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Seasonal Population Fluctuation of Xiphinema americanum 
and X. rivesi in New York and Pennsylvania Orchards 1 

B. A. JAFFEE, 2 M. B. HARRISON, s R. L. SHAFFER, 4 AND M. B. STRANG 3 

Abstract: The  population fluctuation and composition ofXiphinema americanum (sensu stricto) and 
X. rivesi were studied in a New York apple orchard  (only X. americanum present), a Pennsylvania 
apple orchard  (both X. americanum and X. rivesi present), and a Pennsylvania peach orchard  (X. 
americanum, X. rivesi, and X. californicum present). Few clear t rends in population fluctuation or 
composition were observed. T he  adult female was the predominant  stage in most sample periods, 
and the reproductive period was limited to late spring and early summer.  Only a few of the  females 
at any sample period were gravid. All stages were present  th roughout  the year, and all stages 
overwintered. Eggs in soil were not monitored.  In the  Pennsylvania apple orchard,  X. americanum 
and X. rivesi were easily separated by morphological characteristics; however, the two species did 
not display differences in population structure or composition. The  predominance of  adults, the 
relatively low reproductive rates, and the association of  these species with stable habitats suggest 
that  the life strategies of  X. arnericanum and X. rivesi are K-selected as opposed to r-selected. 
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Seasonal fluctuations in population den- 
sity of  Xiphinema americanum (sensu lato) 
have been described for several hosts and 
locations (6,8,11,18,19,23). Recently, X. 
americanum (sensu lato) was divided into 
more than 23 species (12,14-16), and the 
distribution of  X. americanum (sensu stric- 
to) was said to be limited to the eastern 
United States (14). Therefore ,  the identi- 
fication of  species in earlier reports is not 
clear (6,11,18,19,23). 

Species belonging to Xiphinema america- 
num (sensu lato) are recognized solely on 
the basis of  morphological characteristics, 
and little is known of  their biology, ecol- 
ogy, and physiology. O f  these species, X. 
americanum Cobb (sensu stricto) (hereafter 
referred to as X. americanum) and X. rivesi 
Dalmasso occur commonly in New York 
and Pennsylvania fruit orchards (9; M. B. 
Harrison, unpubl.). Both species are con- 
sidered serious pathogens because they 
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vector tomato ringspot virus (2) and be- 
cause nonviruliferous specimens may also 
incite disease (3). 

The  purpose of  this study was to describe 
seasonal changes in population levels of  
Xiphinema spp. in a New York apple or- 
chard, a Pennsylvania apple orchard, and 
a Pennsylvania peach orchard. Preliminary 
samples indicated that the New York or- 
chard contained X. americanum and that 
the Pennsylvania orchards contained both 
X. americanum and X. rivesi. 

MATERIALS AND METHODS 

Soil samples were collected from around 
apple trees (Red Rome on MM. 106) grown 
in bottomless fiberglass microplots (0.5 m 
d by 0.6 m deep) containing orchard soil 
infested with Xiphinema sp. The  plots, lo- 
cated at Cornell University, Ithaca, New 
York, were planted in 1978. The  Xiphine- 
ma-infested, sandy loam soil, obtained from 
an apple orchard in Monroe County, New 
York, also contained low population levels 
(< 50 /100  cm 3 soil) ofPratylenchus sp. and 
Criconemella sp. Soil samples were also col- 
lected from an apple (Red Delicious on 
MM. 106) and a peach (Loring on Halford) 
orchard in Pennsylvania. The  apple trees 
were planted at the Pennsylvania State 
University orchard in Biglerville (gravelly 
loam soil) in 1976, and the peach trees were 
planted at the Pennsylvania State Univer- 
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TABLE 1. Characteristics of soils. 

