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Abstract: From September  1980 to J u n e  1981, a survey was conducted  in the  ma jo r  po ta lo  
growing regions of northern California,  Idaho,  Nevada,  Oregon.  and  W a s h i n g t o n  to de t e rmine  
the dis t r ibu t ion  of  Meloidogyne chitwoodi and o ther  Mcloidogyne spp. Meloidogyne chitwoodi 
and M. hapla were the only root-knot  nema tode  species d e t e d e d  parasi t iz ing p m a t o  in all the  
states surveyed.  Meloidogyne chitwoodi occurred a h m e  in 83% of the samples and 3.1. hapla in 
11%, with 6% of all samples  con ta in ing  both  species. T h e  greater  incidence of M. chitwoodi, as 
compared  to M. hapla, may he due  to the  cool g rowing  season encoun te red  in 1980 (which 
faw~red M. ehitwoodi h u t  not  M. hapla) and to the increased acreage of small  grains (which are 
good hosts for M. ehitwoodi h u t  not  M. hapla) p lan ted  in rotat ion wilh potato.  Differenl iaf ion 
between these two specie.s can be de t e rmi ned  by a dil t 'eremial host  test, per ineal  pa t t e rns  of 
m a t u r e  females,  and  shape  of the  tail t ip amt  of the  tail hypoderma l  t e rminus  of L e juveni les .  
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Potato (Solarium tuberosum L.) is an 
impor tan t  agricultttral commodi ty  of the 
Pacific Northwest.  In 1980, four of the five 
leading states in pota to  product ion were  
from northwestern United States, with 
Idaho  and Washington ranked first and 
second,  respect ively  (1). R o o t - k n o t  nema-  
todes (Meloidogyne spp.) are a severe prob- 
lem in potato product ion because they re- 
duce the quali ty of the potato  tttber (9). 

Unti l  recently, the nor thern  (Meloido- 
gyne hapla Chitwood), sottthern (M. incog- 
nita [Kofoid and White] Chitwood), aml 
Thames  (M. thamesi Chitwood) root-knot  
nematodes were the only species recognized 
as parasitizing potatoes in the Pacific North-  
west (7). Meloidogyne hapla was repor ted 
widespread in ltlaho, Oregon, and Wash- 
ington; M. incognita in limited regions of 
Oregon and Washington;  anti M. thamesi 
in l imited regions of Washington (3,7,10). 
In 1978, a previously nnrepor ted  root-knot 
nematode,  the ( 'oltnnt)ia root-knot nema- 
tode (M. chitwoodi Golden et al.) was 
found in pota to  tubers from Washington 
and Idaho (5,10). Examinat ion  of tttbers 
fi'om several product ion areas revealed that 
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this nematode was present along the 
Cohunbia  River Basin of Washington,  the 
upper  Snake Rivet" regions of Idaho, and 
isolated areas of northeastern Oregon and 
northwestern Washington (10). This  survey 
indicated that  M. chitwoodi was more  
widespread than initially presumed. In  
September 1980, a more extensive survey of 
the major  pota to  growing regions of the 
Pacific anti Northwestern Uni ted States was 
conducted to t letermine more precisely the 
incitlence of M. chitwoodi and other 
Meloidogyne spp. This  paper  reports re- 
suits of that study. 

M A T E R I A L S  AND M E T H O D S  

Potato  tttbers ant i /or  soil samples con- 
taining Meloidogyne spp. were collected 
from the ntajor potato growing regions of 
nor thern California,  hlaho,  Nevada, Ore- 
gon, anti X, Vashington. From Scpteml)er 
1980 to J tme  1981, tuber samples were ob- 
tained fi'om processing facilities as they 
were being placed in or removed from stor- 
age. When  regulatory inspectors detected 
root-knot nematode infection or symptonls 
on tubers, three or four of the tubers from 
that infected lot were removed, location to 
nearest town recorded, and the sample 
mailed 1o the nematology laboratory at 
Prosser, Washington.  During the survey, a 
l imited number  of soil samples were ob- 
taiued from a private consultant.  

