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AERIAL PHOTOGRAPHY - AN AID IN SURVEYING FOR DAMAGE 
BY ROOT - LESION NEMATODE IN FLUE - CURED TOBACCO 

C.F. Marks? J.M. Elliot:J.R. Rainforth? M.C. Watson:' and B. Back2 

Abstract 

A e r i a l  i n f r a r e d  photography was assessed  a s  a technique  f o r  d e t e c t i n g  
roo t- l e s ion  nematode (Pratylenchus penetrans)  damage i n  f iue- cured tobacco 
by comparing photographic i n t e r p r e t a t i o n  with ground observat ions ,  and by 
determining root-  l e s i o n  nematode populat ion d e n s i t i e s  and chemical ana lyses  
of s o i l  samples. A t o t a l  of 130 f i e l d s ,  represent ing  abouc 525 ha of f l ue -  
cured tobacco,  were surveyed. It was no t  pos s ib l e  t o  d i f f e r e n t i a t e ,  from 
t h e  a e r i a l  photographs, a r e a s  of nematode damage from those  of poor growth 
due t o  o the r  f ac to r s .  However, a e r i a l  photography could be  u s e f u l  a s  a 
supplementary technique  f o r  surveys of nematode damage. Only 3% of t h e  
samples showed root- l e s i o n  nematode populat ion d e n s i t i e s  g r e a t e r  t han  
220O/kg of so i l ;  and a t  lower d e n s i t i e s  t h e r e  was no apparent  r e l a t i o n s h i p  
between poor growth and numbers of nematodes i n  t h e  soil .  
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On a &value les photographies ae r i ennes  i n f r a rouges  comme technique de 
de t ec t ion  des  degats  causes  par l e  nematode r a d i c i c o l e  ( P r a t y l e n c h s  
penet rans)  dans l e  t abac  jaune, par  comparaison de 1' i n t e r p r e t a t i o n  
photographique avec l e s  obse rva t ions  au sol e t  par  de terminat ion  de l a  
d e n s i t e  des popula t ions  de n&matodes e t  des  ana lyses  chimiques 
d l e c h a n t i l l o n s  de sol. On a a i n s i  prospect& un t o t a l  de 130 champs comptant 
environ 525 ha de t abac  jaune. A p a r t i r  des  photographies ae r i ennes ,  il a 
e t& impossible de d i f f e r e n c i e r  les zones de dega t s  dQs aux nematodes de 
celles de mauvaise c ro i s sance  a t t r i b u a l b e  a d ' au t r e s  f a c t e u r s .  Toutefois ,  
la photographie ae r i enne  f *  es t  r&vel&e u t i l e  comme technique  supplementaire 
d 'eva lua t ion  des  ddgats  causes par les  nematodes. Seulement 3 %  d e s  
e c h a n t i l l o n s  o n t  donne d e s  d e n s i t e s  de populat ion de  nematodes supe r i eu re s  
a 2 , 2 0 0  organismes/kg de sol et ,  a des d e n s i t e s  p l u s  f a i b l e s ,  il ne 
sembla i t  y a v o i r  aucun r agpor t  e n t r e  l a  mauvaise c ro i s sance  du t abac  e t  le  
nombre de nematodes dans le  sol. 

A e r i a l  i n f r a r e d  photography i s  use fu l  f o r  
d e t e c t i n g  p l a n t  damage caused by a number of 
organisms (Brenchle y, 1968) . Recently, 
aer ia l  photography has  been used i n  Ontar io  
t o  d e t e c t  b a c t e r i a l  b l i g h t  of f i e l d  beans 
(wallen & Jackson, 1971) and ver t i c i l l ium 

w i l t  of po t a toes  (Busch e t  a l .  1970). I n  
England, Dunning and Cooke (1967) used a e r i a l  
photography i n  s t u d i e s  on t h e  d i s t r i b u t i o n  of 
t h e  docking d i s o r d e r  of sugar beets, o f t e n  
caused by nematodes (Trichodorus spp. or 
Lonqidorus spp.) .  Heald e t  a l .  (1972) also 
found t h a t  d i f f e r e n c e s  i n  growth of c o t t o n  i n  
fumigated and non-fumigated p lo t s  i n f e s t e d  
with Rotylenchulus reni formis  Linford and 
Ol ive i r a  cou ld  be r e a d i l y  de tec ted  by aer ia l  
i n f r a r e d  photography. 

