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Influence of Selected Cultural Practices on Winter 
Survival of Pratylenchus brachyurus and Subsequent 

Effects on Soybean Yield 1 

S. R. KOENNING, D. P. SCHMITT, AND K. R. BARKER 2 

Abstract: Planting date of  soybean, Glycinemax, influenced winter survival of Pratylenchus brachyurus 
in microplots at two locations in North Carolina. Delayed planting resulted in a linear decrease 
(P = 0.05) in the numbers ofP.  brachyurus at soybean harvest. Effects of planting date on nematode 
numbers persisted over winter, indicating that survival in the absence of  a host is density independent. 
Compared with winter fallow, winter wheat, Triticum aestivum, reduced winter survival of P. brachy- 
urus. Subsequent soybean yields were suppressed by the overwintering population of  this nematode 
at one location but not at another. 
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Double-cropping systems have become 
popular in the southeastern United States 
because soil erosion is minimized and 
growers can produce two marketable crops 
per year. Currently, 30% of the soybean, 
Glycine max (L.) Merr., hectarage in North 
Carolina is double cropped with small 
grains. Winter cover crops have been shown 
to influence the population dynamics of 
plant-parasitic nematodes (6,18). Planting 
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wheat, Triticum aestivum (L.), when soil 
temperatures were high enough to permit 
penetration of roots by juveniles, increased 
winter survival ofMeloidogyne incognita (Ko- 
foid & White) Chitwood permitting the 
completion of one generation (18). 

Winter cover crops also alter the tilth, 
moisture, temperature,  and biota of the 
soil, which may influence the population 
dynamics of  parasitic nematodes and their 
damage potential (16). Soybeans double 
cropped with small grains are planted in 
mid to late June. Late planting may en- 
hance damage caused by Heterodera glycines 
Ichinohe to soybean (9) or limit the dam- 
age potential of  Pratylenchus brachyurus 
(Godfrey) Filipjev and Schuurmans-Stek- 
hoven on soybean (12). The  impact of  win- 
ter cover crops currently used in the south- 
eastern United States on the population 
dynamics and damage potential of  plant- 
parasitic nematodes warrants investiga- 
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FzG. 1. Winter survival dynamics ofPratylenchus brachyurus. A) Central Crops Research Station (CCRS)-- 
1981-82. Plots were replanted with soybean 231 days (arrow) after soybean harvest. B) Border Belt Tobacco 
Research Station (BBTRS)--1981-82. Plots were replanted with soybean 231 days (arrow) after soybean 
harvest. C) CCRS--1982-83. D) BBTRS--1982-83. Planting dates in the growing season prior to the 
overwinter study were used to manipulate population densities of the nematode. 

tion. The  objectives of  this research were 
to 1) determine the effects of a winter cover 
crop and the previous year's planting date 
on the winter survival of  P. brachyurus, 2) 
characterize the effects of an overwintered 
population of P. brachyurus on soybean 
yield, and 3) evaluate the use of double- 
cropping systems to limit damage to soy- 
bean caused by P. brachyurus. 

MATERIALS AND METHODS 

Experiments were conducted from 1981 
to 1985 at two locations in North Carolina. 
Microplots (4) were located at the Central 
Crops Research Station (CCRS) near Clay- 
ton, North Carolina, and at the Border Belt 
Tobacco Research Station (BBTRS) near 
Whiteville, North Carolina. The soil type 
at CCRS was a Norfolk loamy sand (87% 
sand, 9% silt, 4% clay) and at BBTRS at 

Goldsboro sandy loam (69% sand, 27% silt, 
4% clay). The population of Pratylenchus 
brachyurus was developed on soybean 'For- 
rest' during a growing season experiment 
(12). Three  final population densities of  
the nematode at CCRS and four at BBTRS 
were established by using different plant- 
ing dates of soybean (12). Soil in the mi- 
croplots was tilled and planted with 'Ar- 
thur 71' wheat or left fallow after soybeans 
were harvested in 1981 and 1982. Treat- 
ments (population density x cover crop) 
were replicated four times. Plots were 
found to contain some Paratrichodorus mi- 
nor (Colbran) Siddiqi in late July 1981, but 
none were detected in 1982. Plots contain- 
ing wheat were fertilized with 27 g am- 
monium nitrate in late February both years. 

