m and stained with safranin and fast green 
according to Johansen (12). Tile use of 
picric acid as prescribed by Johansen was 
omitted. At 30 days, freshly harvested in- 
fected leaves from 10 additional plants were 
hand sectioned with a razor blade and ex- 
amined microscopically. 

RES U LTS  

Normal anatomy: T h e  shoot-apical sys- 
tem of S. elaeagni[olium was oriented 
spirally with a 3/8 phyllotaxy. In apical leaf 
blades, cells between the adaxial and 
abaxial epidermis were arranged into four 
distinct layers. A thick layer of palisade 
parenchyma (30 /~m) occurred adaxially, 
and two thinner layers (each 20 ~tm thick) 
occurred abaxially. T h e  remaining middle 
layer consisted of mesophyll and differenti- 
ating vascular tissue. During leaf expansion, 
the adaxial palisade remained distinct and 
the abaxial layers became disrupted by 
spaces. Stomata were always more numerous 
on the abaxial surface. T h e  epidermis of 
leaves and petioles was single layered at all 
stages of development,  whereas the epi- 
dermis of matur ing stems was frequently 
double layered. All plant surfaces except 
those of the smallest apical leaves were cov- 
ered by a dense pubescence of multicellular 
stellate trichomes. 

0-1.5 days after inoculation: During this 
initial period, there were no discernible ex- 
ternal pathological effects (Fig. 1). 

At 0.5 days, ca 50 nematodes were ob- 
served moving among tile trichomes on 
plant surfaces; larvae were becoming con- 
centrated within apical leaf folds (Fig. 2). 
Rarely were nematodes observed within leaf 
tissue. 

At 1 and 1.5 days, progressively more 
nematodes (up to 150) were found oil plant 
surfaces. Most were within the apical leaf 
folds and about  5% were inside plant tissue. 
These nematodes penetrated cells of the 
epidermis and migrated through and be- 
tween the cells below. Only cell walls in the 
immediate path of nematodes were de- 
stroyed. Necrotic tissue was rarely found, 
and no anatomical changes were observed 
within the surrounding tissue. 
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Figs. 1-2. Solarium elaeagnilolium 0.5 day after inoculation with Northanguina phyllobia. 1) Shoot. 

X 1.4.2) Cross-section of an apical leaf showing nematodes (N) on adaxial surface. X 129. 

2-4 days after inoculation: During this tions, resulting in a distortion and swelling 
period, minute  swellings (< 2 mm diam) of palisade layers. In leaf blades, periclinal 
appeared along leaf veins, midribs, petioles, epidermal duplicat ion in the vicinity of 
axillary buds, and stems (Fig. 5). nematode concentrations was observed in 

By 2 days, ca 1,000 infective larvae had several instances. Some nematodes had 
aggregated among the 5-10 small leaves molted, and developing ovaries were ob- 
folded around the shoot apex. Larvae were served. 
frequently observed penetrat ing the epi- 5-9 days after inoculation: Plants grew 
dermis of differentiating leaves and petioles several centimeters taller dur ing this period, 
(Fig. 7). Penetrat ion usually occurred and leaves continued to unfold and elon- 
through the adaxial surface, and in most gate. T h e  minute swellings along leaf veins 
cases several nematodes used the same point  and on petioles and stems enlarged into 
of entry (Fig. 8). Nematodes within tissue small galls (> 5 mm diam) (Fig. 4). 
were fonnd in localized areas of the palisade After 5 days, up to 30% of the tissues of 
and cortical parenchyma. T h e  tunica and leaves and stems were infected (Fig. 10). 
corpus of the shoot apex were seldom in- Nematode-infected areas occasionally ex- 
vaded, and nematodes rarely penetrated the tended into the middle layer of leaves and 
middle layer of leaves or the stelar regions the pith parenchyma of petioles and stems 
of petioles and stems. Small interconnected (Fig. 11, 12). Parenchyma ceils in these 
spaces (40-50 ~tm diam) formed tunnels regions had granular  cell characteristics, 
within the tissue surrounding nematodes, but  most vascular elements were not  dis- 
Some parenchyma cells immediately ad- cernibly affected. Granular  cells made up  a 
jacent to nematodes contained granular large fraction of the infected tissues (Fig. 
cytoplasm and were irregular-shaped corn- 13), and muhinucleate  and multinucleolate 
pared with apparently normal cells of the cells were more frequent than in normal 
same tissue. Cells with these characteristics tissue (Fig. 14). Granular  cells were char- 
are referred to herein as "granular cells." acterized by hyper t rophy of the nucleus and 

