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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  I PM  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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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- 



mental message to Congress (I1). In 1977 
the Secretary of the U.S. Department of 
Agriculture (USDA) indicated the inten- 
tion "to develop, practice, and encourage 
the use of 1PM methods, systems, and 
strategies that are practical, effective, and 
energy-efficient" (17). This report describes 
the current state of IPM in relation to the 
role of nematology, with special emphasis 
on scientific personnel requirements. 

INTEGRATED PEST MANAGEMENT 

The components of IPM programs usu- 
ally include biological monitoring systems, 
environmental monitoring systems, pest- 
crop ecosystem models, production system 
management recommendations, and infor- 
mation delivery systems (2,3,6,8,15). IPM 
programs should be designed to optimize 
harmonious synchrony among the com- 
ponents of human societies and the natural 
environment (Fig. 1). This usually requires 
a transdisciplinary approach (4). Scientists 
from different disciplines must work as a 
team with continuous conceptual synthesis 
and intellectual interchange. The process 
should include a mutually accepted set of 

Nematologyand Pest Management: Bird 171 

systems objectives developed within the 
general framework of the principles of sys- 
tems science (the coordinated study of the 
structure and interactions among related 
entities). The majority of scientists engaged 
in public sector IPM activities have dis- 
ciplinary backgrounds in entomology, plant 
pathology, nematology, or weed science. 
Professional economists, ecologists, sociolo- 
gists, meterologists, and system scientists are 
also essential for successful development and 
implementation of IPM programs. 

IPM programs must be economical and 
operational within the overall objectives of 
production systems (2). This requires 
proper interfacing of public sector and 
private sector activities. Implementation in- 
cludes the following: 

1) Collection and delivery of informa- 
tion required by the management 
system. 

2) Employment of appropriate IPM 
procedures. 

3) Evaluation of the impact of IPM on 
the production system and natural 
environment. 

4) Use of evaluation information for 
selection of additional implementa- 
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FIG. 1. Conceptual elements of the relationship between human societies and the natural environment. 
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tion procedures and development  of 
future IPM programs. 

T h e  product ion system owner, or his rep- 
resentative, is usually the manager of pests 
at the farm or enterprise level (Fig. 2). 
Product ion enterprises may employ private 
consultants or custom applicators for recom- 
mendat ion and implementat ion of IPM 
strategies. Private enterprise should be the 
basis of most IPM implementat ion pro- 
grams. Public sector involvement in IPM is 
most effective if the purpose is to provide 
district IPM information to the private 
sector and to maintain appropriate  pro- 
grams at the county, district, state, and 
regional levels (Fig. 2). 

N E M A T O L O G Y  RESEARCH 

Nematology is a young science with a 
definite lack of research resources. Nema- 
tology grew rapidly between 1950 and 1965, 
but  during the past decade in the United 
States, various externalities caused a de- 
crease in the rate of growth. A number  of 
geographical regions and agricultural dis- 
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ciplines have an inadequate awareness and 
understanding of the role of plant  parasitic 
nematodes in agroecosystems. This  is sub- 
stantiated by the fact that only 60% of the 
Agricultural Exper iment  Station (AES) 
units responding to a recent IPM research 
priority survey indicated the existence of 
nematology programs or future research 
needs (9). T h e  survey was conducted by the 
Intersociety Consortium for Plant Protec- 
tion (ISCPP) for the Land Grant  University 
Experiment  Station Committee on Organi- 
zation and Policy (ESCOP). Tile 27 AES 
units with programs in hematology reported 
a total of 62.0 nematology research years for 
1978. This  number  is greater, however, than 
the 42.8 AES research years reported in a 
1979 USDA Science and Educat ion Admin- 
istration (SEA) 1PM report  (15). Relatively 
few states in the United States have signif- 
icant numbers of nematologists. In most 
cases, all aspects of the discipline are han- 
dled by two or three scientists. A few states 
have no full-time professional nematologists. 
T h e  USDA SEA IPM document  reported 
that the annual  hematology research re- 
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FIG. 2. Conceptual diagram of the relationship between public sector, private sector, and production 
systems activities associated with pest management. 



sources for the United States were $4,304, 
700, with $2,966,024 for AES and $1,338,676 
for USDA SEA Agricultural Research (15). 

The ISCPP-ESCOP IPM research prior- 
ity report divided hematology research into 
five subdisciplines: basic biology, ecology, 
host-parasite relationships, management, 
and implementation (9). These were sub- 
divided into 73 areas. A questionnaire was 
used to survey all departments with crop 
protection responsibilities in the U.S. 1862 
Land Grant Universities and tile directors 
of research in the U.S. Colleges of 1890. The  
questionnaire was completed by 153 chair- 
men, a return rate of 87 %. Priority research 
areas were calculated from the survey results 
using a priority index PI = N(19 -- XP), 
where 19 was the number of priority options 
on the questionnaire, P the priority assigned 
to each areas, and Z~ the sum of the priority 
numbers divided by N, the number of men- 
tions. 

