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PREFACE 

Intensive agricultural production requires constant control 
of an agroecosystem. One of the most important aspects of this 
control is plant protection through pest and weed management. 
Proper management should minimize economic losses from pests 
and weeds, while not forgetting environmental protection. The 
present paper describes a national system of pest and weed con- 
trol which is in operation in the German Democratic Republic. 
At present, 87 types of pests, diseases, and weeds are monitored 
and controlled throughout the entire country. 

In the GDR, three national operational systems have been 
developed as parts of an overall system for control of agricul- 
tural production. These are: a system of pest and weed manage- 
ment, a system of irrigation control, and a system of fertilizer 
application. They are fine examples of applied systems analysis 
which lie within the range of interests of the Resources and 
Environment Task 3, "Environmental Problems of Agriculture". 
Therefore, the principal authors of the systems were asked to 
describe their work in a Collaborative Paper which could be 
distributed through IIASA's information network. 

Although emphasis in this paper is given to monitoring and 
forecasting issues, all stages of a management system, from moni- 
toring through analysis of information, and forecast to a manage- 
mant decision, are described. The authors of the paper are af- 
filiated with the Institute of Plants Protection in Eberswalde, 
GDR; the Institute is a part of the GDR Academy of Agricultural 
Sciences. 

Genady Golubev 
Leader of the Task 

"Environmental Problems of Agriculture" 





The Problem 

The a g r i c u l t u r a l  p o l i c y  p u r s u e d  by t h e  German Democra t i c  

R e p u b l i c  i s  c h a r a c t e r i s e d  by an  a l l - o u t  e f f o r t  t o  a c c o m p l i s h  

s t e a d y  i n c r e a s e  o f  p r o d u c t i o n  and e f f e c t i v e n e s s  o f  f a r m i n g  

and t h e  food i n d u s t r i e s ,  w i t h  t h e  v iew t o  e n s u r i n g  h i g h - s t a b i l i t y  

and c o n t i n u o u s l y  improv ing  h i g h - q u a l i t y  food s u p o l i e s  t o  t h e  

g e n e r a l  p u b l i c  and raw m a t e r i a l s  f o r  t h e  m a n u f a c t u r i n g  i n -  

d u s t r i e s  and t o  b r i n g i n g  l i v i n g  c o n d i t i o n s  ir, t h e  c o u n t r y -  

s i d e  c l o s e r  t o  t h o s e  i n  urban a r e a s .  T h i s  a c t u a l l y  i s  t h e  

ma jo r  o b j e c t i v e  from which  t h e  demand i s  d e r i v e d  f o r  f u r t h e r  

i n t e n s i f i c a t i o n  o f  a g r i c u l t u r a l  p r o d u c t i o n  and f o r  i t s  s t e p -  

w i s e  t r a n s i t i o n  t o w a r d s  i n d u s t r i a l i s e d  p r o d u c t i o n  methods.  

I n  t h a t  c o n t e x t ,  e m p h a s i s  i s  l a i d  on more e f f e c t i v e  l a n d  u s e  

a l o n g  w i t h  enhancement  o f  s o i l  f e r t i l i t y ,  a s  a  p r i n c i p a l  p r e -  

r e q u i s i t e  f o r  more i n t e n s i f i c a t i o n  of  c r o p  p r o d u c t i o n .  Thoss  

a i m s  w i l l  n o t  be a c c o m p l i s h e d ,  a f t e r  a l l ,  u n l e s s  p r o d u c t i o n  

i s  p lanned ,  c o n c e n t r a t e d  and s p e c i a l i s e d ,  and l a r g e  h i g h l y  

s p e c i a l i s e d  p r o d u c t i o n  u n i t s  s e t  up. A c t i o n  of  t h a t  k i n d  h a s  

t o  be accompanied  by growing use  o f  a g r o c h e m i c a l s ,  s u c h  a s  

f e r t i l i s e r s ,  h e r b i c i d e s  and p e s t i c i d e s ,  and growth  r e g u l a t o r s ,  

3 s  w e l l  a s  by s u b s t a n t i v e  e n l a r g e m e n t  o f  s p r i n k l e d  a r e a s .  

The above  c o n d i t i o n s ,  on t h e  o t h e r  hand,  a r e  l i k e l y  t o  p r o -  

v i d e  f a v o u r a b l e  c i r c u m s t a n c e s  f o r  p r o l i f e r a t i o n  of c e r t a i n  



con taminan ts .  I n t e n s i f i c a t i o n  o f  c r o p  p r o d u c t i o n ,  conse- 

q u e n t l y ,  adds t o  t h e  impo r tance  o f  p l a n t  p r o t e c t i o n .  The 

l a t t e r ,  t h e r e f o r e ,  has become a  p o l i c y  measure o f  t h e  

g r e a t e s t  r e l e v a n c e  t o  p r o d u c t i o n  a t  l a r g e .  I t  i s  e s s e n t i a l  

n o t  o n l y  t o  s t a b i l i s i n g  y i e l d s  b u t  a l s o  t o  e n s u r i n g  e f f e c t i v e -  

ness  o f  a l l  asse t s ,  i n  te rms  o f  l a b o u r  and m a t e r i a l ,  a p p l i e d  

t o  a c h i e v i n g  h i g h  p r o d u c t i o n  ( 1 ) .  

Chemical  h e r b i c i d e s  and p e s t i c i d e s  were p r e f e r a b l y  used 

o v e r  t h e  p a s t  decades t o  f i g h t  pa thogen i c  organ isms.  U n c r i t i c a l  

o r  even u n s k i l l e d  use o f  t h a t  approach, however, may b r i n g  

abou t  some s e r i o u s  e n v i r o n m e n t a l  problems, such a s  p o l l u t i o n  

o f  t h e  a i r ,  wa te r ,  and s o i l ,  endangerment o f  man and domest i c  

an ima ls ,  and d e s t r u c t i o n  o f  ecosystems. Many p a t h o g e n i c  o rga-  

n isms a l s o  deve loped r e s i s t a n c e  t o  p e s t i c i d e s  o r  were even 

d i r e c t l y  o r  i n d i r e c t l y  a c t i v a t e d  b y  them. Ever  new c o n t r o l  

measures became necessary  and l e d  t o  g row ing  deoendence o f  

y i e l d  onl.ef f e c t i v e n e s s  o f  p e s t  c o n t r o l .  

The re fo re ,  g round  i s  b e i n g  ga ined  i n t e r n a t i o n a l l y  

b y  t h e  demand f o r  t u r n i n g  f rom t h e  c o n t r o l  04 i n d i v i d u a l  p e s t  

spec ies  towards r e g u l a t i o n  o f  t h e  ecosystem, a l l  f o r  t h e  

purpose o f  e n s u r i n g  maximum c rop  p r o d u c t i v i t y  and p r o v i d i n g  

u n f a v o u r a b l e  c o n d i t i o n s  f o r  p a t h o g e n i c  o rgan isms ( 2 ) .  

Knowledge o f  t h e  a g r i c u l t u r a l  ecosystem and i t s  response t o  

n a t u r a l  and a r t i f i c i a l  e f f e c t s  i s  an i m p o r t a n t  c o n d i t i o n  f o r  

such change. Requ i red  f o r  t h a t  purpose a r e  r e g u l a r  i n f o r m a t i o n  

on t h e  g i v e n  c o n d i t i o n  o f  t h e  a g r i c u l t u r a l  ecosystem as  w e l l  

a s  on t h e  d i r e c t i o n  and r a t e  o f  i t s  development.  I nadequa te  

knowledge may l e a d  t o  sub-optimum d e c i s i o n s  and t o  u n c e r t a i n  

outcome. The re fo re ,  if t h e  system i s  t o  be k e p t  under c o n t r o l ,  

pa thogen i c  p o p u l a t i o n s  have t o  be m o n i t o r e d  by means o f  appro-  

p r i a t e  t e c h n i q u e s  o f  random sampl ing,  and p e s t i c i d e s  must n o t  

be a p p l i e d  u n t i l  a  c e r t a i n  t h r e s h o l d  i s  surpassed ( 3 ) .  

T h i s  has been t h e  g e n e r a l  background a g a i n s t  wh i ch  e f f o r t s  

began t o  be under taken  i n  t h e  German Cemocrat ic  R e p u b l i c  i n  

1971 t o  deve lop one n a t i o n - w i d e  o p e r a t i o n a l  c ~ m p u t e r - a i d e d  



i n f o r m a t i o n  system t o  t r a c e  c rop  p e s t s  and weeds and t o  

t r a n s l a t e  p a r t s  o f  t h e  system i n t o  p r a c t i c e ,  as  soon as 

t h e y  were ready  f o r  use. 

The system was p lanned  f o r  t h e  f o l l o w i n g  p r i n c i p a l  purposes: 

( a )  The i n f o r m a t i o n  system had t o  meet t h e  demands l i k e l y  

t o  r e s u l t  f rom i n d u s t r i a 3 i s e d  c r o p  p r o d u c t i o n  under  s o c i a l i s t  

c o n d i t i o n s .  

( b )  I t  had t o . b e  a p p l i c a b l e  t o  a l l  sou rces  o f  con tam ina t i on ,  

i n c l u d i n g  pes t s ,  d iseases,  and weeds, and t o  be capab le  o f  

r e c o r d i n g  b o t h  t h e  occu r rence  o f  c o n t a m i n a t i n g  p o p u l a t i o n s  

and a l l  c o n t r o l  measures under taken  a g a i n s t  them. 

( c )  The system had t o  be compa t i b l e  w i t h  o t h e r  n a t i o n a l  

i n  forma t i o n  systems and d a t a  memories used i n  a g r i c u l t u r e ,  

i n  o r d e r  t o  enab le  repea ted  use o f  r eco rded  da ta .  

( d )  The t e c h n i q u e s  used f o r  da ta  c o l l e c t i o n  had t o  enab le  

c a l c u l a t i o n  o f  t o p i c a l ,  q u a n t i t a t i v e ,  and a r e a - r e l a t e d  i n d i c e s  

o f  i n f e s t a t i o n  and c o n t r o l  s i t u a t i o n s  and t o  p r o v i d e  f o r  

t o p i c a l  a n a l y s i s  and p r o g n o s t i c a t i o n .  

( e )  The system had t o  be o f  dynamic and f l e x i b l e  n a t u r e  f o r  

conven ien t  a d j u s t a b i l i t y  t o  m o d i f i e d  demands on i n f o r m a t i o n  

and t o  s t r u c t u r a l  changes. 

( f )  The system had t o  be r e g i o n a l l y  o r g a n i s e d  and capab le  

o f  c o l l e c t i n g  and p r o c e s s i n g  l a r g e  amounts o f  d a t a  w i t h  no 

d e l a y  and w i t h  h i g h  accuracy .  

( g )  ~ll u s e r s  had t o  be g i v e n  random access t o  t h e  r e s u l t s  

o f  d a t a  p rocess ing ,  w h i c h  c a l l e d  f o r  t h e  a d o p t i o n  o f  t h e  

o n - l i n e  p r i n c i p l e  and f o r  r e a l - t i m e  p rocess ing .  

( h )  The programme system had t o  be o f  h i e r a r c h i c  n a t u r e  

and o r g a n i s e d  b y  t h e  modular  p r i n c i p l e  f o r  o p e r a t i o n  w i t h  

main programmes and sub-programmes. 

S e v e r a l  r e s e a r c h  i n s t i t u t e s  o f  t h e  Academy o f  A g r i c u l t u r a l  

Sc iences  o f  t h e  GDR, o t h e r  u n i v e r s i t i e s  and c o l l e g e s ,  a s  w e l l  

as  p l a n t  p r o t e c t i o n  i n s t i t u t i o n s  a r e  i n v o l v e d  i n  t h e  deve lop-  



aent  o f  t he  i n f o r m a t i o n  system. I t  has been such broad co- 
- L 

ope ra t i on  between most clf these . .  - research i n s t i t u t i o n s  which 

has p rov ided  t ha  c o n d i t i o n  f o r  coaprehensiva t rea tment  o f  t h e  

problem as w e l l  as f o r  no-delay t r i a l  in p r a c t i c e  and i t s  

smooth t r a n s l a t i o n  i n t o  p l a n t  p r o t e c t i o n  proper .  

Master Madel o f  an Ope ra t i ona l  I n f o r m a t i o n  System f o r  P l a n t  

P r o t e c t i o n  

A master model o f  an o p e r a t i o n a l  i n f o r m a t i o n  system f o r  

p l a n t  p r o t e c t i o n  was developed i n  t he  wake o f  a  comprehensive 

a n a l y s i s  o f  t he  p l a n t  p r o t e c t i o n  s i t u a t i o n  i n  t he  GDR and 

b y  g e n e r a l i s a t i o n  o f  i n t e r n a t i o n a l  exper ience (4). The ge- 

n e r a l  p r i n c i p l e s  l a i d  down i n  t h a t  master model may be 

a p p l i e d  a l s o  t o .  computer-aided p l a n t  p r o t e c t i o n  systems o f  

o t h e r  coun t r i es .  

Co l l ec t i on ,  t ransmiss ion,  processing,  and s to rage  o f  i n f o r -  

mat ion u s u a l l y  a re  t h e  major components o f  any i n f o r m a t i o n  

system, b u t  t he re  i s  another  v e r y  impor tan t  aspect  which 

q u i t e  o f t e n  i s  n o t  s u f f i c i e n t l y  considered i n  t h e  prepara- 

t i o n  o f  i n f o r m a t i o n  mystens, t h a t  i s  use o f  i n f o rma t i on .  

