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Resistance to Meloidogyne incognita Race 3 and 
Rotylenchulus reniformis in Wild Accessions of 

Gossypium hirsutum and G. barbadense from Mexico 1 

A. F. ROBINSON 2 AND A. E. PERCIVAL 3 

Abstract: Forty-six accessions of  G. hirsutum and two of  G. barbadense were examined for resistance to 
Meloidogyne incognita race 3 and Rotylenchulus reniformis in environmental growth chamber  experiments, 
with the objective of  finding new sources of resistance. Only the G. barbadense accessions, TX-1347 and 
TX-1348, supported significantly less reproduction by/L ren/form/s than the susceptible control, Deltap- 
ine 16 (USDA accession SA-1186). However, they were highly susceptible to M. incognita race 3. The G. 
hirsutum accessions TX-1174, TX-1440, TX-2076, TX-2079, and TX-2107 had levels of resistance to M. 
incognita race 3 as great as or  greater than those of  Clevewilt 6 and Wild Mexican Jack Jones, which are 
the primary sources of  resistance to M. incognita race 3 in the most  resistant breeding lines. No accession 
was as resistant as the highly resistant line Auburn 623 RNR (SA-1492). Resistant accessions were f rom 
the Mexican coastal states of  Campeche, Quintana Roo, Tabasco, Veracruz, and Yucatan. Populations of  
R. reniformis from Alabama, Mississippi, Louisiana, and Texas, and ofM. incognita race 3 from Mississippi, 
Texas, and California, had similar reproductive rates on resistant genotypes. Thus, new sources of  
resistance to M. incognita race 3 but  not  to /~  reniformis were identified in wild accessions of  G. hirsutum 
f rom southern Mexico. 

Key words: cotton, Gossypium barbad~nse, Gossypium hirsutum, Meloidogyne incoffnita, nematode, reniform 
nematode,  resistance, root-knot nematode, Rotylenchulus reniformis. 

The  major nematode  pests of  upland cot- 
ton ( Gossypium hirsutum L.) are Rotylenchulus 
reniformis Linford and Oliveira and race 3 of  
Meloidogyne incognita (Kofoid and White) 
Chitwood. No genotype of  G. hirsutum has 
been  found  to have more  than a moderate  
level of  resistance to R. renifarmis (Jones et 
al., 1988). Incorporat ion of  resistance to R. 
reniformis f rom related, resistant species of  
cotton,  such as G. long,calyx (Yik and Birch- 
field, 1984) and G. arboreum (Carter, 1981), 
has been  unsuccessful due  to chromosome 
and ploidy incompatibilities (Wilson, 1968). 
Signif icant  progress ,  however ,  has been  
made toward developing genotypes with re- 
sistance to M. incognita race 3 (Shepherd,  
1982). Three  cultivars, Stoneville LA 887, 
Har tz  1560, and  CPCSD Nem-X, have a 
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modera te  level of  resistance, and several 
breeding lines are almost immune.  The pri- 
mary sources of  resistance of  M. incognita 
race 3 are f rom an obsolete cultivar, Cleve- 
wilt6, and a wild accession of  G. hirsutum col- 
lected f rom an unknown site in Mexico in 
the late 1940s. The latter is maintained in 
the USDA Cotton Germplasm Collection as 
accession TX-2516 u n d e r  the name Wild 
Mexican Jack Jones.  Mexico and Central  
America comprise the geographical origin 
of  G. hirsutum and are the region of  its great- 
est genetic variability (Percival and Kohel, 
1991). 

In the early 1980s, two extensive screen- 
ing studies were conduc ted  to find addi- 
t ional  sources  o f  res is tance .  S h e p h e r d  
(1983) tested 471 wild accessions of  G. hit- 
suture f rom the USDA Texas Race Stock Col- 
lection for resistance to M. incognita race 3; 
of  these, 231 were from Mexico (Fig. 1) and 
18 had lower root  gall ratings than Cleve- 
wilt 6. 

Yak and Birchfield (1984) examined re- 
product ion by R. reniformis on 30 G. hirsutum 
cultivars, 33 wild accessions of  G. hirsutum 
f rom Mexico (Fig. 1), 34 wild accessions 
from other  regions, 32 entries of  19 wild Gos- 
sypium spp. f rom several cont inents ,  and  
more  than 20 plant species in seven related 
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FIG. 1. Origins of accessions of Gossypium hirsutum from Mexico examined for resistance to Meloidog~ne incognita 
race 3 by Shepherd (1983), to Rotylenchulus reniformis by Yik and Birchfield (1984), and to both nematodes in the 
present study. Accessions showing resistance to each nematode in the present study are indicated. The two 
accessions with resistance to R. reniformis had G. barbadense rather than G. hirsutum phenotypes. Abbreviated names 
of Mexican states include Baja California Sur (BCS), Campeche (CAM), Chiapas (CHI), Guerrero (GUE), Micho- 
ac~m (MICH), Morelos (MOR), Oaxaca (OAX), Puebla (PUE), Quintana RoD (QR), San Luis Potosi (SLP), 
Sinaloa (SIN), Tabasco (TAB), Tamaulipas (TAM), Veracruz (VER), and Yucatan (YUC). 

genera.  Several wild species of  Gossypium 
had  appreciable  levels of  resistance, bu t  
96% of  the wild accessions o f  G. hirsutum 
tested were susceptible. One  accession of  G. 
hirsutum f rom Haiti, USDA TX-893, was con- 
sidered resistant to R. reniformis, and six oth- 
ers had less nematode  egg product ion  than 
the susceptible control,  Deltapine 16. Sev- 
eral breeding lines are tolerant  to R. renifor- 
mis (Cook et al., 1997). 

