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There is a need for scientists, regulating 
agencies, and industry to standardize pro- 
cedures for calculating and reporting ne- 
maticide application rates. One finds few 
standards when reviewing publications or 
nematicide labels or discussing a nemati- 
cide testing protocol with industry repre- 
sentatives. The  lack of  agreement on pro- 
cedures for reporting application rates 
leads to confusion and a lack of  uniformity 
of testing. Also, comparing or understand- 
ing results may be difficult. We believe 
methods of calculating application rates 
should be standardized to facilitate com- 
prehension and communication and to en- 
able a rapid comparison of  results. Our ob- 
jectives are to review previous papers on 
the subject and offer clarification on cal- 
culating and reporting nematicide appli- 
cation rates under different application re- 
gimes. 

REPORTING APPLICATION RATES 

There  are many different nematicide 
formulations, methods and equipment for 
applying nematicides, and definitions of 
terms relating to nematicide application. 
Undoubtedly these have been important 
factors in the uncertainty that currently 
exists in the reporting of  the actual ne- 
maticide rates used in experiments. 

A review of recent publications in the 
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Journal of Nematology, Fungicide and Nema- 
ticide Tests, and Tests of Agrochemicals and 
Cultivars, or of recent nematicide labels 
quickly reveals the confusion regarding ne- 
maticide application rates. In many publi- 
cations, a single rate is given as g or ml per 
unit area (usually acre or hectare). At times 
one cannot determine whether it is a 
broadcast or row application rate, nor is 
the concentration per unit area that was 
used for calibration given. The latter is 
perhaps the single most important infor- 
mation on the rate that can be provided, 
yet it is generally omitted (1,6,8). In some 
cases no application rate is listed (7). 

The actual pesticide labels also illustrate 
the lack of consistency in presenting ne- 
maticide application rates. For example, the 
1987 Furadan 15G (Mobay, Kansas City, 
Missouri) and Mocap 15G (Rhone-Pou- 
lenc, