
11.4 t~m. 
Type host and locality: Soil a r o u n d  the 

roots of Solanurn tuberosum f rom K a g h a n  
Valley, N.W.F.P. ,  Pakis tan.  

Holo,type: Female  collected 15 Septem- 
ber  1981 by the author .  Slide No. N R C / 8 2 8  
deposi ted in  the N a t i o n a l  Col lec t ion  at  
NRC,  Univers i ty  of Karachi ,  Pakis tan .  

Paratypes: 40 females, (same data  as 
holotype) deposi ted  as follows: Slides NRC-  
828-835 (33 females) N R C  Collect ion,  Un i -  
versity of Karachi ;  Slide NRC-836 (6 
females) USDA Nema tode  Collect ion,  Belts- 
ville, Mary land ,  USA. 

N e w g e n u s ;  Paktylenchus: Maqbool  79 
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Relationship Between Paratrichodorus sp. Density, and Growth 
of Wheat in Pots 

R. N. INSERRA 1, 1~1. DI V I T O  '~, N. VOVLAS 2 a nd  J. W. SEINHORST 3 

Abstract: The effect of a Paratrichodorus sp. (close to P. tunisiensis) on the growth of wheat 
(Triticum durum Desf.) was investigated in pots containing different nematode densities and 
maintained in a growth chamber at 20 C for 40 days. The relation between fresh weight of 
tops and initial nematode density was according to the equation y = m + (1 -- m)ze-T. This 
suggests a tolerance limit of 1.4 nematodes/cm:~ of soil umler the conditions of the experiment; 
taking into account the effect of the great nematode mortality, it is estimated to be between 
0.15 and 0.35 nematodes/cm3 soil. Models of the growth of the plants and the multiplication 
of the nematodes (assuming a constant mortality of the nematodes in the absence of roots) 
which explain the relation between initial and tinal nematodes densities at initial densities 
greater than 1 nematode/cm.~ soil are described in an appendix. Sections of nematode infested 
roots showed disorganization of root structure clue to abnormal proliferation of lateral roots. 
Nematode feeding on the root cap and apical meristem caused cessation of root elongation 
and induced abnormal production of lateral root primordia. Key words: stubby root nematode, 
cereal, tolerance limit, mathematical model, histopathology. 

Journal of Nematology 15(1):79-87. 1983. 

A Paratrichodorus sp., morpholog ica l ly  
very close to P. tunisiensis Siddiqi  (7), has 
been found  in  associat ion wi th  d u r u m  
wheat  (Tri t icum dur~tm Desf.) i n  Apul ia ,  
sou the rn  Italy. T h e  nema tode  differs f rom 
P. tunisiensis in  tha t  adul t s  have a shorter  
body, males have the th i rd  s u p p l e m e n t  
closer to the cloacal open ing ,  a n d  females 
have a different  tail  shape a n d  vag ina l  
sclerot izat ion wi th  sperm d i s t r ibu ted  
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t h r o u g h o u t  the uterus  a n d  not  conf ined to 
a spermatheca.  

A heavy in fes ta t ion  of the Paratricho- 
dor us species was f ound  on  d u r u m  wheat  
ill March 1978 in  Apul ia .  Large patches of 
s tun ted  p lants  were present  in the crop. 
T h e  danlagetl  p lants  showed s tubby  roots 
(Fig. 1) a n d  severe r e d u c t i o n  in  growth  of 
tops and  root  systems. Similar  symptoms 
were repor ted  on  wheat  infested wi th  P. 
mino.r ( C o l b r a n ) S i d d i q i  ( =  T'richodo~'us 
christiei Allen)  in  the U n i t e d  States (2). 
Growth  r e t a rda t i on  of several crops by 
Paratrichodorus infes ta t ions  has also been  
repor ted  from o ther  count r ies  (8). Li t t le  
i n f o r m a t i o n  is ava i lab le  on  the re l a t ion  
between p o p u l a t i o n  dens i ty  of Paratricho- 
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dorus sp. and the growth of their hosts (1). 
This paper gives the results of an experi- 
ment  done in a growth chamber on the re- 
lationship between Paratrichodorus sp. 
populat ion density and yield of wheat, and 
a description of the anatomical changes in 
host roots induced by nematode feeding, 

