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Influence of Edaphic Factors and Previous Crop on 
Pratylenchus spp, Population Densities in Potato 

D. A. FLORINI, 1 R. LORIA, x AND J. B. KOTCON 2 

Abstract: Root and soil samples from commercial potato fields were assayed for nematodes in 1983 
and 1984. Pratylenchus spp. population densities in Suffolk County, New York, were consistently, 
though not always statistically, higher  in potato fields that  had been planted to rye or wheat ra ther  
than potatoes during the previous growing season. Regardless of  the previous crop, population 
densities in the two potato production areas in Suffolk County differed significantly: population 
densities on the south fork were 1.9-5.5 times higher  than those on the nor th  fork. Species prev- 
alence differed significantly on the two forks but  was not  related to the previous year's crop. P. 
penetrans and P. crenatus were found primarily on the  nor th  and south forks, respectively. Differences 
in species distribution were associated with differences in soil types. P. crenatus was usually found 
on loams and silt loams, but  P. penetrans was found more frequently on sandy soils. 

Key words: Baermann pie pan, edaphic factor, population density, potato, Pratylenchus crenatus, 
Pratylenchus penetrans, root  lesion nematode, rye, Secale cereale, soil moisture, soil type, Solanum 
tuberosum, survey, Triticum aestivum, wheat. 

Rotation of  potato with cereals, partic- 
ularly rye, is a common practice in Suffolk 
County, New York. Several species of Pra- 
tylenchus Loof  which parasitize potato re- 
produce well on cereals (16,31). Cereal ro- 
tations can help control the Colorado 
po ta to  beet le ,  Leptinotarsa decemlineata 
(Say), which limits potato production in the 
Northeast (40). The  effect of  rotation on 
Pratylenchus spp., however, needs to be as- 
sessed, especially as g r eenhouse  tests 
showed that P. penetrans soil population 
densities under a potato crop were higher 
following rye than fallow (6). In field ex- 
periments in the Netherlands, soil popu- 
lation densities of  both P. penetrans and P. 
pratensis Thorne  (= P. crenatus) (15) were 
higher following rye than potato (24). The  
pathogenicity and reproductive potential 
of  different species in this genus vary con- 
siderably on different hosts, but most are 
polyphagous. The  identity of  Pratylenchus 
spp. from potato in Suffolk County was not 
known, although Sher and Allen (29) iden- 
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tiffed specimens from bean as P. penetrans 
and from an unspecified crop asP. crenatus. 

Information on the effects of  rotation on 
plant parasitic nematode populations is es- 
pecially important in Suffolk County. Both 
fumigant (17) and nonfumigant (18) ne- 
maticides have contaminated groundwater  
here, and resulting regulations have great- 
ly limited options for nematode control. 
Our  objective was to evaluate the influence 
of  1 year of  a cereal rotation on Pratylen- 
chuki ~ spp. population densities on potato. 
The  relationship of  population densities to 
edaphic factors likely to be influenced by 
rotation was also investigated. Potatoes are 
produced at the eastern end of  Suffolk 
County on two peninsulas, the north fork 
and the south fork. These two areas were 
considered separately in this study because 
of  differences in potato production prac- 
tices, soil types, and climate. 

MATERIALS AND METHODS 

In 1983 and 1984, respectively, 3 and 
14 commercial farms on each of  the two 
forks of  Long Island were selected for sam- 
pling. A pair of  fields, one rotated and one 
nonrotated, was chosen from each farm to 
minimize cultural differences between the 
fields. The  rotated field had grown rye, or 
in one case wheat, during the previous 
growing season. The  nonrotated field had 
been cropped to potatoes the previous year; 
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however, it might have been planted to 
cereals in other years. The same cultivar 
was present in the rotated and the non- 
rotated field on all farms selected in 1983 
and on 23 of 28 farms selected in 1984. In 
1983, samples were taken from Superior 
on all three south fork farms, Katahdin on 
two north fork farms, and Hudson on the 
third north fork farm. In 1983, fields were 
sampled twice: once midseason (27 June-  
19 July) and again late in the growing sea- 
son (20 July-  19 August). In 1984, samples 
were taken from Superior on 15 south fork 
and 9 north fork farms, Katahdin on 12 
south fork and 14 north fork farms, Hud- 
son on 1 south fork and 2 north fork farms, 
and Chippewa on 3 north fork farms. Fields 
were sampled only once early in the grow- 
ing season (15 May-20June) in 1984. Fields 
sampled in 1984 were not the same as those 
sampled in 1983. 

