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galled tissue, including syncytia and cortex, 
with ungalled tissue. The events recorded here 
occurred soon after infection by the 
nematodes, and fruitful speculation about 
possible relationships between physiological 
and morphological characteristics of M. 
incognita-infected root tissue and egg-laying 
by P. penetrans will require the results of 
analyses made within 3 wk after infection. 

Regardless of the mechanism of the effect, it 
is apparent that M. incognita represses 
reproduction by P. penetrans. This 
repression, coupled with its greater 
reproductive capacity, should assure 
complete dominance of populations derived 
from concomitant infections after two or 
three generations of M. incognita have 
developed. 
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Free Amino Acids in Roots of  Infected Cotton Seedlings 
Resistant and Susceptible to Meloidogyne incognita 1 
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Abstract: Quantities of  free amino acids in segments of  cotton roots resistant and susceptible to Meloidogyne 
incognita were compared.  Following infection, the root-knot susceptible cultivar, M8, had greater percentage 
increases of certain individual free amino acids than the resistant cultivar, Clevewilt, but  the sum total of  free amino 
acids was greatest in the resistant cultivar. More free amino acids were present in infected than in noninfected plants 
of  both cult,,/ars. The overall concn of glycine declined over the I 0-day period following inoculation. The concns of 
the aromatic amino acids, tyrosine and phenylalanine, varied as functions of infection, cultivar, and time of harvest. 
Proline in susceptible M8 increased nearly 2000-fold 10 days after infection, when considerable thickening of 
syncytial walls is occurring. Key Words: resistance, root-knot nematode,  cell-wall metabolism. 
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Resistance in cotton, Gossypium hirsutum 
L., to Meloidogyne incognita (Kofoid & 
White) Chitwood has been characterized by 
three types of host-parasite reactions: 
retarded gall development, failure of most of 
the nematodes tO reach maturity, and the 
development of fewer and smaller galls on 
resistant plants which bear fewer egg sacs than 
those on susceptible plants. Reduced 
pathogenesis also may result from nematode 
immobilization due to toxins produced in the 
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area of infection, and from the failure of 
nematodes to influence the formation of 
syncytia (2, 14, 18). 

Several investigations of the biochemical 
and physiological relationships of M. 
incognita to its hosts have been conducted. 
Myuge (19) found higher concns of amino 
acids in root-knot-induced galls of tomato 
than in nongalled roots. Galls on tomato and 
cucumber roots contained four times as much 
protein as nematode-free roots. Infection by 
Ditylenchus dipsaci (11) and Radopholus 
similis (8, 9) also is known to cause alterations 
in the amino acid content of their respective 
hosts. 

Sayre (22) proposed that enzymes from 
root-knot nematodes liberate t ryptophan 
from protein complexes and that this 
compound,  converted to indoleacetic acid 
(IAA) could be responsible for galling. 
Although it is not known whether amino acids 
such as t ryptophan are important  in galling or 
syncytial formation, t ryptophan has long 
been established as a precursor of  IAA (24). 

Free amino acid content of tissues has been 
related to the susceptibility or resistance of 
plants to various other pathogenic organisms. 
Cystine ( i 2) and alanine are thought to play a 
role in resistance to diseases caused by 
Fusarium sp. (10). A relationship also exists 
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FIG. I. Free amino acids of resistant (CW) and susceptible (M8) control cultivars following infection (1) with 
Meloidogyne incognita: A) Total free amino acids at intervals following inoculation. N = noninoculated controls, CW 
= Clevewilt 6-3-5 cotton; B) Concentration of glycine in roots of susceptible (M8) and resistant (CW) cotton; 
C) Concentration of phenylalanine in roots of susceptible and resistant cotton. 
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between the level ofalanine and susceptibility 
to Verticillium by cotton (I, 23), Chiang and 
Nip (3) observed higher levels of alanine, 
asparagine, and tyrosine in tissues of cabbages 
resistant to clubroot. 

We report the occurrence of 17 free amino 
acids in infected and noninfected roots of 
cotton plants resistant and susceptible to the 
root-knot nematode, M. incognita. 

MATERIALS AND M E T H O D S  

Meloidogyne incognita from a single egg 
mass (14) was propagated in the greenhouse 
on chile pepper, Capsicumfrutescens L., and 
second stage larvae were obtained by 
Lownsbery and Viglierchio's method (13). 

Larvae were treated for 12 h in a modified 
Baermann funnel containing 13 mg of Aretan 
(5) in 100 ml sterile distilled water. That was 
followed by a thorough rinsing of the larvae 
on a (400-mesh) sieve with sterile distilled 
water. 

Seeds of resistant (Clevewilt 6-3-5) and 
susceptible (M8) cotton cultivars (14) were 
treated for 20 min in 20% household bleach 
and rinsed with sterile distilled water until the 
e lua te  was neu t ra l  to l i tmus paper .  
Germination and inoculation procedures of 
McClure and Robertson (17) were used to 
produce 2-cm segments of cotton roots 
containing 50-100 nematodes. Seedling 

segments treated similarly but not infected 
served as controls. 

One gram of fresh root tissue (40 segments 
from 40 roots) was harvested from each 
treatment 2, 4, 6, and 10 days after inoculation 
and ground to a fine powder in liquid nitrogen 
with a mortar  and pestle. Three milliliters of 
sterile distilled water were added with further 
grinding and the mixture was filtered through 
cheesecloth. The filtrate was mixed with 0.75 
ml of 15% sulfosalicylic acid, allowed to stand 
for 1 h at room temp, and centrifuged at 
10,000 g for 30 mm. Analyses of the 
supernatant were performed on a Beckman 
Model 120 C automatic amino acid analyzer 
according to the procedures given by the 
m a n u f a c t u r e r .  Each e x p e r i m e n t  was 
performed twice and the results averaged. 

RESULTS 

Total free amino acids of noninfected and 
infected root segments generally declined 
during the l0 days after inoculation (Fig. l- 
A). During this period, the concn of free 
amino acids in infected segments usually 
exceeded that in noninfected segments. 
Differences in amino acid content between 
infected and noninfected roots were greater in 
the susceptible M8 cultivar than in the 
resistant Clevewilt cultivar. Maximum 
differences occurred 6 days after inoculation. 

TABLE 1. Changes  in a m i n o  acid concen t ra t ion  of res is tant  ( C W  = Clevewi l t  6-3-5) and  suscept ib le  (M8) co t ton  
cul t ivars  expressed  as a m i n o  acid concn  ( ~ m o l e / g  fresh weight)  in hea l thy  t issue relat ive to tha t  in infected tissues. 
Negat ive  values  indicate  percen tage  decreases  fo l lowing  infect ion,  posi t ive values  percentage  increases.  

% Change  - I n f e c t e d / h e a l t h y  

Days  After  Inocu la t ion  

2 4 6 10 

C W  M8 C W  M8 C W  M8 CW M8 

T r y p t o p h a n  0 35 6 7 63 54 8 152 
Lysine - 6 16 95 64 96 64 64 242 
His t id ine  32 26 107 127 277 283 95 433 
Arginine  6 23 52 38 15 31 - 42 3 
Aspar t ic  Acid 21 13 - 14 2 28 83 49 42 
Threon ine  19 - 5 - 19 - 23 187 28 118 40 
Serine 6 18 - 31 28 16 97 5 - 20 
Glu tamic  Acid 23 56 26 47 116 198 230 287 
Prol ine - 3 - 4 4  - 4 32 110 93 52 1775 
Glycine - 3 32 - 10 35 41 85 - 4 88 
Alan ine  - 1 3  67 77 105 138 339 29 277 
Valine - 1 8  32 53 51 76 95 3 588 
Met h ionine  -21  57 81 67 175 0 125 550 
lsoleucine - 12 I I 49 45 90 56 60 488 
I~cucine - 1 8  17 66 38 75 52 107 260 
Tyros ine  - 1 3  2 32 25 69 50 - 16 188 
Pheny la lan ine  1 I 62 47 73 152 194 56 693 
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Concentrations of individual amino acids 
also changed after infection. The magnitude 
and direction of these changes were dependent 
upon the amino acid and the time of harvest 
following inoculation (Table 1). Initially, 
more than half of the amino acids decreased in 
resistant Clevewilt infected with M. incognita. 
By the 6th day after inoculation, the conch of 
all amino acids in resistant roots had 
increased and exceeded those in their 
noninfected counterparts. 

Changes  in ind iv idua l  amino  acids 
following infection were maximum 10 days 
after inoculation in both cultivars. However, 
for most amino acids, greater percentage 
increases occurred in susceptible M8 than in 
resistant Clevewilt. After 10 days, the greatest 
changes in Clevewilt were recorded for 
glutamic acid, methionine, threonine, and 
leucine; whereas, in M8, the amino acids 
which had increased most in the infected roots 
were pro l ine ,  pheny la l an ine ,  val ine ,  
methionine, isoleucine, and histidine. 

