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Abstract: We investigated the role of terpenoid aldehydes in the resistance of cotton (Gossypium 
hirsutum) to the root-knot nematode (Meloidogyne incognita). Three-day-old,  root-knot-resistant 
( 'Auburn  623') and -susceptible ( 'Deltapine 16') seedlings were inoculated with M. incognita. 
Comparable  port ions of inoculated and noninoculated roots were harvested 2, 4, 7, and I0 days 
later. Terpeooid  aldehydes were extracted, separated by thin-layer chromatography,  eluted as 
their phloroglucinol derivatives, attd measured colorimetrically. In noninoculated seedlings of 
each age, the susceptible cultivar contained more total and more  of each o[ five specific terpenoid 
aldehydes (hemigossypol, methoxyhemigossypol,  gossypol, lnethoxygossypol, dimethoxygossypol) 
than did the resistant cultivar. In both cultivars, the concentrat ion of terpenoid aldehydes 
increased as seedlings aged. After inoculation, the concentration of terpenoid aldehydes was 
usually highest in the noninoculated,  followed by the infected susceptible, infected resistant, and 
noninfected resistant seedlings in that  order. T h e  changes in concentrat ion that occurred in 
response to infection, particularly at 7 and 10 days after inoculation, did correlate wi th  host 
resistance, i.e., there was a net loss of total and each specific terpenoid aldelhyde in tlae suscepti- 
ble cuhivar,  and a net gain in the resistant. Our  data do not exclude the possibility that  localized 
synthesis of terpenoid aldehydes is involved in resistance to root-knot nematodes. Key Words: 
(;ossypium hirsutum, physiology, resistance. 

The  cotton (Gossypium hirsutum L.) 
cultivar 'Auburn 623 R N R '  (A623), from a 
cross between 'Clevewilt 6-3-5' and 'Mexican 
Wild', is a transgressive segregate for 
resistance to the root-knot nematode, 
Meloidogyne incognita (Kofoid and White) 
Chitwood (12). This  resistance, which is 
tile highest among the various cultivars of 
cotton, is apparently incompletely domi- 
nant  and is controlled by mult iple  genes. I t  
interferes with ability of the parasite to 
reproduce. T h e  root-knot index, size and 
number  of egg masses, and the number  of 
eggs per egg mass are all lower in A623 
than in less resistant cultivars of cotton. 
Unfortunately,  some of the agronomic 
qualities of A623 are less than desirable. An 
understanding of the biochemical and physi- 
ological nature of the resistance, however, 
might facilitate its incorporation into other 
cultivated varieties of cotton. 

Gossypol and gossypol-related terpenoid 
aldehydes (TA) are toxic compounds that 
occur natural ly in cotton. T h e i r  synthesis 
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can be induced by external stimuli, includ- 
ing pathogens (1). Because many TA  are 
reported to be fungitoxic (13, 15), they are 
considered to be phytoalexins (1). Gossypol 
contributes to the resistance of cotton to 
insects and is toxic to bollworm and 
tobacco budworm (5). T h e  T A  apparently 
contr ibute to the resistance of cotton to 
verticillium wilt (2, 7, 15), and their con- 
centrations (3) and distribution (6, 7) in 
various cotton tissues have been studied. 
Cotton stems from new sites of T A  
accumulation in response to infection 
with Verticillium dahliae Kleb. (7). We 
found nothing in the literature, however, 
about  the T A  responses in cotton infected 
with nematodes. This  paper  reports 
changes in concentrations of T A  in root- 
knot-susceptible and -resistant cotton roots 
infected with M. incognita. A prel iminary 
report  has been published (14). 

MA TERIA LS  AND M E T H O D S  

Seeds of root-knot-susceptible 'Deltapine 
16' (DP16) and-res is tant  A623 cotton were 
germinated in the dark at 30 C in rolls of 
paper germination towels ("ragdolls") as 
described previously (4). After 3 days, the 
"ragdolls" were unrol led and the seedlings 
removed. A 2-cm-wide strip of Miracloth 
(Chicopee Mills Inc., Milltown, N.J.) was 
placed lengthwise across and near  the 
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middle of the germination paper. Twenty-  
five uniform seedlings were placed on the 
germination paper so that the terminal 5 
mm of each root tip were on top of the 
Miracloth strip. Another  Miracloth strip 
was placed directly over the first so that the 
root  tips were sandwiched between the two 
strips and the nematodes were then added. 

