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HOW TO COLLECT AWD PROCESS 

SMALL POLYHEDRAL VIRUSES OF INSECTS 

The pas t  few years  have seen increased i n t e r e s t  i n  
and use of microbial  agents  f o r  t h e  con t ro l  of d e s t r u c t i v e  
f o r e s t  i n s e c t s .  One of  t h e  most successfu l  app l i ca t i ons  of 
t h i s  con t ro l  method has been the  use  of t h e  polyhedral  v i r u s  
d i s ease  of  t h e  European p ine  sawfly, N e o d i p r i o n  ser ti f er 
(Geoff .) . Control  of t h i s  i n s e c t  by i ts  s p e c i f i c  pathogen 
has been f u l l y  a s  s a t i s f a c t o r y  as  chemical cont ro l ,  and less 
expens i v e  . 

The main purpose of t h i s  no te  is t o  show how t h e  con- 
cen t r a t ed  polyhedral suspension used i n  con t ro l  opera t ions  
is obtained.  The s t e p s  described here  apply t o  i n s e c t s  con- 
t a in ing  polyhedral bodies  of 5 microns o r  smaller .  Most 
sawfly polyhedroses ( N e o d i p r i o n  serti fer, N. lecontei, N. 
pratti, e t c . )  f a l l  i n  t h i s  s i z e  range. 

HOW TO OBTAIN THE POLYHEDRA 

The ac tua l  pathogen, t h e  v i r u s  rod, is  embedded i n  a 
p r o t e c t i v e  s h e l l ,  t he  polyhedron. Hugh q u a n t i t i e s  of t he se  
a r e  found i n  t h e  i n sec t  immediately a f t e r  dea th .  Two general  
procedures a r e  used t o  ob t a in  t h e  d i s ease  agent.  

F i e l d  c o l l e c t i o n .  
European p ine  sawfly larvae,  as 

wel l  a s  most o the r  sawf l ies  t h a t  have d ied  of polyhedrosis,  
t u rn  black and dry  on t h e  twigs and needles  of t h e  hos t  
t r e e .  Dying l a r v a e  have a yel lowish ca s t ,  bu t  t he se  should 
not  be  included with t he  r e s t  of t he  co l l ec t ed  ma te r i a l  
u n t i l  a c t u a l l y  dead. 



Selec t  diseased colonies and indiv iduals  from in fes t -  
ed t r e e s .  I t  is  advisable not  t o  include healthy insec t s  i n  
the  co l l ec t ion .  These healthy indiv iduals  cause d i f f i c u l t i e s  
i n  determining t h e  concentrat  ion of the  f i n a l  polyhedral 
suspension because of t h e  f a t t y  and resinous mater ia l  i n  
them. 

F ie ld  co l l ec t ion  may be quicker than laboratory rear-  
ing i f  s u f f i c i e n t  diseased colonies can be found. However, 
c a r e  must be exercised i n  removing not only the healthy 
la rvae  but  a l so  b i t s  of bark, twigs, needles, and other  
mater ia ls  t h a t  add t o  t h e  d i f f i c u l t y  of cleaning t h e  f i n a l  
suspension. 

L a b o r a t ~ r . ~  r e a r i n g .  
This method, while more time- 

consuming, i s  more e f f i c i e n t  than f i e l d  co l l ec t ing  when the  
d isease  is not  prevalent  o r  when f i e l d  populations a r e  
sparse.  I n  addition, t h e  constant  observation made poss ib le  
by laboratory r ea r ing  permits placing dead larvae  i n  the 
co l l ec t ing  vesse l  a t  the most advantageous time f o r  e f f i -  
c i e n t  cleaning.  

Several colonies ( t h e  exact  number depending upon t h e  
amount of polyhedral suspension desired) a r e  brought i n t o  
the  laboratory.  Each colony is placed i n  a separa te  r ea r ing  
container  and i s  provided with host  fo l i age  thoroughly 
sprayed with t h e  d isease  agent. Af ter  t h e  la rvae  have con- 
sumed t h i s  fo l iage ,  they a r e  then fed untreated fo l i age  
u n t i l  death ensues, usual ly  12 t o  20 days l a t e r ,  depending 
on the  vigor of t h e  i n s e c t s  and the  rear ing  condit ions.  
Crowding and poor s a n i t a t i o n  i n  t h e  r ea r ing  containers usu- 
a l l y  a id  i n  the  onset  of the  d isease .  I f  t h e  in sec t s  a r e  
col lec ted  when i n  i n s t a r s  11-IV, t h e  d isease  w i l l  s t r i k e  
when t h e  la rvae  a r e  nearly full-grown. This insures  the  
maximum r e t u r n  of polyhedra because more polyhedra per l a r v a  
a r e  obtained from l a r g e r  individuals .  