Since 1984, more  than 1,000 wild acces- 
sions of  G. hirsutum have been  added to the 
USDA Cotton Germplasm Collection, and 
many of  these are f rom previously unrepre-  
s en t ed  b io topes  of  Mexico  in n o r t h e r n  
Tamaulipas or in the southern  states of  Ta- 
basco, Campeche,  Yucatan, and Quintana 
RoD (Fig. 1). Several phenotypic  races of  G. 
hirsutum occur  in these areas, and their  suit- 
ability as hosts for  nematodes  is unknown. 
The objective of  this research was to exam- 
ine reproduct ion  by P, reniformis and M. in- 

cognita race 3 on previously untested acces- 
sions of  G. hirsutum f rom Mexico in an effort 
to identify new sources of  resistance to both  
nematodes.  

MATERIALS AND METHODS 

Inoculum: Populations of  R. reniformis f rom 
Leighton,  Alabama (LAL); Webb,  Missis- 
s ippi  (WMS); B a t o n  Rouge ,  Lo u i s i an a  
(BRLA); West Carroll Parish, Lousiana (WC- 
PLA); and  Weslaco, Texas (WTX) were 
propagated on tomato (Lycopersicon esculen- 
turn cv. Rutgers) in the greenhouse.  Inocu- 
lure consisted of  mixed vermiform stages ob- 
tained overnight by Baermann funnel  f rom 
soil a round tomato plants the day before in- 
oculation. Populations of  M. incognita race 3 
f ro m  Min te r  City, Mississippi (MCMS); 
Seminole, Texas (STX); an unknown site on 
the Texas High Plains (HPTX);  and  the 
southern San Joaquin  Valley of  California 
(SJCA) were propagated on Rutgers tomato. 
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I n o c u l u m  consisted of  second-stage juve- 
niles (]2) ha tched  f rom eggs that  were ex- 
tracted f rom tomato  roots with 1% NaOC1 
(Hussey and  Barker, 1973) followed by cen- 
trifugal flotation in 1 M sucrose solution 3 to 
5 days be fo re  inoculat ion.  Nematodes  of  
bo th  species appea red  unstarved, and m o r e  
than 95% were motile when used for  inocu- 
lations. 

General protocol: Two seeds of  a cot ton en- 
try were p lanted  in a 500-cm 3 plastic pot  
filled with a 6:1 (v:v) mixture  of  sand (<400- 
p m  particle size) and  vermiculite,  supple- 
m e n t e d  with 5 g / k g  pelletized l imestone.  
Twenty pots were p repa red  for each entry. 
Pots were main ta ined  in a g reenhouse  at 23 
to 32 °C. When  seedlings were at the first 
true leaf stage (10-14 days after planting),  
they were culled to one  per  pot. Remaining  
plants  were  t r ansp lan ted  to 15-cm-diam. 
pots and  grown to maturi ty in the green- 
house  to conf i rm plant  species identifica- 
tion. O n  the same day that  p lants  were 
culled, the plant ing m e d i u m  in each pot  was 
in fe s t ed  with n e m a t o d e s  by in jec t ing  a 
nema tode  suspension 1 to 5 cm deep  at two 
points  2 cm f rom the stem. Each pot  re- 
ceived a single inoculat ion with 1,000 J2 of  
M. incognita race 3 or  two inoculations 7 days 
apar t  with 2,000 mixed vermiform stages of  
R. reniformis applied each time. Pots were 
t ransfer red  to a 137-cm x 244-cm growth 
chambe r  p r o g r a m m e d  for a 14-hour light 
and  10-hour dark  per iod with air tempera-  
tures of  30 °C and 26 °C, respectively. Plants 
were watered daily and  fertilized weekly (15: 
16:17:1.0:0.21:0.1, N:P:K:Mg:Fe:Zn). 

Seven weeks after the second inoculat ion 
with R. reniformis, plants were removed  and 
plant  height,  n u m b e r  of  main-stem nodes,  
n u m b e r  of  fruit ing structures, fresh and dry 
foliar weight, fresh and  dry root  weight, and  
taproot  length were determined.  Eggs were 
extracted with NaOC1 followed by centrifu- 
gal flotation in 1 M sucrose solution. A 100- 
cm 3 aliquot o f  soil f rom each pot  infested 
with R. reniformis was weighed, and vermi- 
f o r m  stages were  ex t rac ted  overn igh t  in 
B a e r m a n n  funne l s  to es t imate  the  total  
n u m b e r  of  ve rmi fo rm nematodes  pe r  pot  
(Robinson and  Heald,  1991). Root  systems 
of  plants inoculated with M. incognita race 3 

were ra ted for  severity of  galling using a 
scale of  0 = no galls detected,  1 -- galls de- 
tected on <5% of  the root  system, 2 = ap- 
proximately  25% of  the root  system galled, 3 
= 50% galled, 4 = 75% galled, and 5 = more  
than 95% of  the root  system galled. The  re- 
p roduc t ion  of  R. reniformis was calculated 
f rom the sum of  eggs and  vermiform stages 
extracted (Pf) divided by 4,000 (Pi), and  
that  of  M. incognita f rom the n u m b e r  of  eggs 
extracted (Pf) divided by 1,000 (Pi). 

Experimental design and data analysis: Five 
e x p e r i m e n t s  were conduc ted .  Each con- 
sisted of six replications of  pots inoculated 
with R. reniformis and six replications of  pots 
inoculated with M. incognita race 3 in a ran- 
domized  complete-block design. Plants o f  
each entry were blocked by size at the t ime 
of  inoculat ion and  by position within the 
growth chamber .  In all experiments ,  root  
systems f rom all pots inoculated with M. in- 
cognita race 3 were given gall ratings, and  
nematodes  f rom all pots inoculated with R. 
reniformis were extracted by Bae rmann  fun- 
nel. In all but  the third exper iment ,  nema-  
tode eggs were extracted f rom all root  sys- 
tems. In the third exper iment ,  eggs were ex- 
tracted only f rom the controls and f rom 18 
wild accessions considered to be of  greatest  
interest  based on gall ratings or  numbers  of  
vermiform R. reniformis extracted by Baer- 
m a n n  funnel.  In each exper iment ,  data for 
each nematode  species were analyzed sepa- 
rately with a two-way analysis o f  variance. 
Fisher 's pro tec ted  LSD procedure  was used 
to compare  all entries with Deltapine 16, the 
susceptible control  included in all experi- 
ments .  Nema tode - r e s i s t an t  cont ro ls  also 
were included but  differed a m o n g  experi- 
ments.  All data  on  nema tode  popula t ion  
densities were t ransformed with log (x + 1) 
pr ior  to analyses. 

First experiment--accessions suspected to have 
resistance to R. reniformis: This test examined  
seven wild accessions of  G. hirsutum f rom 
Mexico, Central America, and the Caribbean 
that  had  shown possible resistance to R. 
reniformis previously (Yik and  Birchfield,  
1984). The  breeding  lines La RN 1032 and 
M-315 RNR were included in this experi- 
m e n t  as controls with resistance to M. incog- 
nita race 3. 
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Second experiment--first evaluation of strategi- 
caUy selected Mexican accessions: This  expe r i -  
m e n t  i n c l u d e d  18 p rev ious ly  u n t e s t e d  acces- 
s ions  f r o m  local i t ies  tha t  were  carefu l ly  se- 
l e c t ed  to r e p r e s e n t  a wide  r a n g e  o f  l a t i tude ,  
p r e c i p i t a t i o n ,  m e a n  t e m p e r a t u r e ,  a n d  eleva- 
t ion  in  M e x i c o  (Fig, 1; T a b l e  1). A u b u r n  634 
RNR, res i s tan t  to M. incognita race  3, was 
i n c l u d e d  as a con t ro l .  

Third experiment--second evaluation of Mexi- 
can accessions: For ty  en t r i e s  were  tes ted ,  in- 
c l u d i n g  seven access ions  i d e n t i f i e d  as par -  
t icu lar ly  p r o m i s i n g  with  r e g a r d  to n e m a t o d e  
res i s tance  in  t he  s e c o n d  e x p e r i m e n t  a n d  28 
a d d i t i o n a l  access ions  f r o m  local i t ies  c lose  to 
t hose  w h e r e  the  first  seven h a d  b e e n  col- 
l ec ted .  A u b u r n  623 RNR (USDA access ion  
SA-1492), Clevewil t6 (SA-245), Wi ld  Mexi-  
can  J a c k  Jones ,  a n d  S tonevi l le  LA 887 were  
i n c l u d e d  as con t ro l s  with res i s tance  to M. 
incognita r ace  3. TX-1180 a n d  TX-2309 were  
t e s ted  on ly  wi th  R. reniformis; TX-1099 a n d  
Clevewil t6 were  tes ted  on ly  with M. incognita 
r ace  3. All  o t h e r  en t r i e s  were  t e s t ed  with  
b o t h  species .  

T h e  t h i r d  e x p e r i m e n t  r e q u i r e d  an  add i -  
t iona l  g rowth  c h a m b e r ;  i t  was the  s ame  size 
as the  first  b u t  d i f f e red  in l ight ,  t e m p e r a -  
ture ,  a n d  re la t ive  h u m i d i t y  con t ro l .  T h r e e  
r e p l i c a t i o n s  were  m a i n t a i n e d  in  t he  f i rs t  

c h a m b e r  a n d  t h r e e  in  the  second .  T h e  first  
c h a m b e r  p r o v i d e d  278 a n d  24 p m o l  p h o -  
t o n s /  (m 2 s e c ond )  o f  f l u o r e s c e n t  a n d  incan-  
d e s c e n t  i l l umina t i on ,  respect ively ,  wi th  50% 
r e d u c e d  f l u o r e s c e n t  i l l u m i n a t i o n  d u r i n g  the  
first  a n d  last  h o u r s  o f  dayl ight ,  s tepwise tem-  
p e r a t u r e  c ha nge ,  a n d  n o  re la t ive  h u m i d i t y  
con t ro l .  T h e  s e c o n d  c h a m b e r  p r o v i d e d  340 
a n d  43 p m o l  p h o t o n s / ( m  2 s e c o n d )  o f  f luo- 
r e s c e n t  a n d  i n c a n d e s c e n t  i l l u m i n a t i o n ,  re-  
spectively,  p lus  m a i n t e n a n c e  o f  re la t ive  hu-  
m i d i t y  a b o v e  5 0 % ,  a n d  r a m p - a n d - s o a k  
r a t h e r  t h a n  s tepwise  t e m p e r a t u r e  con t ro l .  
T h e  t e m p e r a t u r e  r e g i m e n  used  was a 1-hour  
h o l d  at  26 °C b e g i n n i n g  at  first  l ight ,  fol- 
l owed  by l i n e a r  4 -hou r  r a m p  to 30 °C, a 6- 
h o u r  ho ld ,  a 3 -hour  r a m p  down  to 28.5 °C, 
a n d  a f inal  10-hour  r a m p  back  to 26 °C, end -  
i n g  a t  f irst  l ight .  L a m p s  in  this s e c o n d  c h a m -  
b e r  were  p r o g r a m m e d  to p r o v i d e  21 p m o l  
p h o t o n s / ( m  2 s e c o n d )  o f  i n c a n d e s c e n t  l igh t  
d u r i n g  the  first  a n d  last  h a l f  h o u r  o f  l ight ,  
191 p m o l  p h o t o n s / ( m  2 s e c ond )  m i x e d  f luo- 
r e s c e n t  a n d  i n c a n d e s c e n t  l i gh t  d u r i n g  the  
s e c o n d  a n d  second- to- las t  ha l f  h o u r ,  a n d  383 
p m o l  p h o t o n s / ( m  2 s e c o n d )  m i x e d  l i g h t  
d u r i n g  the  r e m a i n i n g  12 hours .  

