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Abstract: T h e  main components of the decision process in nematode pest management  are the 
value of the predicted damage and the cost of the management  alternative. The  relationships 
involved are affected by such environmental  parameters as soil texture and physiographic region. 
There  is a general intuitive understanding of the nature of the relationships and of the effects 
of the environmental  parameters. Some nematode damage functions have been developed through 
quantitative research. A conceptual framework is developed herein which promotes rational use 
of available experimental results, supplemented by intuitive understanding of nematodes and 
crops, in arriving at a pest management  decision. Gaps in available data point the need for addi- 
tional research within the framework. The  approach allows and encourages immediate imple- 
mentation.  Interactive computer  programs are seen as a potential vehicle for weighting the 
variables involved in the decision and for storing, manipulat ing,  and delivering the necessary data 
and information. Key Words: pest management,  populat ion dynamics, economics, damage func- 
tions, control costs. 

There is an urgent need in applied hem- 
atology to attain and maintain  credibility 
by implementation of quantitatively based 
advisory capabilities. Explosive develop- 
ments in the minicomputer and microcom- 
puter industries in recent years have gen- 
erated exciting possiblities in pest manage- 
ment. These include the ability to store and 
manipulate large amounts of data in files 
and to use computer terminals on an inter- 
active basis with a self-prompting program 
located in a central computer. 

It can be argued that the quantitative 
data available for nematode pest manage- 
merit decision processes are limited. Since 
these data originate from experiments con- 
ducted in specific situations, extrapolations 
to locations with differing environmental 
conditions is usually avoided. I choose to 
disagree with this conservatism and would 
argue that by developing a few simplistic 
notions it should be possible to use avail- 
able data on nematode damage functions, 
nematode biology, and crop production 
economics to make rational management de- 
cisions. Use of the best available biological 
evidence and experience-based intui t ion will 
allow immediate implementation. Fine tun- 
ing of the system will follow with time. 

This  presentation develops a conceptual 
framework within which available data can 
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be quantified and implemented in nematode 
pest management decisions. The  basic 
premise is that the relationship between 
plant yield and nematode population den- 
sities, the damage function, can be identified 
and defined. Several models have been pro- 
posed for this relationship (6,8), but  the 
exact nature of the model is unimportant  
in developing the argument. What  is im- 
portant is that the model defining the rela- 
tionship between a specific nematode pest 
and host plant is valid and predictively 
reliable. 

There are certain advantages in pre- 
dicting damage due to nematodes rather 
than other pests. These include the relative 
lack of motili ty of nematodes so that the 
population present in the soil prior to 
planting is generally the population which 
is damaging to the plant; invasion by 
winged stages at an indefinite time during 
tile growing season, or by physically borne 
inoculum, is unlikely. Further, population 
increase in nematodes is relatively slow, and 
there are seldom more than three or four 
generations during a crop season. It should 
be possible in annual  crops to translate the 
initial nematode population into some 
measure of expected crop damage (6,8). 
The  damage function can be used to de- 
termine the economic threshold. The  nema- 
tode population at which the cost of the 
management alternative under considera- 
tion is equal to the value of the damage 
caused by the population represents the 
economic threshold. I f  the population is 
above this threshold level, the management 
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approach  under  consideration is justifiable. 
If  the popula t ion  is below the threshold, an 
alternative management  should be con- 
sidered. 

We might  consider the nematode dam- 
age function to be a l inear relat ionship be- 
tween the log-transformed initial  nematode  
density and the expected crop yield, as pro- 
posed by Oostenbr ink (6). However,  the 
same reasoning could be appl ied to the 
Seinhorst (8) model. In  the Oostenbr ink 
model there are two parameters  which de- 
scribe the damage function: (i) the slope of 
the regression line and (ii) the tolerance 
limit, the nematode  popula t ion  at which 
damage is first measurable.  Several environ- 
menta l  influences affect and  dictate the 
slope and position of the damage function. 
These include soil edaphic factors, the 
physiographic region in which the nema- 
tode communi ty  exists and the crop is to 
be grown, and perhaps the growing condi- 
tions of the part icular  crop season. I f  we 
select some method of quant i fy ing the en- 
v i ronmenta l  cond i t ions - fo r  example,  soil 
texture--i t  may be possible to describe a 
relat ionship between the soil texture value 
and the expected tolerance l imit  for a 
specific crop-nematode combinat ion  or the 
expected slope of the damage function for 
this combinat ion (Figs. 1 and 2). These  
relationships can be developed based on (i) 
current  biological knowledge of the effects 
of soil texture on the biology and ecology of 
various nematode species and (ii) upon the 
environmental  suitabili ty of different soil 
textures to the crop under  consideration. 
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FIG. 1. Interpolated relationships between pa- 
rameters of the nematode damage function (tolerance 
limit and slope) and soil texture for sweet potatoes. 
S = sand, SL = sandy loam, LS = loamy sand, L = 
loam, CL = clay loam. 
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F I G .  2.  D a m a g e  f u n c t i o n s  i n  a r a n g e  o f  s o i l  