I n  some circumstances i t  may be des i r ab le  t o  combine 
t h e  two methods by spraying a few in fes t ed  t r ees  with t h e  
d isease  agent and then co l l ec t ing  diseased larvae.  Beating 
t h e  t r e e  with a padded s t i c k  w i l l  enable the  c d l l e c t o r  t o  
obta in  the  s i c k  and dead l a rvae  quickly. 

$ 

STORAGE OF DISEASED CADAVERS 

There a re  two ways i n  which the  co l l ec t ed  cadavers 
may be kept p r i o r  t o  preparat ion of t h e  f i n a l  suspension. 
Both methods have t h e i r  advantages and disadvantages. 

W e t  s t o r a g e .  
The diseased la rvae  a r e  col lec ted  i n  

g l a s s  conta iners  ( p i n t  o r  quar t )  ha l f  f u l l  of water. They b 



may b e  kep t  t h i s  way f o r  a few months i n  t h e  r e f r i g e r a t o r  a t  
4°C. When t h i s  method is used, t h e  polyhedra do no t  tend t o  
clump and s t i c k  toge ther ,  and a more homogeneous suspension 
can be  prepared.  However, wet s t o r a g e  tends  t o  cause  dete-  
r i o r a t i o n  of  t h e  polyhedra more quickly than  does dry  s t o r -  
age. The a c t i o n  of  p u t r e f a c t i v e  b a c t e r i a  on t h e  ca r ca s se s  
may cause  ob j ec t i onab l e  odors,  bu t  t h i s  can b e  overcome by 
process ing  t h e  l a r v a e  qu ick ly .  For long- term s torage ,  wet 
s t o r a g e  is no t  recommended. 

D r y  s t o r a g e .  
The d i seased  l a r v a e  a r e  c o l l e c t e d  i n  

d ry  g l a s s  con t a ine r s .  For long- term s t o r a g e  of  polyhedra$ 
mater ia l ,  t h i s  method is recommended. The v i r u s  m a t e r i a l  
apparen t ly  l o s e s  very l i t t l e  v i r u l e n c e  when s t o r e d  i n  t h i s  
manner f o r  sever  a1  years .  Object  i onab l e  odors  a r e  avoided, 
and t h e  n e c e s s i t y  f o r  a r e f r i g e r a t o r  w i l l  b e  e l imina ted  be- 
cause dry  m a t e r i a l  can be  s t o r e d  a t  room temperature.  How- 
ever,  p r epa ra t i on  of  t h e  f i n a l  suspension from t h e  d r i e d  
ca r ca s se s  p r e sen t s  a more d i f f i c u l t  problem because, as t h e  
i n s e c t  d r i e s ,  t h e  polyhedra form l a r g e  clumps, which must b e  
s p e c i a l l y  t r e a t e d  t o  s e p a r a t e  them. 

I n  sho r t ,  i f  t h e  d i seased  ma te r i a l  is  c o l l e c t e d  f o r  
u se  t h e  next  year  i n  t h e  f i e l d ,  wet s t o r a g e  is accep tab le ;  
bu t  i f  s t o r a g e  o f  t h e  d i s ea sed  m a t e r i a l  w i l l  b e  longer  than  
a few months be fo r e  t h e  f i n a l  suspension i s  prepared ;  d ry  
s t o r a g e  is p re f e r r ed .  

HOW TO PREPARE THE POLYKEDRAL SUSPENSION 

To prepare  a polyhedral  suspension from t h e  d i seased  
la rvae ,  t h e  fol lowing equipment is requi red :  ( 1 )  a good 
compound microscope, ( 2 )  an e l e c t r i c  c e n t r i f u g e  capable  of 
speeds t o  5,000 rpm, (3) a Waring-type blender ,  ( 4 )  a 
hemacytometer, and (5) p i p e t t e s ,  l a r g e  beakers,  and g l a s s  
con t a ine r s .  I t  i s  necessary t h a t  t h e  ope ra t i ng  cha rac t e r -  
i s t i c s - - p a r t i c u l a r l y  t h e  range of speeds--of t h e  c e n t r i f u g e  
a r e  known. Any one of s e v e r a l  types of hemacytometers,, o r  
corpuscle-count ing chambers, can be  used ;  i n s t r u c t i o n  book- 
l e t s  f o r  t h e  va r i ous  types a r e  i nva r i ab ly  included wi th  t h e  

4 p a r t i c u l a r  dev ice  purchased. 

F r o m  w e t  s t o r a g e .  
F i r s t ,  mix o r  blend t h e  cadavers  

thoroughly. Then f i l t e r  ou t  coa r s e  d e b r i s  by pass ing  t h e  
ma te r i a l  through a fine-mesh p l a s t i c  sc reen .  Wash t h e  mate- 
r i a l  remaining on t h e  sc reen  s e v e r a l  t imes with a s t ream of 
water, and then squeeze i t  dry  t o  o b t a i n  t h e  maximum amount 
of polyhedral  bodies  i n  t h e  f i l t r a t e .  

