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An Algorithm for Fitting Seinhorst Curves 
to the Relationship between Plant Growth 

and Preplant Nematode Densities 
H. Ferris, W. D. Turner,  and L. W. D u n c a n  t 

Quanti tat ive description of the relation- 
ship between plant  growth and preplant  
nematode densities is an essential pre- 
requisite for nematode pest management  de- 
cisions in annual  crops (2,3). A common 
technique to describe this relationship is to 
use linear regressions of plant growth and 
log-transformed nematode populat ion den- 
sities (1,7). T h e  linearization produced by 
the transformation empirically accounts for 
the decreased damage per nematode, due to 
competitive interactions and damage over- 
lap, as nematode densities increase. Sein- 
horst (9) derived an explanatory model for 
the relationship based on Nicholson's com- 
petit ion curve. 

T h e  model is based on sound biological 
theory and is of the form y = m + (l-m) 
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z (I'-a'). T h e  min imum yield (m) (on a 0 - i  
relative scale) represents tile residual plant 
growth at extremely high nematode popula- 
tion densities. It  assumes that there may be 
a point  below which yield cannot  be further  
reduced by nematodes. Of course, for any 
crop or environmental  situation, m may be 
zero. P is tile nematode popula t ion density 
per prescribed unit  of soil and /o r  roots. T h e  
tolerance limit (T) is the nematode popula- 
tion density below which yield reduct ion 
cannot be measured. Again, for any crop 
variety or environmental  situation, T may 
be zero. TILe slope-determining parameter  
(z) of tile damage function is defined as the 
proport ion of the plant  undamaged in the 
presence of parasitism by one nematode. 
Since z has a value slightly smaller than 1, 
raising it to the exponent  (P-T) results in 
less effect per nematode as each new nema- 
tode is added to the system. 

T h e  l inear approach has been charac- 



teristically used, since l inear  regression tech- 
niques are readily available.  Seinhorst  
curves are often fitted by the use of trans- 
parent  overlays of  s tandard  curves wi th  vary- 
ing values of  m and z. We have developed a 
computer ized  a lgor i thm to derive the values 
of m, z, and T,  at which  tire curve best fits 
the data  points,  as measured  by minimiza-  
t ion of  the residual sum of squares and max- 
imizat ion of the corre la t ion  coefficient. A 
potent ia l  p rob lem with this type of deriva- 
tion is tha t  the a lgor i thm assumes that  some 
m i n i m u m  yield value is represented a m o n g  
tire data  set. In  practice, p o p u l a t i o n  den- 
sities may not  have been h igh  enough  to ap- 
p roach  the m i n i m u m  yield of  the crop 
umler  tha t  nema tode  and  env i ronmen ta l  
stress. T h e  a lgor i thm allows the user to  de- 
cide whe ther  the m i n i m u m  yield should  be 
calculated based on the available data,  or 
to specify some value of  the m i n i m u m  yield 
and avoid overes t imat ion  of predic ted yield 
at high nema tode  densities. I f  there is no  
obvious leveling t rend for yield values at 
high nema tode  densities a m o n g  the avail- 
able data,  it may  be wise to set m = 0 and  
calculate z and  T values accordingly.  

Using the model - -  

Yl = I n  + ( l - m ) z ( V ,  -TI + t~ l . . . . . . . . .  if P i >  T 

Y i =  1 + e l  . . . . . . . . . .  i fP j - -~T  

where y~ is the relat ive yield of  the ith p l an t  
or  plot, de t e rmined  by d iv id ing  the actual  
yield by the average yield of  all plots wi th  
P~ ~ T ,  the objective is to min imize  the res- 
idual  sum of squares wi th  respect  to the pa- 
rameters  T,  m, and z. F rom the residual  sum 
of squares ob ta ined  wi th  this mode l - -  

RSS = ~e, 2 = ~[yi-m-(l-nl)z~P,-T)] 2 + ~(y~-l) 2 
(i) 

the least squares es t imator  of  m is calculated 
by de t e rmin ing  part ial  derivatives. Since 
the second term in equa t ion  (i) does no t  
depend  on m or z-- 