textures for sweet potatoes. Initial nematode level 
(PI) expressed as total community adjusted in 
Meloidogyne incognita equivalents. S = sand, SL = 
sandy loam, LS = loamy sand, L = loam. 

Such relationships might  be developed 
based on a ra ther  l imited amount  of field 
data and on basic biological informat ion  al- 
ready available. T h e  relationships allow 
est imation of the two parameters  of the 
nematode damage function for a specific set 
of edaphic conditions in this case and, 
therefore, estimation of the damage func- 
tion itself. A similar approach can be taken 
to the prob lem of regional influences on the 
nematode damage function. 

Nematode  damage functions are usually 
generated in microplot  or small plot  studies 
using single populat ions  of plant-parasi t ic  
nematodes (1). However,  nematodes seldom 
occur in monospecific communit ies  in agri- 
cultural  fields (6). I t  would be extremely 
difficult, both  logistically and in terms of 
interpretat ion,  to develop nematode damage 
functions with every possible combinat ion  
of nematodes likely to occur in an area. An 
al ternative approach  is to develop the dam- 
age functions for a species which might  be 
considered a major  pathogen and then to 
rank  the other  potent ia l  parasites of that  
crop in terms of their  pathogenic abili ty 
relative to the major  pathogen.  I f  Melo- 
idogyne incognita were selected as the major  
pathogen, it would represent  a pa thogen of 
the vascular region causing major  morpho-  
logical and  physiological disrupt ion to the 
root  system. On a 0-1 scale relative to 
Meloidogyne, Pratylenchus as a cortical 
feeder might  be represented by a value of 
0.5. In  other  words, one Pratylenchus could 
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be expected to do 0.5 of the damage of one 
Meloidogyne individual.  Similarly, a single 
Tylenchorhynchus browsing on root  hairs 
and epidermal  cells might  have a value of 
0.05 on the same scale. Much of the data for 
determining these relative pathogenic rat- 
ings is already available in the l i terature 
from multispecies and interact ion experi- 
ments and should be relatively easy to ex- 
tract. 

T h e  approach requires weighting of the 
nematode counts from soil samples in terms 
of tile relative pathogenic rat ing of the 
populat ions present  (Table  1). Since the 
total communi ty  is thus assessed in terms 
of its equivalence to the major  pathogen for 
which the damage function was established, 
tile same damage relat ionship could be used. 
Of course, this damage relat ionship has 
already been modified according to the 
specific physiographic and edaphic condi- 
tions of the field under  consideration (Fig. 
9). The re  is some precedence for the patho- 
genic equivalent  approach in the work of 
Hi j ink  (4) who found in experiments  with 
PratyIenchus penetrans and Rotylenchus 
robustus on Valeriana officinalis that  a 
l inear damage function was valid if the 
Rotylenchus counts were mul t ip l ied by 0.2 
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before being added to the Pratylenchus 
counts. 

In  determining the pathogenic  equiva- 
lence of the nematode  community ,  the suit- 
abili ty of the part icular  envi ronment  to the 
componen t  species of that  communi ty  must  
be considered. T h e  individual  species may 
vary in their  pathogenic impact,  measured 
on a 0-1 scale, relative to soil texture, for 
example  (Table  2). Th is  effect has already 
been considered for the species on which 
the damage funct ion is based by modifica- 
tion of that  function (Fig. 2), bu t  the other 
species of the communi ty  should be ap- 
propriate ly  weighted. T h e  weighted totals 
adjusted to a damage function developed for 
Meloidogyne (Table  2) represent  the sum 
of the products  of (i) the nematode counts 
for each species, (ii) the pathogenic ra t ing 
for that  species (Table  1), and (iii) the en- 
v i ronmenta l  suitabili ty to that  species. T h e  
environmenta l  suitabil i ty to Meloidogyne 
is not included in this value, as it is already 
considered in the modified damage function. 
Similar considerations should be made for 
physiographic region effects and the season 
in which the crop is being grown. These  
will not be considered here because of their 
geographic specificity. Note  that  construc- 

TABLE 1. Adjustment of a nematode community count for use with damage functions developed for 
Meloidogyne and Pratylenchus (hypothetical example). 

Pathogenic Adjustment Adjustment 
Nematode Count rating to Meloidogyne* to Pratylenchust 

Meloidogyne incognita 100 1.0 100 200 
Pratylenchus penetrans 100 0.5 50 100 
Tylenchorhynchus cylindricus 100 0.05 5 10 

Weighted totals 155 310 

*Assuming damage function developed for M. incognita. 
tAssuming damage function developed for P. penetrans. 

TABLE 2. Hypothetical weightings of a nematode community relative to the suitability of edaphic con- 
ditions. 

Nematode Soil textures 
species Count Sand Sandy loam Loamy sand Loam Clay loam 

M. incognita I00 1.0 1.0 0.8 0.6 0.4 
P. penetrans 100 0.8 1.0 1.0 0.8 0.5 
T. cylindricus 100 1.0 1.0 1.0 1.0 0.8 

Weighted total 280 ~00 280 260 200 
Adj. to Meloidogyne 145 155 155 145 129 



tion of the charts (Tables 1 and 2) demands 
that  factors be quantif ied for each condi- 
tion. This  allows the use of exper imenta l  
data  but  also draws upon  intui t ive knowl- 
edge of nematode biology and accumulated 
field experience. I t  also focuses research 
goals and approaches. Where  data and ex- 
perience are not  available, the worst case 
would be assumed. 

A problem arises in that  cultivars of a 
crop vary in their  host status, susceptibility 
or tolerance, to a nematode  species. T h e  ap- 
proach here would be to consider that  all 
cultivars for which no data were available 
were intolerant  to that  nematode species, so 
that  the fullest extent  of its pathogenic 
equivalence would be expressed, assuming 
the crop to be a host of the nematode.  I f  
there were data available in the l i terature 
or f rom exper iments  showing that  a par- 
ticular cultivar had a level of tolerance to 
the nematode,  then the host status would be 
expressed by some factor less than  1. In  
other words it would be ranked in terms of 
the intolerant  condition. Thus,  if a par- 
ticular cult ivar had a host status rat ing of 
0.8 to a nematode species of pathogenic 
rat ing 0.4, the product  of these two factors 
would represent tile expected influence of 
that  nematode to the cultivar under  con- 
sideration: that  is, 0.32. One hundred  nem- 
atodes of this species would then represent  
32 nematodes in their  expected effect on the 
crop relative to the major  pa thogen for 
which the damage function was established 
(Table  3). I t  is then necessary to describe a 
nematode  characteristic for each crop po- 
tentially grown in a geographic region. Th i s  
characteristic would list all the nematode 
species known to occur in that region and to 
express the general host status--that  is, host 
or n o n h o s t - o f  the crop to each nematode  
species. Individual  cultivars which varied 
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from the general host status by having some 
level of tolerance to the nematode would be 
listed separately. 

I f  one of the management  alternatives 
under  consideration was crop ro ta t ion  or 
the use of a resistant cultivar, it would be 
necessary to have some informat ion on the 
expected survival of the various species rela- 
tive to physiographic and edaphic condi- 
tions so that  the management  practices for 
subsequent years could also be examined (3). 
Similar informat ion  on nematode mult ipl i-  
cation under  different crop hosts could be 
utilized in this framework. 

In general, much  of the data necessary 
for the quantif icat ion approach  to the nem- 
atode pest management  decision process are 
already available in the l i terature or are 
intuitively understood by practicing nema- 
tologists. W h a t  is needed is this develop- 
men t  of a f ramework within which the data  
can be categorized for utilization. T h e  ap- 
proach should allow some rat ional  predic- 
tion of the expected damage from any nem- 
atode communi ty  in any soil texture in any 
physiographic region on any crop, provided 
there has been some work done on the rela- 
t ionship between that  crop and one of its 
major  nematode  pathogens. Fine tuning of 
the system will occur as research progresses, 
data are accumulated,  and gaps become ap- 
parent  and are filled. 

The re  is another  aspect to the pest man- 
agement  decision process not  yet considered. 
T h a t  is the efficiency and cost of the man- 
agement  al ternative considered relative to 
the physiographic and edaphic conditions 
of the envi ronment  in question. For ex- 
ample,  data  are available from McKenry (5) 
showing, for different soil textures, the mois- 
ture l imit  and tempera ture  l imit  beyond 
which the use of fumigant  nematicides is 
inadvisable. T h e  data also show the amoun t  

T A B L E  3. Assessment of  the  effective adjusted nematode community,  re lat ive  to the tolerance of  two 
cultivars of a crop. 

Count  adj. to Host  status Adj. count  Host  status Adj. count 
Nematode Meloidogyne # cv 1 cv I cv 2 cv 2 

M. incognita 100 1.0 I00 0.8 80 
P. penetrans 40 1.0 40 1.0 40 
T. cylindricus 5 0.0 0 0.2 1 

Weighted totals 140 121 

* From Tables  1 and 9. 
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of chemical required to achieve the same 
level of control in various soil textures. Th is  
amoun t  increases as the soil particle size 
decreases towards a clay. Hence,  for a spe- 
cific set of edaphic conditions it should be 
possible to interpolate  not  only the nema- 
tode damage function, and, therefore, the 
expected damage from the prevai l ing nem- 
atode community,  but  also the amoun t  of 
chemical required in that  si tuation to 
achieve a prespecified level of control. 

Interestingly, with many  nematode spe- 
cies the damage funct ion shifts to the r ight  
with decreasing particle size, and the slope 
of the function becomes less acute. Th i s  re- 
lates to the suitabil i ty of those soil textures 
to different nematode populat ions  and also 
to the moisture and nutr i t ional  stress which 
the plant  is under  in sandy soils. Therefore ,  
in finer textured soils, more  nematodes need 
to be present to cause the same amount  of 
damage as in coarse textured soils (Fig. 2). 
At the same t ime the amount  of chemical 
needed to achieve the same level of control 
in fine textured soils as in coarse textured 
soils is much  greater, and, therefore, the cost 
of the control is greater  (5). Since the eco- 
nomic threshold is the nematode popula t ion  
at which the expected damage is equal  to 
tile cost of control, in the hypothetical  situa- 
tion developed tile economic threshold will 
increase with decreasing soil particle size. 
Obviously the economic threshold is a dy- 
namic concept, and by quant i fying the nem- 
atode pest management  decision process we 
are actually developing a customized eco- 
nomic threshold for a specific field-crop- 
nematode communi ty  situation, while at the 
same t ime considering prevail ing costs of 
tile management  materials. 

By way of example,  the pest -management  
decision economics are examined for the 
nematode  communi ty  considered in Tab l e  
I for a sweet potato variety with the host 
status characteristics of cv 1 (Table  3). T h e  
tolerance l imit  and slope of the damage 
function have been determined for sand 
and loam soils in one physiographic region 
(2), al lowing generation of Fig. 1. Here  the 
relat ionship between tolerance l imit  or 
slope and soil texture is based only on two 
points and is expressed linearly. Th i s  is a 
simplistic initial  interpolat ion;  more  data 
may show that  the relationships are non- 
linear. T h e  graphs in Fig. 1 are used to gen- 
erate damage functions for different soil 
textures (Fig. 2). T h e  functions for the in- 
termediate soil textures represent estima- 
tions based upon rat ional  use of available 
exper imenta l  evidence. 

Est imated potent ial  crop value of $2,500 
per acre (7) is used to generate expected 
crop damage on sweet potatoes for different 
soil textures in one physiographic region 
(Table  4). T h e  cost of a 1,3-D nematicide 
t rea tment  at recent commercial  rates, ad- 
justed according to McKenry (5), was de- 
termined for the range of soil textures under  
similar moisture and tempera ture  condi- 
tions (Table  4). In  other words, T a b l e  4 
represents situations in which all conditions 
except soil texture are held constant. T h e  
t rea tment  costs are translated into economic 
threshold levels expressed as equivalents of 
the species for which the damage functions 
were developed (M. incognita in this case). 
Extrapola t ion  beyond the range of the ex- 
per imental  data  to a clay loam texture is 
used to exemplify the condit ion when the 
nematode communi ty  was below the eco- 

TABLE 4. Analysis of a nematode pest management decision for sweet potatoes in one physiographic 
region with differing soil textures, considering treatment with 1,3-D nematicide. 

Soil Tolerance Pathogenic Crop Treatment Econ. thresh. 
texture level Slope* equivalentt damage~ cost equivalent~ 

Sand 0 --.12 140 044.76 62.46 1 
Sandy loam 1 --.09 150 422.54 74.16 4 
Loamy sand 5 --.07 150 245.14 85.85 18 
Loam 14 --.04 140 97.31 97.55 115 
Clay loam 35 --.02 125 27.20 109,24 9,072 

Soil moisture 8%, soil temperature 16C, max crop value $2,500/acre. 
*From Fig. 1 and Fig. 2. 
tFrom Tables 1, 2 and 3. Note effect of assumed nonhost status to T. cylindricus. 
:~From Fig. 2. 



nomic threshold. Th i s  was due to the de- 
creased expected damage and increased cost 
of achieving a prescribed level of control. 