The roo t- le s ion  nematode, Pratylenchus 
penet rans  (Cobb) F i l l i p  & Stek. 1941, on 
f lue- cured tobacco is t h e  most s e r i o u s  
nematode problem i n  Ontario.  Olthof and 
Hopper (1973) have shown t h e  gene ra l  
d i s t r i b u t i o n  of nematodes i n  t h e  f lue- cured 
tobacco growing a r e a  of southwestern Ontario.  
The o b j e c t i v e  of  t h i s  work was t o  determine 
whether a e r i a l  i n f r a r e d  photography could 
a s s i s t  i n  l o c a t i n g  nematode a f f e c t e d  areas of 
f lue-cured tobacco. Aer i a l  photographs, 
ground observat ions ,  nematode popula t ion  
d e n s i t i e s ,  and chemical ana lyses  o f  s o i l  
s amp1 es were compar ed . 
Materials and methods 

Agr icu l tu re  Canada, Research S t a t i o n s  
a t  'Vineland S t a t i o n ,  and 2Delhi ,  -Ontario; 
and Ontar io  Minis t ry  of Agr icul ture  and Food, 
3Vineland S t a t i o n  and 'Delhi ,  Ontario.  

Kodak Aerochrome I n f r a r e d  Film 2443 w a s  
used i n  conjunction with a Pan 520 f i l t e r  on  
a wi ld  Heerbrugg RC 10 camera with a f o c a l  
l eng th  of 88 mm and an exposure of F. 5.6 a t  
11200 second. On J u l y  29, 1972, about 6 
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Table 1. Relationship between numbers of root-lesion nematodes in s o i l  samples, growth 
condition of flue-cured tobacco, and some chemical factors in the soil 

Samples/range 

Total % from areas 
No. of nematodes/sample Concentration (ppm) of 

Avg PH P K *g no. of poor growth Range 

0 0 46 62 6.5 113 24 0 66 

35 198 59 5.6 10 1 220 69 10-99 

100-499 220 66 49 5.4 107 226 55 

500-999 670 15 27 5.2 99 227 55 

1000- 2200 11 89 5.1 92 231 52 

weeks a f t e r  t r ansp lan t ing ,  when root- les ion 
nematode damage i s  usual ly  most obvious, 
photographs were taken a t  1220 m and 3810 m 
a b v e  ground level .  Only t h e  photographs 
taken a t  1220 m were used i n  t h i s  survey. &I 
a rea  of 3.2 km x 16.1 km i n  North Walsingham 
township, Norfolk Country, Ontario, was 
photographed. This area was chosen because 
it had t h e  g r e a t e s t  proportion of flue-cured 
tobacco acreage i n  t h e  region. 

I n i t i a l l y ,  type of crop and areas  of poor 
growth were i d e n t i f i e d  on the  9 x 9 inch (23 
cm x 23 c m )  co lo r  t ransparencies  with t h e  
a s s i s t ance  of t h e  Department of Engineering, 
Univers i ty  of Guelph. The a reas  t o  be 
checked f o r  nematodes , however, were 
de l inea ted  by loca t ing  l ight- toned a r e a s  on 
black and white p r i n t s  made from t h e  co lo r  
t ransparencies .  S o i l  samples were t aken  i n  
those  a r e a s  of poor growth t h a t  were n o t  due 
t o  obvious d i f f e rences  i n  topography. S o i l  
samples, each cons i s t ing  of about 20 co res  of 
s o i l  2.5 cm i n  diam and 20 cm deep, were 
taken August 8-11 near  t h e  r o o t s  of p lants ;  
samples were co l l ec ted  from areas of poor 
growth and good growth i n  each f i e l d  
se l ec ted .  Nematodes were ext rac ted  from 50 g 
of s o i l  from each sample by t h e  modified 
Baerman pan technique (Townshend 1963) f o r  1 
week. The pH and t h e  concentra t ion of P, K, 
and Mg f o r  each sample were determined by t h e  
Department of Land Resource Science, 
Universi ty of Guelph. 