X(y~-l) ~ -  ~ X(y t -1 )~=0  
~ m  ~z 

then the part ia l  derivat ive of  the first term 
of equa t ion  (i) can be set equal  to zero-- 

~RSS  
~ m  X(2 [Y~'m-(1-m)z ~v'-T~ ] 

[-1 + Z~P,'T~]) = 0 (ii) 
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and  solved for m--  

A XYi- Xz(V'-'rt-XY#(V~'T) + X z2(v*T) (iii) 
m = n - 2 ~ (PI-'I'J + ~ z  2 (e l -T)  

where I1 is the n u m b e r  of  points  wi th  Pl 
greater  than  T .  S u m m a t i o n  is only  over  
these n points  in recogni t ion  that  their  
popu la t i on  densities are h igh  e n o u g h  to 
con t r ibu te  to yield reduct ion .  H a v i n g  ob- 
tained an est imate of  m by min imiz ing  res- 
idual  sum of squares wi th  respect  to m, we 
now minimize  the residual  sum of squares 
wi th  respect to z-- 

~RSS  _ X(2[y~_m_(l_m)z~v,_r} ] [m-1] 
~z 

[PcT]z~P,-T~) (iv) 

again, s u m m a t i o n  is only  over the points  
with P~ greater  than  T .  Unl ike  equa t ion  
(iii), equa t ion  (iv) canno t  be solved ana- 
lytically. A numer ica l  solut ion is to estab- 
lish an interval  of  uncer ta in ty  wi th in  which  
z is k n o w n  to lie, and  to successively reduce  
the range by eva lua t ing  equa t ion  (iv) at  
the nf idpoin t  of  each new interval.  Ulti-  
mate ly  the z value is f o u n d  at which  the 
residual sum o[ squares is min imized  for a 
given T .  

Calculus cannot  be used to find the least 
squares es t imator  of  the tolerance l imi t  (T) 
because the residual  sum of squares is no t  a 
con t inuous  func t ion  of  T .  Hence  an itera- 
tive procedure  is used to evaluate  the res- 
idual  sum of squares over an increasing 
range of T values and  to calculate the m 
and  z values at each of  these levels. Th i s  
allows selection of the value of  T that  min- 
imizes the residual  sum of squares and  pro- 
vides the associated z and  m values. 

T h e  general  p rocedure  (Fig. I) is to 
start with a coarse range of T values which  
covers a wide  span of the observed P values 
by sett ing a relat ively large T increment .  A n  
init ial  value for T and a s tar t ing value for 
z are selected. A value of  z = 0.99 is con- 
venient,  since z is general ly  close to 1. Us ing  
the est imated z and  T values, an  m value is 
derived f rom equa t ion  (iii). Th i s  is the best 
possible value o[ m for a given value of z 
and T .  Us ing  this m value, the par t ia l  de- 
r ivative of  the residual  sum of squares wi th  
respect to z is calculated f rom equa t ion  (iv). 
Since equa t ion  (iv) canno t  be solved ana- 
lyrically, an i terative p rocedure  is used to 
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NO ~ ~  
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~ RETURN ) 

SHIFT IOU 
DOWN 0.01 

NEW IOU IS LOWER 
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'~IOU=INTERVAL OF UNCERTAINTY 

Fig. l .  Flow charts of main  program and "'z search" routine for determining  T ,  z, a n d  m values for the 
least squares fit o f  y = m + ( l - m ) z ( P - r )  w h e n  P > T and y = 1 w h e n  P m_ T f o r  a data set. 

converge the partial derivative of  the res- 
idual sum of squares with  respect to z on  0. 
If the sign of the calculated partial deriva- 
tive is initially positive, the lower l imit  of  
the interval of  uncertainty is decreased by a 
value of 0.01 and the upper l imit  becomes 
the previous lower l imit-- in  the first case, 
0.99. It may be necessary to l imit  the lowest  
al lowable value of z, since by definition, z is 
close to 1.0. However,  the units in which the 
populat ion  is measured should be consid- 
ered in this limit. If the populat ion  is ex- 
pressed per 200 g soil in determining the 
damage function,  the z value wil l  be lower 

than if the populat ion  is expressed per 1,000 
g soil since tile perceived growth reduction 
is being attributed to fewer nematodes.  Con- 
sistency in use of  the model  is necessary. By 
definition, z is tile proport ion o£ the plant  
undamaged by a single nematode.  T o  main- 
tain the biological  integrity of  the model ,  a 
lower l imit  o[ about  z = 0.97 may be reason- 
able if nematodes  are expressed per 1,000 g 
soil. 