Characteristic 

Orchard 

NY-apple PA-apple PA-peach 

Sand (%) 56 47 43 
Silt (%) 32 32 35 
Clay (%) 12 21 22 
pH 6.7 6.1 6.7 
Organic mat ter  (%) 2.2 1.4 2.7 
CEC (meq/100  g) 9.1 8.5 11.8 
NO3 (ppm) 57 48 22 
P (,pp m) 238 118 265 
K (ppm) 109 168 238 
Mg (ppm) 192 84 108 
Ca (,ppm) 1,040 700 1,640 
Saturation % 

K 3.0 5.0 5.1 
Mg 17.7 8.7 8.1 
Ca 57.3 40.7 69.7 

Texture analysis was determined by the hydrometer meth- 
od. Other determinations were performed by Soil and Forage 
Testing, Merkle Laboratory, Pennsylvania State University. 

sity orchard in Arendtsville (gravelly loam 
soil) in 1979. In addition to Xiphinema spp., 
both Pennsylvania soils contained low pop- 
ulation levels (< 25/100 cm 3 soil) of Hoplo- 
laimus galeatus, Pratylenchus sp., and Heli- 
cotylenchus digonicus. Textural and chemical 
components of  the three orchard soils were 
characterized (Table 1). A zone around 
each tree was kept weed-free by shallow 
cultivation (New York) or by herbicides 
(Pennsylvania). Standard fertilization and 
foliar pest control procedures were fol- 
lowed. Trees were irrigated during dry pe- 
riods in New York but not in Pennsylvania. 

The same 10 NY-apple, 12 PA-apple, or 
8 PA-peach trees were sampled monthly 
except when the soil was frozen. One sam- 
ple, about 80 cm 3 soil, was collected from 
each tree with an Oakfield tube (2 x 24 
cm). Sampling was limited to 24 cm be- 
cause penetration more than 24 cm into 
the gravelly Pennsylvania soils was diffi- 
cult. The samples were combined, screened 
(1-cm-d pore size), and mixed gently.  
Nematodes were extracted from five 100- 
cm 3 subsamples from each orchard. Each 
subsample was incubated 1-2 hours in a 
l-liter beaker containing 500 ml distilled 
water, the volume was increased to 800 ml 
with distilled water, and the suspension was 
poured rapidly between two l-liter beakers 
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FIG. i. Soil Moisture, precipitation, and soi] tem- 
perature in New York and Pennsylvania orchards. A) 
Soil moisture (%) in soil samples collected monthly. 
B) Monthly precipitation in mm. C) Soil temperature  
(Celsius) at 20 cm. 

10 times. The suspension was allowed to 
settle 20 seconds, and the supernatant was 
then gently poured through a fine sieve 
(38-#m-d pore size). Mixing and sieving 
were repeated with each subsample. The 
material collected on the sieve was washed 
onto a Baermann funnel (20 cm d) con- 
taining about 500 ml distilled water. The 
funnels were incubated at room tempera- 
ture (19-25 C) and the nematodes collect- 
ed after 20, 44, and 68 hours. After col- 
lection, nematodes  were counted  and 
suspensions were combined, placed in a 45 
C oven for 30 minutes, and mixed with an 
equal volume of  warm 7.5% formalin. The 
percentage of  soil moisture was deter- 
mined in an additional subsample (Fig. 1A). 
Addi t ional  PA-apple subsamples were 
soaked, agitated, and sieved as described 
above and then processed by centrifuga- 
tion (5 minutes in water at 1,800 rpm [600 
g] followed by 1 minute in sucrose [454 
g/ l i ter  solution] at 1,000 rpm [200 g]). Ex- 
traction always began within 4 hours of 
sample collection. 

After fixation, 200 randomly selected 
Xiphinema spp. were examined at 400 x with 
a light microscope; if fewer than 200 spec- 
imens were present, all specimens were ex- 
amined. Coverslips were supported by glass 
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rods (New York) or adhesive tape (Penn- 
sylvania). Each nematode was categorized 
as follows: adult male, adult female, first- 
stage juvenile (= J 1), second-stage or third- 
stage juvenile ( - -J2-3) ,  or fourth-stage 
juvenile (= J4). Total styler length (odon- 
tostyle plus odontophore), tail length and 
width, and head and tail shape were de- 
termined for each adult female. Head shape 
was rated from 1 to 3 (1 = lip region offset, 
3 = lip region not offset, 2 = intermediate) 
as was tail shape (1 = pointed, 3 = rounded, 
2 = intermediate). Stylet length, tail shape, 
and head shape are important character- 
istics distinguishing X. americanum and X. 
rivesi (15,25). Periodic examina t ion  of  
specimens indicated that, except for a low 
number of X. californicum in the PA-peach 
orchard, X. americanum and X. rivesi were 
the only Xiphinema spp. present. Total sty- 
let length was also determined for each J 1. 
Although length of odontostyle is consid- 
ered especially useful for separating species 
(13), we measured the length of  the total 
stylet (odontostyle plus odontophore) be- 
cause a large number of nematodes were 
being measured and the total stylet was 
easier to measure than the odontostyle. Ju- 
venile life stages were identified as follows: 
In J1, the replacement odontostyle over- 
laps the odontophore (4); in J2-3  and 4, 
the replacement odontostyle is positioned 
posterior to the current odontophore 
(4); in J4, immature reproductive organs 
are evident, and J4 are larger than J 1, 2, 
and 3. 