Samples were taken along five diagonal 
passes across a 1.5-2-ha section of  each 
field. Approximately 1 g lateral roots and 
50 cm 3 of the soil falling from the roots 
were collected from each of 10 potato 
plants along each of  the diagonals. Each of  
the five composite soil samples was sieved 
through a 6.3-mm-pore screen and mixed 
thoroughly. Nematodes were then extract- 
ed from 50 cm ~ of each soil sample for 5 
days at 20-25 C using a modification of  the 
Baermann pie pan technique (9). After the 
nematode suspension had settled over- 
night at 10 C, its volume was reduced to 
50 ml. Nematodes were extracted from a 
5-g subsample of root segments randomly 
chosen from each composite root sample. 
The root segments were shaken in 100 ml 
water for 3 days at 20-25 C; the root sus- 
pension was then extracted for 24 hours 
on a Baermann pie pan. Male, female, and 
juvenile Pratylenchus spp. were counted un- 
der a dissecting microscope. Temporary 
water mounts were made of at least 20 ran- 
domly selected Pratylenchus females from 
one of  the five root samples from 48 of the 
56 fields surveyed during 1984. These fe- 
males were identified to species with No- 
marski optics. Although we used Corbett's 
key for species identification (3), we relied 

less on tail shape than on presence of  sperm 
in spermathecae for differentiating Praty- 
lenchus penetrans from P. crenatus, as tail 
shape is variable in both these species 
(30,36). 

Using descript ions f rom the Suffolk 
County soil survey (38), we compared soil 
types found in sampled fields. In addition, 
representative portions of the soil samples 
collected for nematode extraction were 
analyzed for selected soil characteristics. 
Moisture content at three matric potentials 
( -10 ,  - 3 0 ,  and - 1 0 0  kPa) was deter- 
mined for the 1983 samples with a ceramic 
plate extractor (Soil Moisture Laboratory, 
Santa Barbara, Calif.). The pH of samples 
from 1984 was measured in 0.01 M calcium 
chloride (7). The Cornell University Soil 
Testing Laboratory analyzed 1984 samples 
for organic matter content and 1983 sam- 
ples for organic matter content, pH in 0.01 
M calcium chloride, exchangeable acidity, 
phosphorus, potassium, magnesium, and 
calcium (7). The pH values were adjusted 
to represent pH as measured in water by 
adding 0.6 pH units. 

For data analysis, we assumed that se- 
lected farms at the two locations were ran- 
domly chosen with respect to within-farm 
rotational differences and within-field sea- 
sonal differences. Linear combinations of 
the loge-transformed nematode population 
density data were analysed by one-way 
analyses of variance according to repeated 
measures methods (28). Edaphic factors and 
species data were evaluated with correla- 
tion coefficients, analyses of variance, and 
chi-square. 

RESULTS 

In 1983, population densities of  Praty- 
lenchus spp. did not differ significantly be- 
tween sampling times (Table 1), although 
densities were usually higher in late-season 
than in mid-season samples. Mean popu- 
lation densities in both roots and soil were 
always higher in rotated than in nonrotat- 
ed fields. Root population densities were 
2-14 times higher (P < 0.10) in rotated 
than in nonrotated fields. Soil population 
densities were up to 11 times higher in 
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TABLE 1. Influence of  previous crop, field location, and sampling time* on Pratylenchus spp. populat ion 
densities collected f rom potato fields in Suffolk County,  New York, in 1983. 