This  f i r s t  f i l t r a t e  must now b e  f u r t h e r  c leaned of  
1 deb r i s  by d i f f e r e n t i a l  c e n t r i f u g a t i o n .  The d e b r i s  is r e -  



FLOW SHEET FOR 

CENTRIFUGATION OF SMALL POLYHEDRA, SUCH AS N. SERTIFER VIRUS 

I n i t i a l  f i l t r a t i o n  a f t e r  s e v e r a l  
washings and squeezings 

Cent r i fuge  a t  500 rpm f o r  
2 minutes 

Re-suspend i n  water and 

f o r  15 seconds 

Re-suspend i n  water  and 
cen t r i fuge  a t  2,000 rpm superna t  an t  
f o r  15 seconds 



tn 

Z and d i s c a ~ d  i f  only a 
small number o y  polyhedra 
a r e  seen. Repeat previous 
L 

&dimen t Supernat an t  
s t e p  i f  many polyhedra * a 
a r e  pr es  en t Re-suspend i n  water, 

* 
Examine f o r  polyhedra. 

mix well  i n  blender  I f  present  i n  quan t i ty  * repea t  previous s t e p ;  
d i sca rd  i f  few polyhedra 

Cent r i fuge  a t  1,500 a r e  p resen t .  
rpm f o r  1 min. - * 

Sediment Supernat an t  

v 
Re-suspend i n  water and 
cen t r i fuge  a t  2,000 rpm 
f o r  1 minute i f  appreci- 
ab le  number of polyhedra 
a r e  p resen t .  * 

Sediment Supernat an t  * 
Repeat precious s t e p  i f  
many polyhedra are presen t .  
Discard i f  most polyhedra 
a r e  removed. 1 

FINAL CLEAN 
SUSPENSION 

& * 

1 



moved t o  make t h e  determinat ion of t h e  concent ra t ion  e a s i e r .  
However, i t  i s  not  necessary t o  completely remove a l l  t he  
deb r i s  from the  suspension. 

I t  can be seen t h a t  s eve ra l  microscope examinations 
of t he  ma te r i a l  (us ing  the  hemacytometer) a r e  necessary i n  
t h e  process of cen t r i fuga t ion .  I t  has been our p r a c t i c e  t o  
d i s ca rd  any ma te r i a l  t h a t  has a concent ra t ion  of l e s s  than 
1 x lo5 polyhedra p e r  m i l l i l i t e r .  The polyhedral bodies of 
N.  s e r t i  f e r  v i r u s  d i s ease  a r e  small (1.0-1.5 mu.) bu t  can b e  
recognized as  apparent ly sphe r i ca l  bodies  under t h e  high dry 
o b j e c t i v e  (43x) of t he  compound microscope. These bodies  
tend t o  appear reddish  and g ive  a bul l seye  e f f e c t  when t h e  
focus i s  changed s l i g h t l y  . Actual p r a c t i c e  i n  observing 
known polyhedra i s  the  b e s t  way t o  become f ami l i a r  with t h e  
appearance of these  bodies. Br ight  f i e l d ,  dark f i e l d ,  and 
phase-contrast  i l luminat ion  can be used. The type of i l l u -  
mination w i l l  be  d i c t a t e d  by the  equipment and experience of 
t he  ind iv idua l .  

F r o m  d r y  s t o r a g e .  
Prepara t ion  of t h e  suspension from 

d ry  ma te r i a l  r equ i r e s  add i t i ona l  s t e p s  a t  t he  beginning of 
t h e  process t o  s epa ra t e  t h e  clumped polyhedra and f r e e  them 
from the  d r i e d  remains of t h e  hos t  t i s s u e s .  F i r s t  g r ind  the  
d r i e d  l a rvae  with a mortar and p e s t l e  with a few drops of a 
wet t ing  agent such as  Santomerse and s u f f i c i e n t  water t o  
make f l u i d .  After  thoroughly pulver iz ing  the  larvae,  allow 
t h e  ma te r i a l  t o  s tand  overnight  t o  permit sof ten ing .  Mix 
t h i s  ma te r i a l  completely i n  a blender  and then proceed a s  
with t he  wet-stored ma te r i a l .  

DETERMINING THE CONCENTRATION 

The concent ra t ion  of t h e  cleaned polyhedral suspen- 
s ion  i s  determined by use of a blood c e l l  counting chamber 
(hemacytometer) such as  t he  Levy counter  with improved dou- 
b l e  Neubauer ru l i ngs .  