Eggs of M. incognita were harvested 
from greenhouse-grown tomatoes or chili 
peppers by the method of McClure et al. 
(9). T h e  eggs were hatched overnight at 
28 C in 133 t~g/ml aqueous Aretan (Plant 
Protection Ltd., Yalding, Kent, England). 
The  freshly hatched larvae were washed in 
distilled water, concentrated by centrifuga- 
tion, and suspended in water at 2,000 
larvae/ml.  Seedlings prepared as described 
previously were each inoculated with 0.1 ml 
of suspension (ca. 200 larvae). T h e  inocu- 
lated seedlings and noninoculated controls 
were incubated for 2, 4, 7, or 10 days in 
controlled-environment chambers at 28 C 
during 14 h light and 18 C during 10 h of 
dark. 

At each sampling time, the seedlings 
from 15 "ragdolls" of each cultivar, non- 
inoculated and inoculated, were harvested. 
The  portions of tile roots sandwiched 
between the Miracloth strips were excised 
and immediately frozen in liquid nitrogen. 
T h e  tissue was lyophilized and stored at 
-20 C for later fractionation. 

T h e  roots of some seedlings harvested 7 
days after inoculation were stained with 
acid fuchsin in an at tempt  to determine the 
degree of infestation of M. incognita larvae. 
T h e  larvae were counted in the root  tissues 
beneath the Miracloth strips and in the rest 
of the root  basipetal to the Miracloth strips. 

T h e  lyophilized root  tissue was ground 
to a powder, and the T A  extracted by 
constantly stirring the powder for 1 h in 
hexane-ethyl acetate (75:25), 100 ml /g  dry 
wt of tissue. Distilled water, 0.5 ml /gm dry 
wt of tissue, was slowly added to the result- 
ing suspension. T h e  extract  was filtered 
through Wha tman  No. 1 paper, and the 
filtrate was saved. By identical procedures, 
the residue was suspended and refiltered. 
The  filtrates were pooled and centrifuged at 
20,000 g for 20 min; tile supernatant  was 
reduced to dryness under  vacuum. T h e  dry 
residue, containing the TA, was dissolved 
in ethyl acetate (2.0 m l / g m  dry wt of tissue) 

and stored at -20 C for later chromatog- 
raphy. 

Known volumes of the T A  samples in 
ethyl acetate were streaked onto 20- x 20-cm 
Polyamide 11 F thin-layer chromatography 
plates and separated by ascending chroma- 
tography in benzene:chloroform:methanol:  
acetic acid (75:23:3:1.5). A qualitative T A  
standard containing hemigossypol (HG), 
methoxyhemigossypol (MHG), gossypol (G), 
methoxygossypol (MG), and dimethoxy- 
gossypol (DMG) was cochromatographed 
adjacent to the unknown samples. T h e  
developed chromatograms were air-dried 
and then sprayed twice, 20 min apart, with 
phloroglucinol-HC1 reagent (1 vol of 5% 
phloroglucinol in absolute ethyl alcohol 
and 1 vol of concd. HC1). Sprayed plates 
were air-dried, and the polyamide contain- 
ing the individual TA-phloroglucinol  
derivatives were scraped from the plates. 
T h e  derivatives were eluted from the 
polyamide with 5.0 ml absolute ethyl 
alcohol and constant agitation overnight. 