Crop Pratylenchus/g root Pratylenchus/100 cm s soil 
preceding 

Field location potato Mid season Late season Mid season Late season 

Nor th  fo rk t  Rye 135 + 71 292 + 260 126 + 103 112 + 107 
Potato 10 + 8 34 + 34 11 + 6 14 + 14 

South fork Rye 993 + 25 1,524 + 33 513 + 5 723 + 126 
Potato 546 _+ 285 856 - 330 478 _+ 308 400 + 201 

Mean population density + standard error calculated from three field means (five samples per field). 
* Sampling times: mid season = 27 June-19 July; late season = 20 July-19 August. 
t Only two of the three farms on the north fork could be sampled during the late season. 

rotated than in nonrotated fields, although 
the differences were not significant. Root 
and soil samples from the south fork had 
significantly higher mean population den- 
sities than those from the north fork at 
both sampling times (P < 0.05). Root pop- 
ulation densities from nonrotated fields 
were 25-55 times higher on the south fork 
than on the north fork. Root population 
densities from rotated fields were 5-7 times 
higher on the south fork than on the north 
fork. Analysis of soil population densities 
gave similar results. No interactions be- 
tween sampling time, location, or rotation 
were evident. 

In 1984, population densities in root 
samples were up to 2 times higher in ro- 
tated than in nonrotated fields (Table 2); 
however, these differences in population 
densities were not statistically significant. 
Root population densities from the south 
fork were 2-4 times higher (P < 0.05) than 
those from the north fork regardless of  
rotational history. Analysis of soil popu- 
lation densities gave similar results. No in- 
teractions between location or rotation 
were evident. The  conclusions of  this ex- 
periment were not changed by eliminating 
from the analysis all farms with different 
cultivars in rotated and nonrotated fields. 

Among the samples collected in 1983 in 
which female Pratylenchus were found, 
males were present in 81% of 27 north fork 
samples and in only 67% of 60 south fork 
samples. In 1984, males were again absent 
from many south fork samples; among 
samples in which female Pratylenchus were 
found, males were present in 86% of 125 

north fork samples and in only 22% of 134 
south fork samples. The relative absence 
of  males in south fork samples suggests that 
different sex ratios or different species of 
Pratylenchus might occur on the north and 
south forks. 

Only two species of  Pratylenchus were 
found in 1984. On the north fork, P. pen- 
etrans was detected in root samples from 
all of 12 rotated and 10 of 11 nonrotated 
fields, but P. crenatus was found in only one 
rotated and two nonrotated fields. On the 
south fork, P. penetrans was identified in 
root samples from only 2 of 12 rotated and 
4 of  13 nonrotated fields, whereas P. crena- 
tus was found in 11 rotated and 11 non- 
rotated fields. Mixed populations were de- 
tected in three south fork and two north 
fork fields. The  distribution of the two 
species differed significantly between the 
two forks (X 2 = 15.48 for rotated fields, 
P < 0.01; X 2 = 7.36 for nonrotated fields, 
P < 0.01). There  was no difference in 

TABLE 2. Influence o f  previous crop and field lo- 
cation on Pratylenchus spp. populat ion densities col- 
lected f rom potato fields in Suffolk County, New York, 
in 1984. 

Crop Pratylenchus 
Field preceding Pratylenchus per 100 

location potato per g root cm 3 soil 

Nor th  fork Rye 400 _+ 91 369 + 111 
Potato 206 + 59 171 + 55 

South fork Rye 779 + 209 1,181 + 309 
Potato 720 + 187 944 _+ 191 

Mean population density + standard error calculated from 
14 field means (five samples per field) sampled 15 May-20 

June. 
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TABLE 3. Cor re la t ion  o f  edaphic  factors  with Pratylenchus spp. popu la t ion  densi t ies  f r om commerc ia l  po ta to  
fields s ampled  in 1983 and  1984 in Suffolk Coun ty ,  New York.  

OMt H ~ P K Mg Ca 
(%) pH (meq) (ppm) (ppm) (ppm) (ppm) 

1983 Root~  0 .522 0 .813"  
Soil 0 .449 0 .770 

1984 Root  0 .397**  0 .128 
Soil 0 .275 0 .200 

1983 Root  - 0 . 0 2 9  0 .687 
Soil 0 .062 0.615 

1984 Root  0 .255 - 0 . 0 7 6  
Soil 0 .282 - 0 . 0 4 2  

N o n r o t a t e d  fields 

- 0 . 2 1 5  - 0 . 6 0 6  - 0 . 3 3 9  0.533 0.343 
- 0 . 2 9 4  - 0 . 5 0 0  - 0 . 3 6 1  0 .494 0 .279 

Ro ta t ed  fields 

- 0 . 1 1 9  0 .057 0.237 0.236 0 .737 
- 0 . 0 3 1  0 .029 0.323 0.299 0.791 

Correlation coefficients based on five replicates for 1983 and 28 for 1984. Significant correlations are denoted by * for 
P < 0.10 and ** fo rP  < 0.05. 

t Organic matter (OM), pH, exchangeable acidity in milliequivalents/100 g soil (H+), phosphorus (P), potassium (K), 
magnesium (Mg), and calcium (Ca) from portions of soil samples collected for nematode extraction. 

Root or soil population densities transformed by natural logarithms. In 1983, one (1) was added to all population densities 
before transformation. 

species distribution between rotated and 
nonrotated fields within each fork. 

The  moisture-holding capacity of  sam- 
ple soils at - 1 0  and - 3 0  kPa was not re- 
lated to rotation or location. Mean soil 
moistures (+ standard errors) were 31.7% 
(+ 1.8) and 19.2% (+_ 1.4), respectively. At 
- 1 0 0  kPa, however, repeated measures 
analysis detected a significant (P < 0.05) 
interaction between rotation and location 
in the soil moisture data. On the north 
fork, rotated fields had higher moisture- 
holding capacities (14.1% + 1.0) than non- 
rotated fields (10.9% + 1.6), while the re- 
verse was true for fields on the south fork 
(rotated = 12.5% + 2.9; nonrotated = 
13.7% + 2.5). 

A similar interaction (P < 0.025) was 
observed in the organic matter data from 
1983. On the north fork, organic matter 
was higher in rotated (2.24-3.04%) than 
in nonrotated (1.70-2.30%) fields; but  on 
the south fork, it was lower in rotated 
(1.64-3.52%) than in nonrotated (2.38- 
4.14%) fields. Repeated measures analysis 
also showed that in 1983 pH was lower 
(P < 0.025) on the north fork (4.58-4.82) 
than on the south fork (4.78-5.06). 

Exchangeable acidity (9-20 meq /100  g), 
phosphorus (23-43 gg/g),  potassium (41- 
132/zg/g), magnesium (17-90 tzg/g), and 

calcium (118-402/xg/g)  were not strongly 
correlated with root or soil population den- 
sities in samples from rotated or nonrotat- 
ed fields in 1983 (Table 3). In nonrotated 
fields, pH (4.58-5.06) was positively cor- 
related with population densities in roots 
(r = 0.813, P < 0.10). 

For 1984 samples, only pH and percent 
organic matter were evaluated (Table 3). 
Log~-transformed Pratylenchus spp. root 
population densities from nonrotated fields 
were weakly (r = 0.397) but significantly 
(P < 0.05) correlated with organic matter 
(1.64-3.96%). Organic matter was posi- 
tively correlated (r = 0.503, P < 0.10) with 
loge-transformed root  population densities 
of P. crenatus in nonrotated fields. No cor- 
relation between Pratylenchus spp. popu- 
lation densities and pH (4.1-5.2) was seen 
in 1984. Even when samples were separat- 
ed according to species, no correlations 
were found between pH and loge-trans- 
f o r m e d  popula t ion  densit ies o f  e i ther  
species. 