Plots were sampled for nematodes at 
6-week intervals in 1981-82 and at 8-week 
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TABLE 1. W i n t e r  survival  ofPratylenchus brachyurus u n d e r  whea t  and  fallow in microplo ts  at Clayton (CCRS) 
and  Whitevi l le  (BBTRS),  N o r t h  Carol ina.  

No. of  nematodes (location and year) 

CCRS 1981-82" BBTRS 1981-82"1" CCRS 1982-83" BBTRS 1982-83"[" 
Month Winter 

sampled cover Mean SE Mean SE Mean SE Mean SE 

Nov  whea t  11,977 1,875 3,066 558 710 93 1,336 299 
fallow 11,652 962 2,981 446 802 116 1,124 225 

Dec whea t  4 ,068 745 887 199 206 50 719 261 
fallow 3,038 285 937 234 418:~ 65 1,247 274 

J a n  whea t  366 139 1,194 224 . . . .  
fallow 268 45 1,241 217 . . . .  

Feb whea t  . . . .  120 30 376 54 
fallow . . . .  439qk 69 1,152:~ 245 

Mar  whea t  109 20 532 117 . . . .  
fallow 119 25 848~ 154 . . . .  

May whea t  67 10 161 23 107 19 144 26 
fallow 156~: 28 523z~ 102 267:~ 53 342:~ 43 

J u n  whea t  139 21 111 19 18 5 90 22 
fallow 111 14 262:~ 61 501: 10 394~ 89 

* All data are means of 12 replicates. 
]" All data are means of 18 replicates. 

Nematode numbers were greater (P = 0.05) in plots left fallow than in plots planted in wheat. 
- Not sampled. 

intervals in 1982-83. Four 2.5-cm-d soil 
cores were taken 15-20 cm deep from each 
plot, and the holes filled with steamed 
greenhouse soil. Nematodes were extract- 
ed from 250 cm a soil by elutriation and 
centrifugation (3), and from roots by Sein- 
horst mist (3) for 7 days. 

The wheat matured in mid June both 
years and was promptly harvested. All plots 
were planted with Forrest soybean without 
tillage after wheat harvest in 1982. Plant 
height and soybean phenology were re- 
corded several times during the growing 
season, and the numbers of  nodes on the 
main stems of  soybean plants were count- 
ed. Soybean yield data were subjected to 
analysis of  variance (ANOVA) for a split 
split-plot design with the previous year's 
planting date as whole plots with orthog- 
onal contrasts for equally spaced planting 
dates, nematode inoculum as subplots and 
winter cover crop (wheat or fallow) as sub- 
subplots. Regression analyses were used to 
compare nematode numbers to soybean 
yield and the numbers of nodes. Numbers 
of nematodes [logl0(n + 1)] were subjected 
to ANOVA and orthogonal polynomial 
contrasts. 

All nematode data presented are the 
sums of root and soil populations re- 

covered. Soil (r = 0.60) and root (r = 0.99) 
nematode numbers were correlated with 
total populations (P = 0.01). 

R E S U L T S  

The relationships between population 
densities ofPratylenchus brachyurus and sur- 
vival rates in the winter were largely linear 
(Fig. 1A-D). Differential survival was evi- 
dent in June 1982 and late spring 1983 at 
BBTRS (Fig. 1B, D) and at CCRS in June 
1983 (Fig. 1C). Even though numbers of 
P. brachyurus at soybean planting in 1982 
were different at CCRS, they became sim- 
ilar during the growing season. At BBTRS, 
the plots with the greatest nematode num- 
bers at soybean planting had the fewest by 
soybean harvest (Fig. 1B). 