D e t a i l e d  r u l e s  o f  use have t o  beobservoc( i f  i n  p r a c t i c e  

problems a r e  t o  be avoided. 

The i n f o r m a t i o n  system f o r  p l a n t  p r o t e c t i o n  may be subdi -  

v i ded  i n t o  the f o l l o w i n g  sub-systems and elements, a l l  i n  

key w i t h  t he  s p e c i f i e d  requi rements and o b j e c t i v e s  (F ig .  1 ) :  

1. Data c o l l e c t i o n ;  

2. Ana lys is ,  p r o g n o s t i c a t i o n  ( o f  i n f e s t a t i o n  and damage), 

and dec is ions  on c o n t r o l  a c t i o n ;  

3, Planning,  p repara t ion ,  and implementat ion o f  c o n t r o l .  

The data memory i s  the  hea r t p i ece  o f  t h e  i n f o r m a t i o n  system. 

I t  c o n s i s t s  o f  s e v e r a l  sub-memories ( o r  f i l e s ) ,  f o r  example, 

f o r  i n f e s t a t i o n  data, c o e f f i c i e n t s  o r  h e r b i c i d e s  and p e s t i -  

c ides,  Transmission. o f  i n fo rmat ion ,  such as long-d is tance 

data t ransmiss ion,  may be r e q u i r e d  between each o f  t h e  above 



sub-systems, i f  c o n t r o l  measures have t o  be t aken  a t  d i f f e r e n t  

e i t e s .  

Sub-systems 1. and 2., summarised under  t h e  head ing  o f  

' M o n i t o r i n g  and F o r e c a s t i n g  Systemn, w i l l  be t h e  s u b j e c t s  

o f  t h i s  paper .  The m o n i t o r i n g  and f o r e c a s t i n g  system, wh i ch  

a l s o  i n c l u d e s  d e c i s i o n - f i n d i n g  and i s s u a n c e  o f  o p t i m i s a d  

c o n t r o l  recommendations, i s  t h e  v e r y  f o u n d a t i o n  f o r  e a r l y  

p l a n n i n g  and p u r p o s e - o r i e n t e d  i m p l e m e n t a t i o n  o f  p l a n t  p r o -  

t e c t i o n  a s  w e l l  as  f o r  an o b j e c t i v e  assessment o f  b o t h  t h e  

b i o l o g i c a l  success and economic b e n e f i t  o b t a i n e d  f rom i t .  

The phases and l e v e l s  o f  t h e  m o n i t o r i n g  and f o r e c a s t i n g  

system p lanned  f o r  p l a n t  p r o t e c t i o n  i n  t h e  GDR a r e  d e p i c t e d  

i n  a  b l o c k  d iagram g i v e n  i n  F ig .  2. 

M o n i t o r i n g  and f o r e c a s t i n g  t a k e  p l a c e  a t  t h r e e  l e v e l s ,  

r e g i o n a l ,  n a t i o n a l ,  and l o c a l  ( f i e l d  l e v e l ) ,  These a r e  

o r i e n t e d  t o  d i f f e r e n t  o b j e c t i v e s  and a s s o c i a t e d  t o  d i f f e r e n t  

met hods , However, c l o s e  d i a l e c t i c a l  c o r r e l a t i o n s  do e x i s t  

between them ( 5 ) .  

M o n i t o r i n g  o f  s p e c i f i c  c rops  a t  fa rm l e v e l  i s  c o n t r o l l e d  by  

p l a n t  p r o t e c t i o n  a u t h o r i t i e s  i n  t h e  form o f  wa rn ings  and i n -  

s t  r u c t i o n  wh i ch  a r e  d e r i v e d  f  rom r e g i o n a l  m o n i t o r i n g .  F o r  

t h a t  purpose,  r e f e r e n c e  w i l l  be made t o  p h e n o l o g i c a l  e v e n t s  

i n  t h e  development o f  p a t h o g e n i c  organ isms o r  c rops.  There 

may be re fe rence ,  a s  w e l l ,  t o  i n f e s t a t i o n  t h r e s h o l d s  s p e c i f i e d  

i n  advance. F i e l d  checks a t  fa rm l e v e l  w i l l  be o rdered ,  when 

such t h r e s h o l d s  a r e  reached.  These v a l u e s  a r e  d e f i n e d  as 

s i g n a l l i n g  t h r e s h o l d s ,  

C u r r e n t  a n a l y s i s  nay a l s n  be used f o r  spec . i f : ic  

i n s t r u c t i o n s  r e g a r d i n g  farm m o n i t o r i n g  a c t i v i t i e s  i n  g r e a t e r  

d e t a i l ,  f o r  example, i n  t h e  c o n t e x t  o f  i n f e s t e d  v a r i e t i e s  o r  

s i t e s .  

The r e s u l t s  o f  farm m o n i t o r i n g  and farm-based assessment o f  

i n f e s t a t i o n ,  on t h e  o t h e r  hand, w i l l  be  used f o r  more compre- 
hens i ve  assessment o f  t h e  g i v e n  p h y t o s a n i t a r y  s i t u a t i o n  a t  

r e g i o n a l  o r  n a t i o n a l  l e v e l .  



Regional  mon i to r i ng ,  f i n a l l y ,  h e l p s  t o  f o l l o w  up the  imple-  

menta t ion  o f  l e g a l  p r o v i s i o n s  f o r  p l a n t  p r o t e c t i o n  a t  farm 

l e v e l .  

M o n i t o r i n q  and F o r e c a s t i n g  a t  Reg iona l /Nat iona l  L e v e l  - 
Date C o l l e c t i o n  

The f o l l o w i n g  r u l e s  have t o  be observed i n  s e t t i n g  up a 

system o f  da ta  c o l l e c t i o n  which i s  t o  p r o v i d e  t h e  i n f o r m a t i o n  

needed f o r  management: 

( a )  The amount o f  d a t a  c o l l e c t e d  must n o t  exceed t h e  upper 

l i m i t  r e q u i r e d  t o  a t t a i n  t h e  g iven o b j e c t i v e  o r  t h e  number 

o f  da ta  which can be processed immedia te ly  and s t o r e d  immediate- 

l y  f o r  r e c a l l i n g .  

( b )  A l l  da ta  c o l l e c t e d  must be r e l a t e d  t o  c h a r a c t e r i s t i c s  

on which i n f o r m a t i o n  i s  e s s e n t i a l .  

( c )  A l l  data must be c o l l e c t e d  a t  min imised e f f o r t .  Therefore,  

t h e  method used f o r  a g i ven  purpose must be the  l e a s t  expensive. 

The i n f o r m a t i o n  demand a t  r e g i o n a l / n a t i o n a l  l e v e l  may be 

subd iv ided  a s  f o l l o w s :  

1. B i o l o g i c a l  i n f o r m a t i o n  

1.1. I n f o r m a t i o n  on pa thogen ic  organisms 

1.1.1. Pheno log ica l  events  i n  t h e  development o f  patho- 

gen ic  organisms 

1.1.2. P o p u l a t i o n s  o f  pa thogen ic  organisms4 d e n s i t y  and 

d i s t r i b u t i o n  o f  i n f e s t a t i o n  

1.1.3. I n t e n s i t y  and d i s t r i b u t i o n  o f  symptoms o f  damage 

1.1.4. I n f o r m a t i o n  on s t r u c t u r e s  o f  p o p u l a t i o n s  o f  

pa thogen ic  organisms 

1.2. I n f o r m a t i o n  on c rops  

1.2 .I. P h e n o l o g i c a l  events  i n  c rop  development 

1.2.2. I n f o r m a t i o n  on s t r u c t u r e  and c o n d i t i o n  o f  crop 

s tand 

2. M e t e o r o l o g i c a l  i n f o r m a t i o n  

2.1. D a i l y  weather da ta  

2.2. Weather f o r e c a s t s  



2.3. Long-term c l i m a t e  d a t a  

3. A g r o t e c h n i c a l  i n f o r m a t i o n  

3.1. S o i l  c o n d i t i o n  

3.2. I n f o r m a t i o n  on a m e l i o r a t i o n  and t i l l a g e  

3.3. P r o d u c t i o n  c o s t  

3.4. Harves ted  y i e l d  

The i n f o r m a t i o n  and a d v i s o r y  system s e t  up f o r  p l a n t  p r o -  

t e c t i o n  i n  t h e  GOR d i f f e r s  f rom comparable systems i n  o t h e r  

c o u n t r i e s ,  i n  t h a t  i t s  scope i s  n o t  c o n f i n e d  t o  p r o v i d i n g  

q u a l i t a t i v e  i n f o r m a t i o n  on t h e  occu r rence  o f  p a t h o g e n i c  o rga-  

nisms. I t  r a t h e r  has been des igned t o  p r o d u c i n g  h igh -accu racy  

n u m e r i c a l  i n f o r m a t i o n  on i n f e s t a t i o n  o f  l a r g e r  areas,  such 

a s  n a t u r a l l y  d e l i m i t a t e d  landscapes,  l a r g e  coheren t  c rop  p ro -  

d u c t i o n  areas, r e g i o n s  o r  t h e  e n t i r e  t e r r i t o r y  o f  t h e  GDR. 

T h i s  i s  c o n s i d e r e d  t o  be e s s e n t i a l  t o  manage r i a l  d e c i s i o n -  

making on t h e  need f o r  and e x t e n t  o f  m o n i t o r i n g  and c o n t r o l  

measures. Q u a n t i t a t i v e l y  d i f f e r i n g  i n f e s t a t i o n  s i t u a t i o n s  

may, a s  w e l l ,  be r e p r e s e n t e d  and marked i n  d i s t r i c t  maps. 

Those ob jec t i ves ,wh ich  so f a r  were neve r  i n c o r p o r a t e d  i n  

any o t h e r  system, c a l l e d  f o r  new approaches t o  d a t a  c o l l e c -  

t i o n  and f o r  t h e  development o f  a  new techn ique  o f  random 

sampl ing.  

Two i m p o r t a n t  p r i n c i p l e s  o f  random sample c h o i c e  had t o  be 

adap ted  t o  meet t h e  purpose,  s t r a t i f i c a t i o n  and m u l t i p h a s e  

random sample cho i ce .  

~ h e s e  a r e  two p r i n c i p l e s  o f  s e l e c t i o n  which, i n  combinat ion,  

c o n s t i t u t e  t h e  p o i n t  o f  d e p a r t u r e  f o r  t h e  m a j o r i t y  o f  l a r g e -  

a rea  random sample t e c h n i q u e s  i n  a g r i c u l t u r e  and f o r e s t r y .  

Some aspec t s  and expe r i ence  a s s o c i a t e d  w i t h  t h e  p l a n n i n g  o f  

d a t a  c o l l e c t i o n  by  means o f  such random sampl ing  t echn iques  

and w i t h  e v a l u a t i o n  o f  r e s u l t s  ( d a t a  p r o c e s s i n g )  w i l l  be 

rev iewed i n  t h e  f o l l o w i n g  paragraphs.  



Plann ing  o f  Data C o l l e c t i o n  

P lann ing  and p r e p a r a t i o n  o f  random sampling inc ludes ,  i n  i t s  

f i r s t  stage, a decomposi t ion o f  t h e  t o t a l  e n t i t y  i n t o  sub- 

e n t i t i e s ,  a  procedure d e f i n e d  as s t r a t i f i c a t i o n .  

For  s t a t i s t i c a l  reasons and i n  o r d e r  t o  ach ieve  the  g r e a t e s t  

p o s s i b l e  o v e r a l l  accuracy  i n  e s t i m a t i n g  the  i n d i c e s  o f  i n t e r e s t ,  

i t  i s  recommended t o  under take such dacomposi t ion i n  a  way t h a t  

each sub-enti ty,.  r e p r e s e n t i n g  one parameter, i s  h i g h l y  homo- 

genous i n  i t s e l f , .  w h i l e  more pronounced d i f f e r e n c e s  should be 

a l l owed  between v a r i o u s  s u b - e n t i t i e s .  

T h i s  p a r t i c u l a r  demand may be d i f f i c u l t  t o  s a t i s f y ,  s i n c e  

i n  p r a c t i c e  s u b - e n t i t i e s  tend t o  be d i f f e r e n t i a t e d  by admi- 

n i s t r a t i v e  r a t h e r  t ban/ b i o l o g i c o - e c o l o g i c a l  c h a r a c t e r i s t i c s .  

A d m i n i s t r a t i v e  c h a r a c t e r i s t i c s  a r e  more e a s i l y  d e t e c t a b l e  and 

t hus recordable,  when needed f o r .  s t r a t i f i c a t i o n  v a r i a b l e s  

(number o f  s e l e c t e d  u n i t s  o r  area o f  s u b - e n t i t y ) ,  

The rnu l t iphsse n a t u r e  o f  s e l e c t i o n  i s  another  c h a r a c t e r i s t i c  

o f  large-aaea random sampl ing techniques. I t s  p l a n n i n g  c a l l s  

f o r  s o l u t i o n  o f  t he  f o l l o w i n g  sub-problems i n  t h e  v a r i o u s  

phases: 

( a )  D e c i s i o n  on number o f  phases and d e l i m i t a t i o n  o f  u n i t s ;  

( b )  D e c i s i o n  on s i z e s  o f  random samples; 

( c )  Choice o f  s e l e c t i o n  method. 