Fourth experiment--comparative increases of 
1Z reniformis populations on TX-1347: Plants  
were  i n o c u l a t e d  s epa ra t e ly  wi th  each  o f  the  

TABLE 1. Geographic data for the first set of  Mexican accessions of Gossypium hirsutum evaluated for resistance 
to Rotylenchulus reniformis and Meloidogyne incognita race 3 under  growth chamber  conditions. 

Mean 
Accession Elevation temperature Precipitation 
number Locality State (m) Latitude (°C) (ram) 

TX-254 Tlacolula de Matamoros Oaxaca 1,620 17°N 18.1 542 
TX-751 El Rodeo Moretos 1,060 19°N 24.3 960 
TX-770 Lacanttl River Basin Chiapas 145 16°N 25.5 3,121 
TX-1045 Hu~tamo Michoac~in 300 19°N 29.1 802 
TX-1114 Mazatkin Sinaloa Sea level 23°N 24.1 812 
TX-1182 San Lucas Baja California Sur Sea level 27°N 21.5 161 
TX-1219 Jos6 Cardel Veracruz Sea level 19°N 25.4 1,244 
TX-1348 Puerto Rico Veracruz 1,509 19°N 18.0 1,427 
TX-1529 E1 Papayo Guerrero Sea level 17°N 26.2 1,142 
TX-1967 Tecoanapa Guerrero 360 18°N 26.4 1,579 
TX-1972 20 km W of Chetumal Quintana Roo Sea level 19°N 25.5 1,242 
TX-1983 Las Coloradas Yucat~rl Sea level 22°N 25.7 550 
TX-2076 C2irdenas Tabasco 21 18°N 26.2 2,320 
TX-2079 Chiml Campeche <100 20°N 26.8 1,028 
TX-2089 Tekax YucatAn 30 20°N 26.7 1,072 
TX-2105 Tulum Ruins Quintana Roo Sea level 20°N 25.7 1,518 
TX-2309 S. of Bahi~i de Algodones Tamaulipas Sea level 24°N 22.8 1,354 
TX-2310 Jaumave Tamaulipas 750 23°N 21.8 500 
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five /?_ reniformis populat ions.  Auburn  623 
RNR and Del tapine 16 were included as con- 
trols. Plants  were  grown in the  s e c o n d  
growth chamber .  P f /P i  values were com- 
pared  statistically with that  obta ined  for  the 
BRLA popula t ion on Deltapine 16, which 
was selected as the control.  

Fifth experiment--comparative increases of M. 
incognita populations on TX-2079: Plants were 
inoculated separately with each of  the four  
M. incognita populat ions except  for  HPTX. 
Auburn  623 RNR and Deltapine 16 were in- 
c luded as controls. Plants were grown in the 
second growth chamber .  Pf /P i  values were 
c o m p a r e d  statistically with that  obta ined for  
the STX popula t ion on Del tapine 16, which 
was selected as the control.  

RESULTS 

Plant development in growth chambers: De- 
p e n d i n g  on  the exper iment ,  the average 
plant  at harvest was 36 to 62 cm tall (CV = 10 
to 13%) with 10 or 11 main s tem nodes  (CV 
= 7 to 8%) and  a dry foliar weight of  3.7 to 
5.6 g (CV = 11 to 15%). Most Mexican ac- 
cessions were slightly taller, heavier plants 
with one or  two m o r e  nodes than both  the 
resistant and  susceptible control.  None  were 

smal le r  t han  the  controls .  Average  roo t  
weights of  Mexican accessions were interme- 
diate between those of  the controls. The  av- 
erage taproot  length of  Mexican accessions 
(21 cm) was slightly shorter  than that  of  the 
Deltapine 16 control  (24 cm),  but  only three 
accessions, TX-1983, TX-2089, and  TX-2309, 
h a d  s igni f icant ly  s h o r t e r  t a p r o o t s  t han  
Deltapine 16 at P ~< 0.05. 

First experiment--accessions suspected to have 
resistance to R. renifo,vais: All wild accessions 
suppor ted  prolific reproduct ion  by R. reni- 
formis, with Pf /Pi  values between 17 and  64 
(Table 2). The  Pf /P i  values for  the M. incog- 
nita-resistant controls, LA RN 1032 and M- 
315 RNR, were 44 and 25, respectively, indi- 
cating them to be highly suitable hosts for  R. 
reniformis. All wild accessions were also good  
hosts for  M. incognita race 3, with Pf /P i  val- 
ues between 9 and  52 (Table 3). The  Pf /Pi  
values for M. incognita race 3 on resistant 
controls were less than 1.0, indicating a high 
level of  resistance. 

Second experiment--first evaluation of strategi- 
cally selected Mexican accessions: The  Pf /P i  
value for  R. renifoz~nis on Deltapine 16 was 
15.8. Auburn  634 RNR and seven wild acces- 
sions had  lower (P ~< 0.05) levels of  repro- 
duction by R_ renifo~vnis than  Deltapine 16 
did, with Pf /Pi  values between 1.8 and  9.7 

TABLE 2. Number  of Rotylenchulus reniformis collected from accessions of Gossypium hirsutum from various 
localities in Central America and the Caribbean, which previously had been reported to be resistant to R. ren/form/s. 