Research needs exist in all areas of nem- 
atology interfacing with IPM (9). The  most 
important  research need during the next 
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decade is in the area of basic nematode bi- 
ology, with special emphasis on population 
dynamics (Table 1). This is followed in 
descending order of priority by research in 
other aspects of nematode ecology, develop- 
ment of population management procedures 
suitable for use in ]PM programs, pest-crop 
ecosystem modeling and host-parasite rela- 
tionships, and pest management imple- 
mentation. Since greater understanding of 
the fundamental  biology is needed before 
significantly improved nematode population 
management strategies can be incorporated 
into IPM programs, eight high-priority bi- 
ology areas were identified (Table 1). Prog- 
ress in this area should be greatly enhanced 
by increased interest in selected nematodes 
as models for basic research on metazoan 
systems. Nematology input  outside agricul- 
ture in genetics, developmental biology, 
gerontology, biophysics, physiology, be- 
havior, and endocrinology should signif- 
icantly enhance the science of nematology. 

Proper characterization of interactions 
among nematodes and their environment is 

TABLE 1. Agricultural Experiment Station nematology research priorities resources and needs.* 

Priority Scientific years 
Subdiscipline and area index Current  1980-84 1985-89 

Nematode biology 100 15.6 34.6 47.9 
1. Population dynamics 316 6.6 13.0 19.1 
2. Survival 125 0.9 2.2 3.4 
3. Taxonomy 109 2.4 5.6 8.4 
4. Developmental Biology 77 1.2 3.3 4.8 
5. Behavior 65 1.0 . 2.3 2.9 
6. Physiology 61 2.3 4.3 5.3 
7. Geographical distribution 27 0.2 0.7 0.8 
8. Genetics 20 1.0 3.2 3.2 

Nematode ecology 72 4.3 13.5 20.1 
I. Physical & chemical parameters 150 1.5 5.3 8.3 
2. Biological parameters 131 2.4 5.6 7.0 
3. Environmental  monitor ing systems 39 0.1 1.0 1.7 
4. Biological monitoring systems 31 0.3 1.6 3.I 

Management procedures 61 29.2 62.0 92.3 
1. Resistant cultivars 95 6.5 19.6 33.7 
2. Chemical nematicides 71 15.0 22.7 29.4 
3. Biological 64 4.4 8.9 14.1 
4. Cultural  45 3.3 10.8 15.1 
5. Regulatory 0 0.0 0.9 0.0 

Host-parasite relationship modeling 56 6.8 18.0 27.4 
System implementat ion 51 6.1 12.1 17.9 

Total  62.0 140.2 205.6 

*Data from the Intersociety Consortium for Plant  Protection--Experiment Station Committee on Organ- 
ization and Policy. Integrated Pest Management Research Priority Report, 1979. 
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important  for IPM. High priority was given 
to the research on the influence of physical, 
chemical, and biological parameters (Table 
1). A much lower priority, however, was 
given to the development of environmental 
and biological monitoring systems, indicat- 
ing that research in nematode ecology must 
be interdisciplinary and will depend oil 
concomitant development in various aspects 
of nematode biology and appropriate tech- 
nology transfer from numerous physical, 
chemical, and biological sciences. 

Development of new and improved nem- 
atode management procedures was identi- 
fied as an important  general research 
category (Table 1). Increased research on 
nematode resistant cultivars was a very high 
priority. It may be possible to reorient ex- 
isting AES personnel to fulfill some of the 
research needs in this area. The  need for 
the development of diverse and selective 
chemicals for management of plant-parasitic 
nematodes ranked second among the specific 
hematology research priorities. I t  is im- 
portant that this include the necessary inter- 
disciplinary interaction for development of 
muhispectrum pesticides suitable for use in 
IPM programs. A number of recent develop- 
ments indicate that biological control of 
plant-parasitic nematodes may have an im- 
portant role in future IPM programs and 
that natural enemies commonly reduce nem- 
atode populations to a greater extent than 
previously documented. A significant in- 
crease in research on biological control of 
nematodes is essential. Research on the role 
and use of crop rotation is very important.  
No AES units reported research plans for 
the area of regulatory nematology. 

