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Seasonal Dynamics and Yield Relationships of 
Pratylenchus spp. in Corn Roots 1 

T. C. TODD AND T. R. OAKLEY 2 

Abstract: T h e  seasonal distribution of  Pratylenchus spp. in seminal and adventit ious roots and  the 
relat ionship o f  maize yield variables to nematode  densities were examined for irr igated maize in 
sandy soil in 1994 and 1995. Nematode  populat ions in seminal roots were stable or declined (P ~< 
0.05) du r ing  the growing season, whereas total numbers  of  nematodes  in adventit ious root  systems 
increased in both  years o f  the study. Late-season nematode  densities in adventit ious roots were bet ter  
related to midseason densities in seminal than adventitious roots. Seed test weights were negatively 
related to Pratylenchus spp. densities in seminal roots in both years (P ~< 0.05) but  inconsistently 
related to adventi t ious root  populations. Maize yield was inversely related to early-season nema tode  
densities in seminal roots in 1995 (P ~< 0.03). Regression analyses indicated a 1% loss in seed test 
weight for  each 10-fold increase in nematode  density and a 1% loss in seed yield for  each 1,000 
nematodes /g  root. 

Key words: lesion nematode ,  maize, populat ion dynamics, Pratylenchus neglectus, Pratylenchus scrib- 
neri, yield loss, Zea mays. 

Pratylenchus scribneri is a common pest of 
maize (Zea mays) is irrigated sandy soils in 
the north-central  region of the United 
States (4,6,8,10). Yield-loss relationships 
have been described for this nematode us- 
ing midseason and harvest population 
densities in roots (8). Preplant soil popula- 
tion density, in contrast, appears to be a 
poor predictor of damage. Pratylenchus ne- 
glectus, another inhabitant of sandy soils in 
the region (5), is less often associated with 
maize, and yield relationships have not 
been determined. 

Seasonal distribution of Pratylenchus spp. 
in maize roots shifts between the seminal 
and adventitious root systems, which pre- 
dominate early and late in the growing sea- 
son, respectively (3). Through the first 6 
weeks of  root growth, nematode popula- 
tions in seminal roots are developmentally 
advanced (3) and occur at higher densities 
(3,12) than those in adventitious roots. 
The  objectives of this study were to exam- 
ine the seasonal distribution of P. scribneri 
and P. neglectus in maize roots and the re- 
lationship between seed yield and nema- 
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tode populations in seminal vs. adventi- 
tious root systems. 

MATERIALS AND METHODS 

Nemat ic ide  expe r imen t s  were con- 
ducted in separate, continuously cropped, 
irrigated maize fields in south-central Kan- 
sas in 1994 and 1995. Soils at both loca- 
tions were Pratt loamy fine sand (94-98% 
sand, 0-1% silt, 2-5% clay; 1.0-1.2% or- 
ganic matter; pH 5.2-6.0). Pratylenchus 
spp. were the predominant plant-parasitic 
nematodes present in both years of the 
study, with P. scribneri and P. neglectus 
present at the 1994 and 1995 locations, re- 
spectively. Xiphinema americanum was also 
present at both locations but remained at 
low population densities. Nematicide treat- 
ments and experimental design were iden- 
tical between years and have been de- 
scribed previously (11). In addition to 32 
plots in each nematicide study, data were 
collected from a contiguous grid of 16 
four-row, 6.1-m-long untreated control 
plots. 

Nematode soil densities were deter- 
mined at planting and harvest from a com- 
posite sample of four 5-cm-diam. cores col- 
lected 15 cm deep from the middle two 
rows of  each plot. Nematodes were ex- 
tracted from 100-cm 3 subsamples of soil 
using a modified Christie-Perry technique 
(1). Root population densities of  Pratylen- 
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chus spp. were de t e rmined  f rom two root  105 
systems collected f rom an inner  row of  
each plot at month ly  intervals dur ing  the 