D IS CU SS ION 

Pratylenchus spp. population densities in 
Suffolk County were consistently, though 
not always statistically, higher in potato 
fields that had been in rye rather than in 
potatoes during the previous year. Rye has 
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a dense root system and is known to sup- 
port  high population densities of  both P. 
penetrans and P. crenatus (6,24). In addi- 
tion, rotation with crops such as rye can 
modify edaphic factors influencing nema- 
tode movement,  penetration of  host roots, 
and survival. Although organic residues 
and amendments have been observed to 
decrease nematode population densities 
(8,14), the additional organic matter from 
rye stubble might also increase nematode 
population densities indirectly by improv- 
ing soil tilth and moisture-holding capacity 
and by promoting increased potato root  
growth. In our 1984 samples from non- 
rotated fields, there was a weak but  signif- 
icant positive correlation between organic 
matter and Pratylenchus spp. root  popula- 
tion densities. Although not statistically 
significant, this correlation was stronger in 
1983, reflecting the difference between 
nonrotated fields on the two forks; non- 
rotated fields on the south fork had both 
higher population densities and more or- 
ganic matter than those on the north fork 
(data not presented). The  amount of  or- 
ganic matter was similar in rotated fields 
on the two forks, so no correlation with 
nematode population densities was detect- 
ed. 

Soil texture (10,25,33,34) and soil mois- 
ture (9,33,34) affect Pratylenchus spp. pop- 
ulation densities. The  moisture-holding ca- 
pacity of  some soils is primarily determined 
by soil texture but  is also influenced by the 
organic matter in those soils. According to 
the Suffolk County soil survey (38), north 
fork fields tend to be sandier than south 
fork fields. Riverhead sandy loam, coarse- 
loamy Dystrochrept, was found in 3% of  
the south fork fields and in 53% of  the 
north fork fields sampled in this experi- 
ment. None of  the north fork fields sam- 
pled contained Bridgehampton silt loam, a 
coarse-silty Dystrochrept found in 74% of  
the south fork fields sampled. Haven loam, 
a coarse-loamy Dystrochrept, was present 
in 71% of  north fork and 44% of south 
fork fields. For sandy north fork fields in 
particular, more organic matter  in rotated 
than in nonrotated fields may have been 

responsible for the increased moisture- 
holding capacity in rotated fields, and hence 
their ability to sustain higher Pratylenchus 
spp. population densities. Both moisture- 
holding capacity and organic matter  were 
slightly higher in nonrotated fields than in 
rotated fields on the south fork, but in these 
siltier soils, organic matter  and moisture- 
holding capacity had less effect on nema- 
tode population densities. 

In both 1983 and 1984, Pratylenchus spp. 
population densities were much higher in 
south fork than in north fork fields, re- 
gardless of  the previous year's crop. We do 
not feel that the differences are primarily 
related to cultivar. Our  samples were col- 
lected early in the growing season in 1984 
to minimize the effect of  cultivar on nema- 
tode population density. P. penetrans soil 
population densities did not increase at dif- 
ferent rates on six potato cultivars (22). 
Bernard and Laughlin (1) reported that P. 
penetrans reproduces more on Katahdin 
than on Superior. In microplots in Suffolk 
County, P. penetrans reproduced most on 
Hudson, less on Katahdin, and least on Su- 
perior (Loria and Kotcon, unpubl.). On the 
basis of  cultivar alone, therefore, we would 
expect higher population densities to oc- 
cur on the north fork than on the south 
fork because more samples were taken from 
Superior than from Katahdin on the south 
fork and more samples were taken from 
Katahdin than from Superior on the north 
fork. Population densities, however, were 
higher on the south fork than on the north 
fork. 

Fields from the north and south forks 
did not differ in exchangeable acidity, po- 
tassium, phosphorus, magnesium, or cal- 
cium. Soil pH can affect nematode popu- 
lation densities (12,20,39), but the positive 
correlation of  pH with root population 
densities in 1983 did not adequately ex- 
plain the observed population density dif- 
ferences on the two forks, as these corre- 
lations did not hold in 1984. Although the 
moisture-holding capacity of north fork soil 
at - 1 0 0  kPa was higher in rotated than in 
nonrotated fields, usually the moisture- 
holding capacity of  the soils sampled from 
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each fork varied little. At matric potentials 
of - 1 0  and - 3 0  kPa, no differences could 
be detected in the field soils of either lo- 
cation. Evidently, soil porosity and soil 
s t ruc ture  s t rongly influence moisture-  
holding capacity at these low matric po- 
tentials even in plowed soil (25,37). The  
edaphic factors measured did not account 
for the large difference between the north 
and south population densities. 