T h e  partial derivative is recalculated 
successively unti l  the lower l imit  of  the in- 
terval of  uncertainty becomes negative. This  
indicates that the true value of  z is n o w  



within  the interval of uncertainty.  Once the 
true interval of uncer ta inty has been identi- 
fied, its midpo in t  is calculated and used to 
evaluate the part ial  derivative. T h e  sign of 
the part ial  derivative at this new value is 
determined,  indicating whether  the true z 
value is included within the top half  or the 
bot tom half of the interval  of uncertainty.  
Thus  a new interval of uncer ta inty  is ob- 
tained with half the previous range. 

T h e  iterative procedure is repeated unti l  
the upper  and lower limits of the interval of 
uncertainty are separated by less than 
.00001, or another  appropr ia te ly  small num- 
ber. At this stage the r 2 value is calculated 
and tested against previously calculated r °- 
values. T h e  tolerance l imit  is then incre- 
mented by the preselected increment  and 
the iterative procedure repeated over tile 
initial  coarse grid. Each t ime a new T value 
is selected by incrementa t ion from the previ- 
ous one it is necessary to recalculate the rela- 
tive yields th roughout  the whole data set 
using the m a x i m u m  yield as an average of 
the yield at those popula t ion  densities less 
than T.  This  assumes that  below T the 
yield is unaffected by the nematode  popula-  
tion. T h e  residual sum of square values are 
scanned for each T value to select the region 
of the popula t ion  densities at which the 
residual sum of squares approaches a min- 
imum. A new search is made over a range 
of T values in this region with finer incre- 
ments between them. T h e  procedure is con- 
t inued unti l  the best value of T is known to 
a desired level of accuracy. 

T h e  procedure described allows deter- 
ruination of the descriptive parameters  of a 
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Seinhorst curve for any data  set. Further ,  it 
allows subjective judgment  in the determi- 
nat ion of appropr ia te  m and T values. How- 
ever, it removes the absolute subjectivity 
involved in selection of the parameters  by 
overlaying curves. T h e  a lgor i thm simplifies 
use of a model  based on sound biological 
theory. 

We have used the a lgor i thm to calculate 
T,  z, and m values for some publ ished data  
and compared r 2 values with those for l inear 
regressions on the log t ransformed nematode  
populat ions (Table  1). T h e  data were used 
by Seinhorst (9,11) as examples (4,5,6,8,11). 
In  the cases where there were relatively few 
data points (5,6,8), or the data were f rom an 
extremely careful greenhouse study (11), 
both  Seinhorst and l inear models produced 
high r 2 values. In  one data set (6,9) the pre- 
dicted z value was apparent ly  low, indicat- 
ing considerable damage per nematode.  
However,  the n e m a t o d e  c o u n t s  w e r e  e x -  

p r e s s e d  per 100 ml  soil, thereby inflating the 
perceived damage per nematode.  

I t  is possible that  a m i n i m u m  yield has 
not been reached in data sets used with this 
program. Calculating a value of m and 
fitting a least squares curve based on this 
may constitute a false biological assumption. 
Accordingly, the program allows the user to 
subjectively assign a value of m for cases 
where the true value may not  occur wi thin  
the range of the data set. T r i a l  runs  wi th  
the a lgori thm indicate that  the magni tude  
of m strongly influences T and z, under-  
scoring the assertion of Seinhorst (10) that  
p lant  growth should be tested against a wide 
range of nematode densities. 

Tab le  1. Compar i son  of damage  func t ion  pa ramete r s  of Seinhors t  m o d e l t  and  l inear  mode l  + for several  
da ta  sets. 