The s t r u c t u r e  o f  t h e  b a s i s - a v a i l a b l e  f o r  s e l e c t i o n  as w e l l  as 

techno-economic aspec ts  o f  t h e  r e c o r d i n g  method a r e  o f  p r i -  

mary impor tance t o  the  s o l u t i o n  o f  t h e  f i r s t  sub-problem. 

S u b d i v i s i o n  o f  t h e  t o t a l  e n t i t y  i n t o  n a t u r a l  u n i t s  w i l l  be 

t h e  p r i n c i p a l  assumption, acco rd ing  t o  p o s s i b i l i t i e s ,  T h i s  

a c t u a l l y  has proved t o  be a  favourab le  b a s i s  f o r  s e l e c t i o n  

f o r  r e g i o n a l  m o n i t o r i n g  o f  p o p u l a t i o n s  i n  t h e  GDR, s i n c e  

comprehensive farm f i l e s  and p l o t  maps were a v a i l a b l e .  

Therefore,  t h e  area i n  which one crop was grown ( t o t a l  e n t i t y )  

was broken down, w i t h i n  one s t ra tum, by farms (1. phase o f  se- 



l e c t i o n ) ,  and a t  fa rm l e v e l  i t  was f u r t h e r  s u b d i v i d e d  b y  p l o t s  

(2. phase o f  s e l e c t i o n ) ,  a l t h o u g h  t h e r e  may be cases i n  wh ich  

t h e  f i r s t  phase ( fa . rms)  may be skipped.  

The s i n g l e  p l a n t  t hen  would  be t h e  n e x t  n a t u r a l  u n i t  f o r  se- 

l e c t i o n .  However, s i n c e  s imp le  random s e l e c t i o n  o f  s i n g l e  

p l a n t s  f rom a g i v e n  p l o t  i s  n o t  p r a c t i c a b l e ,  a r t i f i c i a l l y  

demarcated s e l e c t o r  u n i t s  had t o  be i n t e r c a l a t e d ,  t h a t  i s  

c o n t r o l  a r e a s  and c o n t r o l  p o i n t s  ( F i g .  3 ) .  

T h i s  b r i n g s  t h e  t o t a l  o f  s e l e c t i o n  phases t o  f i v e  maximum 

( T a b l e  I), w i t h  t h e  phase " c o n t r o l  a rea "  b e i n g  e s t a b l i s h e d  

a l s o  f o r  c a l c u l a t i o n  o f  q u a n t i t a t i v e  a r e a - r e l a t e d  i n d i c e s  o f  

t h e  g i v e n  i n f e s t a t i o n  s i t u a t i o n .  

The f o l l o w i n g  a s p e c t s  shou ld  be t aken  i n t o  due c o n s i d e r a t i o n  

f o r  d e c i s i o n s  on random sample s i z e s  i n  a l l  phases: 

( a )  Cost  o r  man-hours r e q u i r e d  f o r  each random sample u n i t  

w i t h i n  one s e l e c t i o n  phase ( i n f o r m a t i o n  o f t e n  b e i n g  r a r e  o r  

i n a c c u r a t e )  ; 

( b )  E s t i m a t e d  v a l u e s  f o r  t h e  v a r i a n c e s  o f  a g i v e n  charac-  

t e r i s t i c  t e s t e d  i n  v a r i o u s  phases; t hese  can be c a l c u l a t e d  

f rom t h e  r e s u l t s  o f  e a r l i e r  su rveys ;  t h e  phases o f  s e l e c t i o n  

i n  wh ich  random samples shou ld  be e n l a r g e d  o r  reduced t hen  

can be de te rm ined  by  c a l c u l a t i o n  f rom t h e  e s t i m a t e d  v a r i a n c e  

components (6, 7 ) .  

An a n a l y s i s  o f  r e s u l t s  so f a r  o b t a i n e d  f rom m o n i t o r i n g  o f  

p o p u l a t i o n s  o f  p a t h o g e n i c  organ isms has shown accu racy  o f  

e s t i m a t e d  i n f e s t a t i o n  i n d i c e s  t o  depend p r i m a r i l y  on p r o p e r  

s e l e c t i o n  o f  u n i t s  i n  t h e  f i r s t  two phases, namely t h e  number 

o f  fa rms and p l o t s .  I t  was l e s s  a f f e c t e d  by  s i n g l e - p l o t  i n -  

t e n s i t y .  

F i r s t ,  t h e  f o l l o w i n g  two cases have t o  be d i f f e r e n t i a t e d ,  

b e f o r e  s e l e c t i o n  methods can be dec ided  f o r  each o f  t h e  phases 

i n v o l v e d  ( F i g .  4):  

If a l l  s e l e c t i o n  u n i t s  i n  t h e  phase under  r e v i e w  a r e  o f  e q u a l  

s i z e ,  s e l e c t i o n  w i l l  be under taken  w i t h  e q u a l  p r o b a b i l i t i e s  



and w i t h o u t  s e t t i n g  as ide .  ( I f  s e l e c t i o n  i s  done w i t h o u t  s e t t i n g  

as ide,  any s e l e c t i o n  u n i t  w i t h i n  one t o t a l  e n t i t y  can be chosen 

o n l y  once a s  a random sampl ing u n i t .  However, i f  s e l e c t i o n  i s  

done w i t h  s e t t i n g  aside, any s e l e c t i o n  u n i t  can be choeen re-  

peatedly . )  S e l e c t i o n  w i t h  equa l  p r o b a b i l i t i e s  w i l l  be i n -  

e f f e c t i v e ,  i f  s e l e c t i o n  u n i t s  a r e  unequal  i n  s ize .  S e l e c t i o n  

w i t h  unequal, d i m e n s i o n a l l y  p r o p o r t i o n a l  p r o b a b i l i t i e s ,  i s  

en optimum approach (7). T h i s  can be a t t a i n e d  most conve- 

n i e n t l y  b y  s e t t i n g  as ide .  However, e e l e c t i o n  w i t h o u t  s e t t i n g  

a s i d e  w i l l  be more e f f e c t i v e ,  i f  t h e  t o t a l  number, N, o f  t h e  

s e l e c t i o n  u n i t s  i s  v e r y  s m a l l  ( s i z e  o f  random sample, n l a r g e r  

than 0.2 N). T h i s  may be t h e  case, i f  t h e  t o t a l  e n t i t y  i s  

subd iv ided  i n t o  a  g r e a t  number o f  s t r a t a .  

Yet, when s e l e c t i o n  i s  based on unequal  p r o b a b i l i t i e s  w i t h o u t  

s e t t i n g  aside, a number o f  mathemat ica l  problems w i l l  have t o  

be faced, because t h e  o r d e r  i n  which t o  draw random sampl ing 

u n i t s  w i l l  have t o  be taken i n t o  account.  

I n  mathemat ica l  research  t h a t  p a r t i c u l a r  problem so f a r  has 

been t r e a t e d  p r i m a r i l y  f o r  t h e  case o f  drawing p r e c i s e l y  

n  - 2 random sampl ing un i t s ,  and t h i s  case, consequent ly,  

shou ld  be emphasised f o r  a l l  p r a c t i c a l  purposes. There a r e  

s e v e r a l  p o s s i b l e  s e l e c t i o n  methods w i t h  unequal .  p r o b a b i l i t i e s  

w i t h o u t  s e t t i n g  as ide .  The f o l l o w i n g  i s  recommended: 

From among N  ( N  - 3 )  u n i t s  o f  t h e  stratum, one u n i t  w i l l  be 

drawn f i r s t  (e-g.  No. i )  w i t h  the  f o l l o w i n g  d i m e n s i o n a l l y  p ro -  

p o r t i o n a l  p r o b a b i l i t y :  

(Fi = a rea  v a r i a b l e  o f  i t h  u n i t ) .  

Then, draw from t h e  remain ing  N-1  u n i t s  a  second u n i t  

(e -g .  No. j ) w i t h  t h e  f o l l o w i n g  r e l a t i v e  d i m e n s i o n a l l y  p ro -  

p o r t . i o n a 1  p r o b a b i l i t y :  



S e l e c t i o n  i n  t h e  c o n t e x t  o f  m o n i t o r i n g  o f  p o p u l a t i o n s  o f  

p a t h o g e n i c  o rgan isms so f a r  has been under taken  i n  t h e  f i r s t  

two phases ( farms,  p l o t s ) ,  w i t h  d i m e n s i o n a l l y  p r o p o r t i o n a l  

p r o b a b i l i t i e s  and w i t h  s e t t i n g  as ide .  S e l e c t i o n  i n  t h e  o t h e r  

phases ( u p t a k e  b y  c o n t r o l  p l o t )  i s  conducted w i t h  t h e  same 

p r o b a b i l i t i e s  and w i t h o u t  s e t t i n g  as ide .  

W h i l e  t h e  s t a n d a r d  methods o f  random samp l i ng  p roved  a p p l i -  

c a b l e  t o  s e l e c t i o n  o f  farms and p l o t s ,  a  s u i t a b l e  s u b s t i t u t i o n  

method had t o  be found f o r  r e c o r d i n g  f rom c o n t r o l  p l o t s ,  s i n c e  

h igh -accu racy  random s e l e c t i o n  a t  those  l o w e r  l e v e l s  o f  r e -  

c o r d i n g  p roved  e x t r e m e l y  d i f f i c u l t  f o r  p r a c t i c a l  problems. 

The p r e p a r a t i o n  o f  such s u b s t i t u t i o n a l  methods f o r  random 

sampl ing  q u i t e  o f t e n  has been one o f  t h e  most c r u c i a l  and d i f -  

f i c u l t  p rob lems i n v o l v e d  i n  t h e  p r e p a r a t i o n  o f  p r a c t i c a b l e  

random samp l i ng  techn iques ,  

The re fo re ,  i t  was necessary  t o  o b t a i n  i n f o r m a t i o n  on s p a t i a l  

d i s t r i b u t i o n  o f  p o p u l a t i o n s  o f  p a t h o g e n i c  p o p u l a t i o n s  on p l o t s  

under c o n d i t i o n s  o f  i n d u s t  r i a l i s e d  p r o d u c t i o n ,  

Three b a s i c  t y p e s  o f  s p a t i a l  p l o t  d i s t r i b u t i o n  were d e r i v e d  

f rom these  s t u d i e s  wh i ch  were conducted b y  means o f  what i s  

c a l l e d  g r i d  r e c o r d i n g  (8.  9)  ( F i g .  5 ) .  

The r e c o r d i n g  d iagram g i v e n  i n  F i g .  3 c o u l d  be a p p l i e d  t o  

most o f  t h e  p o p u l a t i o n s ,  s i n c e  pronounced m a r g i n a l  i n f e s t a t i o n  

so f a r  has been found t o  be an e x c e p t i o n a l  case, w h i l e  a t  t he  

same t i m e  , and i n  l i n e  w i t h  t h e  v e r y  purpose o f  t h e  techn ique,  

h i gh -accu racy  e s t i m a t i o n  o f  i n f e s t a t i o n  d e n s i t y  a t  r e g i o n a l  

l e v e l  was n o t  necessa ry  f o r  t h e  s i n g l e  p l o t .  The c o n t r o l  

areas,  i n  t h a t  c o n t e x t ,  have t o  be d i s t r i b u t e d  a l o n g  t h e  marg i -  

n a l  zone o f  t h e  p l o t ,  and r e c o r d i n g  s t a r t s  f rom t h e  p l o t  s i d e  

most e a s i l y  a c c e s s i b l e  by  ca r .  Such approach has p roved  t o  

p r o v i d e  q u i t e  f a v o u r a b l e  c o n d i t i o n s  f o r  random sampling, i n  

t h a t  i t  h e l p s  t o  save t i m e  and e f f o r t ,  



The r e c o r d i n g  diagram descr ibed i n  t h i s  paper i s  a p p l i c a b l e  

t o  a l l  p e s t s  and diseases, t o  q u a n t i t a t i v e  measurement o f  

b o t h  symptoms o f  damage and s t r u c t u r e s  o f  con tamina t ing  po- 

p u l a t i o n s .  I t  can be used j u s t  a s  w e l l  on any o t h e r  f i e l d  

parameter, such as  development, s t r u c t u r e ,  and q u a l i t y  o f  

crops, as w e l l  as f o r  random sampl ing i n  t h e  c o n t e x t  o f  t o x i -  

c o l o g i c a l  t e s t s .  Such coherent  and comprehensive a p p l i c a b i l i t y  

o f  t he  method has a t tached  t o  i t  the  even g r e a t e r  advantage 

o f  a p p l i c a b i l i t y  o f  t h e  techniques and programmes f o r  evalua- 

t i o n  dev ised a l o n g  w i t h  t h e  method proper .  

Weed herbs and grasses c a l l  f o r  s p e c i a l  methods on t h e  b a s i s  

o f  t h e  me thodo log ica l  master concept, on account o f  t h e  f o l l o w -  

i n g  c h a r a c t e r i s t i c s :  

( a )  Close dependence on c e r t a i n  9011 c o n d i t i o n s  and c l i m a t e s ;  

( b )  Weeds occur  a lmost  e x c l u s i v e l y  i n  a s s o c i a t i o n  w i t h  o t h e r s  

and, consequent ly,  can be assessed o n l y  b y  t h e i r  compound a c t i o n ;  

( c )  Weeds a r e  n o t  assoc ia ted  w i t h  one c e r t a i n  p l a n t  i n  a  g i ven  

c rop  s tand;  

( d )  Compet i t ion  depends d e c i s i v e l y  on t h e  area covered by 

needs r a t h e r t h a n  t h e  numb& o f  weed spec ies  i n v o l v e d .  