104 g r o w i n g  season .  N e m a t o d e s  we re  ex- 4 J  

O t racted f rom 1-g and 5-g fresh weight sub- o 
f._ 

samples o f  seminal and adventit ious roots, c~ 10 a 
respectively, using a modificat ion o f  Rus- ~m 
sell's roo t  incubat ion technique (7). Nema- -o m 

o 10 2 tode  numbers  in roots were recorded  on a -o 
dry  root  basis. Yield data, including num-  E 
ber  o f  ears, seed test weight (kg/liter), and z 101 
total seed yield (kg/ha), were de te rmined  
af ter  hand-harves t ing  4.5 m o f  the remain-  
ing inner  row of  each plot. 10° 
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Seasonal t rends  in Pratylenchus spp. den-  

sities in roots were examined  for  un t rea ted  
grid plots using regression analysis. Linear  106 
t r e n d s  in lOg l0 - t r ans fo rmed  n e m a t o d e  m 
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tious root  systems in each year  of  the study. -~ 10 4 
Relationships between yield variables and c_° 
n e m a t o d e  densities (absolute and trans- m 
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formed)  at each sampling date were exam- 
ined for  all plots in each year by correla- 

ro 102 
t ion  and  c o v a r i a t e  ana lyses  us ing  the  ~m 
CORR and GLM procedures  o f  SAS (SAS = 
Insti tute,  Cary, NC) software. ~ 101 
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o 

10 o 
0 RESULTS 

Populat ion dynamics o f  Pratylenchus spp. 
in un t rea ted  maize roots were consistent 
for  both  years o f  the study (Fig. 1). Nema- 
tode  popula t ions  in seminal  roots were  
nearly 10-fold those in adventit ious roots 
across years and sampling dates. Intercept ,  
but  not  slope, estimates f rom linear regres- 
sions o f  Pratylenchus spp. densities vs. days 
af te r  p lant ing d i f f e red  between seminal 
and adventi t ious roots in both years (P ~< 
0.05; Table  1). Numbers  per  gram root  de- 
c l ined in bo th  roo t  systems d u r i n g  the 
1995 growing  season (P ~< 0.05). Late- 
season n e m a t o d e  densities in adventit ious 
roots were be t te r  corre la ted with midsea- 
son seminal  roo t  densities (r = 0.49 to 
0.77; P ~< 0.001) than with midseason ad- 
vent i t ious roo t  densit ies (r = - 0 . 0 5  to 
0.42; P ~< 0.76 to 0.003) for  both years. 
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Seasonal distribution of  Pra~lench~ spp. 

in untreated seminal and adventit ious maize roots 
dur ing  1994 and 1995 (n = 16). A) Nematodes  per  
gram root. B) Total nematodes  per  root  system. 

Pratylenchus spp. populat ions in seminal 
roots averaged 68%, 16%, and 0.5% o f  the 
total root  popula t ion for  early-, mid-, and 
late-season sampl ing dates,  respectively,  
across years  (Fig. 1). Tota l  n u m b e r s  o f  
nematodes  in seminal roots decl ined dur-  
ing 1995 (P ~< 0.005), whereas  total num-  
bers in adventit ious roots increased d u r in g  
both years (P ~< 0.001; Table  1; Fig. 1). 
Slope and intercept  estimates f r o m  linear 
regressions of  total nema tode  popula t ions  
vs. days af ter  plant ing d i f f e red  be tween 
seminal and adventi t ious root  systems in 
both years (P ~< 0.05; Table  1). 
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TABLE 1. C o m p a r i s o n  o f  s l o p e s  a n d  Y - i n t e r c e p t s  f o r  l i n e a r  r e g r e s s i o n s  o f  Pratylenchus s p p .  d e n s i t i e s  

( l o g l 0 - t r a n s f o r m e d )  i n  u n t r e a t e d  m a i z e  r o o t s  vs .  d a y s  a f t e r  p l a n t i n g  d u r i n g  1 9 9 4  a n d  1 9 9 5  (n  = 48) .  