Root-knot  nematode populat ions were 
increased and mainta ined in a greenhouse 
1)y removing 15-20 egg masses from an in- 
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fected tuber  and placing thent on the roots 
of two tomato seedlings Lycopersicon 
esculentum Mill. 'Colmnbian ' .  Each tomato 
plant  was planted in a separate 10-cm-d 
plastic pot  containing ntethyl bromide fumi- 
gated sandy loam soil. Infested soil samples 
were placed in pots and planted directly 
with a tomato  seedling. 

Eggs were extracted from the tomato 
roots after 55 days using the method of 
Hussey and Barker (6) to prepare  inocula 
for a differential host test. Inoculat ions 
were made by pipet t ing 2,000 eggs per pot 
into depressions made in the soil a round 
each host's hypocotyl. Plants used in our 
standard differential host test included 
pepper  (Capsicum ]rutescens L. 'California 
Wonder ' ) ,  watermelon (Citrullus vulgaris 
Shrad 'Charleston Grey'), and wheat  
(Triticum aestrum L. 'Nugaines') .  T h e  
Nor th  Carol ina differential host test (11) 
was used whenever a popula t ion  did not  
appear  to conform to our s tandard differ- 
ential test (Table  1). T rea tmen t s  consisted 
of inoculat ing t w o  seedlings of each cultivar, 
and the pots were randomly  arranged on 
greenhouse benches. Fiberglass dividers (112 
× 36 cm) separated individual populat ions  
on the same bench in order to prevent  cross 
contaminat ion  dur ing watering. Ambien t  
greenhouse temperatures  ranged from 24 to 
26 C. Plants were watered daily and fertil- 
ized every 2 wk. 

After 55 days, the plants were harvested 
and the roots washed in tap water  and 
stained with phloxine B (150 rag/1 for 15 
min.) (2). Root  galls and egg masses on 
each root system were counted, and plants 
were rated as a host or nonhost.  T h e  fo1- 

Table  1. Differential host test for M e l o i d o g y n e  spp.* 

July 1982 

lowing ra t ing system was used: 0 = no galls 
or egg masses, 1 = 1-2 galls or egg masses, 
2 = 3-10 galls or egg masses, 3 = 11-30 
galls or egg masses, 4 = 31-100 galls or egg" 
masses, and 5 = > I00 galls or egg masses 
( l l ) .  A root  system rat ing of 0-2 was con- 
sidered a non to poor  host. After the root  
rat ing was determined,  eight mature  fe- 
males and their egg masses were removed 
from each root system. Morphological  cri- 
teria, in conjunct ion with the differential 
host test, were used to identify the root-knot  
popula t ion  to species. T h e  morphological  
criteria were the length, tail t ip shape, and 
the shape of the tail hypodermal  terminus 
from 20 freshly hatched second-stage juve- 
niles (L.2), perineal  patterns,  stylet length, 
and presence/absence of median bulb  ves- 
icles of mature  females. Juveniles were ob- 
tained by incubat ing egg masses in water  
for 24 h at 25 C. T h e  survey was terminated 
at the end of June  1981. 

R E S U L T S  

Meloidogyne chitwoodi and M. hapla 
were the only species of root-knot  nematode 
detected in our survey. Both species were 
found in major  pota to  producing regions 
of the states sampled, occurring either along 
a major  waterway used for irr igation or in 
isolated areas in nor thern  California,  south- 
ern Oregon, and northwestern Washington 
(Fig. 1). Meloidogyne chitwoodi occurred 
alone in 83~fi of the samples, M. hapla 
alone in 11%, and 6% of the samples con- 
tained both species (Table  2). Meloidogyne 
chitwoodi usually occurred as a single spe- 
cies in the samples, while M. hapla was 
pr imari ly  present mixed with M. chitwoodi, 

Differential hos t t  

Water- 
M e l o i d o ~ , n e  species Wheat  Pepper  melon Tobacco Cotton Peanut  Toma to  