After 3 days, expanding infected areas the nucleolus, which had volumes respec- 
contained larger intercellular spaces (70-80 tively 10× and 25× tbose of apparently un- 
t~m diam) and more nematodes. Some gran- affected cells in the same tissue (Fig. 13). 
ttlar cells appeared hypertrophied and con- Staining anomalies were also noted: the 
tained 2--4 densely stained nuclei in various cytoplasm, nuclei, and the nucleoli of gran- 
stages of division; some nuclei contained ular cells respectively stained blue, dark 
2-4 nucleoli (Fig. 9). Palisade cell plates purple, and bright red, while the same cel- 
were forming at various oblique orienta- lular components in unaffected cells stained 
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Figs. 3-6. Galls induced by Nothanguina phyllobia on Sol,mum elaeagni[olium at progressive intervals 
following inoculation. 3) 4 days. Note minute  swellings of lamina along midveins (arrows). X 1.1.4) 9 days. 
× 1.1.5) 15 days. X0.9 6) 30 days. Note confluence of galling on leaves, petioles, and stems. X0.4. 

green, light purple, and dull  red. Gravid sue composed of intercellular spaces and 
females and small numbers of eggs were ob- actively dividing granular ceils (Fig. 15). 
served. Within this tissue, 2,000 nematodes were 

At 7 and 9 days, the central region of observed; these included all developmental 
each gall consisted of a loosely packed tis- stages and many eggs. On the peripheries of 
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Figs. 7-12. Cross-sections of Solanum elaeagni[olium shoot regions infested by Nothanguina phyllobia. 
7-8) Penetration of epidermis by nematodes (N) 2 days after inoculation. X 115. 9) Granular cells (GC) in 
lamina parenchyma 3 days after inoculation. Note nuclei (Nu) of quadrinucleate cell. X730. 10-12) Nema- 
todes within tissue 5 days after inoculation. Note invasions of vascular region of petiole. Respectively X 15, 
X46, and Xl15. 
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Figs. 13-16. Cross-sections of developing Solanum elaeagni]olium galls. 13) Granular  cells (GC) 5 days 
after inoculation with Nothanguina phyllobia (Nomarski). Note granular  appearance of cytoplasm. X286. 
14) Granular  cells with more than one nucleus (Nu) near nematode (N). Note hypertrophied nuclei and 
nucleoli (Nc). >(730. 15) Granular  cell tissue 7 days after inoculation. >(53.16) Foliar gall 15 days after in- 
oculation. Note central cavity (CC))<41. 
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galls, larvae were migrating into previously 
uninfected areas. 

15 days after inoculation: Galled regions 
on leaves, petioles, and stems had assumed 
the appearance of convoluted spheroid 
thickenings up to 5 cm 3 in volume (Fig. 5). 

In transverse section, galls measured 
20-40 cell diameters in thickness (Fig. 16). 
Epidermal cells formed a continuous layer, 
and some were elongated periclinally up to 
3× their normal size. Stomata and trichomes 
appeared normal. Below the epidermis was 
observed a discontinuous layer of palisade 
parenchyma and a region of normal- 
appearing spongy mesophyll .8-5 cell diam- 
eters thick. Centripetally, large granular 
cells formed a loosely packed network that 
lined and extended into an irregularly 
shaped central cavity. Nematodes of all 
stages were observed inside the cavity and 
among the cells surrounding it. Vascular 
tissue was disoriented and was located 
adaxially and abaxially to the cavity (Fig. 
17). 

30 days after inoculation: Galls varied 
in volume from 3 to 25 cm a. Leaf galls had 
become irregular spheroid bulges (0.5-2 cm 
in diana) that distended the abaxial surface, 
particularly along midribs and secondary 
veins. Galled petioles and stems were sim- 
ilarly swollen. Often, the confluence of large 
galls on adnate organs made identification 
of original plant parts difficult (Fig. 6). 

Thir ty-day galls were anatomically sim- 
ilar to 15-day galls. However, the central 
cavity had enlarged (up to 1 cm in diam) 
and the wall of tissue enclosing the cavity 
had thickened (up to 1 mm in diam) (Fig. 
18). T h e  outer 200 /~m of subepidermal tis- 
sue was dark green in fresh tissue and 
contained numerous chloroplasts. Inter ior  
spongy mesophyll and granular  cell tissues, 
in contrast, were yellow and contained few 
or no chloroplasts. Numerous intercon- 
nected hyphoid chains of granular cells were 
observed spanning the central cavity (Fig. 
19). Some chains were as many as 10 cells 
long. Nematodes were concentrated in gran- 
ular cell tissue and few were found within 
the chloroplast-containing peripheral  zone. 
Second-generation females had matured,  
active egg deposition was occurring, and 
nematode populat ions in many galls ex- 
ceeded several hundred  thousand. 