Eggs per g Vermiform 
Entry Eggs per plant dry root nematodes per pot Pf/Pi ~ 

Mexican accession 
TX-20 65,600** 68,000" 58,500 63.5 
TX-69 33,800 32,300 25,000 30.3 
TX-709 24,500 20,700 27,500 26.5 
TX-834 68,100"* 56,800* 47,000 58.8 
TX-874 19,000 16,600 26,200 23.0 
TX-893 16,200 16,400 22,700 20.0 
TX-903 16,800 18,100 15,700 16.7 

Resistant control 
La RN1032 53,100" 50,900 31,700 43.5 
M-315 RNR 23,900 24,300 25,000 25.0 

Susceptible control 
Deltapine 16 26,000 27,900 26,400 26.8 

Plants were harvested 7 weeks after inoculation with 4,000 vermiform nematodes per plant. Each value is the mean of six 
replications; arithmetic means are presented, but data were transformed with log ( x + 1) prior to analysis. All results were compared 
to those for Deltapine 16 with Fisher's protected LSD. 

~Pf = final population (sum of eggs and vermiform nematodes extracted per pot); Pi = initial population (4,000 mixed 
vermiform stages per pot). 
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TABLE 3. Root  gall ratings a n d  reproduc t ion  paramete rs  for Meloidogyne incognita race 3 on  accessions o f  
Gossypium hirsutum f rom various localities in Central  America  and  the  Caribbean,  which previously had  been  
repor ted  to be resistant  to Rotylenchulus reniformis. 

Eggs pe r  Eggs pe r  g Gall rat ing 
Entry p lan t  dry roo t  (0-5) Pf /P i  a 

Mexican accession 
TX-20 39,800 28,600 3.83 40.7 
TX-69 24,100 25,400 3.33 25.3 
TX-709 8,800 7,300 3.50 9.3* 
TX-834 51,000 41,000 4.33 52.0 
TX-874 23,000 20,900 3.33 25.0 
TX-893 27,800 45,100 3.67 30.2 
TX-903 28,600 23,800 3.67 30.2 

Resistant control  
La RN1032 400*** 292*** 1.17*** 0.4*** 
M-315 RNR 880*** 493*** 1.50"** 0.9*** 

Susceptible control  
Deltapine 16 22,400 20,800 3.67 24.3 

Plants were harvested 7 weeks after inoctflafion with 1,000 second-stage juveniles of M. incognita race 3 per plant. Each value is 
the mean of six replications; arithmetic means are presented, but data were transformed with log (x + 1 ) prior to analysis. All results 
were compared to those for Deltapine 16 with Fisher's protected LSD. 

Pf = final population (eggs plus juveniles extracted per plant); Pi = initial population (1,000 second-stage juveniles per plant). 

(Table 4). The  three entries with the lowest 
Pf /Pi  values for  R_ reniformis were TX-1348, 
TX-751, and TX-2309. 

The  Pf /Pi  value for M. incognita race 3 on 
Deltapine 16 was 11.7. Auburn  634 RNR, 
TX-2079, TX-2105, and TX-2076 had Pf /Pi  
values for M. incognita race 3 of  0.4, 0.2, 0.8, 
and 0.5, respectively, indicating a high level 
o f  resistance; c o r r e s p ond ing  gall ratings 
were 0.33, 0.50, 1.83, and 1.00 (Table 4). 
TX-751 had the second-to-lowest Pf /P i  value 
for R. reniformis and the fourth-to-lowest I f /  
Pi value for  M. incognita race 3. 

Third experiment--second evaluation of Mexi- 
can accessions: Ratings of  root  galls induced  
by M. incognita, numbers  of  vermiform R. 
reniformis extracted f rom soil, and numbers  
of  eggs of  R. reniformis extracted f rom roots 
did not  differ significantly between the two 
growth chambers  (Table 5). All four  resis- 
tant controls and 14 of  the 32 wild acces- 
sions tested had lower (P~< 0.05) gall ratings 
than Deltapine 16 (Table 5). Vermiform R. 
reniformis counts  r anged  f rom 22,000 to 
150,000 (Table 5). The  vermiform R. ren/for- 
mis count  for  TX-1347 (22,000) was the only 
one  lower (P= 0.001) than that of  Deltapine 
16 (50,000) .  T h e  s e c o n d  lowest  c o u n t  
(29,000) was for TX-1348, the same acces- 

sion that suppor ted  the least reproduct ion  
by R. reniformis in the second exper iment  
(Table 4). The  Pf /Pi  values for  R. reniformis 
on TX-1347 and TX-1348 also were lower (P 
~< 0.05) than that on  Deltapine 16, while the 
Pf /Pi  values for  R. reniformis on all three M. 
incognita-resistant controls were numerically 
greater  than on Deltapine 16. Mature plants 
of  TX-1347 and TX-1348 in the greenhouse  
were identified as G. barbadense ra ther  than 
G. hirsutum based on  flower, boll, and leaf 
morphology. 

The  Pf /Pi  values for  M. incognita race 3, 
which were based on numbers  of  eggs ex- 
tracted f rom roots, were h igher  on all en- 
tries in the second than in the first growth 
chamber ,  and there was a strong entry × 
chamber  interaction (Table 6). Both values 
for  Auburn 623 RNR (0.3 and 1.0), for  ex- 
ample, were low, and both  values for  Deltap- 
ine 16 (15.0 and 29.0) were relatively high, 
while values for  TX-2102 and TX-2103 were 
about  20 times greater  in the second than in 
the first chamber.  In both  chambers,  the P f /  
Pi value for  Clevewilt6 was about  half  that of  
Deltapine 16; Stoneville LA 887 and Wild 
Mexican Jack Jones were intermediate be- 
tween Clevewilt6 and Auburn  623. Wild ac- 
cessions that had Pf /P i  values both  ~<1.0 
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TABLE 4. Nematode resistance parameters for the first set of  Mexican accessions of  Gossypium hirsutum evalu- 
ated for resistance to Meloidogyne incognita race 3 and Rotylenchulus reniformis in a growth chamber. 