T h e r e  has been some theoretical consid- 
erat ion of opt imizat ion of the nematode 
pest-management  decision process (3). I t  is 
recognized that  the cost of control  relative 
to the amount  of control achieved is prob- 
ably not  l inear and that  control costs in- 
crease t remendously as exterminat ion of a 
nematode communi ty  is a t tempted.  Returns  
to the grower are maximized when the dif- 
ference between the cost of reducing a nem- 
atode communi ty  to a certain level and the 
crop value allowed by that  communi ty  at 
that  level is at a max imum.  This  concept 
involves knowledge of the nematode  damage 
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function and  the control cost function. I t  is 
apparen t  from the preceding discussion that  
bo th  of these are influenced by environ- 
menta l  and  edaphic  conditions. I t  is also 
apparen t  that  by par t i t ioning the influences 
of each factor on the damage function, on 
the individual  species in the nematode com- 
munity,  and on the cost of control, we 
should be able to use the current  state of 
our biological knowledge to reach some 
rat ional  decision on the o p t i m u m  alterna- 
tives for nematode  pest managemen t  in a 
specific field and crop situation. 

T h e  use of interactive computer  pro- 
grams on minicomputers  wi th  terminals in 
outlying locations allows the manipu la t ion  
of data  files of nematode  damage functions, 
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FIG. 3. Simplified flow chart of the decision process in nematode pest management. 
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relative pathogenicity of various nematode 
species, tolerance levels of individual host 
cultivars, and control costs based on knowl- 
edge of control efficiency and current costs 
of any materials used. By including all of 
the factors listed in the preceding discussion 
in a computer program, the pest- 
management decision is made through the 
regimentation of quantification whereby all 
aspects and parameters of the problem are 
considered (Fig. 3). With the development 
of a conceptual framework and the available 
technology, we can collect and catalog avail- 
able documented information and research 
as outlined above, and practical experience, 
to implement this approach. 

Field validation and further experimen- 
tation will undoubtedly reveal flaws in the 
simplistic notions developed in this presen- 
tation. They are intended to trigger con- 
sideration of the potential of quantitative 
approaches. The models will become more 
sophisticated with further research effort. 
The importance of reliable nematode 
sampling techniques as a basis for the pest- 
management decision is evident. 
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Nematology--Status and Prospects: 
The Role of Nematology in Integrated Pest Management 1 

G.  W .  B i r d  2 

Abstract: In tegra ted  pest  m a n a g e m e n t  (IPM) is a n  in terd isc ip l inary  science dea l ing  wi th  the  
deve lopment ,  eva lua t ion ,  and  i m p l e m e n t a t i o n  of pest  control  s trategies tha t  resul t  in favorable  
economic,  ecologic, and  sociologic consequences.  I P M  has  received considerable  a t t en t ion  d u r i n g  
the  past  few years, and  this  has  led to r ecommenda t ions  directly re la ted to the  g rowth  of the  
science of hemato logy.  T h i s  repor t  describes the  c u r r e n t  state of  IPM in rela t ion to the  role of  
hematology,  with special emphas i s  on  scientific pe r sonne l  r equ i rements .  All cu r r en t  indicat ions  
are tha t  IPM  will con t inue  to grow, very likely at an  increased rate. T h i s  will place addi t iona l  
research,  ex tens ion ,  and  teaching  d e m a n d s  on  cu r r en t  hemato logy  p rog rams  and  shou ld  resul t  in 
an  expended  resource base for nemato logy.  

Integrated pest management (IPM) is 
an interdisciplinary science (4). It deals 
with the development, evaluation, and im- 
plementation of pest control strategies that 
result in favorable economic, ecologic, and 
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July 1979. Paper No. 9260 of the Journal Series of the 
Michigan Agricultural Experiment Station. 

SDepartment of Entomology, Michigan State University, 
East Lansing, MI 48824. 

sociologic consequences (1,2). IPM has re- 
ceived considerable attention during the 
past few years, including several major re- 
views (1,5,7,9,10,13). In his 1977 environ- 
mental message to Congress, President 
Carter instructed his Council on Environ- 
mental Quality (CEQ) to complete its 
review of IPM and recommend action de- 
signed to encourage the development and 
application of IPM procedures (12). IPM 
was also discussed in the 1979 environ- 
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