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

Plastic pots containing 160 cm ~ steam 
pasteurized sandy loam were inoculated 
with Paratrichodorus sp. extracted from in- 
fested soil where durum wheat was growing. 
fnoculum consisting of adult and juvenile 
stages were added to soil in a geometric 
series of O, 0.125, 0.25 . . . . .  256 per cm 3 of 
soil (equivalent to O, 20, 40 . . . . .  40,960 per 
pot). The  nematodes in water suspension 
were poured into a cavity made in the soil 
in each pot. A pregerminated seed of durum 
wheat cv. Creso was then planted in each 
pot. Each inoculum level was replicated six 
times. Six l~ots containing naturally infested 
field soil were held without  plants and 
served to calculate the nematode mortality 
rate. All pots were maintained in a growth 
chamber at 20 ± 1 C for 40 days when the 
plants were harvested and the fresh weights 
of the tops were recorded. Nematodes were 
extracted from each pot by decanting and 
sieving and counted. 

Stubby roots were selected from nema- 
tode infected wheat plants for histological 

Janua~y 19,73 

studies. Root segments were fixed in 
formalin, acetic acid, ethyl alcohol (FAA) 
for 48 h, dehydrated in tertiary butyl al- 
cohol (TBA), and embedded in paraffin. 
Sections 10 and 15 t~m thick were stained 
in safranin-fast green and moun ted  in 
Permount.  

RESULTS AND DISCUSSION 

The  relation between fresh weight of 
the tops of the wheat plants and nematode 
density at sowing is illustrated in Figure 2 
and by the graph of Figure 3. A curve ac- 
cording to the equation y --- m + (1 - 
m)z P-r for P > T and y = 1 for P < T 
(eq, i) (where y = relative yield; m = rela- 

tive min immn yield; z < 1; P = initial 
nematode density and z -r  = 1.05 [T  = 
tolerance limit]) (3) was fitted to the ob- 
servations. It  suggests a tolerance limit (T) 
of wheat to Paratrichodorus sp. of 1.4 nema- 
todes/cm 3 of soil and a relative min imum 
yield m = 0.25 (Fig. 3). However, curves 
with 1 < z -~ <~ 1.05 would all fit about  
equally well to the data. For z -T -- 1 ~T - 
0), z v with P = 1.4 nematodes/cm 3 soil z 
would be 0.95. 

The  relation between initial and final 
nematode densities is given in Figure 3. 
At all initial densities of 16-256 nema- 
todes/cm 3 soil, final densities were 0.0254 
times the initial ones. The  independence 
of this figure of nematode density suggests 

Figs. 1-2. Paratrichodorus sp. on durum wheat cv. Creso. 1). Stubby adventitious roots, due to the 
nematode feeding activity, along the axis of a principal r¢~)t of durum wheat. 2) Effect of nematode 
densities (number of nematodes/cm3 soil) on the growth of durum wheat, 30 days aftcr sowing. 
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Fig. 3. Relation between initial population density (Pi) of Paratrichodorus sp. and relative weight 
of the tops of wheat plants y (e) and between Pi and final nematode density P[ (o). 

. . . . .  graph according to y = m + (I--m)zP-T (T=  1.4, m = 0.25, z -T = 1.05). 

. . . . .  graph according to y = zP-T(T = 0.35, z-r = !..0.5) (presumably, the relation between Pi and y 
at the end of the experiment if nematode mortality had been small). 

r e l a t i o n  between Pi and 1;'] according to model with continuous redistribution of nematodes on 
root system, E = 0.5 nematodes/cma soil, er > 100 and constant mortality rate of nematodes not feed- 
ing on roots (0.0254 times between inoculation and end of experiment). 

m o r t a l i t y  in the  v i r t ua l  absence  of  food, 
a h h o u g h  the p l an t s  d e v e l o p e d  to  a fa i r  size. 
A r e a s o n a b l e  fit to the  obse rva t ions  was ob- 
t a i n e d  by a curve  a c c o r d i n g  to  the  e q u a t i o n  
P f  = (ya M p i / [ a  P i  + M])  + ,b ( l - y )  
Pi  (eq. ii), where  y = re l a t ive  size of  the  
food source and  equa l  to  z ' ' i (eq. i i i )  (4,5) 
wi th  y = 0.95 for  Pi  = 0.5 n e m a t o d e s / c m  3 
soil; a, the  m a x i m u m  ra t e  of m u l t i p l i c a t i o n  
= 0.65, M = 1 n e m a t o d e / c m  3 soil (M = 
Pf'  for Pi  - - - ) ~  a n d  Pf '  = the  f inal  nema-  
tode  dens i ty  at  i n i t i a l  n e m a t o d e  dens i ty  P i  
on a roo t  mass  e q u a l  to t ha t  of  u n d a m a g e d  
p lan t s  in 1 cm '~ soil) a n d  the re fo re  -- a M P i /  
(aPi + M )  (4), a n d  b ( =  surv iva l  w i t h o u t  