No. of  
Source of obser-  Seinhors t  mode l  
da ta  set§ vat ions  T m z x2 

L inea r  mode l  

T slope(b) r2 

11 43 85 .242 .99964 .934** 295 --.143 .925** 
4,9 67 78 .734 .98007 .382** 9 --.057 .377** 
5,9 4 20 .220 .99603 .999** 38 --.174 .997** 
6,9 7 10 .347 .95523 .979** 10 --.188 .844* 
8,9 6 10 .240 .99680 .994** 30 --.144 .980** 

"~y = m + (1-m)z(V-T) f o r y  > T , y  = 1 for P ~ T .  
+y = I + b log (P-T) for y > T ,  y = 1 for P m_ T .  
§Data  sets f rom references in L i t e ra tu re  Cited. 
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Sample Optimization for Five Plant-Parasitic 
Nematodes in an Alfalfa Field ~ 

P. B. G o o d e l l  a n d  H .  Fe r r i s  2 

Abstract: A data base representing nematode counts and soil weight from 1,936 individual 
soil cores taken from a 7-ha alfalfa field was used to investigate sample optimization for five 
plant-parasitic nematodes: Meloidogyne arenaria, Pratylenchus minyus, Merlinius brevidens, 
Helicotylenchus digonicus, and Paratrichodorus minor. Sample plans were evaluated by the 
accuracy and reliability of their estimation of the population and by the cost of collecting, 
processing, and counting the samples. Interactive FORTRAN programs were constructed to 
simulate four collecting patterns: raudom; division of the field into square sub-units (cells); and 
division of the field into rectangular sub-traits (strips) running in two directions. Depending on 
the pattern, sample numbers varied from 1 to 25 with each sample representing from I to 50 
cores. Each pattern, sample, and core combination was replicated 50 times. Strip stratification 
north/south was the most optimal sampling pattern in this field because it isolated a streak of 
fine-textured soil. The mathematical optimmn was not found because of data range limitations. 
When practical economic time constraints (5 hr to collect, process, and count nematode samples) 
are placed on the optimization process, all species estimates deviate no more than 25 % from the 
true mean. If accuracy constraints are placed on the process (no more than 15% deviation from 
true field mean), all species except Merlinius required less than 5 hr  to complete the sample 
process. Key words: sampling, advisory services, economics. 

T h e  o p t i m i z a t i o n  o f  s a m p l i n g  p lans ,  in-  
c l u d i n g  those  for  n e m a t o d e  a d v i s o r y  p u r -  
poses,  i n v o l v e s  a c o m p r o m i s e  b e t w e e n  t h e  
l eve l  o f  p r e c i s i o n  of  t h e  e s t i m a t e  fo r  a 
p a r t i c u l a r  m a n a g e m e n t  d e c i s i o n  a n d  the  
cost  o f  o b t a i n i n g  such  i n f o r m a t i o n .  N e m a -  
t o d e  p o p u l a t i o n  s a m p l i n g  s tud ies  h a v e  
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c o n c e n t r a t e d  m a i n l y  o n  species  i n  t h e  
H e t e r o d e r i n a e  (2,6,8,11). P r o c t o r  a n d  M a r k s  
(16), i n v e s t i g a t i n g  s a m p l i n g  o p t i m i z a t i o n  o f  
Pratylenchus penetrans i n  sma l l  p lo ts ,  f o u n d  
the  t i m e  r e q u i r e d  to  a c h i e v e  h i g h  p r e c i s i o n  
(es t ima tes  w i t h i n  2 0 %  of  t h e  t r u e  m e a n  
w i t h  9 5 %  c o n f i d e n c e )  was  u n a c c e p t a b l e  fo r  
a d v i s o r y  p u r p o s e s .  A p l a n  w h i c h  p r o v i d e s  
a c c u r a t e  a n d  r e l i a b l e  i n f o r m a t i o n  is o f  
l i t t l e  v a l u e  i f  i t  is t o o  e x p e n s i v e  to  i m p l e -  
m e n t .  T h e  v a l u e  of  a f ie ld  e s t i m a t e  fo r  
p l a n t - p a r a s i t i c  n e m a t o d e s  d e p e n d s  o n  m a n y  
factors ,  i n c l u d i n g  t h e  cost  o f  s a m p l i n g ,  t h e  
cash v a l u e  of  t h e  c rop ,  t h e  size o f  t h e  a r e a  
to be  s a m p l e d ,  t i le  s t a te  o f  d e v e l o p m e n t  o f  
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