S p e c i a l  methods a r e  r e q u i r e d  p r i m a r i l y  f o r  r e c o r d i n g  from t h e  

c o n t r o l  f i e l d .  ( S t u d i e s  a r e  i n  p rogress  i n t o  s e l e c t i o n  o f  con- 

t r o l  p l o t s  and d e l i m i t a t i o n  o f  t o t a l  e n t i t i e s  o r  paren t  popu- 

l a t i o n s ,  w i t h  p a r t i c u l a r  re fe rence be ing  made t o  s o i l  condi -  

t i o n s  arid c l imates . )  Four c o n t r o l  a reasof  0.5 m x 0.5 m 
2 (0.25 m ) a r e  pegged o u t  on each f i e l d ,  and t h e  number o f  weed 

herbs and grasses t o  be recorded i s  e s t a b l i s h e d  on each o f  them. 

T o t a l  coverage by the  e n t i r e  weed a s s o c i a t i o n  i s  es t imated  t o  
2 be 5 m x 5 m (25 m ) on two c o n t r o l  areas. 

The c o n t r o l  a'rea approach was i n t r o d u c e d  i n  GDR p l a n t  p ro -  

t e c t i o n  i n  1976. The surveys p roper  a re  conducted p r i m a r i l y  

b y  t h e  p l a n t  p r o t e c t i o n  a u t h o r i t i e s  o f  the GDR. The genera l  o r -  

g a n i s a t i o n a l  setup o f  t h e  m o n i t o r i n g  system i s  d e p i c t e d  i n  F ig .  6. 



A t  p r e s e n t ,  t h i s  method i s  b e i n g  used i n  t h e  m o n i t o r i n g  o f  

87 spec ies ,  i n c l u d i n g  p e s t s ,  d iseases,  and weeds. Roughly 

100 i n d i v i d u a l  pa ramete rs  a r e  i n v o l v e d  b y  repea ted  r e c o r d i n g  

i n  t h e  course  o f  one v e g e t a t i o n  p e r i o d .  A l l  o f  them a r e  quan- 

t i t a t i v e l y  recorded ,  c a l c u l a t e d ,  and eva lua ted .  A t  n a t i o n a l  

l e v e l ,  each o f  t h o s e  paramete rs  i s  assessed on about  450 p l o t s  

and on 80 s i n g l e  p l a n t s  o f  each p l o t .  The r e s u l t i n g  t o t a l  i s  

about  3.5 m i l l i o n  p l a n t s  on wh ich  occu r rence  o f  damage i s  

a n n u a l l y  checked, 

A d i f f e r e n t i a t i o n  i s  made between t o p i c a l  and n o n - t o p i c a l  

pathogens, i n  c o n f o r m i t y  w i t h  t h e i r  economic re levance ,  T o p i c a l  

pathogens c a l l  f o r  immedia te  d e c i s i o n s  and no-de lay  c o n t r o l  

a c t i o n ,  as  soon a s  a  d e f i n e d  t h r e s h o l d  o f  i n f e s t a t i o n  i s  

reached, The i n t e r v a l  between d a t a  c o l l e c t i o n  f rom c o n t r o l  

p l o t s  and feedback i n f o r m a t i o n  t o  t h e  u s e r  shou ld  n o t  exceed 

f i v e  days. A ten-day i n t e r v a l  may be a l l o w e d  f o r  n o n - t o p i c a l  

p a t  hogens, because t h e y  u s u a l l y  a r e  s p e c i e s  abou t  wh ich  i n  f o r -  

ma t i on  i s  o n l y  o f  f o r e c a s t i n g  va lue,  s i n c e  t h e y  cannot  be f ough t  

i m m e d i a t e l y  and d i r e c t l y  under  t h e  p r e s e n t  c o n d i t i o n s .  

A n a l y s i s  o f  I n f e s t a t i o n  

A n a l y s i s  o f  i n f e s t a t i o n  i s  a  m a t h e m a t i c o - s t a t i s t i c a l  method 

by wh ich  t o  e v a l u a t e  random sampl ing  on t h e  b a s i s  o f  d a t a  

recorded  on i n f e s t a t i o n  d e n s i t y .  Such a n a l y s i s  i s  under taken  

f o r  t h e  f o l l o w i n g  purposes:  

( a )  Q u a n t i t a t i v e  assessment o f  i n f e s t a t i o n  a t  n a t i o n a l  and 

r e g i o n a l  l e v e l s  ( p r i n t i n g  o f  i n f e s t a t i o n  maps); 

( b )  Comparison between i n f e s t a t i o n  s i t u a t i o n s  wh i ch  d i f f e r  

i n  te rms  o f  t i m e  and a r e a ;  

( c )  Regu la r  a n a l y s i s  (e,g. t o  e s t a b l i s h  e f f e c t s  o f  i n t e n s i -  

f i c a t i o n  f a c t o r s  upon d e n s i t y  and d i s t r i b u t i o n  o f  p a t h o g e n i c  

p o p u l a t i o n s )  ; 

( d )  M o n i t o r i n g  o f  r e g i o n a l  use o f  p l a n t  p r o t e c t i o n  agen ts  
(e.g. success, compar ison between p lanned  and r e a l  c o n t r o l )  . 



A n a l y s i e  o f  i n f e s t a t i o n ,  consequently, w i l l  p r o v i d e  sub- 

s t a n t i v e  p r e r e q u i s i t e s  f o r  decis ion-making a t  b o t h  c e n t r a l  

and r e g i o n a l  l e v e l s .  I t  has proved t o  be p a r t i c u l a r l y  he lp -  

f u l  i n  the  f o l l o w i n g  contex ts :  

( a )  D r a f t i n g  o f  h igh-accuracy p l a n n i n g  documentation; 

( b )  C o l l e c t i o n  and p rocess ing  o f  s t a t i s t i c a l  da ta  ; 

( c )  Prognost ica  t i o n  o f  i n f e s t a t i o n  and damage: 

( d )  P r e p a r a t i o n  o f  recommendations f o r  c o n t r o l  and o p t i m i -  

s e t i o n  o f  c o n t r o l  measures ( b e s t  p o s s i b l e  a p p l i c a t i o n  

o f  he rb i c ides ,  etc.) .  

An a n a l y s i s  o f  i n f e s t a t i o n  i s  based on the  f o l l o w i n g  mathe- 

m a t i c a l  a lgo r i t hm.  Simple summation and a r i t h m e t i c  ave rag ing  

(Tab le  2)  a r e  t h e  methods used f o r  t r a n s i t i o n  f rom one se lec-  

t i o n  phase t o  t h e  n e x t  up t o  s t ra tum l e v e l .  

The same approach w i l l  be taken t o  p l o t  o r  farm l e v e l ,  i f  

s e l e c t i o n  i s  based on d imens ion -p ropor t i ona l  p r o b a b i l i t i e s  

w i t h  s e t t i n g  aeide. 

However, a  sys temat i c  e r r o r  o f  e s t i m a t i o n  i s  l i k e l y  t o  r e s u l t  

f rom simple, unweighted a r i t h m e t i c  averaging, i f  s e l e c t i o n  i s  

undertaken w i t h  unequal  p r o b s b i l i t i e s  and w i t h o u t  s e t t i n g  a s i d e  

( f o r  h i g h a r  accuracy i n  the  c o n t e x t  o f  v e r y  s m a l l  s t r a t a ) .  

Choice i s  n o t  easy between t h e  more h i g h l y  i n v o l v e d  unbiased 

e s t i m a t i o n  methods a v a i l a b l e ,  because by  a l l  accounts i n  the  

con tex t  o f  t h e o r e t i c a l  m a t h e m a t i c o - s t a t i s t i c a l  s tud ies,  t h e r e  

a c t u a l l y  i s  no bes t  unbiased l i n e a r  e s t i m a t i o n  a t  a l l .  

E m p i r i c a l  c a l c u l a t i o n s  based on comprehensive da ta  m a t e r i a l ,  

so f a r  recorded from m o n i t o r i n g  o f  pathogenic  popu la t i ons ,  

have shown t h a t  i f  n  = 2 u n i t s  o f  the  f i r s r  phase a r e  s e l e c t e d  

f o r  each s t ra tum w i t h  _d&men_s_ion-proportional p r o b a b i l i t i e s  w i t h -  

ou t  s e t t i n g  as ide,  f a v o u r a b l e  r e s u l t s  may bs ob ta ined  f r a n  
- ---- - - 

is c a l l e d  d i s o r d e r e d  esrima t l o n ,  a c c c r d i n g  t o  Basu-Murthy. 



T h i s  e s t i m a t i o n  ( 1 0 )  i s  c a l c u l a t e d  b y  t h e  f o l l o w i n g  formula :  

I t  has a  v a r i a n c e  which,  i n  most cases, i s  s m a l l e r  b y  n o t  l e s s  

t han  f a c t o r  

m 
as  compared t o  t h e  v a r i a n c e  o f  e s t i m a t i o n  

w h i c h  w i l l  be used f o r  s e l e c t i o n  w i t h  d i m e n s i o n - p r o p o r t i o n a l  

p r o b a b i l i t i e s  w i t h  s e t t i n g  as ide .  

When t r a n s i t i o n  i s  t o  t a k e  p l a c e  f rom one s t r a t u m  t o  a  r e -  

g i o n a l  area,  w h i c h  c o n s i s t s  o f  s e v e r a l  s t r a t a ,  t h e  i n d i c e s  

de te rmined  a t  s t r a t u m  l e v e l  w i l l  have t o  be summarised b y  

means o f  s t r a t u m  s u r f a c e s  a s  w e i g h t s  f o r  o v e r a l l  e s t i m a t i o n .  1 
I n f o r m a t i o n  beyond average d a t a  p e r  s i n g l e  p l a n t  wh ich  f u l l y  

exp ress  i n f e s t a t i o n  and i t s  d i s t r i b u t i o n  among p l o t s  as  w e l l  

as  t h e  e x t e n t  o f  necessary  c o n t r o l  a c t i o n  may be o b t a i n e d  

f rom c l a s s i f i c a t i o n  o f  c o n t r o l  p l o t s  b y  c l a s s e s  o f  i n f e s t a t i o n  

( a s  d e s c r i b e d  be low)  and f rom t h e i r  s u b d i v i s i o n  b y  c o n t r o l l e d  

end u n c o n t r o l l e d  p l o t s .  The c l a s s e s  o f  i n f e s t a t i o n  can be 
. d &-- t, 

u s e d l a s ~ c r i t e r i a  - -  -. -.. b y  wh i ch  t o  dec ide  p l a n t  p r o t e c t i o n  measures, 

and t h e y  a l s o  p r o v i d e  good r e f e r e n c e  p o i n t s  f o r  assessment o f  

r e a l  damage and f o r e c a s t i n g  o f  p o s s i b l e  l o s s .  

An e f f o r t  

independent  

checked p e r  

was made t o  o b t a i n  i n f o r m a t i o n  wh ich  was w i d e l y  - 

o f  t h e  amount o f  random samples (number o f  p l a n t s  

c o n t r o l  a r e a ) .  There fo re ,  when t h e  c o n t r o l  a reas  

were s u b d i v i d e d  b y  c l a s s e s  o f  i n f e s t a t i o n ,  n o n - i n f e s t a t i o n  i n  

a  random sample was n o t  r eco rded  a s  a  sepa ra te  c l a s s  o f  i n f e s -  

t a t i o n , , b u t  i t  was r a t h e r  added t o  c l a s s  1 w i t h  l o w  i n f e s t a t i o n .  

C l a s s i f i c a t i o n  was under taken  i n  c o n f o r m i t y  w i t h  eco l ,og ica l  

and economic aspec t s .  An a l g o r i t h m  was p repa red  f o r  each 

pa thogen i c  s p e c i e s  and used f o r  p r e c i s e  c o o r d i n a t i o n  w i t h  one 

c l a s s  o f  i n f e s t a t i o n  o f  a l l  i n f e s t a t i o n  d a t a  recorded  f rom a  
g i v e n  c o n t r o l  area.  



The c laesed o f  i n f e s t a t i o n  have proved t o  be u s e f u l  i n s t r u -  

ments. t o r  decis ion-making. Q u i t e  genera l l y ,  t h e y  may be de- 

f i ned ,  ad fo l l ows :  

Class o f  i n f e s t a t i o n  1: No o r  v e r y  low i n f e s t a t i o n , w i t h  no 

economic consequences; 

Class o f  i n f e s t a t i o n  2: Moderate i n f e s t a t i o n ,  w i t h  no a r  minor  

y i e l d  l o s s  expected: c o n t r o l  a c t i o n  

necessary i n  e x c e p t i o n a l  cases o n l y ;  

con t inued m o n i t o r i n g  a t  r e g i o n a l  l e v e l  ; 

Class o f  i n f e s t a t i o n  3: Medium i n f e s t a t i o n ;  economica l l y  pa lp -  

- a b l e  y i e l d  l o s s  expected; f i e l d  checks 

( l o c a l  m o n i t o r i n g )  necessary;  c o n t r o l  

a c t i o n  required, when s p e c i f  i e d  t h r e s h o l d  

reached : 

Class o f  i n f e s t a t i o n  4: Severe i n f e s t a t i o n :  y i e l d  l o s s  unavoid- 

a b l e  un less  immediate c o n t r o l  a c t  i o n  

taken on t h e  b a s i s  o f  i n t e n s i v e  f i e l d  

I checks; c o n t r o l  a c t i o n  decided by  p l o t s .  