M .  c h i t w o o d i  + . . . . .  + 

M .  h a p l a  - + - + - + + 

M .  i n c o g n  i ta~ + + + . . . .  + 

M .  a r e n a r i a ~  + + + + - + + 

M .  ] a v a n i c a  + - + + - - + 

'*+ = host; - = nonhost .  See reference # l l .  
tWheat ,  'Nugaines';  pepper,  'California Wonder ' ;  watermelon, 'Charleston Grey'; tobacco, 'NC 95'; cot- 

ton, 'Deltapine 16'; peanut,  'F lorrunner ' ;  tomato, 'Rutgers. '  
**Refers to .race one of M e l o i d o g y n e  slop. See reference # 11 for race differentiation within a species. 
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DISTRIBUTION : 

M. CHITWOODI 
I =  I ;~= 5 ; ~ " 1 0  DETECTIONS 

M. HAPLA 
• ~= I  DETECTION 

OREGON l '  IDAHO 

KLAMATH 

OWYHEE 

CALIFORNIA I , ,~ , .  NEVADA UTAH 

Fig. 1. Distribution of Meloidogyne chitwoodi and M. hapIa on potato in five northwestern states sur- 
veyed, September 1980 to June  1981. 

except in a few samples received f rom Wash- 
ington and northeastern Oregon. Meloido- 
gyne chitwoodi was the p redominan t  root- 
knot  nematode found in all states sampled 
except Nevada. 

'California Wonder '  pepper  and 'Nu- 
gaines'  wheat  are excellent differcntial hosts 
for M. chitwoodi and M. hapla. Question- 

Table 2. Occurrence of Meloidogy~ze chitwoodi 

able results for species identification oc- 
curred in only one sample which was re- 
ceived from nor thern  California.  However,  
alter repeat ing tile original differential host 
test in conjunct ion with the Nor th  Carol ina 
test and using morphological  characteristics, 
it was confirmed as M. chitwoodi. 

Morphological  characteristics were used 

(Me) and M. hapla (Mh) alone or together in potato 
tubers and soil samples collected from the northwestern United States, September 1980 to June  1981. 

Number  and type of 
samples received 

Number  of samples 
infested with 

State Tuber  Soil Total Mc Mh Mc + Mh 

Washington 41 3 44 25 17 2 
Idaho 40 0 40 36 0 4 
Oregon 72 4 76 71 3 2 
California 23 0 23 22 0 1 
Nevada 0 4 4 1 0 3 

Total  176 II 187 155 20 12 
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to ident i fy  each root-knot  nentatotte popula-  
t ion to species. T h e  most  relinble characters 
d i f ferent ia t ing M. ch i twood i  fronl M .  hapla 
includetl  the adul t  females" perineal  pat- 
tern and L., juveni le  tail tip shape and shape 
o[ the poster ior  end of the hypodermis  in 
the tail. Perineal  pat terns  of these two spe- 
cies are dist inctly dilterent.  Pat terns  of M. 
hapla (Fig. 2) were i,su,'~lly delic,lte w i t hou t  

3, Ju ly  1982 

dist inct  lateral lines, the striae were smooth  
and parallel,  and  the arch was f lat tened to 
more  or  less rounded .  P tmcta t ions  were 
present  a r o u n d  the tail region,  whereas wing  
fo rmat ion  and  n u m b e r  varied. Per ineal  pat- 
terns o[ M. ch i twood i  (Fig. 3) had arches 
that  were usually oval with thick, twisted 
striae in and  a r o u n d  the anal  region,  and  
an anus and vulva  set in a depression 

Figs. 2-4: Photomicrographs of perineal patterns of Meloidogyne chitwoodi and M. hapla. 2) M. hapla. 
3) M. chitwoodi. 4) M. chitw~odi pattern with higher arch (>(4(10). 

Figs. 5-8. Photomicrographs of ['2 juvenile tails of Meloidogyne chitwoodi and A1. hapla. 5) M. chit- 
woodi tail. 6) VariatiCm ~Jf M. chilu,oodi tail, arrow indicates blurltly rounded hypodermal terminus of the 
tail. 7) Tapered taii of M. haplel. 8) Toe-shaped tail of M. hapla (note tapered hypodermal terminus of M. 
ha]~hl tails) ()(640). 



M. chitwoodi anti M. hapla Distribution:  Nyczepir et al. 351 

(sunken). More variat ion occurred within 
patterns of M. chitwoodi populat ions than 
within M. hapla. Sonte patterns of M. chit- 
woodi had higher arches (Fig. 4), yet the 
striae were typical of M. chitwoodi. 