Meloidogyne in~ognita Rotylenchulus renifarmis 

Gall Eggs Vermiform Eggs 
rating per  g nematodes per  g 

Entry (0-5) dry root Pf/Pi a per  pot dry root Pf/Pi 

Mexican accession 
TX-254 3.00 24,700 21.9 13,400 12,300 10.8 
TX-751 1.83 8,100 4.4 7,900*** 6,000 5.3*** 
TX-770 2.00 13,400 12.7 13,600 6,700 9.8 
TX-1045 3.00 13,800 14.4 18,000 15,400 16.2 
TX-1114 4.17" 42,200 42.0 14,000 10,300 11.8 
TX-1182 3.67 26,500 3.0 18,300 15,000 17.7 
TX-1219 3.67 27,300 23.6 17,200 14,000 13.5 
TX-1348 b 2.00 27,800 22.7 1,500"** 3,000*** 1.8*** 
TX-1529 2.83 16,300 18.0 8,900** 4,500 7.2** 
TX-1967 3.17 18,600 21.8 17,000 11,500 15.5 
TX-1972 3.17 41,800 26.3 11,400" 14,000 10.3 
TX-1983 4.50** 10,500 7.6 17,900 21,800" 15.7 
TX-2076 1.00"* 500*** 0.5*** 10,100" 13,600 9.2* 
TX-2079 0.50*** 200*** 0.2*** 12,700 9,900 9.7* 
TX-2089 2.83 21,700 16.5 9,100"* 11,500 8.5** 
TX-2105 1.83 1,200"** 0.8*** 8,600** 18,000 10.2 
TX-2309 3.33 53,700* 37.0 6,700*** 8,300 5.8*** 
TX-2310 3.00 24,800 23.4 12,300" 11,200 10.8 

Resistant control 
Auburn  634 RNR 0.33*** 400*** 0.4*** 12,700 6,600 8.7* 

Susceptible control 
Deltapine 16 2.83 11,700 11.7 23,700 9,500 15.8 

Plants were harvested 7 weeks after inoculation with 1,000 second-stage juveniles of M. incognita race 3 or 4,000 vermiform R. 
renifarmis. Each value is the mean of six replications; all data except gall ratings were transformed to log (x + 1) prior to analysis, 
but arithmetic means are presented. All results were compared to those for Deltapine 16 with Fisher's protected LSD. 

Pf = final population; Pi = initial population. For M. incognita, Pf = eggs extracted per plant; Pi = 1,000. For R_ reniformis, Pf = 
stun of eggs and vermiform stages extracted per plant; Pi = 4,000. 

b TX-1348 was subsequently identified as G. barbadense based on flower, boll, and leaf mm'phology. 

and lower (P <~ 0.001) than Deltapine 16 in 
the first chamber  included TX-1174, TX- 
1440, and TX-2079 (Table 6). TX-2076 and 
TX-2079 had M. incognita race 3 Pf /Pi  values 
less than 1.0 in the previous exper imen t  
(Table 4). T h e  average P f /P i  values for  
these four  accessions and TX-2107 in the 
two growth chambers ranged f rom 2.9 to 7.7 
and were the only ones lower than that for  
Clevewilt 6 (11.0) (Table 6). By comparison, 
the average Pf /Pi  value obtained for Wild 
Mexican Jack Jones and Stoneville LA 887 
were 5.2 and 5.4, respectively. TX-2079 was 
the only accession with a multiplication fac- 
tor as low as that of  Auburn 623 RNR in 
ei ther  chamber.  

Fourth experiment--comparative increases of 
R. reniformis populations on TX-1347: The  
LAL, WMS, WCPLA, and WTX populations 
of  R. reniformis were similar to the BRI2k 

populat ion in having a Pf /Pi  on TX-1347 in 
a range (5.7-12.6) that was lower than on 
Deltapine 16 (35.0) or Auburn  623 RNR 
(30.2) but  greater  than 1.0 (Table 7). In this 
sense, TX-1347 had a similar level of  partial 
resistance to all populations. 

Fifth experiment--comparative increases of M. 
incognita populations on TX-2079: Gall ratings 
and Pf /Pi  values for  all three populations of  
M. incognita race 3 were intermediate  be- 
tween the corresponding walues for the re- 
sistant Auburn  623 RNR and susceptible 
Deltapine 16 (Table 8). 

DISCUSSION 

No appreciable resistance t o / Z  reniformis 
was found in any accession tested except  TX- 
1347 and TX-1348. Although these acces- 
sions were originally lodged in the USDA 



Resistance to MeIoidogyne incognita and Rotylenchulus reniformis: Robinson, Percival 753 

TABLE 5. Root gall ratings and  vermiform Rotylenchulus reniformis extracted f rom soil for the  second set o f  
Mexican accessions of  Gossypium hirsutum evaluated for n e m a t o d e  resistance in a growth chamber .  