DISCUSSION 

T h e  ascension of stems by foliar and 
floral-feeding nematodes and their aggrega- 
tion within apical Ieaves and inflorescences 
have been documented for numerous nem- 
atode species (1,14,24). Infective larvae of 
N. phyIlobia also ascended stems and con- 
tinued to accumulate in the apical region as 
long as high relative humidi ty  maintained 
a moisture film on foliar surfaces. Tissue 
invasion by N. phyUobia, however, was 
slow compared with that reported for some 
foliar-feeding nematodes. Several species 
penetrate host tissue less than 7 h after 
inoculation (10,17,25,26). Nothanguina 
phyUobia larvae were not  found within 
tissue until  ca 24 tl after inoculation, in 
spite of up to 1,000 larvae located on apical 
surfaces. Numbers found inside tissue were 
not appreciable unti l  48 h. This  informa- 
tion correlates well with a phenomenon we 
have repeatedly observed in the field, viz., 
that al though infective larvae in the soil 
revive from anhydrobiosis in a short period 
(< 8 h) and quickly ascend S. eIaeagni- 

[olium stems (at rates > 6 cm/h) ,  continu- 
ous moisture ~s required for at least 72 h 
before galling is initiated (22). 

Cytochemical, mechanical, or behavioral 
• fact°rs may explain the delay of host pene- 
tration by N. phyllobia. Aphelenchoides 
spp. have been reported to enter plant tissue 
only through stomata (15,26), but  stomatal 
entry by N. phyllobia was not observed. 
T h e  leaves and petioles in which massive 
nematode galls were init iated were fre- 
quently < 5 mm long when inoculated, and 
only limited differentiation had occurred. 
In the greenhouse and in the field, ex- 
panded leaves were not  invaded, suggesting 
that galls are initiated only in actively grow- 
ing undifferentiated tissues. Similar observa- 
tions were reported for other foliar-fee,ling 
nematodes: Ditylenchus dipsaci. (Ktihn) 
Filipjev (27), Anguina agropyronifloris 
Norton (19), and Anguina microlaenae 
(Fawcett) Steiner (5). 

Infective larvae molted into adults that 
produced eggs within 7 days. In less than 1 
month  the eggs gave rise to several hundred 
thousand progeny. This  high biotic po- 
tential indicates a substantial nut r ient  sup- 
ply. T h e  granular  cytoplasm and pro- 
nounced nuclear activity observed within 
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Figs. 17-19. Cross-sections of maturing 5olanum elaeagnilolium galls. 17) 15 (lays after inoculation with 
Nothanguina phyl!obia. Note that vascular elements (VE) are located on adaxial and abaxial sides of central 
cavity (CC).)< 115. 18-19) Cross-section 30 days after inoculation. Nole granular cells (GC) lining the wall 
of tissue surrounding and extending into the central cavity, Respectively X48 and X 110. 
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g r a n u l a r  cell  t issue (Figs. 9, 13, 14, 18, 19) 
a re  charac ter i s t ics  tha t  were  obse rved  in  
l igh t -mic roscope  inves t iga t ions  of the  nu t r i -  
t ive tissne in  t i le  gal ls  of n u m e r o u s  cecido- 
zoans (2,6,7,8,16,18,21,27,28). Closer  ex- 
a m i n a t i o n  of several  n e m a t o d e  a n d  a r th ro -  
pod  species wi th  the e l ec t ron  mic roscope  
revea led  t ha t  the  g r a n u l a r  a p p e a r a n c e  of 
cy top la sm resu l ted  f rom m i t o c h o n d r i a l  a n d  
r i b o s o m a l  p ro l i f e r a t i on ,  cell  wal l  ingrowths ,  
and  a dense  cy top lasmic  m a t r i x  s imi la r  to 
tha t  found  in t ransfe r  cells (4,13,21). En- 
l a rged  nuc le i  a n d  nnc leo l i ,  s imi la r ly ,  are  
associa ted  w i th  the  act ive synthesis  tha t  
occurs  in  t ransfer  cells (4). T h e  e x c e p t i o n a l  
b iomass  of S. elaeagnifolium galls (Figs. 6, 
18) suppor t s  the  p remise  tha t  S. elaeagni- 
[olium g r a n u l a r  cells a re  t ransfer  cel l - l ike in 
n a t u r e  and  make  u p  a tissue tha t  func t ions  
as a phys io log ica l  sink. T h e  m e c h a n i s m  by  
which  N.  phyllobia t r iggers  the  deve lop-  
m e n t  of  gTanular  cells is n o t  known.  