Such a r e a - r e l a t e d  q u e n t i f  i e d  assessment o f  i n f e s t a t i o n  proved 

u s e f u l  i n  d e l i m i t a t i n g  endangered areas and i n  t a k i n g  l a r g e -  

s c a l e  c o n t r o l  dec is ions .  I t  i s  a l s o  conducive t o  p roper  re -  

assessment o f  c o n t r o l  and i t s  r e s u l t s ,  depending on weather 

c o n d i t i o n s  . 
E s t i m a t i o n  o f  i n d i c e s  by  which t o  desc r ibe  a  r e a l  i n f e s t a t i o n  

s i t u a t i o n  and i t s  course over  t ime  ( f i r s t  p rocess ing  phase o f  

i n f e s t a t i o n  a n a l y s i s )  w i l l  be fo l l owed  by more d e t a i l e d  i n f  es- 

t a t i o n  a n a l y s i s  o f  a  l a r g e r  r e g i o n  ( i n  which a  s u f f i c i e n t  number 

o f  c o n t r o l  p l o t s  i s  a v a i l a b l e  f o r  a u l t i v a r i a b l e  s t a t i s t i c a l  

a n a l y s i s ) .  That second phase o f  a n a l y s i s  i s  t o  h e l p  i d e n t i f y  

c o r r e l a t i o n s  between i n t e n s i t y  o f  i n f e s t a t i o n  o f  t h e  c o n t r o l  

p l o t s  and c e r t a i n  p l o t - r e l a t e d  f a c t o r s  and p o s s i b l e  repercus- 

s i o n s  o f  such c o r r e l a t i o n s  on y i e l d .  



Such f a c t o r s  o f  i n f l u e n c e  may i n c l u d e  s i t e ,  p r e c e d i n g  crop,  

v a r i e t y ,  f e r t i l i s a t i o n ,  and s p r i n k l i n g .  They a r e  e n t e r e d  i n t o  

b a s i c  d a t a  form s h e e t s  opened e s p e c i a l l y  f o r  t h e  c o n t r o l  p l o t  

concerned, and t h e y  w i l l  be r e f e r r e d  t o ,  i n  t h e  f o l l o w i n g  

paragraphs,  a s  b a s i c  d a t a  c h a r a c t e r i s t i c s .  A t t ached  t o  each 

o f  t h e  b a s i c  d a t a  c h a r a c t e r i s t i c s  w i l l  be a  number o f  c l a s s e s  

wh ich  r e f e r  t o  mat t o r s  o f  substance r a t h e r  t h a n  o r g a n i s a t i o n a l  

aspec ts .  T h i s  i s  done f o r  e v a l u a t i o n .  

I f  two, t h r e e  o r  more b a s i c  da ta  c h a r a c t e r i s t i c s  a r e  used 

as s o r t i n g  c h a r a c t e r i s t i c s ,  a t  one and t h e  same t ima,  t h e  

m u l t i t u d e  o f  p o s s i b l e  comb ina t i ons  o f  d i f f e r e n t  c h a r a c t e r i s t i c s ,  

t h e o r e t i c a l l y ,  w i l l  cease t o  be overseaab le ,  p r o v i d e d  t h a t  a  

l a r g e r  number o f  c l a s s e s  i s  a t t a c h e d  t o  each o f  t h e  c h a r a c t e r -  

i s t i c s  i n v o l v e d ,  Ana lyses  o f  i n f e s t a t i o n ,  t h e r e f o r e ,  have t o  

be unde r taken  in s e v e r a l  phases t o  a v o i d  t h e  need f o r  a n a l y s i s  

o f  comb ina t i ons  w h i c h  may be o f  l i t t l e  i n t e r e s t  o r  n o t  s u i t a b l e  

f o r  p r o d u c i n g  s u f f i c i e n t  s t a t i s t i c a l l y  secured  i n f o r m a t i o n  be- 

cause o f  t o o  few c o n t r o l  a reas .  A n a l y s i s  o f  i n f e s t a t i o n  so f a r  

has p roved  t o  be q u i t e  p r o d u c t i v e ,  i f  under taken  in t h e  t h r e e  

f o l l o w i n g  phases wh i ch  were separa ted  f rom one a n o t h e r  a l s o  i n  

te rms  o f  e l e c t  t o n i c  da ta  p rocess ing :  

F i r s t  phase: 

E x c l u s i v e l y  i n c l u d e d  i n  t h e  f i r s t  phase a r e  s t o r a g e  o f  b a s i c  

d a t a  c h a r a c t e r i s t i c s  and t h e i r  e v a l u a t i o n ,  w i t h o u t  any con- 

s i d e r a t i o n  o f  i n f e s t a t i o n  da ta .  The o u t p u t  o f  monodimensional  

and p o l y d i m e n s i o n a l  f requency  d i s t r i b u t i o n s  i s  used t o  f i n d  

o u t  t hose  m a n i f e s t a t i o n s  o f  a  b a s i c  d a t a  c h a r a c t e r i s t i c  o r  o f  a  

comb ina t i on  o f  two (e.g. v a r i e t y ,  p r e c e d i n g  c r o p )  t o  t h r e e  

b a s i c  d a t a  c h a r a c t e r i s t i c s  maximum wh ich  o c c u r  s u f f i c i e n t l y  

o f  t e n  and, consequen t l y ,  a  r e  q u a l i f i e d  f o r  i n c o r p o r a t i o n  i n  

an a n a l y s i s  o f  i n f e s t a t i o n  (second phase)  and a l s o  t o  i d e n t i f y  

t h o s e  wh ich  s h o u l d  be o m i t t e d  f o r  p o o r  occu r rence  ( s m a l l  number 

o f  c o n t r o l  a r e a s ) .  



Second phase: 

T h i s  i s  t h e  phase i n  which t h e  b a s i c  da ta  c h a r a c t e r i s t i c s  

a r e  r e l a t e d  t o  t h e  i n f e s t a t i o n  data.  T h i s  i s  done b y  separa te  

c a l c u l a t i o n  o f  i n f e s t a t L o n  i n d i c e s  (percentage o f  i n f e s t e d  

p l a n t s ,  d e n s i t y  o f  pa thogen ic  organisms) and frequency d i s t r i -  

b u t i o n  o f  i n f e s t a t i o n  c lasses  f o r  t h e  m a n i f e s t a t i o n s  o f  b a s i c  

da ta  c h a r a c t e r i s t i c s  o r  combinat ions o f  some o f  them, a c c o r d i n g  

t o  what has been e s t a b l i s h e d  i n  the  f i r s t  phase, E s t i m a t i o n  

o f  p l o t s  w i l l  be somewhat s i m i l a r  t o  p r o j e c t i o n  o f  i n f e s t a t i o n  

data, i n  t h a t  i t  i s  done by  s u b d i v i d i n g  t h e  c o n t r o l  a reas  i n t o  

c l a s s e s  o f  i n f e s t a t i o n .  Such e v a l u a t i o n s  then  a r e  h e l p f u l  i n  

e s t a b l i s h i n g  e m p i r i c a l  i n te rdependenc ies  and i n  s e t t i n g  up 

hypotheses on assumed causa t i ve  r e l a t i o n s h i p s  ( c o n f i g u r a t i o n a l  

hypotheses). These may be improved t o  h i g h e r  accuracy end t h e i r  

v a l i d i t y  v e r i f i e d  i n  t h e  t h i r d  phase, 

T h i r d  phase: 

Whi le  a l l  e v a l u a t i o n s  i n  t h e  f i r s t  and second phases were o f  

a  more o r  l e s s  d e s c r i p t i v e ,  h e u r i s t i c  na ture ,  t h e  da ta  thus  

prepared w i l l  be exposed t o  more profound, s c i e n t i f i c  a n a l y s i s  

i n  t h e  t h i r d  phase. More s p e c i a l i s e d  methods o f  m u l t i v a r i a b l e  

s t a t i s t i c a l  a n a l y s i s  w i l l  be used t o  v e r i f y  m u l t i v a r i a b l e  re-  

l a t i o n s h i p s  and t o  check t h e  v a l i d i t y  o f  hypotheses on assumed 

interdependencies,  w i t h  p a r t i c u l a r  emphasis b e i n g  l a i d  on co r -  

r e l a t i o n  a n a l y s i s  ( f o r  m e t r i c a l l y  graduated c h a r a c t e r i s t i c s )  

and t h e  method o f  po l yd imens iona l  con t ingency  t a b l e s  ( f o r  

n o m i n a l l y  graduated c h a r a c t e r i s t i c s ) .  

Analyses o f  t he  above k i n d  have been under taken over  s e v e r a l  

yea rs  and p r o v i d e  ground f o r  a d d i t i o n a l  conc lus ions  as  t o  the  

p l a n n i n g  o f  h e r b i c i d e s  and p e s t i c i d e s ,  m o n i t o r i n g  and c o n t r o l  

s t r a t e g i e s ,  and p l a n t  b reed ing  research. 

The f o l l o w i n g  example o f  mildew o f  b a r l e y  i s  t o  i n d i c a t e  t h e  

e x t e n t  t o  which economic i n f o r m a t i o n  i n  terms o f  y i e l d  l o s s  

may be d e r i v e d  from a n a l y s i s  o f  i n f e s t a t i o n ,  



W i n t e r  b a r l e y  was grown on p l o t s  c o v e r i n g  15,000 h e c t a r e  

o f  one o f  t h e  r e g i o n s  i n  t h e  GDR, i n  1974. The average y i e l d  

i n  t h a t  r e g i o n  was 4.71 tons/ha.  The f o l l o w i n g  mi ldew i n f e s -  

t a t i o n  was reco rded  b y  o r o j e c t i o n :  

Assessment Percentage o f  Area i n f e s t e d  
i n f e s t e d  p l a n t s  (1,000 ha )  

9  (no  i n f e s t a t i o n )  48.2 

7  ( m i n o r  i n f e s t a t i o n )  36.8 

5 (medium i n f e s t a t i o n )  12  .O 

3  ( h i g h  i n f e s t a t i o n )  2.2 

1 ( s e v e r e  i n f e s t a t i o n )  0.7 

100 .o 

The f o l l o w i n g  economic i n f o r m a t i o n  on t h e  amount o f  r e a l  

damage may be d e r i v e d  f rom the  m a t h e m a t i c a l l y  secured a rea  

da ta ,  i n  t h e  c o n t e x t  o f  t h e  above p r o j e c t i o n  and on t h e  b a s i s  

o f  secured i n f e s t a t i o n - d a m a g e  r e l a t i o n s h i p s  (mean y i e l d  l o s s  

p e r  assessment l e v e l ) :  

Mi ldew i n f e s t a t i o n  o f  7,700 ha o f  w i n t e r  b a r l e y  i n  1974 

reduced t h e  average y i a l d  o f  t h e  r e g i o n  f rom 4.71 tons/ha t o  

4.59 tons/ha, r e s u l t i n g  i n  an o v e r a l l  l o s s  o f  0.12 tons/ha. 

Average y i e l d  l o s s  may be e s t i m a t e d  t o  1,876 t ons  o f  w i n t e r  

b a r l e y .  (The r e a l  l o s s  f i g u r e  can be determined,  i f  t h e  y i e l d  

had been a c c u r a t e l y  p r e d i c t e d . )  

C o n t r o l  a c t i o n ,  u s i n g  C a l i x i n  o r  Sap ro l ,  m igh t  g i v e  b e n e f i t  

c o e f f i c i e n t s  between 1.7 and 6.2 a t  assessment l e v e l s  from 5 t o  1. 

P o s s i b i l i t i e s  t o  reduce t h e  amount o f  c o n t r o l  a c t i o n  and, con- 

s e q u e n t l y ,  c o n t a m i n a t i o n  o f  t h e  env i ronment  b y  h e r b i c i d e s  and 

p e s t i c i d e s  can be improved s i z e a b l y  by  r e g i o n a l  m o n i t o r i n g .  

T h i s  may be e x p l a i n e d  by  t h e  example o f  35,000 h e c t a r e  o f  

rapeseed and c o n t r o l  a c t i o n  a g a i n s t  rapeseed p e s t s  i n  t h e  r e g i o n  

o f  Neubrandenburg, a  c e n t r e  o f  rapeseed c u l t i v a t i o n  i n  t h e  GDR. 



Regional  m o n i t o r i n g  helped t o  d e l i m i t a t e  a reas  endangered 

b y  t h e  blossom b e e t l e ,  Me l ige thes  aeneus L., and t o  i n t r o -  

duce syetemat ic ,  d e n s i t y - r e l a t e d  c o n t r o l  a c t i o n ,  Whi le  i n  

t h e  year  b e f o r e ,  r o u t i n e  t reatment  had been a p p l i e d  t o  t h e  

e n t i r e  rapeseed area, t h e  amount o f  c o n t r o l  c o u l d  be reduced 

by  92 p e r  cent  ( 1 )  i n  1975, though d e n s i t y  o f  pathogenic  orga- 

nisms was comparable. 