Results 

A t o t a l  of 336 s o i l  samples from 130 
fields (about 525 ha) of f lue- cured tobacco 
were col lec ted;  56% of these  samples 
represented areas of poor growth. Pooling of 
t h e  data  from a l l  of t h e  samples showed no 
di f ferences  (P>O.O5) between good and poor 
areas i n  numbers of root- les ion nematodes and 
concentra t ions  of P, K, and Mg i n  t h e  soil. 
However, when numbers of root- les ion 
nematodes i n  the  s o i l  were grouped as i n  
Table 1, t h e r e  was a high inve r se  c o r r e l a t i o n  

between numbers of nematodes and soi l  pH (r = 
-0.98) . It w a s  also found t h a t  growth i n  
about 90% of t h e  a reas  with nematode 
populations above 2200/kg of s o i l  (3X of t h e  
samples) w a s  r a t ed  as poor. There appeared 
t o  be no r e l a t i o n s h i p  between nematode 
numbers and growth of t h e  p lan t s  a t  nematode 
population d e n s i t i e s  below 2200/kg of soil. 

Discuss ion 

The above-ground symptoms of root- les ion 
nematode damage t o  tobacco a r e  i n d i s t i n c t  and 
vary l i t t l e  from symptoms produced by var ious  
o ther  organisms and soil f ac to r s .  Therefore, 
from a e r i a l  photographs, it w a s  not  poss ib le  
t o  d i f f e r e n t i a t e  between areas of nematode 
damage and areas of poor growth due t o  o the r  
f ac to r s .  The a e r i a l  photographs d i d  assist 
i n  t h e  ground observations by permitt ing 
ground observers t o  i d e n t i f y  and l o c a t e  t h e  
tobacco f i e l d s  and alreas of poor growth 
within f i e l d s ,  thus  minimizing t h e  survey 
time required.  A f u r t h e r  saving of time may 
be poss ib le  by using a e r i a l  photographs i n  
con junct ion with topographic and s o i l  survey 
maps t o  e l imina te  areas of poor growth due t o  
drainage problems. Indeed, t h i s  technique 
appears t o  have po ten t i a l  a s  a t o o l  i n  
surveys of nematode damage i n  o t h e r  crops and 
f u r t h e r  developmental work is warranted. 

To assess  t h e  technique of aer ia l  
photography f o r  de tec t ing  roo t- les ion  
nematode damage i n  flue-cured tobacco it is 
necessary t o  c o r r e l a t e  damage observed i n  t h e  
photographs t o  numbers of nematodes i n  t h e  
s o i l .  I n  t h e  present  study t h i s  w a s  
d i f f i c u l t .  F i r s t ,  approximately 85% of the 
acreage w a s  fumigated and thus  nematode 
numbers, and subsequently nematode damage, 
were low. Second, t h e  samples were c o l l e c t e d  
i n  e a r l y  August when t h e  numbers of roo t -  
l e s i o n  nematodes i n  t h e  s o i l  have usual ly  
declined t o  a minimum (Olthof 1971) .  These 
two f a c t o r s ,  no doubt, accounted l a rge ly  f o r  
t h e  genera l ly  low numbers of nematodes i n  t h e  
s o i l  i n  t h e  f i e l d s  surveyed. A t h i r d  f a c t o r  
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i n  t h i s  survey w a s  t h e  genera l  occurrence of 
areas of poor growth due t o  r ep lan t ing  
because of t h e  f r o s t  damage which occurred on 
June 11, 1972. I n  a normal growing season 
a e r i a l  photographs and soi l  samples could be 
taken a t  an earl ier  date  when b e t t e r  
c o r r e l a t i o n s  between damage and nematode 
numbers i n  t h e  s o i l  might be expected. 

The inve r se  r e l a t i o n s h i p  between pH and 
numbers of root- les ion  nematodes i n  t h e  soil  
(Table 1) agrees  with r e s u l t s  of Kincaid and 
Gaumann (1957) who showed an inverse  
r e l a t i o n s h i p  between degree of coarse root of 
tobacco (caused by Pratylenchus sp.) and pH. 
Willies (1972) also showed i n  a greenhouse 
experiment t h a t  between pH 4.4 and 7.3 t h e  
g r e a t e s t  reproduction of P. enet rans  and 
decrease  i n  forage  y i e l d s  oczurrgd a t  5.2. 
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