food) = 0.0254. T h e  l a t t e r  f igure  (0.0254) is 
very s imi la r  to  the  su rv iva l  r a t e  o f  nema-  
todes in pots  w i th  f ield soi l  w i t h o u t  p l a n t s  
(0.032). S l ight ly  d i f fe ren t  va lues  of  p a r a m -  

eters  a, M,  a n d  z give curves tha t  fit a b o u t  
equa l l y  well  to the  da ta .  T h e  choice  of  the  
func t ion  y = z vi (eq. i i i )  for  t he  r e l a t i ve  
q u a n t i t y  of  food  ava i l ab l e  for  the  n e m a t o d e  

p o p u l a t i o n  is a rb i t r a ry ,  as the re  is n o  in-  
f o r m a t i o n  on ti le effect of roo t  a t t a ck  by 
t r i c h o d o r i d s  on  t h e i r  food  supply .  T h e  re- 
l a t i on  be tween  n e m a t o d e  dens i ty  a n d  avai l-  
ab le  food m a y  be m o r e  compl i ca t ed ,  as i t  
is affected by the ra te  of  de s t ruc t i on  of r oo t  
t ips  by the nematodes ,  the  ac t iva t ion  of  
r oo t  p r i m o r d i a  on the same roo t ,  a n d  the  
r e t a r d a t i o n  of the  g rowth  of the  p l a n t  
caused  by n e m a t o d e  a t tack.  Because of  the  
c u m u l a t i v e  effect of the  first and  t h i r d  ef- 
fect, e spec ia l ly  at  r e l a t ive ly  large  n e m a t o d e  
densi t ies ,  the  t rue  r e l a t i o n  m i g h t  be repre-  
sen ted  by a s teeper  curve  t h a n  tha t  accord-  
i ng  to y = z ''~ (eq. iii).  T h i s  w o u l d  resu l t  
in a h i g h e r  m a x i m u m  of  the  s igrnoid curve  
of  F igu re  3 and ,  therefore ,  a b e t t e r  fit to 
the  da ta .  However ,  a d i sc repancy  r e m a i n s  
be tween  the  s u p p o s e d  sizes of  the  food  
source a n d  f inal  p l a n t  weights  a t  d i f fe ren t  
i n i t i a l  n e m a t o d e  dens i t ies  ( T  for  the  la t te r :  
1.4 n e m a t o d e s / c m  a soil ,  a n d  v i r t u a l  absence  
of  food for  the  n e m a t o d e s  a t  p l a n t  we igh t s  
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0.1 to 0.7 times those in the absence of 
nematodes).  T h e r e  could be two causes. 
First nematode  attack could reduce the 
food supply to the nematode  more  than  
plant  size. Longidorus elongatus (which 
also attacks and stops the growth of root  
tips) reduced the root system of Loliutm 
perenne considerably wi thout  reduct ion of 
leaf weight (6). Or  reduct ion of root weight 
might  mean  reduct ion of the quant i ty  of 
food available to the nematodes.  Second, 
the disQ-epancy may be explained by the 
strong decrease of the nematode  popula t ion  
dur ing the course of the experiment .  T h e  
data do not reveal when most of the nema- 
todes placed in pots died. I f  this was im- 
mediately after the inoculation, the true 
value of T would be 2 × 0.0254 -- 0.05 
nematodes /cm ~ soil. Ti le  discrepancy be- 
tween final plant  size and final nematode  
density would remain  unexplained.  Growth  
curves were constructed for plants at dif- 