Tai l  tip shape and the shape of the tail 
hypodermal  terntinus of freshly hatched 
heat-relaxed L2 jnveniles were distinctly 
different in the two species. T h e  slightly 
tapered and blunt ly  ronnded tail tip of M. 
chitwoodi L2 juveniles (Fig. 5) was previ- 
ously described and illustrated as being 
characteristic of this species (5). However,  
some variations between and within popu- 
httions were noted. T h e  tail t ip of some L2 
juveniles were not always bhmt ly  rotmded,  
lint sometimes deformed, exltibiting a 
slightly clavate tail t ip (Fig. 6). However,  
the perineal pat tern of tlte female fi'om 
which these L: juveniles were obtained was 
typical for M. chilwoodi, as was the para- 
sitism in the differential host test. One tail 
characteristic that was consistent among all 
M. chilwoodi L., juveniles was the shape of 
the tail hypodermal  terminus, which was 
bhmt ly  rounded even when variations oc- 
erared in the tail tip (Figs. 5, 6: see arrows). 

T w o  tail tip shapes were encounteretl  
between atnl within populat ions  of M. 
hapla. T h e  tail tip was either tntiformly 
tapered to a bltnttly rounded tip (Fig. 7) or 
' toe-shaped' (Fig. 8). T h e  shape of the tail 
hypodermal  terntinus was ntore tapered 
(Figs. 7, 8) than in M. chitwoodi. 

D I S C U S S I O N  

Meloidogyne chitwoodi and M. hapla 
were the only root-knot nentatode species 
found in the ntajor potato growing regions 
of the Northwest.  Although M. incognita 
had previously been reported in Washing- 
ton, it was not detected in this survey. Slides 
(conrtesy L. R. Faulkner) containing per- 
ineal patterns of nematodes identified as 
M. incognita in 1962 have been reexamined 
and are now identified as M. chitwoodi. 
Failure to detect other root-knot species 
was not surprising since M. chitwoodi attd 
M. hapla have a relatively high tolerance 
for cooler soil temperatures  compared to 
the other three most common root-knot  
species--M, arenaria, M. incognita, and M. 
iavanica--in the Uni ted States (9,1l). ht  

four of the five states surveyed, the daily 
amnml  average tempera ture  from 1969 to 
1979 taken in seven locations was 10.5 C; 
the daily m a x i m u m  and m i n i m u m  tempera-  
tures were 17.2 and 3.6 C, respectively 
(Table  3). This  would result in relatively 
low soil temperatures.  These  relatively low 
soil temperatures  help explain why these 
two species predomina te  in the Northwest.  
Meloidogyne chilwoodi is more of a prob- 
lem than M. hapla on potato  in years when 
spring temperatures  are unusttally cool. 
Santo and O 'Bannon  (9) have shown that  
M. chitwoodi reprodttces more on potato at 
lower temperatures  than M. hapla. There-  
fore, M. chitwoodi would tend to have more 
generations than M. hapla dur ing the grow- 
ing season, resttlting in earlier tul)er infec- 
tion and a greater  reduction in tuber  qual- 
ity. T h e  low tentperatures in the spring of 
1980 could account for the higher incidence 
of M. chitwoodi fotmd in potato  tubers in 
this survey. Nentatode analysis o[ soil sam- 
pies front Idaho, Nevada, Oregon, and 
Washington (Santo, unpul)lished) show 
that  M. hapla occurs more frequently than 
indicated I)y this survey where the major i ty  
of the samples were potato tubers. 

Crop rotat ion plays an impor tan t  role in 
t[eterntining which of these two root-knot 
nematode species predominates  in a par- 
ticular fiehl. In the Pacific Northwest,  al- 
falfa, wheat, other small grains and cereals, 
l)epperndnt,  and sttgarbeet are the win-  
ciple crops rotated with potato.  Wheat ,  

Table 3. Daily annual average temperature at 
seven locations in Norlhweslern United States, 
1969-79. 