Influence of cover crop: Winter wheat cov- 
er crop reduced (P = 0.01 to P = 0.07) the 
number of overwintering P. brachyurus 
compared to winter fallow (Table 1). The 
influence of wheat was evident (P = 0.05) 
in May 1982 at CCRS and March through 
June 1982 at BBTRS. 

Wheat had a more pronounced effect in 
1982-83 in limiting (P = 0.01) winter sur- 
vival ofP. brachyurus than in 1981-82 (Ta- 
ble 1). The  effect of wheat in reducing 
nematode survival was significant much 
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FIG. 2. Mean soil temperatures at 15 cm deep. A) 
November 1981 to June 1982. B) November 1982 to 
June 1983. 

earlier in 1982-83 than in the previous 
year. Reduction in nematode populations 
in response to a winter wheat cover crop 
occurred at all nematode population den- 
sities. 

Influence of climate and location on over- 
winter survival of Pratylenchus brachyurus: 
Nematode populations declined after soy- 
bean harvest both years at both locations 
(Fig. 1 A-D). Soil temperatures during fall 
and winter were markedly lower at CCRS 
than at BBTRS in both years (Fig. 2A, B). 
The lowest soil temperatures occurred in 
1981-82, 85-100 days after soybean har- 
vest, at both locations (Fig. 2A, B). Nema- 
tode survival rates at CCRS and BBTRS 
were 1 and 6% in 1981-82 a n d 4  and 19% 
in 1982-83, respectively. Greater nema- 
tode survival at BBTRS in both years re- 
sulted in the maintenance of  damaging 
levels ofP.  brachyurus (20) at this location, 
whereas nematode population densities at 
CCRS fell below the damage threshold (Fig. 
1A-D). 
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FIG. 3. The effects of  Pratylenchus brachyurus on 
the number of  nodes on the main stems of soybean 
at Central Crops Research Station and Border Belt 
Tobacco Research Station. Pi = initial population 
density. 

Paratrichodorus minor and Pratylenchus 
brachyurus interaction: The population den- 
sities of P. minor at BBTRS fluctuated 
widely within plots over time. Paratricho- 
dorus minor increased (P = 0.02) in plots 
planted with wheat during winter and 
spring compared to fallow plots (approxi- 
mately 300 vs. 100 per 500 cm 3 soil, re- 
spectively). Reproduction of P. minor was 
suppressed in plots containing P. brachy- 
urus (P = 0.01). P. minor had no apparent 
effect on P. brachyurus populations. The  
population densities of these two species 
were not correlated in plots containing both 
species. 

Soybean yields: Plant growth, as measured 
by height and the number of nodes on the 
main stems, was suppressed (P = 0.03-0.06) 
by P. brachyurus at both locations. The 
number of nodes on the main stem were 
negatively correlated with the number of  
nematodes at planting (P = 0.01) at both 
locations (Fig. 3). 

The relationship of initial soil nematode 
population density against yield was cur- 
vilinear (P = 0.06) at CCRS and linear 
(P = 0.02) at BBTRS (Fig. 4). Soybean yields 
were suppressed (P = 0.07) by this nema- 
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tode  at BBTRS (Fig. 5). Win te r  cover  crop 
had little effect  on soybean yield. 

DIS C US S ION 

Factors  affecting winter  survival o f  Pra- 
tylenchus brachyurus are  impor t an t  because 
nem a to d e  m a n a g e m e n t  decisions are  of ten  
based on fall sampling. Decline in popu-  
lation density ofP.  brachyurus was general ly 
density independent .  Soil t e m p e r a t u r e  and 
starvat ion probably  were  the p r imary  fac- 
tors affecting survival. However ,  large 
popula t ions  f rom a severely damaged  crop  
may cause a slight deviat ion f rom density 
independence ,  which occu r r ed  at BBTRS 
in 1981-82 .  