ferent initial nematode densities according 
to Seinhorst 's model  (5), assuming that  the 
mortal i ty  rate did not change dur ing the 
experiment .  I t  was fur ther  assumed that  
the growth of plants wi thout  nematodes 
was exponential :  dY/dt  = roY in which Y 
is plant  size at a given momen t  and r0 is 
the growth rate, being a constant. Growth  
of the plants in the pots with nematodes is 
considered to be according to dY/dt  = 
rmY, in which rvt ~ roZV,, z a constant < I, 
P t  the nematode  density in soil wi thout  
roots at t ime t, and, further, Pt = Po st, Po 
= the nematode density at the start  of the 
experiment ,  , - 0.0254 (the rate of de- 
crease in 6 wk), and t = 6 wk -- 1. Growth  
curves must  be constructed step by step. For 
Figure 4 this was done in steps of ~/~ per  
week (rate of decrease of Pi from step to 
step 0.917 times). T h e  relat ion between 
initial nematode density and  p lant  weight 
remains according to equat ion  (i) between 

O 

O 
m 

Fig. 4. Increase of growth 
rates due  to decrease of  nema-  
tode density according to Y = 
h erpt where k is the size of p lan t  
at sowing, ~ is the  rate  of  
growth at nematode  densi ty P 
(Y0 in absence of nematode),  
t = t ime in weeks from sowing, 
ero = 2. 'Further  r~ ~ roZe, 
drawn lines: growth wi th  ~P de- 
creasing by 59% each week, cal- 
culated in l/~-week steps, assum- 
ing adapta t ion  of  growth to 
nematode  densi ty in soil wi thou t  
roots at end of  each l/~-week 
period.  

I 
o 

I ! 1 , ,, 
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Paratrichodorus sp. on Wheat :  Insera et al. 83 

T and 75 T, but  T increases to four times 
tile value at the beginning of the experi- 
ment  and m from 0.016 to 0.15. At Pi 
75 times final T, final y decreases slowly 
from 0.15 to 0.016. This  suggests a tolerance 
limit (T) wi thout  popula t ion  decrease of 
one fourth of the 1.4 nematodes /cm ~ soil 
of Figure 3 equals 0.35 nematodes /cm 3 
soil. A similar shift also would  have oc- 
curred if popula t ion  decrease had been less 
regular than assumed here, but  a stronger 
decrease dur ing the first week(s) than later 
would have resulted in a greater ra t io  be- 
tween final and initial  T a smaller decrease 
in a smaller ratio. In  the center of a poor  
patch in a wheat field (plants about  1/5 
normal  size), nematode density was 6 nema- 
todes/cm 3 ( ~  g) soil at the end of the 
growing season. Wi th  little food left for the 
nematodes because of severe damage to the 
root system, the initial popula t ion  could 
not have increased much. Then ,  according 
to equat ion (i) (with z -~ = 1.05), T would 
be of the order 1/40 to 1/20 times 6 = 0.15 
to 0.3 nematodes /cm 3 soil in the field, 
which is a reasonable accordance with the 
0.35 nematodes /cm 3 soil derived by assum- 
ing a constant mortal i ty  of the nematodes 
in the absence of host roots. 

A further  analysis of the data requires 
the estimation of a m a x i m u m  rate of multi-  
plication of the nematodes on host roots 
and of the associated equi l ibr ium density 
(the m a x i m u m  density that  could be main- 
tained on root mass of a certain size; e.g., of 
a plant  wi thout  nematodes at the end  of 
the experiment).  Th i s  is discussed later, and 
we concluded that  the relat ion between 
final popula t ion  densities and  final p lant  
weights is in agreement  with a high but  
constant morta l i ty  ra te  of the nematodes 
when not feeding on host roots. 

Symptoms and anatomy of deformed 
root tissue: In  the exper iment  all the wheat  
plants inoculated with more than four 
nematodes /cm :~ soil (640 nematodes /pot )  
showed s tubby root symptoms with abnor- 
mal  product ion of lateral roots (Fig. 1). 
These new lateral roots were in turn  at- 
tacked by the nematode and consequently 
were stunted and with b lunt  tips. They  
were similar in appearance to the 
Rhizob ium nodules of leguminous plants 
and occurred in clusters along the root axis 

(Fig. 1). Brown lesions were also noted in 
the swollen root tips. 