When absolute quantities of amino acids 
were compared, some amino acids (such as 
aspartic acid and arginine) were consistent 
within cul t ivars ,  and were re la t ive ly  
unchanged by infection or time of harvest. 
Others, such as glycine (Fig. I-B) had an 
overall decline after inoculation, following the 
general trend of total free amino acids. In the 
case of glycine, the lowest values were 
recorded for noninoculated MS. Infection 
appeared to have little effect on the glycine 
content of Clevewilt. 

Concentrations of the aromatic amino 
acids, phenylalanine, and tyrosine responded 
as functions of both infection and time of 
harvest as well as the cultivar analyzed (Fig. i- 
C). The greatest concn of phenylalanine was 
found in infected roots of the susceptible M8, 
10 days after inoculation with the most 
pronounced increase occurring between the 
6th and 10th days following inoculation. 
There was an overall decline in phenylalanine 
concn in the other treatments over the 10-day 
test period. However, the rates of decrease 
and the final concns differed markedly 
between treatments. 

DISCUSSION 

Calculations based upon known concns of 
free amino acids in larvae of M. incognita ( i 6) 
show that larvae present in the infected roots 
would account for less than 0.1% of the amino 

acids recovered in our analyses. Therefore, the 
direct contribution of the nematodes to the 
amino acid composition of the root is not 
significant, and consequently the greater 
quantity of free amino acids in infected than in 
noninfected tissues indicates a plant response 
to n e m a t o d e  i n f e c t i o n .  H o w e v e r ,  
interpretation of biochemical changes in host- 
parasite complexes is difficult especially 
where obligate endoparasites are involved (! 1, 
21). 

Increased levels of free amino acids upon 
infection by root-knot nematodes has been 
noted by Owens and Specht (20), who found 
that free amino acids increased sharply in the 
galls of tomato. Increased levels of amino 
acids have also been found in galls of alfalfa 
caused by Ditylenchus dipsaci (11), and in 
galls initiated by Longidorus africanus on 
grapevine roots (6). 

Changes in free amino acid content could 
occur in several ways. Howell and Krusberg 
( l l )  noted that increases in levels of free 
amino acids in galled vs. healthy tissues of 
alfalfa and pea could be due to increased 
translocation into the area of infection, 
increased rates of synthesis, decreased rates of 
translocation out of the gall, and /o r  
decreased rates of breakdown. Cytochemical 
analyses by Owens and Specht (20) have 
shown that most of the increase of free amino 
acids in tomato infected with root-knot 
nematodes occurred in the syncytia rather 
than in the galls. Owens and Specht concluded 
that in tomato, accumulation of amino acids 
is due to synthesis in situ. Should this be true 
for cotton, the root-knot resistant Clevewilt 
must synthesize proportionately more amino 
acids than the root-knot susceptible M8. 

Some of the amino acids which increased in 
cotton roots following infection may be 
important in the host reaction to the 
nematode. The increase of phenylalanine in 
infected cotton roots may be due to its 
mobilization for phenol metabolism. Lower 
final concns of phenylalanine in all treatments 
except infected M8 10 days after inoculation 
could reflect its probable use in production of 
phenols. At least two phenols in cotton, 
scopeletin and gossypol, possess phytoalexin- 
like properties. However, the toxicity of these 
substances to nematodes is not known. 

Increased production of t ryptophan could 
result in greater quantities of auxin, since 
tryptophan is a known precursor of IAA (7). 
Cotton cultivars susceptible to M. incognita 
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form galls which consist of hypertrophic and 
hyperplastic cortical tissue. Associated with 
these galls and with nematode development is 
the presence of  nematode- induced ,  
multinucleate syncytia. These symptoms 
suggest the action of auxins or auxin-like 
materials, which are known to affect plant 
tissues in similar ways (24). Resistance of 
Clevewilt to M. incognita is characterized by 
two reactions: (i) nematodes which penetrate 
but fail to develop; or (ii) galls which they 
induce are small or without detectable 
nematodes. Most nematodes which penetrate 
produce no visible swellings or syncytia (14). 
Production of galls and formation of giant 
cells are probably independent phenomena. 
However, both are initially characterized by 
cellular hypertrophy. Furthermore, many 
nuclei of the giant cells are enlarged. Such 
reactions are typical of auxin-mediated 
growth (4, 24, 26). This suggests that 
tryptophan levels could influence amounts of 
IAA present; however, it is not known from 
these studies whether tryptophan forms IAA 
in either cultivar or whether changes in 
tryptophan concn result from other 
perturbations in the host physiology. 