Nothanguina phyllobia is a h igh ly  spe- 
c ia l ized paras i te .  I t  is hos t  specific a n d  has a 
h igh  b io t i c  po t en t i a l .  I n  a d d i t i o n ,  i t  has a 
his tospecif ic  a n d  e x c e p t i o n a l l y  p r o n o u n c e d  
effect on the  m o r p h o l o g y  of its host. In  the  
ear ly  stages of gal l  d e v e l o p m e n t ,  n e m a t o d e s  
m i g r a t e d  p a r a d e r m a l l y ,  s e ldom i n v a d i n g  
vascu la r  regions .  By the t ime  n e m a t o d e s  
i n v aded  vascu la r  reg ions  g r a n u l a r  cells de- 
r ived  f rom u n d i f f e r e n t i a t e d  p a r e n c h y m a  
h a d  d e v e l o p e d  w i t h i n  p e r i p h e r a l  tissues. 
A l t h o u g h  d i s o r i e n t e d  a n d  d i sp l aced  by  
p r o l i f e r a t e d  g r o u n d  tissue, vascu la r  ele- 
men t s  were  func t iona l .  Even  in  severely 
in fec ted  p lants ,  the  shoot  apex  was s e ldom 
des t royed .  

In  terms of p l a n t - n e m a t o d e  associa t ions ,  
S. elaeagnifolium is a h igh ly  suscep t ib le  
host  for N. phyllobia. C e l l u l a r  responses  
by  the p l a n t  resu l t  in  r a p i d  n e m a t o d e  de- 
v e l o p m e n t  a n d  r e p r o d u c t i o n ;  necrosis  is 
rare .  La rvae  m i g r a t e  in to  un in fe s t ed  por-  
t ions  of the  l a m i n a  t h r o u g h o u t  ga l l  de- 
ve lo p men t .  T h e  n u t r i t i v e  zone is mass ive  
c o m p a r e d  w i t h  t ha t  of  mos t  ga l l - fo rming  
nematodes ,  a n d  a l t h o u g h  c h l o r o p h y l l  oc- 
curs in  the  ou te r  layer  of  the  wal l  sur- 
r o u n d i n g  the  cen t ra l  cavi ty,  i t  p r o b a b l y  
c o n t r i b u t e s  b u t  a smal l  f r ac t ion  of  the  
p h o t o s y n t h a t e s  r e q u i r e d  for gal l  deve lop-  
men t .  I f  t h a t  is correct ,  t im galls  i n d u c e d  by  
N. phyllobia on S. elaeagnifolium are  con- 
s t ruc t ed  la rge ly  f rom t r ans loca t ed  assimi- 

la tes  a n d  impose  a c ons ide r a b l e  energy  
d r a i n  on  the  p l an t .  

L I T E R A T U R E  C I T E D  

1. Croll, N. A. 1970. The behaviour of nema- 
todes. Edward Arnold Publishers, London. 117 p. 

2. Dropkin, V. H. 1969. Cellular responses of 
plants to nematode infections. Annu. Rev. Phyto- 
pathol. 7:101-122. 

3. Endo, B. Y. 1975. Pathogenesis of nematode 
infected plants. Annu. Rev. Phytopathol. 13:213-238. 

4. Esau, K. 1977. Anatmny of seed plants. John 
Wiley and Sons, New York. 550 p. 

5. Fawcett, S. G. M. 1938. A disease of Australian 
grass Microlaena stipoides R. Br. caused by a nem- 
atode, Anguillulina microlaena n. sp. J. Helminthol. 
16:17-32. 

6. Goodey, J. B. 1948. The galls caused by 
Anguillulina balsamophila (Thorne) Goodey on the 
leaves of Wyethia amplexicaulis Nutt. and Bal- 
samorhiza sagittata Nutt. J. Hehninthol. 22:109-116. 

7. Goodey, T. 1934. Anguillulina cecidoplastes 
n. sp., a nematode causing galls on the grass, 
Andropogon pertusis Willd. J. Hdminthol. 12:225- 
236. 

8. Goodey, T. 1938. Observations on Anguillulina 
millefolii (Low, 1874) Goodey, 1932, from galls on 
the leaves of yarrow, Achillea millefolium L. J. 
Helminthol. 16:93-108. 