Extraction efficiency was determined in 
an  early test using field soil infested with 
X. americanum (85%)and X. rivesi (15%) 
maintained in a 15-liter pot in the green- 
house with an orchard sod as the host. A 
1.5-1iter sample of soil was removed from 
the pot, screened (1-cm-d pore size), mixed, 
and divided into twelve 100-cm 3 subsam- 
pies. The subsamples were soaked and 
sieved as described for orchard samples. 
Half  the subsamples were placed on the 
Baermann funnel for 20 hours and the re- 
mainder centrifuged as described for or- 
chard samples. Total numbers and num- 
bers of  each stage o f  Xiphinema spp. 
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FIG. 2. Relative frequency distributions of stylet 
lengths (odontophore + odontostyle in ~m) for adult 
female Xiphinema spp. in three orchards. 

recovered from each sample were deter- 
mined. Extracted and counted nematodes 
from each subsample were added to l-liter 
beakers containing 100 cm 3 autoclaved PA- 
apple orchard soil plus 800 ml distilled 
water, mixed, sieved, and centrifuged as 
described for orchard samples. After cen- 
trifugation, the total number and stages of 
Xiphinema spp. were determined. This ex- 
periment was performed four times. 

In a second test of  extraction efficiency, 
soil samples from the PA-apple orchard 
were processed by Baermann funnel as de- 
scribed earlier. After 20 hours, the re- 
covered Xiphinema spp. were counted and 
added to l-liter beakers (20-50 Xiphinema 
spp. per beaker) containing 100 cm 3 au- 
toclaved PA-apple orchard soil in 800 ml 
distilled water; the suspension was mixed, 
sieved, and placed on funnels, and the 
number of Xiphinema spp. recovered after 
68 hours was determined. Control funnels 
contained autoclaved soil to which nema- 
todes were not added. This experiment was 
repeated twice, with three replications per 
test. 

Species identifications were confirmed 
by Dr. A. M. Golden. Voucher specimens 
from NY-apple, PA-apple, and PA-peach 
orchards were deposited with the USDA 
Nematode  Collection, Beltsville, Mary- 
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FIG. 3. Relationship between c' (tail length/anal body diameter) and stylet length 0*m) for female Xiphinema 
spp. in three orchards. Fifty randomly selected observations were plotted per orchard. A) Rectangle includes 
94% of all specimens (X. americanum) measured. B) Upper and lower rectangles include 96% and 92% of the 
specimens identified as X. rivesi and X. americanum, respectively; only 7% of the observations occurred outside 
the rectangles in B. C) See text for explanation. 

land. Monthly  precipitation was recorded  
(Fig. 1B). Mean soil tempera tures  20 cm 
deep (weekly min imum plus maximum di- 
vided by 2) were calculated (Fig. 1C). In 
Pennsylvania,  the t empera tu re  probe was 
located in the herbicide strip adjacent  to a 
peach tree and approximately 1 km f rom 
the apple o rchard  and 6 km f rom the peach 
orchard.  In New York, the t empera ture  
probe was located in sod at the Cornell  
University Wea the r  Station, about  1 km 
f rom the apple orchard.  In certain figures, 
the low variances associated with stylet 
lengths and c' values were emphasized by 
using + 2 s tandard deviations or  + 2 stan- 
dard  errors  of  the mean.  

RESULTS 

Species identification: The  relative fre- 
quency distr ibution of  stylet lengths o f  fe- 
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Fro. 4. Stylet lengths (#m) of female Xiphinema 
spp. in two orchards. Vertical bars represent + 2 
SEM. 

males f rom the NY-apple orchard  suggests 
that  one populat ion was present  (Fig. 2A). 
All females f rom NY-apple had an offset 
lip region and 84% had c' values (tail 
l eng th /ana l  body diameter) greater  than  
1.50 07 + SE = 1.60 + 0.14). A relationship 
between styler length and c' was evident  
(Fig. 3A). Al though  only 50 r andom ob- 
servations are shown, 92% of  all females 
measured (1,542) were within + 2 SD of  
the mean  for styler length and c' value. T h e  
mean stylet length of  this populat ion was. 
relatively constant  (Fig. 4) as were c' values 
(data not  shown). Representat ive speci- 
mens f rom NY-apple were identified by A. 
M. Golden as X. americanum. 

T h e  f r e q u e n c y  d i s t r i b u t i o n  of  s tylet  
lengths of  adult  females f rom PA-apple 
suggests that  two populations were present  
(Fig. 2B). Stylet lengths, c' values, and head 
and tail ratings were strongly correlated.  
Over 97% of  females with stylets longer  
than 130 gm had c' values less than 1.55 
and head and tail ratings of  3 (Table 2). 
O f  specimens with stylets equal to or  less 
than 130/~m, over 98% had c' values equal 
to or greater  than 1.55, and head and tail 
ratings o f  1 (Table 2). Females with shorter  
stylets, offset lip regions, and pointed  tails 
were identified as X. americanum by A. M. 
Golden, whereas females with longer sty- 
lets, nonoffset lip regions, and rounded  tails 
were identified as X. rivesi. In analyzing the 
data base of  2,032 adult  females f rom PA- 
apple, specimens were considered to be X. 



TABLE 2. Re la t ionsh ip  be t ween  stylet  l eng th ,  c' 
value,  head  shape ,  and  tail shape  for  Xiphinema spp. 
in a Pennsy lvan ia  apple  o rcha rd .  

Females (%) 

Ratio or Stylet Stylet 
Variable rating -< 130/*m > 130 ~tm 

c' >- 1.55 99.7 0.9 
< 1.55 0.3 99.1 

H e a d  shape r  1 98.2 0.3 
2 1.5 2.1 
3 0.3 97.6 

Ta i l  shape:]: 1 98.3 0.3 
2 1.3 1.2 
3 0.4 98.5 

A total of 2,030 females were examined. 
t Head rating: 1 = lip offset; 3 = tip not offset; 2 = inter- 

mediate. 
:~ Tail rating: 1 = pointed; 3 = rounded; 2 = intermediate. 

rivesi if stylet length was >- 129 t~m, c' < 
1.55, and head and tail ratings were 2 or 
3. Similarly, specimens were considered to 
be X. americanum if styler length was -< 134 
/~m, c' >_ 1.55, and head and tail ratings 
were 1 or 2. The  overlap of minimum and 
maximum stylet lengths for X. rivesi and X. 
americanum was based on previous reports. 
Only 4% of the females had styler lengths 
between 129 and 134/~m, and 0.5% of  all 
adult females could not be classified as X. 
americanum or X. rivesi based on these cri- 
teria. Stylet lengths of  adult female X. 
americanum (~ = 115 t~m) and X. rivesi (~ = 
139 #m) in PA-apple were relatively con- 
stant (Fig. 4) as were c' values (data not 
shown). Stylet length and c' for 50 ran- 
domly selected females from PA-apple were 
related (Fig. 3B). The  upper rectangle (+ 
2 SD for stylet length and c') in Figure 3B 
includes 92% of  the specimens identified 
as X. rivesi, and the lower rectangle in- 
cludes 96% of  the specimens identified as 
X. americanum. Only 7% of  the 2,032 ob- 
servations fell outside of  the rectangles. 

The  frequency distributions of  stylet 
lengths of adult females from PA-peach 
and PA-apple orchards differed (Fig. 2). 
Early in the study, only X. americanum and 
X. rivesi were detected in PA-peach; the X. 
rivesi from PA-peach appeared similar to 
the X. rivesi from PA-apple, but the X. 
americanum had longer stylets (2 = 124 ~,m). 
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FIG. 5. Popula t ion  densi t ies  o f  Xiphinema spp. in 
t h r e e  orchards .  

Near the end of  the first year of  sampling, 
15 specimens with.long stylets (132-136 
#m) and markedly offset lip regions were 
observed and identified as X. californicum 
Lamberti  and Bleve-Zacheo by A. M. Gol- 
den. Because the measurements and rating 
systems did not permit separation of  X. 
americanum with long stylets and X. califor- 
nicum in t h e  data base, the data from PA- 
peach were not classified by species and 
sampling was terminated after 1 year. The  
relationship between stylet length and c' 
for 50 randomly selected females from PA- 
peach suggests that two or three popula- 
tions were present (Fig. 3C). 

Population fluctuation and composition: In 
NY-apple, population levels increased dur- 
ing summer 1984 and then dropped sharp- 
ly in fall, but the overwintering population 
level was higher than the prewinter pop- 
ulation level. Population levels did not de- 
cline dramatically in late fall 1985 (Fig. 5). 
In PA-apple, population levels increased 
sharply in fall 1984, declined over winter, 
increased in spring 1985, decreased in 
summer, and rose somewhat in fall 1985 
(Fig. 5). In PA-peach, population levels de- 
clined in summer 1984, increased in fall, 
declined over winter, and increased in 
spring 1985 (Fig. 5). Numbers of  female 
X. americanum andX. rivesi in PA-apple var- 
ied through the year but followed similar 
trends (Fig. 6). 

Males were rare, with only 8 among the 
9,130 specimens examined at 400x .  Fe- 
males predominated at all sites at most sam- 
ple periods (Fig. 7). The  percentage of 
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Fro. 6. Levels of  females ofXiphinema americanum 
and X. rivesi in a Pennsylvania apple orchard. 

gravid females (based on total number  of  
females) never exceeded 20% and peaked 
in May-July at all sites; few gravid females 
were found in fall or early spring (Fig. 8). 
In PA-apple, gravid X. americanum and X. 
rivesi occurred at the same time (Fig. 8B). 

All sites had J1 at all sampling periods 
(Fig. 7), In PA-apple and peach, J 1 peaked 
1-2 months after gravid females peaked 
(Fig. 7B, C), but J1 peaks in NY-apple did 
not necessarily follow peaks in gravid fe- 
males (Fig. 7A). To  identify J1 from PA- 
apple asX. americanum orX. rivesi, the stylet 
lengths of  25 J1 from three pure popula- 
tions cultured on Sudan grass in the green- 
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Fro. 7. Relative numbers of females, first-stage ju- 
veniles (J1), and fourth-stage juveniles (J4) in three 
orchards. In Figures 7 and 8, percentages from No- 
vember 1984 NY-apple were excluded because only 
nine specimens were observed. 
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males x 100/no. ~males) of Xiphinema spp. in three 
orchards. 

house were determined. The  ranges of  sty- 
let lengths of  25 X. rivesi J l  originally 
obtained from a Pennsylvania vineyard and 
New York apple orchard were 75-80 t~m 
and 77-82 ~,m, respectively. Stylet lengths 
of 25 X. americanum J1 from a New York 
apple orchard ranged from 66 to 71 #m. 
T h u s ,  J1  with stylets >- 74 ~m were con- 
sidered X. rivesi and J1 with stylets < 74 
#m were considered X. americanum. Num- 
bers of J 1 (X. americanum and X. rived) in 
PA-apple varied through the year but fol- 
lowed similar trends (Fig. 9). The  propor- 
tion of  J4  in the population tended to in- 
crease in fall and decrease in spring (Fig. 
7), but levels of  J2 -3  displayed no consis- 
tent trends and were excluded from fig- 
ures. 

Extraction efficiency: Extraction of  nema- 
todes from PA-apple soil by sieving-Baer- 
mann funnel provided higher population 
estimates than extraction by sieving-cen- 
trifugation (Fig. 10). The  ratio of  nema- 
todes extracted by sieving-Baermann fun- 
nel vs. sieving-centrifugation was greater 
in fall, winter, and spring and less in sum- 
mer. The  mean ratio of  nematodes ex- 
tracted by funnel vs. centrifuge for all sam- 
ple periods in PA-apple was 2.0. The  
number  of  nematodes extracted by funnel 
was negatively correlated (r = - 0 . 5 3 ,  P = 
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0.03) with field soil t empera tu re .  T h e  per-  
centage  o f  Xiphinema ex t r ac t ed  f rom PA- 
apple a f te r  1 or  2 days on the  Bae rman n  
funnel  was variable,  but  most  nematodes  
were  r ecove red  af te r  1 day (Fig. 1 1). 