Tenlperamre (C) 
State and station Maximmn Minimum Average 

Idaho 
Boise 17.1 4.2 10.7 
Pocatelh~ 13.7 0.9 7.9 

Oregon 
Medford 19.2 4.8 12.0 
Pendleton 17.3 5.3 11.3 

Nevada 
Winnemucca 19.2 0.I 9.7 

Washington 
Qu incy 16.6 2.7 9.7 

Walla Walla 17.4 6.9 12.2 

Mean 17.2 3.6 10.5 
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other  small grains, and  cereals are good 
hosts for M. chitwoodi bu t  poor  to no n  
hosts for M. hapla (10). Alfal fa  was the 
p r imary  c rop  ro ta ted  wi th  po ta to  in most  
Nor thwes te rn  states (par t icular ly  I d a h o  and  
Washing ton) ,  bu t  since it is a good  host for 
M. hapla it is not  oI ten  used in the rota- 
tion. However ,  alfalfa is a poor  to non  host 
to M. chitwoodi (10). P e p p e r m i n t  is a poor  
host for M. chitwoodi but  a good  host  for 
M. hapla, whereas sugarbeet  is a good  host 
for bo th  nematodes  (3,8). Knowing  the 
c ropp ing  his tory of a field infested wi th  
Meloidogyne spp. could  help de te rmine  
which  of  these two species is p r edominan t .  
Six percent  of all samples con ta ined  both  
species, and whenever  this occurred  one 
species always p redomina ted .  T h e  previous 
c ropp ing  sequence was p robab ly  the de- 
t e rmin ing  factor. 

Results  f rom this survey suggest tha t  
d isseminat ion of  M. chitwoodi and  M. hapla 
in the po ta to  growing  regions of  the Nor th-  
west occurred pr inc ipa l ly  by two means;  
reused i r r iga t ion water  (canal and r iver  
water),  and  infected seed potato .  I r r iga t ion  
water  has been shown to be an excellent  
source for d isseminat ing  Meloidogyne L2 
juveniles (4). I t  has been est imated tha t  the 
Yakima Valley and  C o l u m b i a  Basin of  
W a s h i n g t o n  receive app rox ima te ly  0.144 x 
106 to 15.362 × 106 p lan t  parasit ic nema- 
todes per  hectare per year in i r r igat ion 
water  alone. N e m a t o d e  c o n t a m i n a t e d  irri- 
ga t ion  water  wouk l  expla in  the d i s t r ibu t ion  
of M. chitwoodi and  M. hapla a long the 
ma jo r  waterways used in i r r igat ing po ta to  
fields in Idaho,  Oregon,  and  Wash ing ton .  
Roo t -kno t  infected seed po t a to  wou ld  ac- 
count  for the occurrence  of bo th  nematodes  
in areas removed  from m a j o r  waterways, 
such as n o r t h e r n  Cal i fornia ,  sou the rn  Ore- 
gon, attd nor thwes te rn  W a s h i n g t o n  (Fig. 1). 
T h r e e  tuber  samples infected with M. chit- 
woodi came f rom po ta to  fields g rown for 
seed, two in nor thwes ten  W a s h i n g t o n  and  
one in eastern Idaho.  

Since only  M. chitwoodi and  M. hapla 
were detected in ttte survey, the per ineal  
pat terns  and characteristics of  L2 juveni le  
tails were the easiest and  most  rel iable cri- 
teria used to differentiate between these two 
species. Vesicle-like s tructures  in the med ian  
bu lb  of M. chitwoodi females were less re- 

3, July 19se 

l iable because their n u m b e r  var ied f rom 1 
to 15. O the r  characteristics examined  in- 
c luded total length  of  L2 juveniles;  pos i t ion  
of  the excretory pore in females, which  is 
poster ior  to the stylet knobs  for bo th  spe- 
cies; the D G O ,  which  is r epor t ed  as being 
4.3 /, and  5-6 /~ for M. chitwoodi and  M. 
hapla females, respectively; and female 
stylet lengths which are 12 /, and 13/. for  
M. ehitwoodi and  M. hapla, respectively. 
T h o u g h  these m o r p h o m e t r i c  cri teria are 
essentially similar in M. chitwoodi and  M. 
hapla, they woukl  be useful in separa t ing 
these two species f rom m a n y  o ther  Meloido- 
gyne spp. 