The difference in Pratylenchus popula- 
tion densities on the two forks of Long 
Island may be related to the occurrence of 
different species in these areas. Mixed pop- 
ulations did occur in some fields, but P. 
penetrans, an amphimictic species (32), was 
primarily associated with north fork fields 
while P. crenatus, a species in which males 
do not occur (16), was associated with south 
fork fields. The two species are sympatric 
over much of the northeastern United 
States and eastern Canada (35), but they 
also occur alone much of  the t ime 
(2,5,11,23). Species distribution is certain- 
ly influenced by host crop, soil type, pH, 
temperature, and moisture. Loof  (16) re- 
ported that potatoes are a poor host for P. 
crenatus, whereas grains and cereals are very 
favorable. P. penetrans has a wide host 
range, including both grains and potatoes. 
Brown et al. (2) reported a predominance 
ofP.  crenatus in wheat-potato rotations. It 
is possible that more frequent grain (rye, 
wheat, sorghum-sudangrass) rotations on 
the south fork have encouraged the build- 
up of P. crenatus. P. crenatus is reported to 
occur primarily on light sandy soils in Eu- 
rope and Wisconsin (5,16). In Suffolk 
County, as in Ohio (2), this species was as- 
sociated with loams and silt loams, whereas 
P. penetrans was more frequently found on 
sandier soils. Kimpinski and Willis (12) re- 
ported that P. penetrans has a higher op- 
timum pH range than P. crenatus on alfalfa, 
but there was little difference in the re- 
production of  the two species at pH 5.0, 
the lowest pH they tested. We found no 
correlation between pH (4.1-5.2) and pop- 
ulation densities of either species on potato 
in north and south fork fields sampled in 
1984. Although the effect of  pH on pop- 

ulation densities of Pratylenchus spp. varies 
with the host crop (12), the lack of corre- 
lation in our study may be a function of 
the narrow range of pH detected. A slight 
temperature difference between the two 
forks may also be responsible for the dis- 
tribution of the two species. The 30-year 
average daily maximum temperatures were 
16.0 C on the north fork and 14.7 C on 
the south fork (21). On alfalfa, P. crenatus 
reproduces better than P. penetrans at low- 
er temperatures (12). Similarly, on maize, 
temperatures higher than 15 C are detri- 
mental to P. crenatus (4). Dickerson et al. 
(5) reported optimum reproduction of P. 
penetrans at 24 C. The  effect of tempera- 
ture on population densities of Pratylenchus 
spp., however, is influenced by host crop 
(5,12) and soil moisture (13). Krause (13) 
found that P. penetrans reproduces better 
at 25 C than at 20 C regardless of the soil 
moisture. P. crenatus, on the other hand, 
increases more in dry soil than wet soil at 
25 C, yet at 20 C the reverse is true. Our 
data also show P. crenatus populations pre- 
dominating on the south fork where tem- 
peratures are cooler and the moisture- 
holding capacity of the soil is higher than 
on the north fork. 

Proper identification of these two species 
of Pratylenchus is important for growers, as 
the pathogenicity of these species differs 
markedly on potato. Microplot data (26) 
have indicated that P. crenatus does not 
cause yield losses on potato even in asso- 
ciation with VerticiUium dahliae. Dickerson 
et al. (5) also found that P. crenatus does 
not cause significant yield losses on potato. 

P. penetrans, on the other hand, does de- 
crease potato yields (22), especially when 
the potatoes suffer temperature and mois- 
ture stress. P. penetrans also interacts syn- 
ergistically with V. dahliae, causing yield 
losses even at low nematode population 
densities (19,27). Comparative sampling in 
Suffolk County has indicated that high 
populations of P. crenatus are often asso- 
ciated with apparently healthy potatoes, 
while low populations of P. penetrans are 
associated with poorly growing potatoes 
(Florini and Loria, unpubl.). Diagnostic 
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services should consider the identity of  
Pratylenchus species as well as population 
densities when r e c o m m e n d i n g  cont ro l  
measures to potato growers. Though  they 
seem to occupy different ecological niches, 
further  study of possible competition be- 
tween the two species might show whether  
P. crenatus could be limiting P. penetrans 
damage. 
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