P. brachyurus popula t ion  increases dur-  
ing mid winter  or  spring, which occur red  
in bo th  years at BBTRS,  could be the result  
o f  e r ro rs  in sampling or  recovery  (5), but  
similar t rends  have been  d o c u m e n t e d  for  
Pratylenchus zeae (2). Egg hatch and (or) 
some fo rm of  do rmancy  may occur  in 
species o f  Pratylenchus which may account  
for  some variat ion in the i r  seasonal pop- 
u l a t i on  d y n a m i c s  o r  t he  n u m b e r s  re-  
covered  f rom soil. Fu r the r  research is 
needed  to de t e rmine  the  factors  respon-  
sible for  these f luctuations in soil nema tode  
populat ions.  

Win te r  wheat  cover  crop can be used to 
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r educe  the numbers  o f  overwin te r ing  P. 
brachyurus. W h ea t - so y b ean  double  crop- 
ping will r educe  the damage  potent ia l  o f  
this pest on soybean for  several reasons: 1) 
wheat  reduces  survival o f  this nematode ;  
2) a double-cropping  system results in de- 
layed plant ing o f  soybean which allows for  
a fu r the r  decline in numbers  o f  this pest 
in soil; and 3) delayed plant ing reduces  the 
damage potent ia l  o fP .  brachyurus (12) and 
l imits  p o p u l a t i o n  b u i l d - u p  d u r i n g  the  
growing season on soybean. 

T h e  mechanism by which wheat  reduces  
overwin te r  survival of  P. brachyurus is un- 
known. Soil mois ture  (10,15) effects were  
probably  minor  in this exper iment .  P. 
brachyurus pene t ra tes  wheat  roots  (S. R. 
Koenning,  unpubl.)  but  r ep roduc t ion  is 
unlikely to occur  at the low soil tempera-  
t u re s  e n c o u n t e r e d  d u r i n g  t h e  w i n t e r  
(1,14,17). 'Atlas 61' wheat is a host for  this 
nematode  but  allows little reproduc t ion  (7). 
Since rye and t imothy  p roduce  substances 
toxic to P. penetrans (19), wheat  may pro- 
duce substances which may be toxic to P. 
brachyurus. W h e a t  p r o d u c e s  subs tances  
toxic to cer ta in  weeds (13). 

P. brachyurus did not  overwin te r  at pop- 
ulat ion densities high enough  to cause 
damage  to soybean at CCRS e i ther  year  
(20), but  damaging levels overwin te red  at 
BBTRS bo th  years. T h e  sandier  soil at 
CCRS is subject to g rea te r  f luctuations in 
soil mois ture  than are the finer t ex tu red  
soils at BBTRS  result ing in g rea te r  daily 
soil t e m p e r a t u r e  ex t remes  at CCRS. Dif- 
ferences in soil t ex tu re  may account  for  
some of  the variat ion in P. brachyurus sur- 
vival be tween  years, but  soil t em p e ra tu r e  
may be more  impor tan t .  Win te r  survival 
o fP .  brachyurus increased with dep th  in the 
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soil (11) where soil temperatures are higher 
than they are closer to the surface. 

Pratylenchus brachyurus is near its north- 
ern limit in distribution in North Carolina 
(14). CCRS and BBTRS have average 
freeze-free periods of  200-210 days and 
230-240 days, respectively (8). Coupling 
weather and soil texture data should im- 
prove the disease forecasting system for P. 
brachyurus on soybeans. For example, yields 
were suppressed at BBTRS in 1982 by P. 
brachyurus where nematode densities re- 
mained high over winter. 

Paratrichodorus minor accounted for little 
of  the variance encountered in this exper- 
iment. It may be a problem in double-crop- 
ping systems in which corn and small grains 
are grown since P. minor is relatively wide- 
spread in North Carolina. 

Planting wheat can reduce soil popula- 
tions of  P. brachyurus below damaging 
levels. Therefore,  P. brachyurus is unlikely 
to be a problem on soybeans in a wheat-  
soybean double-cropping system. 
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