Transverse  (Fig. 5) and longitudinal  
(Fig. 6) sections of nematode infested wheat  

root showed disorder of the root  structure 
due to abnormal  prol iferat ion of lateral 
roots. T h e  nematode fed on the elongation 
zone of 'the root, behind  the root tip, and 
also on the apical region, causing collapse 
of the root cap, necrosis of calyptrogen (Fig. 
6), and st imulat ion of the product ion of 
adventit ious root  pr imordia  (Figs. 5-6). 
Cell necrosis also was seen in epidermal,  
cortical, and vascular tissues (Figs. 5-6). 

Many aspects of the parasitic habi t  as 
well as the damage of this Paratrichodo~'us 
sp. to the root cap and apical meris tem are 
common to other  Paratrichodorus species 
(2). In  I taly this species has more frequently 
been detected in light soils (sandy or sandy 
loam) than in clay soils. 

C A L C U L A T I O N S  

A discussion of the methods of calcula- 
tion of m a x i m u m  rates of mult ipl icat ion,  
equi l ibr ium densities, and ways to deal with 
the effects of strong decrease of nematode 
popula t ion density on the results of experi- 
ments are in order. 

A repet i t ion of the exper iment  described 
above, a l though desirable, does not  war ran t  
a less rapid  decrease of nematode numbers  
in the absence of roots of a host plant.  
Therefore,  an effort is made  to cope with 
the problems arising f rom it by investigat- 
ing the consequences for final nematode  
numbers  found, making  certain assump- 
tions on growth of the host p lant  and  be- 
havior of the nematodes. 

At very small nematode densities, the 
rate of increase of a popula t ion  P is alP~tit 
= rP (eq. iv) and, therefore, P = Ce ~t (eq. 
v). If, further, the following assumptions 
are made:  l) the nematodes were distrib- 
uted randomly  through the soil at the start  
of the exper iment  and were not at tracted 
from great distances by root  tips; 2) nema- 
todes, which did not feed died at a con- 
stant ra te  (survival after a t ime t - s t. In  
the calculations t = 1 for 40 days and s -- 
0.0254); 3) the volume of soil f rom which 
nematodes fed on roots was propor t ional  
to the size of the plants; 4) the size of the 
nematode food source (Yt) increased ex- 
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ponent ia l ly  being k at  t = 0 and  1 at t = 
l. T h e n  Yt = kept (eq. vi) (p is the g rowth  
constant).  I t  is assumed tha t  e~ = 64 (dou- 
b l ing of food source each week). T h e n  k = 
0.{)156 and p = 4.159. D u r i n g  the very 
short  per iod  At  between times t a nd  t + 
At  f rom the start o[ the exper iment ,  the 
increase was AY = p Y  A t  = pkeptAt ,  (eq. 
vii), which a t t rac ted  a p ropor t i on  pkepts tAt  
(eq. viii) of the initial nema tode  popu la t i on  
Pi (density at t ime t = stpi). This  has 
mul t ip l ied  by the end  of the expe r imen t  
(t = 1) to e~C'-oPi pke~'~stAt (eq. ix). I [  
At is infinitely small, then at t ime t = 1 the 
init ial  nematode  density Pi in  the par t  of 
the soil f rom which  nematodes  were feed- 

1 

ing  on roots  h ad  become P[ = ['e~(~-~) 

1 

Pi pkeptstdt  = p k  Pi e*_t" (ep-rs)t dt 

I -O  

(eq. x). There fore ,  P I / P i  = pke~(se p-~) 
(qogsep-0-1 (eq. xi). if, at the e nd  of  the 
expe r imen t  a p ropo r t i on  ~ of  the nema- 
todes had  found  roots to feed on, then  the 
total popu la t i on  was u 1'[ + (1-u)sPi,  
which, accord ing  to an  earlier suggest ion 
was 0.65 Pi. Subst i tu t ing the values of the 
various constants  given above results in 
0.65-s(1-u) = × 4.159 × 0.0156e*(0.0254 
X 64e-~-1) X [qog (0.0254 x 64e-~)] -~ 
-- u x 0.0649e r (1.626e-*-1) (-0.486r)-~. For 
u = 1, e ~ = 32 fits well to this equa t ion .  
For u = 0.5, e r becomes 80. 

T h i s  means  that  the par t  of  the popula-  
t ion feeding on wheat  roots increased in 
number ,  despite the great  mor ta l i ty  in the 
absence of  food, which may  or  may not  
have affected the feeding nematodes  as well. 