In the  first ex t rac t ion  efficiency test, the  
n u m b e r  o f  nematodes  ex t r ac t ed  by cen- 
t r i fugat ion in the second ex t rac t ion  was 
great ly inf luenced by the m e t h o d  used to 
obtain nematodes  in the  first ex t rac t ion  
(Table  3). Ext rac t ion  efficiency by centr if-  
ugat ion was 15 or  30% depend ing  on  
whe the r  nematodes  were  ob ta ined  by fun- 
nel or  cent r i fuge ,  respectively.  Because the  
mean  relat ive efficiency o f  funnel  to cen- 
tr ifuge was 2.0 (see previous paragraph  and 
Fig. 10), the ex t rac t ion  efficiency o f  siev- 
i n g - B a e r m a n n  funnel  based on these data 
was es t imated to be 30 -60%.  Stage-specific 
differences in extract ion efficiency were not  
detec ted;  the  popula t ion  composi t ion  o f  
ex t rac ted  samples with known composi t ion  
did not  change  when the  samples were  
sieved and cen t r i fuged  a second t ime (Ta- 
ble 3). Both  ex t rac t ion  me thods  (sieving- 
cen t r i fuga t ion  and s i ev ing-Baermann  fun- 
nel) p rov ided  similar estimates o f  popula-  
t ion composi t ion (Table  3). In the second 
ext rac t ion  efficiency test, known number s  
of  Xiphinema spp. ob ta ined  by Bae rmann  
funnel  were  added  to Bae rmann  funnels  
and recovery  was d e t e r m i n e d  af te r  64 
hours. T h e  extract ion efficiency in this case 
was 66 + 15% (~ + SD). Ne i the r  species 
no r  stage was d e t e r m i n e d  be fo re  or  a f te r  
ex t rac t ion  in this test. 
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FIo. 10. Numbers of Xiphinema spp. extracted by 
Baermann funnel or centrifugation. For Baermann 
funnel, each value is the mean of five replications. 
For centrifugation, each value is the mean of one 
replication (May-November 1984) or three replica- 
tions (December 1984-December 1985). Vertical bars 
represent + SEM. 

DISCUSSION 

T h e  present  study ofX. americanum (sen- 
su stricto) and X. rivesi indicated few clear 
t rends  in popula t ion  f luctuat ion and com- 
position. In Pennsylvania f rui t  orchards ,  
past exper ience  suggested that  popula t ion  
levels were  usually highest  in spring and 
fall and lowest in summer  (L. B. Forer ,  
pers. comm.).  Th is  observat ion was gen- 
erally suppor ted  by the data f rom PA-ap- 
ple and peach but  not  f rom NY-apple.  
T ree s  in Pennsylvania were  not  i r r igated,  
bu t  t rees in New York were.  T h e  female 
was the p r e d o m i n a n t  stage in most  sample 
per iods at all t h ree  sites, and the repro-  
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FIO. 11. Xiphinema spp. (cumulative) recovered 
from Baermann funnels after 1 day (20 hours) or 2 
days (44 hours) incubation. Numbers obtained after 
3 days (68 hours) incubation were considered to rep- 
resent 100% of the nematodes. 



376 Journal of Nematology, Volume 19, No. 3, July 1987 

TABLE 3. Ex t r ac t ion  efficiency of  s i e v i n g - c e n t r i f u g a t i o n  as inf luenced  by source  of  Xiphinema spp. 

Percent of total 
Extrac- 

tion Source of nemas Extract. method Xiphinema/lO0 cm ~ Adults J2-4 J1 

1 Soil Cen t r i fuge  124 + 31 48 + 6 33 + 3 19 _+ 3 
1 Soil Funne l  123 + 16 54 _+ 6 33 + 5 14 + 2 

2 Cen t r i fuge  Cen t r i fuge  37 + 10 49 _+ 4 32 + 3 19 4- 3 
2 Funne l  Cen t r i fuge  18 ___ 5 53 _+ 5 30 + 4 16 _+ 2 

Field soil containing X. americanum (85%) and X. rivesi (15%) was extracted by sieving-centrifugation or sieving-Baermann 
funnel (Extraction 1). Funnels were tapped after 20 hours. Extracted nematodes were counted and again extracted by sieving- 
centrifugation (Extraction 2). 

Each value is the mean _+ SEM of four replicates. 

ductive period was largely restricted to late 
spring and early summer. Few females were 
gravid at any sample period. All juvenile 
stages (J 1 ,J2-3,  J4) were present through- 
out  the year, and the proport ion of  each 
stage was relatively stable; however, peaks 
in J1 were observed after peaks in gravid 
females in Pennsylvania. All vermiform 
stages appeared to overwinter, but  eggs in 
soil were not monitored. The predomi- 
nance of  females was not due to differences 
in stage-specific extraction efficiency (Ta- 
ble 3). 

There  are several possible explanations 
why  stronger and more regular trends in 
population fluctuation and composition 
were not detected. First, variation due to 
spatial distribution of  nematodes, level of  
nematode activity, and extraction condi- 
tions may have masked trends. Second, the 
study may have been too brief  to detect 
trends. Seasons are quite variable, and more 
than 2 years of sampling may be required 
to detect seasonal trends. Multiseason (as 
opposed to seasonal) trends in X. america- 
hum (sensu stricto) population levels were 
detected in Michigan vineyards over a 
7-year period (1). Finally, regular seasonal 
fluctuations in population composition may 
not be characteristic of  certain Xiphinema 
spp. Flegg (7) studied population fluctua- 
tion and composition of  X. vuittenezi, an 
unidentified Xiphinema sp. (similar to X. 
americanum), and X. diversicaudatum in En- 
gland. For all three species, reproductive 
periods were l imited to late spring and 
summer, and eggs in soil were limited to 

summer. Regular cycles in levels of  adult 
or juvenile stages were not obvious. Flegg 
stated that the absence of  regular seasonal 
changes in population density and life stages 
was due in part to the variable and often 
lengthy developmental period required for 
each life stage, the long life span of  adults, 
and the relatively low reproductive rate. 
In the present study, the predominance of  
females also indicates that adult X. ameri- 
canum and X. rivesi may have long life spans. 
The  putative longevity of  adults, the rel- 
atively low reproductive rates, the associ- 
ation of  these species with stable habitats, 
and the absence of  a pyramid population 
structure (with many juveniles and few 
adults) suggest that the life strategies of  X. 
americanum and X. rivesi are K-selected as 
opposed to r-selected as discussed by Pian- 
ka (21). 

Previous studies on Xiphinema america- 
hum (sensu lato) in the United States gen- 
erated few consistent statements regarding 
seasonal population fluctuation or popu- 
lation composition. In fact, observations on 
time of  population peaks, reproductive pe- 
riods, and overwintering stages were some- 
times contradictory. On alfalfa in Iowa (19), 
populations peaked in early spring and late 
summer, gravid females occurred from late 
May to August, and few adults or juveniles 
over_wintered in frozen soil. On ornamen- 
tal spruce in Colorado (11), populations 
peaked from April to August and again 
from September to J a n u a r y , g r a v i d  fe- 
males occurred in two distinct cycles per 
year, and eggs, J3, and J4 were the only 
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overwintering stages. On burley tobacco 
and an associated fescue-orchardgrass-la- 
d ino-red  clover sod rotation in Kentucky 
(8), populations peaked in spring and fall. 
On cottonwood in South Dakota (18), pop- 
ulations peaked in early summer and early 
fall and were lowest in April, gravid fe- 
males were noted from May to July, eggs 
in soil were observed throughout  the year, 
and all stages except first-stage juveniles 
overwintered. On grapes in California (6), 
population levels were higher in fall and 
winter than in spring and summer. On lilac 
in Iowa (23), population levels were highest 
in August, unless the soil moisture was less 
than 30% field capacity, and gravid females 
were observed in June and August. Xiphi- 
nema americanum (sensu lato) is sensitive to 
soil moisture, soil temperature,  and other  
edaphic factors (10,17,20,22-24); differ- 
ences in population fluctuation and com- 
position among sites, seasons, and years may 
therefore be partially explained by differ- 
ences in edaphic factors. 