Proline in some plants appears to be 
critically important in the formation of cell 
wall proteins and the extensibility of the cell 
wall may well be controlled by the amount of 
hydroxylation of the proline residues in it 
(25). In our analyses, thousandfold, and more, 
increases in the proline content of susceptible 
M8 were noted 10 days after inoculation with 
M. incognita. This interval corresponds to the 
time at which galls become macroscopically 
visible and during which secondary wall 
thickenings form around the nematode- 
induced syncytia (15). Since thin-walled 
syncytia and reduced galling are typical of the 
resistant Clevewilt, our data suggest that the 
use of cotton cultivars infected with M. 
incognita could facilitate the understanding of 
cell-wall metabolism. 
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Revision of the Genus Paratylenchus Micoletzky, 1922 

and Descriptions of New Species. Part I of 3 parts.J 

D. J. RASKI 2 

Abstract: A revision of part of the genus Paratylenchus is reported covering those species with stylets averaging'~ 
22 ~m. Thirteen new species are described and further observations are given on the morphology and relationships 
of nine other species. Paratylenchus gahriciis transferred to the genus Hemicriconemoides. This article is the first of 
threc parts: the second will treat Para(vlenchus spp. with stylets averaging 24-40 ~m (and include a key to the species 
described in parts I and2), the third will include species with stylets ~40~um, respectively. Aev Word:taxonomy. 

The  pin n e m a t o d e s  of the genus 
Paratylenchus Micoletzky, 1922 (11) now 
include 56 nominal species. This genus was 
reviewed first by Tarjan (16) who described 
two new species and proposed a key to the 
species. Tarjan proposed the withdrawal of 
Tylenchus macrophallus de Man, 1880 (9) 
from Paratylenchus, and the designation of it 
as incertae sedis. 

Raski (12) proposed the genus Gracilacus 
to include those species of Paratylenchus with 
stylets longer than 48 #m. Brzeski (3) and 
Siddiqi and Goodey (13) did not agree with 
this concept and synonymized Gracilacus 
with Paratvlenchus. Geraert (4) accepted this 

Received for publication 23 April 1974. 
flhe kind eooperalion of many nematologists who sent type 
specimens, identified material, and new collections is gratefully 
acknowledged including: I. Andr'dssy, M. W. Brleski. R. C. 
Colbran, A. l)eGrisse, J. C. Edward, R. P. Esser, E. Geracrt, A. 
M. Golden, I). J. Hooper, W. R. Jenkins. P, A. A. Loof, W. F. 
Mai, (i. Mcrny. R, H. Mulvey. B. W. Ngundo. J. W. Seinhnrsl, 
A. R. Seshadri, S. A. Sher, G, Swarup, A. C. Tarjan,G. Thorne, 
and W. M. Wouts. The technical assistance of N. Jones, U. K. 
Mchta, H. ('hang. and ,I. Pinochct is acknowledged: especially 
the mounting and measuring of specimens, which was most 
valuable in this study. 

:Profc~,sor of Nematology, Department of Nematology, 
tlnivcrsily of California, Davis 95616. 

synonymy based in part on a collection of four 
females and one male from Colombia 
associated with the roots of oil-palm. 
Measurements and a detailed description 
were given as evidence of their intermediate 
position "between Paratylenchus, as defined 
by Raski (1962), and Gracilacus Raski 
(I 962)". The specimens were not described as 
a new species because Geraert judged the 
numbers to be insufficient. 

Geraert (4) reviewed the genus and 
recognized 34 species as valid, synonymized 
five species and placed Paratylenchus 
macrophallus de Man, 1880 (Goodey, 1934) in 
species inquirendae. Geraert concluded that 
there are few characters that can be used to 
distinguish species and emphasized stylet 
length in relation to total length, vulva 
position and (to a lesser degree) tail form, 
head form, and lateral field. He did not use 
males in the systematics, and divided the 
genus into ten groups based on styler length 
and vulva position. Fifteen new species have 
been described since Geraert's review, 
including one by Wouts (19) who proposed 
another key to the species. 

Solovyeva (14) published a comprehensive 