T o  calculate  mul t ip l i ca t ion  rates and  
final nema tode  number s  at the h igher  ini- 
tial nema tode  densities, logistic popu la t i on  
growth  ( d P / d t  = r P ( 1 - P / E )  (eq. xii) can 

IIIII 
\ \ \ \ \  
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be assumed, in which  E is the nema tode  
n u m b e r  tha t  can m a i n t a i n  itself on  the 
roots present in a un i t  vo lume  of soil. How- 
ever, nematode  density on  tim roo t  system 
could develop  in two ways: ei ther  tile nema- 
todes stay on or  near  the  tips of  the  roots  
on which they started to feed or  they re- 
dis t r ibute  cont inuously ,  thus m a i n t a i n i n g  
a r a n d o m  dis t r ibu t ion  on  the roo t  system. 
For the fol lowing calculat ions it is assumed 
that  the nematodes  r ema in  dis t r ibuted ran- 
domly  in the soil tmti l  roo t  tips come in  
close proximity .  T h e  nematode  density in 
the soil w i thou t  roots at t ime t = P i s  t . If  
the vo lmne  of  the pot  is taken as the un i t  
volume of  soil and, at the end  of the experi- 
ment ,  a p r o p o r t i o n  ~z of  the po t  soil con- 
tains roots at very small ini t ial  nematode  
densities (no r educ t ion  ot  p lan t  size by 
nematode  attack), then uAYv~,tPi  s t nema- 
todes start  to  feed between time t and  
t + A t  if  uAYm,t  is the p ropo r t i on  of the 
soil tha t  is occupied  by new roots between 
t ime t and  t + At. If  there is no  redistr ibu- 
tion, then these nematodes  increase du r ing  
the t ime 1--,t unt i l  tim end of  the experi- 
m e n t  to: 
uAYvi , tP[  = uAYm. te~( f - °EPi  s t 

((e*O-t)-l)eis*)-~ (eq. xiii). 
T h e  final Izopulat ion on  the roo t  system 
is u X A Y m , t P [  and  the total  p o p u l a t i o n  in  
the po t  u(XAYvi , ,PD + (1-uX/ ' ,Ym,t)Pis  
(eq. xiv). At  small Pi,~AYl,~,t becomes 1 
and, therefore, the total  popu la t ion  in the 
pot  uX(AYm,tP[)  + (1--u)Pi s (eq. xv), which  
at still smaller init ial  densities reduces to 
equa t ion  xi. I f  it is assumed tha t  propor-  
tions of  the soil occupied  by roots  are  the 
same as u times the rat ios be tween p lan t  
sizes at t ime t and  at the end  of  the experi-  
ment ,  then the successive values of  AYe, i, t 
can be derived f rom Figure  3. 

If  there is a con t inuous  red is t r ibu t ion  
of the nematodes  on the roo t  system (prob- 
ably closer to reali ty than  no  red is t r ibu t ion  
at all), the re la t ion  between n u m b e r s  of  

Figs. 5-6. Anatomical changes induced in durum wheat roots by Paratrichodorus sp. infestations. 5) 
Nematode infested durum wheat root cro~s section showing collapsed cells of cortex (CCo) and root cap 
(CRC), along with necrosis of epidermis (NEp) and emlodermis (NEn). Differentiation of lateral root 
primordium (LRP) is evident at the periphery of the stelar area (Mx = metaxylem). 6) Cluster of 
durum wheat lateral root longitudinal section showing necrosis of calyptrogen (NCa) and xylem elements 
(NX), abnormal growth (ARC) and necrosis (NRC) of root cap, and formation of lateral root primordia 
(LRP) in consequence of tile nematode feeding activity (Co = cortex; Ep = epidermis; VC = vascular 
cylinder). 



86 Journal o I Nematology, Volume 15, No.  1, 

nematodes on root systems at t ime t - At 
and t (Y~,~,t-atPt-at and Ye~,tPt, respectively) 
is given by the equat ion:  
uYe~,tP = u Ye~,t_a~e~atEPt_at((e~at-1)Pt_at + 

E} -~ + Yei,t-atPi s t (eq. xvi). 
T h e  first term of the r ight  hand  par t  of 
this equat ion reflects the mul t ip l ica t ion  of 
the nematodes present on  the whole root  
system between t ime t - At and  t. T h e  sec- 
ond term represents the n u m b e r  of nema- 
todes that start to feed dur ing that  period. 
T h e  increase z~Yel,t, of the size of a plant  
between times and  t depends on  Pt (if > 
T), which in its turn  depends on  t - At. 
There fore  to calculate final popula t ion  
density at a given Pi, plant  sizes Yei, t 
and nematode densities Pt  on  the root sys- 
tem must  be calculated in successive small 
steps ~t .  