T h e  differential  host test was a useful 
tool in de t e rmin ing  which  species were pres- 
ent. However ,  since races of  Meloidogyne 
spp. are known  to occur, the host test should  
no t  be the sole basis for species identifica- 
tion. T a y l o r  and  Sasser (11) emphasize tha t  
accuracy in ident i fy ing  root -knot  nematodes  
to species is increased as m o r e  cri teria are 
used. 

MeIoidogyne ehitwoodi and  M. hapla 
were two root -knot  nema tode  species found  
in ma jo r  po ta to  g rowing  regions of  nor th-  
western Un i t ed  States in 1980-81. Knowl-  
edge of  whiclt species is present  in a field 
will enable the grower  to i m p l e m e n t  the 
p roper  ro t a t i on  sequence in add i t ion  to 
o ther  cont ro l  practices, thereby suppressing 
root -knot  nema tode  soil popula t ions  enough  
to increase po ta to  tuber  qual i ty.  
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Influence of Initial Population Densities of 
Meloidogyne incognita on Three Chile Cultivars ~ 

D. L. LINDSEY ~ AND MARGARET STEFANO CLAYSHULTE a 

Abstract: The  effects of Meloidogyne incognita on the Big Jim, Jalapeno,  and New Mexico 
No. 6 chile (Capsicum ¢~nnuum) cultivars were investigated in microplots for two growing 
seasons. All three cnltivars were susceptible to M. incognita and reacted similarly to different 
initial popula t ions  of this nematode. Severe s tunt ing  and yield suppressions occurred at all 
initial M. incognita densities tested ranging from 385 to 4,230 eggs and larvae/500 cm ~ soil. 
Regression analysis of the microplot  data frmn a sandy loam soil showed yield losses of 31% for 
the 1978 season and 25% for the 1979 season for the three cultivars for each 10-fold increase in 
the initial popula t ion  of M. incognita. Key words: Capsicum annuum, Meloidog'yne incognita, 
root-knot nematode, pepper.  Journa l  of Nematology 14(3):353-358. 1982. 

Because of the increased popular i ty  of 
Mexican food, chile (Capsicum annuum 
L.), a p tmgent  pepper,  has advanced in New 
Mexico from a cash crop for producers with 
small acreages to a ltigh income crop for 
commercial  growers. From 1970 to 1979, 
chile plantings in New Mexico increased 
from 5,500 to more than 15,000 acres (7). As 
the acreage has increased, monocul ture  of 
chile has become more prevalent,  wi th  the 
result that yields in certain fields have de- 
creased to the point  that  chile no longer can 
be grown profitably. Root-knot  nematode  
(Meloidogyne incognita [Kofoid and White] 
Chitwood) is common in soils in the chile 
growing areas and has been implicated as a 
factor in yield decline. 

Most research on the influence of root- 
knot  nematodes on peppers  has been on the 
susceptibility of cultivars to M. incognita 
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(8), with l imited work on M. arenaria, M. 
hapla and M. ]avanica (10,11,12). Al though 
pepper  cttltivars have been found to vary in 
their reaction to Meloidogyne sp., the ma- 
jori ty of the cultivars are susceptible. Only 
l imited informat ion  is available on the re- 
lationships between root-knot  nematode  
poptdat ions and chile pepper  growth. 
Shafiee and Jenkins  (12) demonstra ted that  
1,()(10 l a rvae /p lan t  of M. incognita severely 
stunted pepper  while 1,000 la rvae /p lan t  of 
M. hapla caused little s tunt ing in pot  cul- 
t t t re .  

T h e  purpose of this study was to investi- 
gate the relat ionships between different 
initial popula t ion  densities of M. incognita 
on the growth and yield of the three more 
impor tan t  cultivars of chile in New Mexico 
and the impor tance  of M. incognila in chile 
yield decline. 

M E T H O D S  A N D  M A T E R I A L S  

Microplots  constructed of fiberglass cyl- 
inders 80 cm in d iameter  × 60 cm in height 
were inserted 50 cm deep in a sandy loam 
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