I n  p rac t i ce ,  i t  is usua l ly  necessary t o  d i l u t e  t he  
f i n a l  suspension t o  10  o r  even 100 times i t s  volume with 
water before  reading i n  t he  hemacytometer, because i t  i s  s o  
concentrated t h a t  accura te  counts  of t he  polyhedra a r e  d i f -  
f i c u l t  t o  make. Take seve ra l  s epa ra t e  samples (u sua l ly  
four ) ,  and use  t he  average t o  c a l c u l a t e  t h e  concent ra t ion  of 
polyhedra i n  t he  f i n a l  suspension. 

The d e t a i l e d  s t e p s  i n  determining t h e  concent ra t ion  
a r e  as  follows: (1)  mix t h e  suspension well  i n  t h e  blender, 
( 2 )  take  a sample (1-5 ml.) and d i l u t e  with water, (3)  as- 
semble t he  c l ean  hemacytometer and p lace  a quant i ty  of t h e  
d i l u t e d  sample under t h e  cover s l i p  by means of a p ipe t t e ,  



(4) allow t h e  polyhedra t o  s e t t l e  f o r  5 minutes, and (5)  
count t h e  number of polyhedra. 

For making t h e  count, t h e  improved Neubauer r u l i n g  
has a c e n t r a l  1-mm. square, which is  subdivided i n t o  400 
smaller  squares.  These 400 squares a r e  divided i n t o  25 
groups of  16 squares.  Double r u l i n g s  s epa ra t e  t h e  25 u n i t s  
from one another.  Count t he  number of  polyhedra i n  each of 
t h e  four  corner u n i t s  of 16 small squares p lu s  a c e n t r a l  
u n i t  of 16 small squares. 1n  t h i s  manner t h e  number of 
polyhedra i n  80 small squares a r e  determined. Repeat t h i s  
process s eve ra l  t imes and c a l c u l a t e  t h e  average count. Then 
i n s e r t  t h e  ca l cu l a t ed  average i n  t h e  fol lowing formula t o  
determine t h e  concent ra t ion  of t h e  p a r t i c u l a r  sample: 

Concentration of 
polyhedral bodies - (ave. count)(di lut ion)(4,000) 
pe r  m i l l i l i t e r  of - 80 (1,000) 

sample 

= (ave. count) ( d i l u t i o n )  (50,000) 

The d i l u t i o n  is t h e  r a t i o  of t h e  d i l u t e d  volume t o  
t h e  o r i g i n a l  volume of t he  cleaned suspension. Thus, i f  
9 m l .  of water were added t o  1 m l .  of suspension, t h e  d i lu-  
t i o n  f a c t o r  would be  10 and t h e  number 10 would be i n s e r t e d  
i n  t he  formula. I f  99 m l .  of  water were added t o  1 m l .  o f  
suspension, t h e  d i l u t i o n  f a c t o r  would be 100, and t h i s  would 
be entered i n  t h e  formula. 

The concent ra t ion  of t h e  suspension should be de ter -  
mined immediately a f t e r  prepara t ion  and again j u s t  be fo re  
t h e  prepara t ion  of t h e  f i n i shed  f i e l d  spray.  

STORAGE OF THE FINAL SUSPENSION 

The suspensions of N .  s e  r  t i f e r  and o the r  small poly- 
hedra s t o r e  well  i n  water a t  4OC. The pH of t he  suspension 
should be checked and t h e  ma te r i a l  buf fered  i f  necessary t o  
keep t h e  pH a t  approximately 7.0, because a l k a l i n e  suspen- 
s ions  w i l l  d e t e r i o r a t e  rap id ly .  Stored suspensions w i l l  
keep t h e i r  v i ru l ence  f o r  s eve ra l  years ,  bu t  a gradual  l e s s -  
ening of v i ru lence  may occur. Suspensions more than 2-3 
years  o l d  should not  be  used i n  t he  f i e l d .  

The in sec t  pathology s e c t i o n  of  t he  S t a t i o n ' s  Fores t  
In sec t  Laboratory a t  New Haven has a quan t i t y  of N .  s e r t  i f e r  
polyhedral v i r u s  and w i l l  send a sample t o  anyone who is in-  



t e r e s t e d  i n  examining the  suspension. S u f f i c i e n t  ma te r i a l  
w i l l  b e  s e n t  t o  provide a s t a r t e r  c u l t u r e  f o r  those who wish 
t o  use t h e  labora tory- rear ing  method t o  bu i ld  up a s tock  f o r  
f i e l d  use.  

Any add i t i ona l  information on the  c o l l e c t i n g  and 
processing of small  polyhedral  suspensions w i l l  b e  g l ad ly  
s en t  on reques t .  

--FRANKLIN B. LEWIS 

Entomologist, Fores t  In sec t  Laboratory 
Northeastern Fores t  Experiment S t a t  ion  
Fores t  Service,  U.S. Dept. Agr icu l ture  

New Haven, Conn. 