Mi Mi 
gall Vermiform Rr gall Vermifonaa 

Entry rating per pot Entry rating Rr per pot 

Mexican accession Mexican accession 
TX-6 3.75 94,000 TX-2006 3.00* 150,000" 
TX-30 3.17" 98,000 TX-2008 4.33 72,000 
TX~329 5.00 117,000 TX-2076 2.33*** 82,000 
TX-373 3.92 123,000 TX-2078 3.67 96,000 
TX-703 4.42 122,000 TX-2079 2.00*** 76,000 
TX-746 4.25 105,000 TX-2082 3.92 99,000 
TX-751 3.17" 58,000 TX-2083 4.42 78,000 
TX-757 2.67** 53,000 TX-2102 2.83** 85,000 
TX-1099 4.08 ~ TX-2103 2.50** 92,000 
TX-1134 4.58 108,000 TX-2104 4.00 79,000 
TX-1174 2.58** 110,000 TX-2105 3.00* 100,000 
TX-1180 - -  112,000 TX-2107 2.92" 105,000 
TX-1220 4.58 81,000 TX-2309 - -  112,000 
TX-1347 b 3.08* 22,000"** Resistant control  
TX-1348 b 3.17" 29,000 A u b u r n  623 RNR 1.67"** 73,000 
TX-1427 4.50 85,000 Wild Mex. Jack Jones  1.83"** 32,000 
TX-1440 2.58** 97,000 Clevewilt 6 3.08* - -  
TX-1457 4.67 61,000 Stoneville LA 887 2.75** 77,000 
TX-1529 4.58 112,000 
TX~1963 4.50 146,000" Susceptible control  
TX-1966 4.17 84,000 Deltapine 16 4.17 50,000 

Plants were harvested 7 weeks after inoculation with 1,000 second-stage juveniles of Meloidogyne incognita race 3 (Mi) or 4,000 
vermiform R. reniformis (Rr). Each value is the mean of six replications; vermiform R. reniformis data were transformed with log (x 
+ 1) prior to analysis but arithmetic means are presented. All results were compared to those for Deltapine 16 with Fisher's 
protected LSD. 

Not tested. 
b Subsequently identified as G. barbadense based on flower, boll, and leaf morphology. 

collection as G. hirsutum, we identified them 
based on  morphologica l  characters as G. bar- 
badense, or  possibly G. hirsutum genotypes 
tha t  are highly in t rogressed  with G. bar- 
badense. TX-1347 and TX-1348 would prob-  
ably be of  greatest  value to breeders  of  Egyp- 
tian and Pima cotton. The  two accessions 
were  co l l ec ted  a b o u t  25 km f r o m  each  
other,  and  matu re  plants in our  g reenhouse  
were  phenotyp ica l ly  similar.  T h e  G. bar- 
badense accession TX-110 also is resistant to 
R. reniformis (Yik and  Birchfield,  1984). 
A m o n g  the five populat ions  o f / L  reniformis 
tested, there  was no indication of  impor tan t  
differences in the ability of  populat ions to 
reproduce  on TX-1347 or TX-1348. 

Results obta ined  for  M. incognita race 3 
egg produc t ion  in the third expe r imen t  sug- 
gest that  subtle differences between environ- 
menta l  conditions in the two growth cham- 
bers strongly inf luenced the expression of  
nema tode  resistance. A direct  effect of  envi- 

r o n m e n t  on nematode  survival or  develop- 
m e n t  seems an inadequate  explanat ion be- 
cause Deltapine 16 was a highly suitable host 
in bo th  chambers  while Auburn  693 RNR 
was highly resistant. Also, egg produc t ion  by 
t~ reniformis was not  measurably different in 
the two chambers .  

No wild accession or  commercia l  cultivar 
has b e e n  f o u n d  in this or  any previous  
screen to have a level of  resistance to M. 
incognita race 3 equal  to that  of  Auburn  623 
RNR, or to that  of  the nematode-resis tant  
genotypes,  such as Auburn  634 RNR and M- 
315 RNR, deve loped  f rom it. A distinctly 
weaker  level of  resistance in resistant wild 
accessions of  G. hirsutum than in Auburn  634 
RNR was observed for our  four  populat ions  
of  M. incognita and for  that  used by Shep- 
he rd  (1983). Auburn  623 RNR is a selection 
f rom a cross between Clevewilt 6 and  Wild 
Mexican Jack  Jones  (Shepherd,  1982). Re- 
sistance in Auburn  623 RNR is though t  to 
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TABLE 6. Rela t ive  n e m a t o d e  r e p r o d u c t i o n  ( P f / P i )  o n  t h e  s e c o n d  set  o f  M e x i c a n  a c c e s s i o n s  o f  Gossypium 
hirsutum e v a l u a t e d  f o r  n e m a t o d e  r e s i s t a n c e  in  two g r o w t h  c h a m b e r s .  

Pf /Pi  ~ 

M. incognita t~ reniformis 

First growth Second growth Mean of  both  
Entry chamber  chamber  chambers 

M e x i c a n  a c c e s s i o n  
TX-30  24 .0  29 .8  ___b 
T X - 7 5 t  12.2  37 .0  37.8  
T X - 7 5 7  9.0* 77 .8  - -  
T X - 1 1 7 4  0.2*** 5 .8"*  - -  
T X - 1 3 4 7  20 .2  61.2  20 .5*  
T X - 1 3 4 8  15.0 71.8  21 .7  
T X - 1 4 4 0  1 .0"** 16.2 - -  
T X - 2 0 0 6  2.0** 23 .2  - -  
T X - 2 0 7 6  1 .6"** 16.2 - -  
T X - 2 0 7 9  0 .5*** 14.0  - -  
T X - 2 1 0 2  3 .4** 26 .0  ~ - -  
T X - 2 1 0 3  1 .5"** 58 .0  - -  
T X - 2 1 0 5  2.5** 14.2 - -  
T X - 2 1 0 7  2.0*** 21 .2  - -  

R e s i s t a n t  c o n t r o l  
A u b u r n  6 2 3  0.8*** 1 .5"** 40 .0  
W i l d  M e x i c a n  J a c k  J o n e s  1 .0"** 18.0 45 .8  
Clevewil t  6 7.0 18.4  - -  
S tonev i l l e  L A  8 8 7  2.3** 7.8* 48 .8  

S u s c e p t i b l e  c o n t r o l  
D e l t a p i n e  16 23 .8  24 .0  33.2  

Plants were harvested 7 weeks after inoculation with 1,000 second-stage juveniles of  Meloidogyne incognita race 3 or 4,000 
vermiform Rotylenchulus reniformis. 