Slope Y- in te rcep t  R 2 
Root  

sys tem 1994 1995 1994 1995 1994 1995 

N e m a t o d e s / g  r o o t  

S e m i n a l  0 . 0 0 1  a a - 0 . 0 0 9  a 3 . 5 3  a 3 .91  a 0 . 0 1  0 . 3 0 * *  

A d v e n t i t i o u s  0 . 0 0 4  a - 0 . 0 0 5  a 2 . 6 4  b 3 . 0 8  b 0 . 0 4  0 . 0 9 *  

T o t a l  n e m a t o d e s / r o o t  

S e m i n a l  - 0 . 0 0 4  b - 0 . 0 0 7  b 2 . 6 1  a 2 . 7 4  a 0 . 0 7  0 . 1 6 " *  

A d v e n t i t i o u s  0 . 0 4 1  a 0 . 0 3 6  a 0 . 9 3  b 0 . 6 3  b 0 . 9 1 " *  0 . 8 4 * *  

* P ~ 0.05, **P ~< 0.01. 
a Means  fo l lowed by the  s a m e  le t te r  for  roo t  sys tem wi th in  year  a re  not  s ignif icant ly  d i f f e r e n t  u s i n g  p a i r e d  t tests (P ~< 0.05). 

Preplant soil population densities of Pra- 
tylenchus spp. were not correlated with 
yield variables or with root populations 
from untreated plots in either year of the 
study. Correlations of nematode and corn 
variables were strongest for nematode 
populations in seminal roots (Table 2). 
Negative correlations were observed for 
seed test weight (kg/liter) with both early- 
and late-season Pratylenchus spp. densities 
and total populations in seminal roots (P ~< 
0.05). Only early-season nematode num- 
bers from seminal roots were consistently 

correlated with seed test weights across 
years. Covariate analysis indicated that 
slope estimates for seed test weight vs. 
early-season Pratylenclcus spp. densities 
were not different  between years (P ~< 
0.15), despite 14% lower test weights in 
1995 compared to 1994 (P ~< 0.001; Fig. 2). 
The common slope estimate across years 
was -0 .009 (P ~< 0.001), indicating a 1% 
reduction in seed test weight for each 10- 
fold increase in nematode density. 

Maize seed yield (kg/ha) was negatively 
correlated (P ~< 0.05) with early-season 

TABLE 2. P e a r s o n  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  a b s o l u t e  Pratylenchus s p p .  p o p u l a t i o n  d e n s i t i e s  i n  m a i z e  r o o t s  

o n  t h r e e  d a t e s  vs .  y i e l d  v a r i a b l e s  d u r i n g  1 9 9 4  a n d  1 9 9 5  (n  = 48) .  

N u m b e r  o f  ears  a Seed test  we igh t  b Seed  yield c 
S a m p l i n g  

da te  1994 i995  1994 1995 1994 1995 

N e m a t o d e s / g  s e m i n a l  r o o t s  

E a r l y  0 . 0 7  - 0 . 1 7  - 0 . 3 2 *  - 0 . 4 4 * *  0 . 0 5  - 0 . 3 0 *  

M i d s e a s o n  - 0 . 0 6  - 0 . 0 6  0 . 0 9  - 0 . 2 3  - 0 . 0 2  - 0 . 0 4  

L a t e  - 0 . 0 4  0 . 2 1  - 0 . 1 1  - 0 . 4 8 * *  - 0 . 1 1  - 0 . 1 9  

T o t a l  n e m a t o d e s / s e m i n a l  r o o t  s y s t e m  

E a r l y  0 . 0 3  - 0 . 1 0  - 0 . 3 3 *  - 0 . 4 0 * *  0 . 0 3  - 0 . 0 8  

M i d s e a s o n  - 0 . 0 8  0 . 0 1  0 . 0 2  - 0 . 2 2  - 0 . 0 5  0 . 0 1  

L a t e  - 0 . 1 1  0 . 2 2  - 0 . 0 9  - 0 . 5 0 * *  - 0 . 1 7  - 0 . 2 1  

N e m a t o d e s / g  a d v e n t i t i o u s  r o o t s  

E a r l y  0 . 0 3  - 0 . 0 7  - 0 . 2 7  - 0 . 1 3  0 . 0 8  - 0 . 0 3  

M i d s e a s o n  - 0 . 1 6  - 0 . 0 7  - 0 . 0 9  - 0 . 1 1  - 0 . 1 1  - 0 . 0 3  