Final popula t ion  density according to 
equat ion xiii on the por t ion of a p lant  
grown dur ing one week calculated in one 
step (mid-week relative size of p lant  × 
mid-week nematode popula t ion  in soil × 
mult ipl icat ion rate mid-week to end  of ex- 
periment)  hardly differed from the final 
popula t ion  calculated in eight steps. Calcu- 
lations of final nematode densities at differ- 
ent initial nematode densities according to 
equat ion xiii were made, therefore, in 
weekly steps, deriving the weekly increases 
of plant  size from Figure 4. A good fit of 
calculated to observed final densities was 
obta ined at Pi > 1 with e ~ = 120, E = 1 
nematode/can s soil and u = 1 but  at the 
cost of a great overest imation of P[ com- 
pared to observed values at Pi < 0.5 nema- 
tode /cm 3 soil. Calculations according to 
equat ion xiv required at least several hun- 
dred steps to avoid a gross overest imation 
of e *. From some calculations in 40 steps (z~t 
= 0.025) and  compar ing  one such step to 
ten with ~ t  = 0.0025, probable  values of E 
of 0.5 nematodes /cm 3 soil and of e" between 
I00 and 150 were derived [or a reasonable 
fit of calculated to observed P[ at Pi ~ I 
nematode /cm s soil for ~u = 1 (Fig. 3). At 
smaller values of u, this would require 
larger values of E and of e *. Calculations 
at Pi :> 4 nematodes /cm 's soil are simplified 
considerably by the fact that  nematode den- 
sities in the soil and on the roots are larger 
than  E dur ing the first three or more  weeks 
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of the exper iment  and that  the growth of 
the plant  is hardly or not reduced after- 
wards. P[ values according to equat ion xiv 
at Pi < 0.5 nematodes /cm :~ soil are cer- 
tainly much  larger than those observed. 
As the species involved is bisexual, under- 
popula t ion  could be the cause of the dis- 
crepancy. 

Both models suggest a large m a x i m u m  
mult ipl icat ion rate and a much  smaller 
equi l ibr ium density than in the field, where 
it was at least six nematodes /cm .~ soil. ~fhe 
difference could be due to smaller numbers  
of root tips per unit  volume of soil in the 
pots than  with much  larger plants in the 
field and, also, to a greater mortal i ty  of the 
feeding nematodes than in the field, where 
the popula t ion  did not decrease very much  
in the absence of a host crop. However,  
this would mean  that  the m a x i m u m  multi- 
plication rate of the nematode in the ab- 
sence of this mortal i ty  would still have been 
much larger than the I00 to 150 times in 
6 wk est imated from the results of this 
experiment .  

T h e  nematodes were not  mixed  through 
the soil af ter  the inoculation.  Therefore ,  
most probably they were not  distr ibuted 
randomly in the soil dur ing the first weeks 
of the experiment ,  as was assumed in the 
calculations made  above. As growth was 
almost s topped at the largest initial densi- 
ties, all root tips must have been attacked at 
these densities from the start  of the experi- 
ment.  Assuming very large degrees of aggre- 
gation of the nematodes (e.g., all nema- 
todes in a tenth of the volume of the pots 
dur ing the whole or most of the dura t ion  
of the experiment)  leads to improbably  
large est imated T values. Lesser degrees of 
aggregation would have resulted in either 
more or fewer than the average number  of 
nematodes at tacking roots dur ing the first 
week(s) of the exper iment  (depending on 
where the nematodes were placed in the 
pots relative to the seeds) result ing in 
slower or faster growth of the plants, re- 
spectively, than at a more uni form distri- 
bution.  Probably  the si tuation would be 
different in different pots. Th i s  would re- 
sult in an increase of pot to pot variabil i ty 
of growth. T h e  si tuation would be reversed 
in due time, bu t  due to the rapid  decrease 
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of  n e m a t o d e  n u m b e r s  th is  w o u l d  n o t  com-  
p e n s a t e  t he  effects o f  t he  d i f f e r ences  in  
g r o w t h  in  t he  first week(s) .  
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Reproduction of Criconemoides simile, Helicotylenchus 
pseudorobustus, and Paratylenchus projectus on Soybean 1 