Historically, interactions between plant- 
parasitic nematodes and their hosts have 
been researched in the subdisciplines of 
host-parasite relationships and pathogenesis. 
The  complexity of this topic requires a sys- 
tems approach for the development of pest- 
crop ecosystem models and supporting bi- 
ology research. While considerable effort 
has been devoted to nematode-host relation- 
ships during the past three decades, the role 
of systems modeling is relatively new. Three 
components of this research category (de- 
velopment of nematode damage thresholds, 
economic thresholds, and pest-crop ecosys- 
tem models) were identified as important  
research priorities. The  need for interfacing 

nematode and crop models is recognized by 
nematologists; however, there are few cur- 
rent plans to utilize nematology resources 
for crop modeling. This means it will be 
necessary for nematologists, system scientists, 
and whole-plant physiologists to work in an 
interdisciplinary mode to develop pest-crop 
ecosystem, production system, and crop loss 
assessment models. The  commitment neces- 
sary for this research objective goes far be- 
yond nematology and agricultural research. 
Current institutional constraints to inter- 
disciplinary activities are often substantial 
and difficult to alleviate. 

EXTENSION NEMATOLOGY 

IPM can be implemented most success- 
fully if adequate resources are available for 
demonstrations, state-wide educational pro- 
grams, and appropriate production system 
service programs. In the United States this 
is the responsibility of the Cooperative Ex- 
tension Service (CES). During the past 8 
years USDA SEA Federal Extension has 
provided resources for implementat ion of 
IPM. These amounted to $4,400,000 in 1978. 
Institutional constraints have prevented 
uniform development of extension nema- 
tology programs throughout the United 
States, and nematology has not been repre- 
sented in all of the federally sponsored CES 
IPM programs. This situation has improved 
significantly during the past few years and 
will continue to do so within the limits of 
existing and future disciplinary personnel. 
In 1978 the CES Committee on Organiza- 
tion and Policy (ECOP) outlined an 8-year 
national extension IPM program (7). It 
was estimated that annual  resources of 
$58,140,000 are necessary for proper imple- 
mentation of public sector IPM activities in 
the United States. 

ACADEMIC I N S T R U C T I O N  

The  Land Grant University Resident 
Instruction Committee on Organization and 
Policy (RICOP) sponsored a conference on 
IPM teaching in 1972 and conducted a 
survey of IPM teaching programs in 1979 
(14). During this 7-year period, the number 
of universities with academic instruction 
programs in IPM increased from 9 to 39 and 
interdisciplinary course development pro- 
gressed slowly. Thir teen institutions re- 



p o r t e d  M.S.-level p r o g r a m s  in I P M .  T h e s e  
p r o g r a m s  have  s igni f icant ly  inc reased  the  
n u m b e r  of  s tuden t s  sub jec t ed  to  fo rma l  
t r a i n i n g  in  n e m a t o l o g y ,  a n d  the  t r e n d  is 
l ike ly  to con t inue .  

S U M  M A R Y  

Signif icant  research  p r io r i t i e s  exis t  in  
a l l  areas  of  n e m a t o l o g y  i n t e r f ac ing  w i t h  
I P M .  T h e  grea tes t  p r o b l e m  is the  lack  of 
scientif ic resources  for n e m a t o l o g y  to  be- 
come ex tens ive ly  i nvo lved  in  I P M .  M.S., 
Ph.D. ,  a n d  pos t -doc to ra l  p r o g r a m s  in  hem-  
a to logy  are  a d e q u a t e  for  m a i n t e n a n c e  of  the  
c u r r e n t  s ta te  of  the  science; however ,  they  
are  no t  des igned  to mee t  the  p r o j e c t e d  
needs  o f  n e m a t o l o g y  in  c o n j u n c t i o n  w i th  
I P M .  I t  mus t  be  a s sumed  tha t  increases  in  
I P M  act iv i t ies  wi l l  r e su l t  in c o r r e s p o n d i n g  
needs  for increases in  research,  ex tens ion ,  
a n d  a c a d e m i c  i n s t r u c t i o n  p r o g r a m s  in  nem-  
a to logy.  

I n  1979 the  U S D A  SEA r e p o r t  d i v i d e d  
p u b l i c  sector  I P M  act iv i t ies  i n to  the  fol low- 
ing  ca tegor ies  (16): 

1) Basic research-generates the  knowl -  
edge  r e q u i r e d  to u n d e r s t a n d  pests 
a n d  to deve lop  con t ro l  s t ra tegies  for 
i n d i v i d u a l  pests a n d  pes t  complexes .  

2) Control components research-- devel-  
ops  specific con t ro l  t echn iques  a n d  
r e l a t ed  technologies .  