L a t e  - 0 . 0 6  0 . 1 2  0 . 2 0  - 0 . 2 9 *  0 . 0 8  0 . 0 3  

T o t a l  n e m a t o d e s / a d v e n t i t i o u s  r o o t  s y s t e m  

E a r l y  0 . 0 4  - 0 . 0 7  - 0 . 2 1  - 0 . 0 9  0 . 0 9  - 0 . 1 8  

M i d s e a s o n  - 0 . 1 8  - 0 . 0 2  - 0 . 0 5  - 0 . 1 3  - 0 . 1 3  - 0 . 0 3  

L a t e  0 . 0 7  0 . 1 2  0 . 1 2  - 0 . 2 7  0 . 0 5  0 . 0 4  

* P  ~ 0.05,  **P ~ 0.01. 
a N u m b e r  o f  ea r s  p e r  4.5-rn row.  
b Kg/l i ter .  
c Kg/ha .  
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for  P. scribneri in 1994 and P. neglectus in 1995 (n = 44). 

Pratylenchus neglectus densities in seminal 
roots in 1995 (Table 2). Regression analy- 
sis predicted a 1% loss in yield for each 
1,000 nematodes/g root. Combination of 
covariates within and across years did not 
improve yield-loss relationships. 

DISCUSSION 

Higher nematode densities in seminal 
roots compared to adventitious roots have 
been reported for P. neglectus in wheat (9), 
and P. hexincisus and P. scribneri in maize 
(3,12). Georgi et al. (3) reported that sem- 

inal root populations of P. hexincisus were 
more developmenta l ly  advanced  than  
those in adventitious roots through the 
first 6 weeks after planting as a result of 
the precursory availability of  the seminal 
roots. In the present study, P. scribneri and 
P. neglectus densities remained higher in 
seminal roots t h rough  100 days af ter  
planting. Following the first 30 days, how- 
ever, all of the population increase oc- 
curred in adventitious roots. Since nema- 
tode populations in seminal roots declined 
during this time, a portion of  this increase 
appeared to be due to migration of  popu- 
lations from seminal to adventitious roots. 

The seminal roots of monocotyledons 
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p r e d o m i n a t e  d u r i n g  seedl ing establish- 
ment ,  but  their  contr ibut ion to the plant 
decreases rapidly af ter  the seedling stage 
(2,3). On  the early-season sampling dates 
(approximate ly  1 mo n th  af ter  planting) in 
this study, seminal roots still comprised  
40% to 50% by weight of  the root  system 
and  conta ined  nearly 70% of  the nema- 
tode  populat ion.  It was this segment  of  the 
n e m a t o d e  popu la t ion  that p rov ided  the 
best p r e d i c t o r  o f  subsequen t  yield loss. 
Conversely,  the impor tance  o f  late-season 
Pratylenchus spp. popula t ion  densities in 
adven t i t ious  roots  shou ld  not  be disre- 
ga rded  based on observed yield increases 
(10% across bo th  years  o f  the c u r r e n t  
study) in response  to 30-day postplant  ne- 
maticide application. 

Yield loss in this s tudy was relatively mi- 
no r  and,  when detectable,  agreed  with a 
damage  relat ionship previously repor ted  
for  P. scribneri on i r r iga ted  maize f rom 
South  Dakota (8). However ,  that estimate 
o f  approx imate ly  1% loss per  1,000 nema- 
todes/g root  was based on harvest  popula-  
tions, and  likely involved only adventit ious 
roots.  Late-season popula t ion  densities of  
P. neglectus in adventi t ious roots were also 
negatively corre la ted with seed test weights 
in the present  study. It is impor tan t  to note 
that  late-season densities o f  P. scribneri in 
adventi t ious roots were nearly identical to 
early-season densities in seminal roots in 
1994 and  that late-season Pratylenchus spp. 
popula t ion  densities were similar between 
the two root  systems in both years. Auto- 
correlat ions a mo n g  sampling dates compli- 
cated the par t i t ioning o f  damage,  but  the 
data  do  provide  some evidence that early- 
season d a m a g e  to the  seminal  roots o f  
maize negatively impacts seed product ion.  
Since la te-season n e m a t o d e  popu l a t i on  
densities have little predictive significance, 
this observat ion provides a basis for  im- 
p r o v e m e n t  o f  c u r r e n t  yield-loss predic-  
tion. 