A s i m i l a r  s i t u a t i o n  was observed i n  t h e  c o n t e x t . o f  cabbage 

stem w e e v i l ,  Ceuthorrhynchus a s s i m i l i s  Payk,, I n  1975, t r e a t -  

ment had been a p p l i e d  t o  31,669 ha i n s t e a d  o f  mere ly  1,060 ha 

i n  need o f  t rea tment  acco rd ing  t o  a n a l y s i s  o f  i n f e s t a t i o n ,  

Therefore,  a p p r o p r i a t e  measured were prepared f o r  more t a r g e t -  

o r i e n t e d  c o n t r o l  i n  1976, Treatment then was a p p l i e d  t o  
+ 

6,064 ha ve rsus  a t r e a t m e n t - r e q u i r i n g  area o f  6,207 - 2,184 ha. 

Reduction, consequent ly,  accounted f o r  80 p e r  cent .  

I n f e s t a t i o n  and Damage Forecast  

The term o f  i n f e s t a t i o n  fo recas t  i s  used t o  desc r ibe  pre-  

d i c t i v e  assessment o f  t h e  development o f  a g i ven  p o p u l a t i o n  

o f  pa thogen ic  organisms, w i t h  p a r t i c u l a r  re fe rence  be ing  made 

t o  the  p r o b a b i l i t y ,  s i t e ,  t ime, and i n t e n s i t y  o f  occurrence. 

Forecas ts  may be d i f f e r e n t i a t e d  b y  purposes, such as deadl ine,  

abundance, d i s p e r s i o n  o r  p o s i t i v e  and negat ive .  There a r e  

shor t - term,  medium-term, and long- te rm fo recas ts .  The l a t t e r ,  

no doubt, a r e  most u s e f u l  i n  terms o f  economy, b u t  t hey  a r e  

t h e  most d i f f i c u l t  t o  under take and u s u a l l y  s u f f e r  f rom g r e a t e r  

u n c e r t a i n t y  (11) ,  

The term o f  damage f o r e c a s t  s tands f o r  p r e d i c t i v e  assessment 

o f  t h e  e x t e n t  t o  wh ich  t h e  v e r y  o b j e c t i v e  o f  p r o d u c t i o n  i s  

a f f e c t e d  by  pathogenic  organisms i n  terms o f  y i e l d ,  q u a l i t y  o r  

cos t .  The i n f e s t a t i o n  fo recas t  i s  a  p r e r e q u i s i t e  f o r  t h e  

damage fo recas t ,  as may be seen from t h e  master model, and 

t h e  l a t t e r  d i f f e r s  from t h e  former, i n  t h a t  i t  c o n t a i n s  economic 

aspects, as  w e l l .  



I n f e s t a t i o n  f o r e c a s t s  may be prepared i n  two ways, namely 

by  means o f  econometr ic o r  rnathematica-statistical procedures 

and by  means o f  mathemat ico-cybernet ic  p o p u l a t i o n  models. 

I n c l u d e d  i n  the  f i r s t  group o f  procedures a r e  curve  p r o j e c t i o n  

( t r e n d  c a l c u l a t i o n ) ,  r e g r e s s i o n  a n a l y s i s  and o t h e r  methods o f  

q u a n t i t a t i v e  m u l t i v a r i a b l e  a n a l y s i s ,  such as the  p a t h  c o e f f i -  

c i e n t  method and d i sc r im inance  ana lys i s ,  and t h e  use o f  two- 

d imens iona l  and po lyd imens iona l  con t ingency  t a b l e s .  

The procedures o f  t h e  f i r s t  group a r e  p a r t  o f  t he  second 

phase i n  t h e  development o f  t h e  i n f o r m a t i o n  system f o r  p l a n t  

protect ion, .  and t h e y  f o l l o w  immedia te ly  a f t e r  t h e  i n f e s t a t i o n  

a n a l y s i s  o r  a r e  components o f  t h e  l a t t e r .  

The t h i r d  phase o f  development, however, i s  c h a r a c t e r i s e d  

by use o f  p o p u l a t i o n  as w e l l  as  o f  agro-ecosystem models, w i t h  

t h e  v iew t o  r e g u l a t i n g  p o p u l a t i o n s  o f  pa thogen ic  organisms and 

o p t i m i s i n g  harves ted  y i e l d s .  These models, used i n  an a t tempt  

t o  rep resen t  major  c a u s a t i v e  i m p l i c a t i o n s  and c o r r e l a t i o n s  be- 

tween a l l  el.ements o f  t he  system, may produce i n f o r m a t i o n  on 

the  p resen t  and f u t u r e  c o n d i t i o n  o f  t h e  ecosystem. concerned, 

t h a t  i s  i n f o r m a t i o n  a p p l i c a b l e  t o  pes t  management. Weather d a t a  

a r e  t h e  most i m p o r t a n t  i n p u t  elements f o r  model runs. 

A g e n e r a l  s i m u l a t i o n  concept f o r  s i m u l a t i o n  models (12, 13), 

dev ised b y  t h e  Academy o f  Sc iences o f  t h e  GDR, C e n t r a l  I n s t i t u r e  

o f  Cybernet ics  and I n f o r m a t i o n  Processes, i s  used and con- 

t i n u o u s l y  improved f o r  t h e  i n f o r m a t i o n  system f o r  p l a n t  pro-  

t e c t i o n .  

The m o d e l l i n g  concept, SONCHES ( s i m u l a t i o n  o f  n o n - l i n e a r  

complex h i e r a r c h i c a l  e c o l o g i c a l  systems), has been designed f o r  

v i s u a l i s i n g  b o t h  t h e  dynamics o f  each o f  t he  p o p u l a t i o n s  i n -  

v o l v e d  and t h e  agro-ecosystems concerned. 

The f o l l o w i n g  elements and r e l a t i o n s  o f  t he  ecosystem a r e  

cons idered i n  the  above model: 



1. ~ u a n t i t ~ , W ,  o f  env i ronmenta l  f a c t o r s  w i t h  impact upon 

t h e  b i o t i c  elements o f  t h e  system, i n c l u d i n g  t h e i r  mutua l  geo- 

phys i ca l ,  geochemical, and o t h e r  r e l a t i o n s ;  

2. ~ u a n t i t ~ , ~ ,  o f  b i o t i c  elements o f  t h e  ecosystem, i n -  

c l u d i n g  m a t t e r  and energy f l ows  th rough- those  b i o t i c  elements, 

and o t h e r  e f f e c t s  o f  env i ronmenta l  f a c t o r s  on those elements; 

3. R e l a t i o n s  o f  o r d e r  between the b i o t i c  elements o f  t h e  

e~0s~s te . ,2Z  o; 

4. C o r r e l a t i o n s  between t h e  b i o t i c  elements; 

5. C o r r e l a t i o n s  w i t h i n  one b i o t i c  e1ement .B c. 

The b i o t i c  elements o f  t he  ecosystem a r e  d e f i n e d  a s  "ecolo-  

g i c a l  compartments". The term o f  an e c o l o g i c a l  compartment 

i a  t o  be understood as t h e  t o t a l i t y  o f  members i n  a  community 

o f  l i v i n g  c r e a t u r e s  w i t h  one common f u n c t i o n  i n  t h a t  community. 

Compartments, i n  t h e  c o n t e x t  o f  t h i s  paper, may be f u n c t i o n a l  - 
groups o f  species, such a s  phytophagous species,  i n d i v i d u a l  

spec ies  o r  o n t o g e n e t i c  s tages  o f  spec ies  ( a d u l t ,  pupa, egg, 

l a r v a )  or, when i t  comes t o  s e v e r a l  s p c c i e ~ ~ p h y t o p h a g o u s  i n s e c t  

la rvae,  etc.. 

The s p e c i f i c  s t r u c t u r e  o f  a r e a l  ecosystem i s  r e f l e c t e d  equi -  

v a l e n t l y  b y  t h e  model c o n f i g u r a t i o n  by  means o f  t h e  r e l a t i o n s  

o f  o r d e r , m o .  T h i s  app l ies .  f o r  example, t o  t h e  p r o p e r t i e s  

o f  t he  h i e r a r c h y  o f  r e a l  ecosystems which i s  l i k e l y  t o  r e s u l t  

f rom t h e  t r o p h i c  r e l a t i o n s  t h a t  e x i e t  betmeen co ipar tments,  

That p a r t i c u l a r  p r o p e r t y  i s  s imu la ted  by t h e  model by  o r d e r i n g  

the  compertments i n  v a r i o u s  s t r a t a  ( t r o p h i c  l e v e l s ) .  Such 

t rea tment  w i l l  t u r n  t h e  e x t e r i o r  environment, which so f a r  

has a c t e d  on the  b i o l o g i c a l  elements o f  t h e  system, i n t o  t h e  

i n t e r i o r  environment o f  t h e  system which then w i l l  " f l o w "  

th rough the  system, p roceed ing  from s t r a t u m  t o  stratum, The 

i n t e n s i v e  ( i n d i v i s i b l e )  p a r t  o f  t h e  e x t e r i o r  environment can 

be m o d i f i e d  b y  the  e c o l o g i c a l  compartments ( e  .g. m o d i f i c a t i o n  

o f  temperatures f o r  i n s e c t  a t t a c k  due t o  h i g h  c rop  s tand d e n s i t y ) .  



The e x t e n s i v e  ( d i v i s i b l e )  p a r t  can be i n t r o d u c e d  t o  t h e  system 

e i t h e r  f r om o u t s i d e  o r  i t  can be produced b y  t h e  b i o t i c  e l e -  

ments (0.9. l e a f  w e i g h t ) .  I t  w i l l  be more o r  l e s s  "used up' 

i n  t h e  s t r a t a  o f  t h e  compartments. When i t  comes t o  s i n g u l a r  

p o p u l a t i o n  models, compartments m e r e l y  a r e  p e r t  o f  one s t r a t u m  

o r  t h e r e  may be cases i n  wh i ch  t h e  h i e r a r c h i c  o r d e r  may be  

l e f t  uncons idered,  depending on t h e  g i v e n  purpose  o f  p o p u l a t i o n  

model c o n s t r u c t i o n  ( F i g .  7). 

TO e i q u l a t e  a l l  r e l a t i o n s  between t h e  e l e m e n t s o f  t h e  system 

a s  c o n t r o l  mechanisms i s  a n o t h e r  p r i n c i p a l  concept  o f  t h e  

a u t h o r s '  model. Those c o n t r o l  mechanisme a c t u a l l y  c o n t r o l  t h e  

e c o l o g i c a l  p rocess  behav iou r  o f  t h e  system rev iewed.  They a r e  

r e q u i r e d  t o  p roduce  e c o l o g i c a l  behav iou r  from t h e  au to -eco lo -  

g i c a l l y  and p h y s i o l o g i c a l l y  d e s c r i b e d  compartments. The con- 

t r o l  mechanisms a r e  a l g o r i t h m i s e d  and programmed i n  t h e  form 

o f  modules. Compartment s u b s t i t u t i o n ,  f o r  example, i s  one o f  

t h e  i m p o r t a n t  modules. I t  s i m u l a t e s  t h e  o n t o g e n e t i c  p r o c e s s  o f  

a  g i v e n  spec ies .  S e v e r a l  s t anda rd  v a r i a n t s  a r e  o f f e r e d  by  

compartment s u b s t i t u t i o n  f o r  compar tmenta l  t r a n s i t i o n  f rom 

one o n t o g e n e t i c  s tage  t o  t h e  nex t .  A g e n e r a l l y  a l g o r i t h m i s e d  

r u l e  f o r  t empera tu re  sums i s  one o f  those  v a r i a n t s .  

The response o f  a g i v e n  compartment, such as  g rowth  o r  dea th  

a s  a change o f  b i o t i c  presence,  i s  produced by t h e  modules o f  

i n t e r a c t i o n  w i t h i n  one and t h e  same b i o t i c  e lement.  That  r e -  

sponse i s  a r e a c t i o n  t o  e n v i r o n m e n t a l  e f f e c t s  a c t i n g  f rom o u t -  

s i d e .  Response t o  such e n v i r o n m e n t a l  e f f e c t s  i s  more o r  l e s s  

de layed .  v a r i a b l e s ,  t he re fo re ,have  t o  be found wh i ch  do re -  

p r e s e n t  t h e  p h y s i o l o g i c a l  c o n d i t i o n  o f  t h e  compartment con- 

ce rned  and on wh ich  a d d i t i o n a l  responses w i l l  depend. These 

v a r i a b l e s  must be s u i t a b l e ,  a s  w a l l ,  f o r  s i m u l a t i n g  an average 

d e l a y  o f  compar tmenta l  response t o  e n v i r o n m e n t a l  changes. 

Compartmental response i s  l i k e l y  t o  t a k e  p l a c e  i n  t h e  f o l l o w i n g  

t h r e e  phases, depending on t h e  g i v e n  p h y s i o l o g i c a l  c o n d i t i o n s :  



1. M a t e r i a l i e a t i o n  o f  i n p u t  (up take  o f  ex tens i ve  and a c t i o n  

o f  i n t e n s i v e  v a r i a b l e s  o f  t h e  environment ) ; 

2. Process ing o f  i n p u t  (change o f  p h y s i o l o g i c a l  c o n d i t i o n ,  

depending on m a t e r i a l i s a t i o n  o f  i n p u t ) ;  

3. B i o l o g i c a l  performance (growth, death, depending on phy- 

s i o l o g i c a l  c o n d i t i o n ,  etc,). 

The t h i r d  group o f  modules, f i n a l l y ,  concerns c o r r e l a t i o n s  

between v a r i o u s  compartments. One o f  t h e  modules, named 

t r o p h i c  feedback, produces t h e  t r o p h i c  r e l a t i o n s  between the  

compartments, I t  simulates,  f o r  example, f l o w s  o f  biomass 

from s u p p l i e r  compartments (8.9. p r e y )  t o  consumer compart- 

ments (e.g. p r e d a t o r y  spec ies) .  