T h e  absorptions of the eluted phloro- 
glucinol derivatives of the individual T A  
were measured at their  hm,x v'toa (HG, 553; 
MHG,  548; G, 550; MG, 551; and DMG, 
545 nm), and their concentrations were 
calculated from their e values (HG, 21,500; 
MHG,  20,000; G, 46,725; MG, 81,812; and 
DMG, 26,881) (3). T h e  concentrat ion of 
total T A  (TTA)  in each sample in ethyl 
acetate was determined by the reaction of 
0.1 ml of sample solution with 4.9 ml of 
phloroglucinol-HCl reagent. T h e  absorp- 
tion at  550 nm was measured, and the 
concentrat ion was calculated and expressed 
as gossypol equivalents. T h e  entire experi- 
ment  was repeated twice. 

RESULTS 

More larvae were observed in the 
susceptible DP16 roots (mean 5.1 -+- 
standard error 0.7 in the inoculated zone 
and 11.7 ± 1.0 from the basipetal re- 
mainder) than in the resistant A623, for 
which the corresponding figures were 0.2 -4- 
0.2 and 1.8 ± 0.6. 

T h e  experiment  to determine the 
concentrations of T A  in roots gave variable 
results in the three replicates, al though the 
trends were generally similar from replicate 
to replicate. Therefore,  only the results 
from the third run  are presented (Fig. 1). 
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FIG. 1. The concentrations of five individual and total terpenoid aldehydes extracted from noninocu- 
lated and Meloidogyne incognita inoculated susceptible (Deltapine 16) and resistant (Auburn 623) cotton 
seedling at 2, 4, 7, and 10 days postinoculation. The changes in the concentrations (Diff) that occur as a 
result of infection are also shown. 
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Five TA,  separated by thin-layer chroma- 
tography and chromogenical ly developed 
with phloroglucinol-HC1 reagent,  were 
identified as HG,  M H G ,  G, MG, and DMG.  
These five compounds  were found con- 
sistently in root  extracts f rom both  
noninoculated and root-knot-nematode- 
inoculated seedlings of each cultivar at each 
sampling time. 

In  noninoculated seedlings of each age 
sampled, the concentrat ions of the indi- 
vidual and total T A  were greater in tile 
susceptible cult ivar (DP16) than in the 
resistant cultivar (A623). Noninocula ted  
seedlings of bo th  cultivars had more of each 
T A  and more total T A  at the last sampling 
time than at the first, a l though the concen- 
trations increased faster in the susceptible 
cultivar than in the resistant cultivar. 

In  M. incognita-inoculated seedlings of 
each age sampled, the total T A  and indi- 
vidual T A  (except DMG) were usually 
more abundan t  in the susceptible cult ivar 
(DPl6) than the resistant one (A623). Also, 
inoculated seedlings of bo th  cultivars con- 
tained more  of the individual  and total T A  
at the last sampling time than at the first. 

T h e  effects of infection of T A  con- 
centrations in roots were calculated by 
subtract ing the concentrations in the non- 
inoculated controls from tile concentrations 
in the inoculated seedlings. In almost  every 
case, infection of the susceptible cult ivar 
reduced the T A  concentrat ion,  and the 
magni tude  of the reduction increased with 
time. Infect ion of the resistant cultivar, 
however, nearly always increased the T A  
concentrations. 

DISCUSSION 

In  a study of 12- to 21-day-old fusarium- 
wilt-susceptible and -resistant cottons, Raj  
(11) found more gossypol in the non- 
inoculated susceptible variety than in the 
notfinfected resistant variety. Upon  infec- 
tion by Fusarium oxysporum f. vasin[ectum 
(Atk.) Snyd. g: Hanson,  the concentrat ion of 
gossypol increased more  consistently in the 
resistant than in the susceptible variety but  
always remained lower in the resistant 
variety. Because Raj  did  not  separate his 
extracts into individual  TA,  our  data on 
total TA,  expressed as gossypol equivalents,  
should be analogous to his gossypol data, 

and our  results do somewhat  parallel  his. 
At each age sampled, our noninocula ted  
nematode-susceptible variety contained 
more than twice as much  total T A  as the 
noninoculated resistant variety. Upon  in- 
fection by M. incognita, however, the total 
T A  content  decreased in the susceptible 
cultivar and generally increased in the 
resistant cultivar. 