As with the South Dakota study (8), pre- 
plant  Pratylenchus spp. soil popula t ion den- 
sities were not  a useful predic tor  o f  subse- 
quen t  root  popula t ion  densities or yield 
loss. In  n o r t h e r n  latitudes, this may be ex- 

plained by the fact that  more  than  50% of  
the populat ion can be in residual dead  root  
f ragments  at the time o f  plant ing (4). In 
Kansas, however,  fewer  than 10% of  P. 
scribneri populat ions typically overwinter  in 
maize roots (Todd,  unpubl.) .  In the ab- 
sence o f  any strong predictive value for  
p r e p l a n t  p o p u l a t i o n  densi t ies ,  the  ob- 
served relat ionship between early-season 
Pratylenchus spp. popula t ion  densities in 
seminal roots and maize yield could be ex- 
ploited to avert  subsequent  yield losses. 
T h e  potential advantage o f  a postplant  ne- 
mat ic ide  app l ica t ion  has b een  d e m o n -  
strated for  P. scribneri in maize (11), and 
the cur ren t  study suggests that  r ecommen-  
dations for  t rea tment  should be based on  
early-season sampling o f  seminal roots. 

Finally, seed test weight ap p ea red  to be a 
bet ter  indicator o f  damage  due  to PratyIen- 
chus spp. than absolute seed yield. Serious 
reductions in test weight would have an 
economic impact i n d ep en d en t  o f  yield loss 
due  to potential  price deduct ions  based on  
seed quality. 

LITERATURE CITED 

1. Christie, J. R., and V. G. Perry. 1951. Removing 
nematodes from soil. Proceedings of the Helmintho- 
logical Society of Washington 18:106-108. 

2. Esau K. 1977. Anatomy of seed plants. New 
York: John Wiley. 

3. Georgi, L., J. M. Ferris, and V. R. Ferris. 1983. 
Population development of Pratylenchus hexincisus in 
eight corn inbreds. Journal of Nematology 15:243- 
252. 

4. MacGuidwin, A. E. 1989. Distribution of Praty- 
lenchus scribneri between root and soil habitats. Jour- 
nal of Nematology 21:409~415. 

5. Norton, D.C., P. Donald, J. Kimpinski, R. F. 
Myers, G. R. Noel, E. M. Noffsinger, R. T. Robbins, 
D. P. Schmitt, C. Sosa-Moss, and T. C. Vrain. 1984. 
Distribution of plant-parasitic nematode species in 
North America. Nematode Geographical Distribution 
Committee. l akeland, FL: Society of Nematologists. 

6. Norton, D. C., andJ. Edwards. 1988. Age struc- 
ture and community diversity of nematodes associ- 
ated with maize in Iowa sandy soils. Journal of Nema- 
tology 20:340-350. 

7. Russell, C. C. 1987. A space-saving root incuba- 
tion system. Journal of Nematology 19:554. 

8. Smolik, J. D., and P. D. Evenson. 1987. Rela- 
tionship of yields and Pratylenchus spp. population 
densities in dryland and irrigated corn. Annals of Ap- 



S e a s o n a l  D y n a m i c s  o f  Pratylenchus." Todd, Oakley 6 8 1  

plied Nematology (Journal of Nematology 19, Sup- 
plement) 1:71-73. 

9. Todd,  T. C. 1982. Disease interaction of Praty- 
lenchus neglectus and Fusarium spp. on winter wheat 
with a comparison of nematode root incubation tech- 
niques. M.S. thesis, Oklahoma State University. 

10. Todd,  T. C. 1991. Effect of cropping regime 
on populations of Belonolaimus sp. and Pratylenchus 

scribneri in sandy soil. Supplement  to the Journal  of 
Nematology 23:646-651. 

11. Todd, T. C., and T. R. Oakley. 1995. Evalua- 
tion of nematicides for lesion nematode control in 
corn. Fungicide and Nematicide Tests 50:188. 

12. Todd, T. C., and L. P. Paris. 1986. Evaluation 
of nematicides for control of lesion nematodes on 
corn. Fungicide and Nematicide Tests 41:75. 


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