9. Hirschmann, H. 1977. Anguina plantaginis 
n. sp. parasitic on Plantago aristata with a descrip- 
tion of its developmental stages. J. Nematol. 9:229- 
243. 

10. Hussey, R. S., and L. R. Krusberg. 1968. 
Histopathology of resistant reactions in Alaska pea 
seedlings to two populations of Ditylenchus dipsaci. 
Phytopathology 58:1305-1310. 

11. Ivanova, T. S. 1966. Opyty biologicheskogo 
metoda bor'by s gorchakom rozovym. (Tests on a 
biological method of controlling Russian knapweed.) 
Izv. Otd. Biol. Nauk Akad. Nauk Tadzhikekoi SSR, 
2/23:51-63. 

12. Johansen, D. A. 1940. Plant microtechnique. 
McGraw-Hill Book Co., New York and London. 
523 p. 

13. Jones, M. G. K., and D. H. Northcote. 1972. 
Nematode induced syncytium--a multinucleate 
transfer cell. J. Cell Sci. 10:789-809. 

14. Kirjanova, E. S., and E. L. Krall. 1969. 
Parasiticheskie nematody rastenii i mery bor'by s 
nimi (parasitic nematodes of plants and their con- 
trol measures). Izdate'stvo 'Nauka', Leningradskoe 
Otdelenie, Leningrad (translated by INSDOC, New 
Delhi). 913 p. 

15. Klinger, J. 1970. The reaction of Aphelen- 
choides fragariae to slitlike micro-openings and to 
stomatal diffusion gases. Nematologica 16:417-422. 

16. Kostoff, D., and J. Kendall. 1929. Studies on 
the structure and development of certain Cynipid 
galls. Biol. Bull. 56:402-458. 

17. Krusberg, L. R. 1961. Studies on the cultur- 
ing and parasitism of plant parasitic nematodes, in 
particular Ditylenchus dipaci and Aphelenchoides 
ritzemabosi on alfalfa tissues. Nematologica 6:181- 
200. 



150 Journal of Nematology, Volume 12, No. 2, 

18. Mani, M. S. 1964. Ecology of plant  galls. Dr. 
W. Junk,  Publ., The  Hague. 434 p. 

19. Norton, D. C., and J. E. Sass. 1966. Patholog- 
ical changes in Agropyron smithii induced by 
Anguina agropyronilloris. Phytopathology 56:769- 
771. 

20. Orr, C. C., J. R. Abernalhy, and E. B. 
Hudspeth. 1975. Nothangnina phyllobia, a nema- 
tode parasite of silver-leaf nightshade. Plant  Dis. 
Rep. 59:416-418. 

21. Rebois, R. V., P. A. Madden, and B. G. 
Ehtridge. 1975. Some ultrastructural  changes in- 
duced in resistant and susceptible soybean roots 
following infection hy Rotylenchulus reniformis. 
J. Nematol. 7:122-139. 

22. Robinson, A. F., C. C. Orr, and J. R. Aher- 
nathy. 1978. Distribution of Nothanguina phyllobia 
anti its potential  as a biological control agent for 
silver-leaf nightshade. J. Nematol. 10:362-366. 

April 1980 

23. Robinson, A. F., C. C. Orr, and J. R, Aber- 
nathy. 1979. Behavioral response of Nothanguina 
phyllobia to selected plant  species. J. Nematol. 11: 
73-77. 

24. Thorne.  G. 1961. Principles of hematology. 
McGraw-Hill Book Co., New York. 553 p. 

25. Vargas, O. F., and J. N. Sasser. 1976. Biology 
of Anguina plantaginis parasitic on Plantago 
aristata. J. Nematol. 8:64-68. 

26. Wallace, H. R. 1959. Movement of eelworms. 
V. Observations on Aphelenchoides ritzemabosi 
(Schwartz, 1912) Steiner. 1932. on florists chrysanthe- 
nnnns. Ann. Appl. Biol. 47:350-360. 

27. Watson, A. K., and J. D. Shorthouse. 1979. 
(;all formation on Cirsium arvense by Ditylenchus 
dipsaci. J. Nematol. 11:16-22. 

28. Westphal, E. 1977. Morphogenbse, ultrastruc- 
ture et 6tiologie de quelques galles d'Eriophyes 
(Acariens). Marcellia 39:193-375. 


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

	8024_143: 
	pdf: 

	8024_144: 
	pdf: 

	8024_145: 
	pdf: 

	8024_146: 
	pdf: 

	8024_148: 
	pdf: 