We first at tempted to determine extrac- 
tion efficiency of  the sieving-Baermann 
funnel method by measuring the relative 
extract ion efficiencies of  s ieving-Baer-  
mann funnel vs. sieving-centrifugation 
(based on data from Fig. 10) and then di- 
rectly determining the extraction efficien- 
cy of sieving-centrifugation. Results made 
estimation of extraction efficiency by this 
method questionable. First, the efficiency 
of sieving-centrifugation was 15% for 
nematodes originally extracted by funnel 
vs. 30% for nematodes originally extracted 
by centrifuge (Table 3). Second, the rela- 
tive efficiency of  sieving-Baermann funnel 
and sieving-centrifugation varied with time 
of year (Fig. 10): sieving-Baermann funnel 
yielded higher numbers in fall and spring 
and equivalent numbers in summer. Over 
the course of this study, the funnel (with 
nematodes collected after 3 days) yielded 
about twice as many nematodes as the cen- 
trifuge, so we estimated that extraction ef- 
ficiency by sieving-Baermann funnel was 
30-60% (2 x 15% to 30%). Note that sim- 
ilar numbers of  nematodes were extracted 
by centrifugation or funnel in the first ex- 

traction test (Table 3); these nematodes 
were collected from the funnel after 1 day 
rather than 3 days. 

Direct determination of  extraction effi- 
ciency of sieving-Baermann funnel by ad- 
dition of known numbers ofXiphinema spp. 
seemed unwise because the sieving-Baer- 
mann funnel technique depends on nema- 
tode energy, and nematode energy is pre- 
sumably deple ted  in obta ining known 
numbers of  nematodes. When this method 
was tried, however, extraction efficiency 
was about 66%, and this estimate is prob- 
ably more reliable than the previous esti- 
mate of 30-60%. 

The  seasonal difference in relative ex- 
traction efficiency of the two extraction 
methods may be due to unrecognized 
changes in soil or laboratory conditions that 
differentially affected the extraction meth- 
ods, or to seasonal changes in nematode 
activity levels, which would affect recovery 
of nematodes by the Baermann funnel 
more than by the centrifugation method. 
Changes in nematode activity levels might 
also explain some unusual trends observed 
in this study. In fall 1984, for example, 
Xiphinema population levels in PA-apple 
appeared to increase dramatically. The  in- 
crease could not be due to egg hatch, since 
an increase in the proportion ofJ  1 was not 
observed. In fact, the proportions of dif- 
ferent stages did not change appreciably 
during this period. Migration of  nema- 
todes from lower to higher depths is un- 
likely because all stages would not be ex- 
pected to migrate at similar rates. Sampling 
error  may account for the observed in- 
crease in population levels, but an increase 
in nematode activity might also explain the 
data. Similarly, the low population levels 
observed in NY-apple in fall 1984 and the 
higher levels observed in late winter 1985 
may be explained by sampling error  or 
changes in nematode activity. 

Division ofX. americanum (sensu lato) into 
many different species has not been uni- 
versally accepted (12,16). The  occurrence 
of X. americanum and X. rivesi in the same 
orchard allowed us to study these species 
under  the same macroenvironmental  con- 
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di t ions .  T h e  s imi la r i ty  in m i c r o e n v i r o n -  

merrts  o c c u p i e d  by t h e  t w o  species  is un-  

k n o w n ;  h o w e v e r ,  we f r e q u e n t l y  h a v e  f o u n d  

b o t h  X. americanum a n d  X. rivesi w h e n  sin- 

g le  co re s  w e r e  e x t r a c t e d  (B. A.  J a f f e e ,  un -  

publ . ) .  I n  t h e  P e n n s y l v a n i a  app l e  o r c h a r d ,  

we  easi ly d i s t i n g u i s h e d  two  g r o u p s  o f  

n e m a t o d e s  c o r r e s p o n d i n g  to  X. america- 
hum a n d  X. rivesi; h o w e v e r ,  n o  s t r i k i n g  dif-  

f e r e n c e s  in p o p u l a t i o n  f l u c t u a t i o n  o r  c o m -  

p o s i t i o n  w e r e  n o t e d .  
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