Each value is the mean of  six replications; ari thmetic means are presented, but  data were t ransformed with log (x + 1) pr ior  to 
analysis. All results were compared  to those for  Deltapiue 16 with Fisher's protected LSD. 

For M. incognita, Pf = eggs extracted per  plant; Pi = 1,000. For R. ren/f0rm/s, Pf = eggs plus vermiform stages extracted per  plant; 
Pi = 4,000. 

b Not tested with R. renifarmis. 

derive f rom at least two genes, one major  
and one  additive (Robinson et al., 1996). A 
hypothesis consistent with this theory and 
with our  observations of  apparent  resistance 
regulation in wild accessions of  G. hirsutum is 
that the major gene, which is essential for  
resistance, is envi ronmenta l ly  modu la t ed  

unless the second gene is also present. If so, 
perhaps only the major gene is present  in 
the photoperiodical ly sensitive wild acces- 
sions of  G. hirsutum that we and that Shep- 
herd  (1983) found.  

In the third exper iment ,  14 accessions 
had root  gall ratings lower (P ~< 0.05) than 

TABLE 7. R e p r o d u c t i o n  ( P f / P i )  o f  Rotylenchulus reniformis p o p u l a t i o n s  f r o m  L e i g h t o n ,  A l a b a m a  (LAL) ;  W e b b ,  
Miss iss ippi  (WMS);  B a t o n  R o u g e ,  L o u i s i a n a  (BRLA) ;  W e s t  C a r r o l l  Pa r i sh ,  L o u i s i a n a  ( W C P L A ) ;  a n d  W e s l a c o ,  T e x a s  
(WTX)  in  a g r o w t h  c h a m b e r  o n  t h r e e  g e n o t y p e s  o f  Gossypium hirsutum. 

Pf/Pi  ~ 

Entry LAL M,%IS BRLA WCPLA WTX 

T X - 1 3 4 7  9 .0*** 12 .6"*  7.3*** 5 .7*** 7 .9*** 
A u b u r n  623  R N R  14 .2"*  17 .5"  30.2  10 .3"**  4.8*** 
D e l t a p i n e  16 19.0  t 5 . 5 "  35 .0  19.8 6.9*** 

Plants were harvested 7 weeks after inoculat ion with 4,000 vermiform R. reniformis per  plant. 
Each value is the mean  of  six replications; arithmetic means are presented,  but  data were t ransformed with log (x + a) pr ior  to 

analysis. All results were compared  to those for the BRLA populat ion on Deltapine 16 with Fisher's protected LSD. 
a p f  = final populat ion (sum of  eggs and  vermiform nematodes extracted per  plant); Pi = initial populat ion (4,000). 
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TABLE 8. Nematode resistance parameters for populations of  Meloidogyne incognita race 3 from Minter City, 
Mississippi (MCMS); Seminole, Texas (STX); and the southern San Joaquin Valley o f  California (SJCA) in a 
growth chamber.  

Pf/PP Gall rating (0-5) 

Entry MCMS STX SJCA MCMS STX SJCA 

TX-2079 12"** 14"* 18"* 3.00* 3.00* 2.83** 
Auburn 623RNR 4*** 9*** 2*** 1.50"** 1.00"** 0.17"** 
Deltapine 16 34 50 32 4.33 4.33 3.67 

Plants were harvested 7 weeks after inoculation with 1,000 second-stage juveniles per plant. 
Each value is the mean of six replications; arithmetic means are presented, but data were transformed with log (x + a) prior to 

analysis. All results were compared to those for the STX population on Deltapine 16 with Fisher's protected LSD. 
a pf = final population (eggs extracted per plant); Pi = initial population (1,000). 

Deltapine 16. Eight of  these also had lower 
(P <~ 0.01) multiplication factors for M. in- 
cognita race 3 than Deltapine 16 did in at 
least one growth chamber  and were from 
the same general  geographic region (Fig. 
1). Seven were from the Yucatan platform 
(the peninsular states of Quintana Roo, Yu- 
catg.n, and Campeche) ,  and the o ther  was 
from the neighboring coastal state of Tabas- 
co. Five accessions, TX-l174, TX-1440, TX- 
2076, TX-2079, and TX-2107, had average 
mult ipl icat ion factors lower than  that  of  
Clevewilt 6. Most o f  the accessions of  G. hit- 
suture with lower gall ratings than Clevewilt 6 
in Shepherd 's  study (Shepherd,  1983) were 
from the Chiapas highlands directly south of  
Tabasco, one  was from Yucatan, and the re- 
m a i n d e r  were f rom Guatemala ,  direct ly  
south of  Chiapas and Campeche.  

At least three of  the accessions we identi- 
fied as resistant to M. incognita race 3 were 
collected from so-called dooryard plantings, 
small n u m b e r s  of  o rnamen ta l  pe renn ia l  
plants near  homes whose lint is collected pe- 
riodically by residents for  various household  
uses. Seeds for dooryard paintings in south- 
ern Mexico often are exchanged by relatives 
and friends visiting neighboring villages. Re- 
sistant accessions were from areas occupied 
by the ancient  Mayan Indians, who culti- 
vated G. hirsutum for fiber dur ing the first 
mil lennium C.E. Perhaps these accessions 
possess the same gene(s) for resistance to M. 
incognita race 3. We noted,  however, that a 
num be r  of  o ther  accessions from this same 
general  region supported high levels of  re- 
product ion  by M. incognita, as did most ac- 

cessions f rom central, western, and north- 
ern Mexico. 
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