Competit ion, ano the r  nodule, s imu la tes  c o m p e t i t i o n  f o r  l i m i t e d  

e x t e n s i v e  env i ronmenta l  f a c t o r s ,  w h i l e  t h e  e f f e c t  o f  a d a p t a t i o n  

t o  i n t e n s i v e  env i ronmenta l  f a c t o r s  i s  s imu la ted  b y  a  nodule 

c a l l e d  competence. 

Standard v a r i a n t s  f o r  each o f  those modules a r e  o f f e r e d  by 

SONCHES , A l l  o f  them have been v e r i f i e d  on v a r i o u s  t e s t  ob- 

j e c t s ,  There a l s o  i s  one 'blank' i n  each o f  t h e  modules i n t o  

which another  p u r p o s e - s p e c i f i c  a l g o r i t h m  can be i n s e r t e d  by  

t h e  user, if so requ i red ,  When i t  comes t o  a s p e c i f i c  ob jec t ,  

such as  a  g i ven  agro-ecosystem o r  popu la t ion ,  r e l e v a n t  c o n t r o l  

mechanisms w i l l  be s e l e c t e d  o u t  o f  many and f u r n i s h e d  w i t h  

s p e c i f i c  parameters, b e f o r e  t h e  model then i s  composed b y  means 

o f  a  r e c i p e  d e r i v e d  from SONCHES. A model f o r  a  system under 

rev iew can be compoeed by means o f  o n l y  few modules even a t  

an e a r l y  s tage o f  development. The same model, i f  so requ i red ,  

may be expanded and improved b y  adding a d d i t i o n a l  modules which 

a r e  c o n s t r u c t e d  and v a l i d a t e d  i n  the  course o f  work. For  

example, a  model f o r  t h e  epidemic course o f  Phytophthora i n -  

f e s t e n s  (Mont.) de Bary, t h e  pathogen o f  p o t a t o  b l i g h t ,  was 

c o n s t r u c t e d  i n  c l o s e  coopera t i on  w i t h  e x p e r t s  s p e c i a l i s e d  i n  

t h a t  p a r t i c u l a r  f i e l d .  Compartment s u b s t i t u t i o n ,  d e n s i t y  feedback, 

and d i r e c t  r e a c t i o n  were t h e  o n l y  modules used, i n  t h a t  con tex t ,  



Good r e s u l t s  were o b t a i n a b l e  even f rom such r e l a t i v e l y  simp;e 

model approach, as  may be seen f rom F i g s .  8 t h rough  10. The 

ep idemic  course  model was v a l i d a t e d ,  f i r s t  o f  a l l ,  b y  i n d i -  

v i d u a l  modules. They were p u t  i n t o  pa rame te rs  .and t e s t e d  f o r  

r e a c t i v i t y  e q u i v a l e n c e  i n  l a b o r a t o r y  and f r e e l a n d  exper iments .  

The second s t a g e  o f  v a l i d a t i o n  was preceded b y  computer imp le -  

m e n t a t i o n  o f  t h e  whole  model. Data  o b t a i n e d  f rom s e v e r a l  y e a r s  

i n  t h e  p a s t  were used f o r  t h a t  purpose. The r e a l  i n f e s t a t i o n  

cu rves  recorded  f rom t e s t  p l o t s  were compared t o  t h e  cu rves  

o b t a i n e d  b y  s i m u l a t i o n .  R e l a t i v e  hum id i t y ,  a i r  temperature ,  

and p r e c i p i t a t i o n s  were t h e  m e t e o r o l o g i c a l  d a t a  measured p a r a l l e l  

t o  i n f e s t a t i o n  f o r  i n p u t  i n t o  t h e  s i m u l a t i o n  model. 

W h i l e  p r i m a r i l y  v a r i a n t s  o f  compartment s u b s t i t u t i o n  and 

d i r e c t  r e a c t i o n  a r e  used and t e s t e d  b y  t h e  Phy toph tho ra  model, 

a s t u d y  i n t o  s i m u l a t i o n  o f  g row th  o f  t h e  v e g e t a t i v e  compartment 

o f  S t e l l a r i a  media (L.) CYR. was under taken,  w i t h  t h e  v i e w  t o  

t e s t i n g  i n t e r n a l  mechanisms o f  t h e  compartment. Food up take  

feedback, i n p u t  c o u p l i n g ,  e x t e r n a l  feed- foreward,  i n t e r n a l  

feed- foreward,  and d e n s i t y  feedback were t h e  modules used i n  

t h e  l a t t e r  model. The module v a r i a n t s  genera ted  a g row th  c u r v e  

which, aga in ,  was v e r y  c l o s e  t o  t h e  cu rve  observed i n  r e a l i t y ,  

as may be seen from F i g .  11. 

These examples were g i v e n  t o  u n d e r l i n e  t h a t  t h e  r e s u l t s  ob- 

t a i n a b l e  w i t h  r e g a r d  t o  v a r i o u s  s p e c i f i c  p o p u l a t i o n s  from t h e  

SONCHES concept ,  even i n  t h e  p r e p a r a t o r y  phase o f  d r a f t i n g  com- 

p l e x  agro-ecosystem models, were p r o p e r l y  s u i t a b l e  f o r  a p p l i -  

c a t i o n  t o  an i n f o r m a t i o n  system f o r  p l a n t  p r o t e c t i o n .  T h i s  i s  

t h e  s tepw ise  approach taken  t o  s e t t i n g  up a  t h e o r e t i c a l  founda- 

t i o n  on wh ich  t o  r e s o l v e  f o r e c a s t i n g  prob lems o f  t h e  agro-eco- 

system. 

M o n i t o r i n g  a t  F i e l d  L e v e l  

M o n i t o r i n g  a t  f i e l d  l e v e l  i s  under taken  f o r  t he  purpose o f  

h i gh -accu racy  assessment o f  i n f e s t a t i o n  o f  s p e c i f i c  c r o p  s tands  



f o r  op t im ised  dec is ion-making on contr-01 a c t i o n  and p roper  

fo l low-up assessment o f  t he  b i o l o g i c a l  r e s u l t  o f  c o n t r o l ,  

Two major  elements o f  m o n i t o r i n g  a t  f i e l d  l e v e l  may be de- 

r i v e d  from t h e  above purpose, t h e  assessment method f o r  

h igh-accuracy d e t e r m i n a t i o n  o f  i n f e s t a t i o n  o f  a  g i ven  c rop  

s tand and t h e  method f o r  ecologico-economic e v a l u a t i o n  o f  

i n f e s t a t i o n  developments (14). M o n i t o r i n g  a t  f i e l d  l e v e l  i s  

c a r r i e d  o u t  under t h e  r e s p o n s i b i l i t y  o f  farm-based p l a n t  

p r o t e c t i o n  exper ts ,  

Assessment Method 

An approach known by  t h e  name o f  l i n e  assessment ( 1 5 )  con- 

s t i t u t e s  t h e  me thodo log ica l  b a s i s  on which i n f e s t a t i o n  i s  

assessed a t  f i e l d  l e v e l .  The p l o t  concerned i s  scanned rectangu- 

l a r l y ,  beg inn ing  a t  t h e  boundary, The l i n e  beg ins  between 20 and 

30 s teps  from t h e  boundary. Then f i v e  p l a n t s  o r  p a r t s  o f  p l a n t s  

a r e  t e s t e d  f o r  i n f e s t a t i o n  a t  f i v e  po in ts ,  w i t h  i n t e r v a l s  o f  

20 s teps  i n  between (F ig ,  12) .  

Judgement p roper  i s  wade by  s p e c i f i e d  parameters e s t a b l i s h e d  

beforehand t o  d e s c r i b e  t h e  pa thogen ic  e f f e c t  , 

Chrono log ica l l y ,  a d i f f e r e n t i a t i o n  i s  made between t h r e e  

v a r i a n t s  o f  m o n i t o r i n g  o f  crop stands. Survey ing asseesment 

u s u a l l y  i s  t h e  f i r s t  step, and t h i s  i s  a p p l i e d  p r i m a r i l y  t o  

p l o t s  considered t o  be i n  p a r t i c u l a r  danger. Survey ing assess- 

ment i s  undertaken f o r  t he  purpose o f  g e t t i n g  genera l  in fo rma-  

t i o n  on i n f e s t a t i o n  developments a t  a  g i ven  crop p r o d u c t i o n  

u n i t  and o f  keeping any f u r t h e r  development o f  t h e  pa thogen ic  

p o p u l a t i o n  under c l o s e  s u r v e i l l a n c e ,  

Dec is ion  assessment fo l l ows ,  as soon as occurrence o f  pathogenic  

organisms has been e s t a b l i s h e d  on one o f  t he  f i e l d s  thus  t e s t e d  

and found t o  be o f  s u f f i c i e n t  s e v e r i t y  t o  j u s t i f y  o r  n e c e s s i t a t e  

c o n t r o l  a c t i o n .  A l l  f i e l d s  on which t h e  crop concerned i s  grown 

have t o  be covered i n  such case, and a t  l e a e t  one l i n e  has t o  

be assessed on e i t h e r  s i d e  o f  each o f  t h e  f i e l d s .  Dec is ion  



assessment i s  o f  p a r t i c u l a r  impor tance  i n  s i t u a t i o n s  i n  wh ich  

p a r t s  o f  l a r g e r  c r o p  s tands  have t o  be pegged o u t  and d e l i m i -  

t a t e d  f o r  c o n t r o l  a c t i o n ,  w i t h  t h e  r e s t  o f  t h e  f i e l d s  l e f t  

untouched. Comprehensive and h i g h - i n t e n s i t y  s t u d i e s  (16) have 

shown t h a t  b y  u s i n g  p a r t i a l - p l o t  t r ea tmen t  chem ica l  p e s t  con- 

t r o l o f  c e r e a l s  was reduced b y  o r d e r s  between 50 and 80 p e r  

cent ,  a s  compared t o  w h o l e - p l o t  t r ea tmen t  i n  t h e  p a s t .  

C o n t r o l  a c t i o n  t h e n  i s  f o l l o w e d  by  outcome assessment by  

wh i ch  t o  d e f i n e  t h e  e f f e c t s  o f  c o n t r o l  on t h e  p o p u l a t i o n  o f  

p a t h o g e n i c  organisms. The r e s u l t s  o f  assessment a t  a l l  l e v e l s  

as w e l l  as a l l  t h e  measures t aken  a r e  e n t e r e d  i n t o  p l o t  f i l e s .  

An assessment fo rm sheet  has been d e v i s e d  f o r  t h a t  purpose.  

The r e s u l t s  o b t a i n e d  f rom assessment a r e  e n t e r e d  i n t o  a  compu- 

t e r - a d j u s t e d  " p l a n t  p r o t e c t i o n  p l o t  ca rd "  f o r  l a t e r  a n a l y s i s  

o r  secondary  e v a l u a t i o n .  

D e c i s i o n - F i n d i n g  

Rea l  i n f e s t a t i o n  o f  a g i v e n  c rop  s tand ,  as reco rded  b y  means 

o f  d e c i s i o n  assessment, i s  e c o l o g i c o - e c o n o m i c a l l y  e v a l u a t e d  

by  means o f  a  system o f  c o n t r o l  i n d i c e s  wh i ch  a r e  c o n c l u s i v e  

i n d i c a t o r s  o f  t hose  p e s t s  wh ich  have t o  be c o n t r o l l e d .  There 

a r e  r e g i o n a l  and l o c a l  i n d i c e s ,  i n  c o n f o r m i t y  w i t h  t h e  mon i to -  

r i n g  approach. The approach t aken  t o  t h e  p rob lem under  

soc io-economic  c o n d i t i o n s  o f  s o c i a l i s m  d i f f e r s  from t h e  p u r e l y  

farm-o r i e n t e d  approach t aken  t o  d e c i s i o n - f  i n d i n g  i n  c a p i t a l i s t  

c o u n t r i e s ,  i n  t h a t  i n  a s o c i a l i s t  s o c i e t y  a s p e c t s  o f  r e l evance  

t o  b o t h  n a t i o n a l  economy end farm management a r e  d u l y  t a k e n  i n t o  

c o n s i d e r a t i o n ,  y e t ,  w i t h  emphasis b e i n g  l a i d  on t h e  former .  

The r e g i o n a l  c o n t r o l  index,  i n  f u l l  compl iance w i t h  t h e  ove r -  

r u l i n g  c o n t e x t  o f  t h e  n a t i o n a l  economy, t h e r e f o r e ,  i s  t h e  

e s t a b l i s h e d  and accep ted  b a s i s  f o r  optimum d e c i s i o n - f i n d i n g  i n  

t h a  GDR. 

T h i s  i s  an i n d e x  wh i ch  c h a r a c t e r i s e s  t h e  need f o r  c o n t r o l  o f  

a  p e s t  o r  complex o f  p e s t s  i n  an a rea  w i t h  s i m i l a r  e c o l o g i c a l  



and a g r o t e c h n i c a l  c o n d i t i o n s .  I t  g i vee  t h e  loweat  p o p u l a t i o n  

d e n s i t y  o r  i n f e s t a t i o n  i n t e n s i t y  o f  a g i v e n  pethogenic  organism 

a t  a  g i ven  t ime  o r  s tage o f  development, from which counter -  

a c t i o n  becomes essential t o  n a t i o n a l  economy, under t h e  stan- 

dard  c o n d i t i o n s  g i ven  i n  t h e  area  concerned. The c o n t r o l  index, 

coneequently, i s  used t o  meet demands i n  terme o f  n a t i o n a l  

economy, such as  h i g h  and s t a b l e  y ie lds ,  good c rop  q u a l i t y ,  

p r e v e n t i o n  o f  r e s i s t a n c e  among p o p u l a t i o n s  o f  pa thogen ic  orga- 

nisma, and m i n i m i s a t i o n  o f  d e t r i m e n t a l  impact  upon the  env i ron -  

ment which might  o the rw ise  r e s u l t  from t h e  use o f  h e r b i c i d e s  

and p e s t i c i d e s .  