E. C. ~ICGAWLEY 2 a n d  R .  A.  CHAPMAN 3 

Abstract: Reproduction of Criconernoides simile, Paratylenchus projectus, and Helicotylenchus 
pseudorobustus, alone and in certain combinations, was characterized during 50 days on the 
soybean cultivars Custer and Hood. Custer was the more suitable host for all three nematodes 
and C. simile was the most vigorous parasite on both cultivars. C. simile and H. pseudorobustus 
reproduced as well in combination as they did alone; addition of P. projeetus to this combina- 
tion did not alter results. Reproduction by P. tn'ojectus was repressed on both cultivars when 
it was combined with C. simile and H. pseudorobustus. The relative importance of time was 
assessed, as it relates both to the establishment of parasitism by applied nematodes and to 
the rate of development of larvae in the various host-parasite combinations. The necessity of 
characterizing as well as enumerating populations when evaluating population development 
of ectoparasitic nematodes was demonstrated. Key words: ring nematode, pin nematode, spiral 
nematode, concomitant nematodes. Journal of Nematology 15(1).:87-91. 1983. 

I n  r e c e n t  years ,  c o n s i d e r a b l e  a t t e n t i o n  
has  b e e n  focused  o n  n e m a t o d e - n e m a t o d e  
i n t e r a c t i o n s  w i t h i n  po lyspec i f i c  c o m m u n i -  
ties o f  p h y t o p a r a s i t i c  n e m a t o d e s  a s s o c i a t e d  
w i t h  v a r i o u s  crops .  E x a m i n a t i o n s  o f  soi l  
f r o m  fields o f  s o y b e a n  (Glyc ine  m a x  L.) in  
K e n t u c k y  r e v e a l e d  t h a t  Criconemoides  
s imi le  ( [Cobb,  1918] C h i t w o o d ,  1949), 
Hel i co t y I enchus  p seudorobu tu s  ( [Ste iner ,  
1914] G o l d e n ,  1956), a n d  Paraty Ienchus  
pro jec tus  ( J enk ins ,  1956) o c c u r r e d  in  m a n y  
fields, o f t e n  c o n c o m i t a n t l y .  T h e  w i d e  r a n g e  
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of  n u m b e r s  i n  s a m p l e s  o f  soi l  c o l l e c t e d  f r o m  
f ie lds  of  d i f f e r e n t  c u l t i v a r s  a t  v a r i o u s  s tages  
of  g r o w t h  p r o v i d e d  l i t t l e  i n f o r m a t i o n  a b o u t  
t he  d e v e l o p m e n t  o f  p o p u l a t i o n s  o f  t he se  
p a r t h e n o g e n e t i c  e c t o p a r a s i t e s  o n  th i s  hos t .  
T h e  o b j e c t i v e s  of  th is  i n v e s t i g a t i o n  w e r e  to  
d e t e r m i n e  t h e  r e p r o d u c t i v e  c a p a b i l i t i e s  of  
these  n e m a t o d e s ,  a l o n e  a n d  in  c o m b i n a t i o n ,  
o n  r e l a t i v e l y  s u i t a b l e  a n d  u n s u i t a b l e  soy- 
b e a n  c u l t i v a r s  d u r i n g  t h e  first 5 0 - 6 0  days  
a f t e r  i n o c u l a t i o n .  A n  a b s t r a c t  o n  s o m e  o f  
th i s  w o r k  has  b e e n  p u b l i s h e d  (4). 

M E T H O D S  

N e m a t o d e s  o b t a i n e d  f r o m  s o y b e a n  f ields 
in  w e s t e r n  K e n t u c k y  a n d  m a i n t a i n e d  o n  t h e  
s o y b e a n  c u l t i v a r  C l a r k  in  a g r e e n h o u s e  w e r e  
u s e d  as i n o c u l u m .  N e m a t o d e s  w e r e  r ecov-  
e r e d  f r o m  soil  by  the  c e n t r i f u g a l - s u g a r  f lota-  
t i o n  t e c h n i q u e  (3) w i t h  a 37-#m (400 m e s h )  
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