T h e  preferred site for penetra t ion of the 
root by M. incognita corresponds well wi th  
the por t ion  of the root  that  is devoid of TA.  
Mace et al. (6) histochemically demon- 
strated the absence of T A  in the first 3 cm 
of tile root tip, bu t  found high concentra- 
tions in the epidermis of the rest of the 
root. Minton (10) repor ted  that  most root- 
knot  nematode larvae penetrate  cotton roots 
in the apical 2 cm. McClure and Rober tson 
(8) showed that  penetra t ion of cotton roots 
by M. incognita was rarely more  than 2 cm 
from the tip and never occurred 4 cm from 
tile tip. Perhaps, T A  inhibits  the entry of 
M. incognita into parts of the cotton root  
other than the tips. However,  M. incognita 
also penetrates the roots of most other hosts 
only in the apical region, even though T A  
do not  occur in most other  hosts. Thus,  
exclusion of the nematode by T A  remains 
speculative. 

Our  findings, parallel ing those by Raj  
(11), do not  establish a role for preformed 
individual  or total T A  in the resistance of 
cotton to root-knot  nematodes.  However,  
the observation that  the concentrations of 
T A  increase upon infection of the resistant 
cultivar, bu t  decrease upon  infection of the 
susceptible cultivar, suggest a possible role. 
Addit ional  susceptible and resistant cul- 
tivars should be studied to determine any 
correlat ion between host resistance and 
infection-induced changes in the concentra- 
tions of TA.  
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Anguina plantaginis n. sp. Parasitic on Plantago aristata 
with a Description of Its Developmental Stages ~ 

H E D W I G  H I R S C H M A N N  2 

Abstract: Anguina l)lantagi~lis n. sp., parasitic on Plantago aristata, is described and illustrated. 
This new species is most closely related to A. klebahni, A. millefolii, A. mobilis, and A. moxae 
and is characterized as follows: moderate body size for the genus; ahsence of esophageal 
"storage organ"; postvulval uterine sac extending about 45% of vulva-anus distance; crusta- 
formeria of young females longer than spermatotheca or uterus proper; spicules with 2 
sclerotized thickenings; long, conical tail in both sexes, narrowing at about 1/6 of its length 
to peg-like tip; parasitic only on P. aristata. Two nematode generations that are morphologically 
similar but differ in body size develop in one plant gall. The postembryogenesis, studied with 
respect to morphological development of the larval stages, is similar to that of Ditylenchus. The 
sexes can be differentiated from the second molt on. The infective larva is the third stage, 
which is morphologically distinct from the regularly developing third-stage larva. Key Words: 
postembryogenesis, morphology. 

I n  g e n e r a l ,  Anguina  species a re  k n o w n  
to h a v e  n a r r o w  h o s t  r a n g e s .  A m o n g  t h e  26 
spec ies  d e s c r i b e d  to  d a t e ,  m o s t  a r e  o b l i g a t e  
p a r a s i t e s  o n  m o n o c o t y l e d o n o u s  p l a n t s ,  
main ly ,  o f  t h e  G r a m i n e a e .  S o m e  spec ies ,  
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h o w e v e r ,  i n f e c t  d i c o t y l e d o n o u s  p l a n t s  
i n c l u d i n g  C o m p o s i t a e ,  P r i m u l a c e a e ,  a n d  
P o l y g o n a c e a e .  T h e s e  spec ies  a re :  A. bal- 
samophila ( T h o r n e )  f r o m  Balsamorrhiza 
sagittata N u t t .  a n d  Wyethia  amplexicauIis 
N u t t . ;  A. moxae Y o k o o  a n d  C h o i  f r o m  
Artemisia asiatica N a k a i ;  A. millefolii  
(L6w)  f r o m  Achillea mi l le fol ium L.;  A.  
mobilis C h i t  a n d  F i s h e r  f r o m  Arctotheca 
calendula (L.);  A. chartolepidis P o g h o s s i a n  
f r o m  Chartolepis biekersteini J .  a n d  Sp. ;  
A. klebahni  G o f f a r t  f r o m  Primula florindae 
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