The c o n t r o l  i ndex  has t o  be o f  a  dynamic and f l e x i b l e  nature,  

s i n c e  i t  i s  d e r i v e d  from e c o l o g i c a l  and economic c o n d i t i o n e  

which may be s u b j e c t  t o  s i z e a b l e  v a r i a t i o n  i n  terms o f  t ime  and 

space. Such dynamic n a t u r e  i s  r e q u i r e d  p a r t i c u l a r l y  i n  t h e  

c o n t e x t  o f  t h e  f o l l o w i n g  f a c t o r s :  

( a )  World market s i t u a t i o n  o f  t he  commodity concerned o r  t h e  

h e r b i c i d e  o r  pes t ic ides ,  if t h e  l a t t e r  have t o  be impor ted ;  

( b )  Expected ha rves t ;  

( c )  P r e v a i l i n g  weather c o n d i t i o n s ;  

( d )  Expected davelopments o f  pathogenic  organisms and crops, 
. .. 

D a c i s i o n - f i n d i n g  a t  f i e l d  l e v e l  w i l l  have t o  take  p l a c e  on 

t h e  b a s i s  o f  such n a t i o n a l  o r  r e g i o n a l  i n d e x  v a l u e s  o f  c o n t r o l  

( l e e .  management da ta  o f  n a t i o n a l  economy). C o n t r o l  i nd i ces ,  

t h e r e f o r e ,  have t o  be a d j u s t e d  t o  t h e  s p e c i f i c  c o n d i t i o n s  under 

which c rop  s tands grow. P l a n t  p r o t e c t i o n  s p e c i a l i s t s  have p ro -  

v i d e d  v a r i o u s  k i n d s  o f  i n s t r u m e n t s  t o  t h a t  end, i n c l u d i n g  tab les ,  

graphs, and nomograms. The v a l u e  thus  determined t o  c h a r a c t e r i s e  

t h e  need f o r  c o n t r o l  o f  a  g i v e n  pes t  o r  weed o r  complexes o f  

them on a g i ven  f i e l d  i s  de f i ned  as t h e  c o n t r o l  th resho ld ,  and 

t h i s  i s  used d i r e c t l y  f o r  c o n t r o l  dec i s ions .  The c o n t r o l  t h r e s h o l d  

consequent ly,  d e f i n e s  a c e r t a i n  s t a t e  o f  t h e  agro-ecosystem a t  

a g i v e n  t ime o f  m o n i t o r i n g  a t  which a p p r o p r i a t e  a c t i o n  has t o  be 



t a k e n  t o  a v o i d  immedia te  occu r rence  o f  economic l o s s  due t o  

pa thogen i c  o rgan isms wh i ch  cannot  be t o l e r a t e d  f o r  reasons o f  

n a t i o n a l  and fa rm economy, such l o s s  b e i n g  reduced y i e l d  q u a n t i -  

t y  o r  q u a l i t y ,  l o w e r  l a b o u r  p r o d u c t i v i t y ,  r i s e  o f  t e c h n o l o g i c a l  

o u t l a y s ,  etc..  

The f o l l o w i n g  l o c a l  f i e l d  c o n d i t i o n s  e r e  o f  p a r t i c u l a r  r e l e -  

vance t o  occu r rence  o f  a c o n t r o l  t h r e s h o l d :  

( a )  Means o f  p r o d u c t i o n  ( i n  q u a l i t y  and q u a n t i t y ) ;  

( b )  Crop v a r i e t y  and i t s  v u l n e r a b i l i t y  o r  r e s i s t a n c e  t o  a 

g i v e n  p a t h o g e n i c  organ ism;  

( c )  P r o d u c t i o n  methods used ( a g r o t e c h n i c a l  measures) and 

t h e i r  e f f e c t s  on  p o p u l a t i o n s  o f  p a t h o g e n i c  o rgan isms and/or  

c r o p s  ; 

( d )  L a t e s t  c o n d i t i o n  o f  a g i v e n  c r o p  s t a n d  ( s t a g e  o f  deve lop-  

ment, s t and  d e n s i t y ,  v i t a l i t y ,  e t c . ) ;  

( e )  Occurrence o f  n a t u r a l  a d v e r s a r i e s  t o  p o p u l a t i o n s  o f  pa tho-  

g e n i c  organ isms ( p r e d a t o r y  spec ies ,  p a r a s i t e s ,  s t c . )  ; 

( f ) S i t e  p e c u l i a r i t i e s  (ma jo r  d e v i a t i o n s  f rom s t a n d a r d  con- 

d i t i o n s  o f  r e g i o n  concerned),  w i t h  p a r t i c u l a r  r e f e r e n c e  t o  s o i l  

c o n d i t i o n s  and c l i m a t e .  

B i o l o g i c a l l y  and e c o l o g i c a l l y ,  b o t h  t h e  c o n t r o l  i n d e x  and 

c o n t r o l  t h r e s h o l d  a r e  based on t h e  i n f  es ta t ion-damage r e l a t i o n .  

The l a t t e r  i s  one p a r t  o f  t h e  h o s t - p a r a s i t e  r e l a t i o n ,  t h e  one 

wh i ch  determines,  under  v a r y i n g  e n v i r o n m e n t a l  c o n d i t i o n s ,  t h e  

a c t i o n  o f  a c e r t a i n  d e n s i t y  o f  p a t h o g e n i c  o rgan isms on t h e  ob- 

j e c t i v e  o f  p r o d u c t i o n ,  above a l l ,  on t h e  h a r v e s t e d  y i e l d .  A 

w ide  range o f  e x p e r i m e n t a l  methods i s  b e i n g  a p p l i e d  t o  s t u d y i n g  

t h i s  p a r t i c u l a r  problem, f rom b lack -box  p rocedu res  t o  model 

s i m u l a t i o n  o f  t h e  c o r r e l a t i o n s  i n v o l v e d .  However, c a u s a t i v e  

a n a l y s i s  o f  such c o r r e l a t i o n s  s t i l l  i s  i n  an i n f a n t i l e  s tage.  

A h e u r i s t i c  mas te r  model f o r  t h e  i n fes ta t i on -damage  r e l a t i o n  

i s  g i v e n  i n  F ig ,  13. Weather, v a r i e t y ,  and d a t e  o f  i n f e s t a t i o n  



( r e l a t i v e  t o  t h e  development stage o f  t he  c rop )  a r e  some o f  

t h e  d e c i s i v e  env i ronmenta l  f ac to rs ,  i n  t h a t  con tex t .  The con- 

d i t i o n s  under wh ich  exper iments and t e s t  were conducted have 

t o  be dwly  considered, as w e l l .  Those a r e  t h e  t h r e e  fac to rs ,  

grouped i n  complex classes, which determine t h e  exper imen ta l  

v a r i a n t s  used. A f a m i l y  o f  curves, as  d e p i c t e d  i n  F ig ,  14, 

i s  t h e  r e s u l t  o f  such s tud ies .  A l l  t h e  o t h e r  e c o l o g i c a l  and 

economic f a c t o r s  o f  i n f l u e n c e  may be d e r i v e d  from such b a s i c  

s tud ies ,  e i t h e r  d i r e c t l y  o r  v i a  exper iments p roceed ing  from 

the  l a t t e r .  

I t  i s  q u i t e  obv ious  from t h e  above c o n s i d e r a t i o n s  t h a t  con- 

p rehens ive  i n v e s t i g a t i o n s  ove r  many years  a r e  r e q u i r e d  f o r  

e v e n t u a l  assessment o f  a l l  r e l e v a n t  f a c t o r s  o f  i n f l u e n c e  and 

a l l  complex c o r r e l a t i o n s  between them, w i t h  t h e  v iew  t o  mobi- 

l i s i n g  them f o r  t he  c o n t r o l  o f  p o p u l a t i o n s  o f  pathogenic  orga- 

nisms o r  even f o r  y i e l d  o p t i a i s a t i o n .  T h i s  i s  a wide and i m -  

p o r t a n t  f i e l d ,  indeed, f o r  t h e  c o n s t r u c t i o n  o f  models o f  agro- 

ecosystems and f o r  t h e  c o n t r o l  o f  such systems, Yet, a l l  re-  

s u l t s  so f a r  ob ta ined  i n  t h i s  f i e l d  have produced evidence t o  

the  e f f e c t  t h a t  s u f f i c i e n t  c o n d i t i o n s  f o r  such accomplishment 

can be p r o v i d e d  by  h igh-accuracy e c o l o g i c a l  and economic re-  

search. 

Two more examples a r e  given, i n  conc lus ion ,  t o  demonstrate 

t h e  economic impor tance a t t r i b u t a b l e  t o  l o c a l  f i e l d  m o n i t o r i n g  

and i t s  e f f e c t i v e  c o n t r o l  b y  r e g i o n a l  m o n i t o r i n g  and f o r e c a s t i n g :  

Sys temat i c  c o n t r o l  a c t i o n  was undertaken a g a i n s t  corn  louse,  

Macrosiphum avenae L., i n  a  w i n t e r  wheat area o f  11,953 ha i n  

t h e  r e g i o n  o f  H a l l e ,  1977, s t i m u l a t e d  b y  r e s u l t s  ob ta ined  from 

r e g i o n a l  and l o c a l  mon i to r ing .  The y i e l d  l o s s  t h u s  prevented  

was c a r e f u l l y  es t imated  t o  something between 5,000 and 6,000 

tons  o f  wheat, t he  e s t i m a t i o n  be ing  based on profound knowledge 

o f  damage development (17) .  C a r e f u l  a p p l i c a t i o n  o f  h e r b i c i d e s  

and p e s t i c i d e s  helped t o  p revent  bee l o s s  and t h e  occurrence 

of  r e s i d u a l i s a t i o n  problems as w e l l  as excess ive damage t o  



o t h e r  u s e f u l  an imals ,  M o n i t o r i n g  between 1974 and 1976 he lped  

t o  c a n c e l  a l l  p l a n s  and programmes f o r  i n s e c t i c i d e  t r ee tmen t  

o f  t h e  same p e s t ,  w i t h o u t  r u n n i n g  any r i s k  i n  terms o f  y i e l d ,  

The Colorado b e e t l e ,  L e p t i n o t a r s a  deceml insa ta  (Say.), i s  

a  dangerous enemy o f  p o t 8  t o  stands.  Comprehensive c o n t r o l  

campaigns have t o  be a n n u a l l y  under taken  a g a i n s t  t h a t  p e s t .  

L o c a l  m o n i t o r i n g  f o r  p i n - p o i n t  a p p l i c a t i o n  o f  i n s e c t i c i d e s  

was conducted b y  resea rch  a s s i s t a n t s  o f  t h e  P l a n t  P r o t e c t i o n  

I n s t i t u t e  o f  Kleinmachnow, GOR, on a l a r g e  farm w i t h  h i g h  

c o n c e n t r a t i o n  o f  po ta to ,  between 1976 and 1978. W h i l e  a l l  

p o t a t o  p l o t s  o f  t h a t  farm had been exposed t o  f u l l - f l e d g e d  

t rea tmen t  i n  t h e  yee rs  before,  c o n t r o l  coverage o v e r  t h e  

e x p e r i m e n t a l  y e a r s  was reduced by someth ing between 95 and 

48 p e r  cent ,  w i t h  t h e  annua l  mean v a l u e  hav ing  been 74 p e r  cent ,  

The method o f  f i e l d  m o n i t o r i n g  was t e s t e d  n a t i o n - w i d e  on 28 

farms wh ich  were r e p r e s e n t a t i v e  o f  t h e  e n t i r e  t e r r i t o r y  o f  t h e  

GDR, i n  1978, The a rea  i n  wh ich  c o n t r o l  a c t i o n  a g a i n s t  Colorado 1 
b e e t l e  was necessary  c o u l d  be reduced b y  t h e  o r d e r  o f  52 p e r  c e n t  

These two examples a l o n e  a r e  s u f f i c i e n t  ev idence t o  t h e  g r e e t  

impor tance  o f  comprehensive and s k i l l e d  m o n i t o r i n g ,  Reduct ion 

o f  l o s s  a s  w e l l  as sav ings  on m a t e r i a l  and t ime, however, a r e  
I 

o n l y  one achievement o b t a i n a b l e  f rom t h e  system o f  mon i t o r i ng .  

Even more and long- te rm impor tance  shou ld  be a t t r i b u t e d  t o  

t h e  e n v i r o n m e n t a l  aspect ,  s i n c e  t h e  t o x i c o l o g i c a l  consequences 

o t h e r w i s e  r e s u l t i n g  from u n s y s t e m a t i c .  r o u t i n e  a p p l i c a t i o n  o f  

h e r b i c i d e s  and p e s t i c i d e s  a r e  avoided,  and d e t r i m e n t a l  impact  

upon s o i l  f e r t i l i t y  i s  reduced. 
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