3) IPM level I systems research-consists 
of research to i n t eg ra t e  two or  m o r e  
con t ro l  t echn iques  to  m a n a g e  one  or  
m o r e  species of  the  same pes t  g roups ,  
such as Pratylenchus penetrans a n d  
Meloidogyne hapla. Such p r o g r a m s  
a re  r e fe r red  to as i n t e g r a t e d  nema-  
tode  m a n a g e m e n t  systems. 

4) IPM level II  systems research--con- 
sists of  research  to i n t eg ra t e  two o r  
m o r e  m a n a g e m e n t  systems for two or  
m o r e  pest  groups ,  such as n e m a t o d e s  
a n d  insects,  or  n e m a t o d e s  a n d  weeds. 

5) Extension level/--delivers t e chno logy  
in a sys temat ic  m a n n e r  for m a n a g i n g  
pests of one  g roup ,  such as insects,  
weeds,  diseases, or  nema todes ,  on  one  
o r  m o r e  commodi t i e s .  

6) Extension level H - d e l i v e r s  a d v a n c e d  
m a n a g e m e n t  systems for  pests  be- 
l o n g i n g  to two o r  m o r e  groups ,  such 
as n e m a t o d e s  a n d  insects,  o r  nema-  
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todes a n d  weeds, on  one  or  m o r e  
commodi t i e s .  

7) Academic instruction--development 
a n d  s u p p o r t  of  un ivers i ty - leve l  pro-  
g rams  o[  a c a d e m i c  i n s t r u c t i o n  for  
] P M .  

T h e s e  seven ca tegor ies  were  used for  the  
I S C P P - E S C O P  r e c o m m e n d a t i o n s  a n d  mod i -  
fied for this r e p o r t  ( T a b l e  2). 

TABLE 2. Land Grant university scientist year 
(SY) increases recommended for nematology, 1980- 
1989. # 

SY 
(noncumulative) 

IPMTopicst  1980/84 1985/89 

Basic research 
Nematode biology 5 6 
Nematode ecology 5 6 
Host-parasite relationships 5 6 
Taxonomy 2 3 
Ontogeny 2 2 
Behavior 2 2 
Physiology 2 2 
Genetics 2 2 

Subtotal (25) (29) 

Control components research 
Resistance 8 10 
Chemical 4 5 
Biological 4 5 
Cultural 4 5 
Regulatory 0 0 

Subtotal (20) (25) 

IPM level I research 
Ecology 4 4 
Control strategy 10 15 
Implementation 1 I 

Subtotal (15) (20) 

IPM level II research 
Pest-crop ecosystem models 4 4 
Implemen tation 1 1 

Subtotal (5) (5) 

IPM level I extension~ I0 5 
IPM level II extension. + 5 5 
IPM academic instruction+ 15 10 

Scientist year totals 95 99 
Resource requirements 

($1.0 x 10") 9.5 9.9 

#Developed from data presented in the 1979 
IPM Research Priority Report developed by the 
Intersociety Consortium for Plant Protection for the 
Experiment Station Committee on Organization and 
Policy. 

"[Topics correspond to the USDA SEA IPM Co- 
ordination Team Report of Feb. 2, 1979, entitled 
"Integrated Pest Management Program." 

-~Recommendation estimated for this publication. 
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I t  can be assumed tha t  by 1989 ins t i tu-  
t ions wi th  l imi t ed  nema to logy  resources and  
needs wil l  r equ i re  3.0 scientist  years (SY) 
al located to nemato logy ,  wi th  2.0 for re- 
search, 0.5 for teaching,  and  0.5 for exten- 
sion. T h i s  m i n i m a l  level of research wou ld  
al low app rox ima te ly  0.5 SY for I P M  Systems 
Level I I  Research.  I n s t i t u t i ons  wi th  fewer 
resources in  nemato logy  may  have difficulty 
in  deve lop ing  ba l anced  IPM programs.  T h i s  
increase wou ld  resul t  i n  a twofold increase 
in  U n i t e d  States L a n d  G r a n t  Un ive r s i ty  
hemato logy  resources by 1984 and  a three- 
fold increase by 1989. A l t h o u g h  these recom- 
m e n d a t i o n s  may no t  be realized in  the nea r  
future ,  it  is s ignif icant  to no te  tha t  nema-  
tology is well  represen ted  in  the n a t i o n a l  
p l a n n i n g  process for I P M  research, exten- 
sion, and  academic  i n s t ruc t i on  priori t ies .  
T h e  I P M  reports  discussed here, plus the 
1979 I P M  reports  issued by  the Office of 
T e c h n o l o g y  Assessment ( U n i t e d  States Con- 
gress) a n d  the U n i t e d  States Pres ident ' s  
Counc i l  on E n v i r o n m e n t a l  Qua l i ty ,  shou ld  
resul t  i n  increased resources for the science 
of nema to logy  (10,5). 
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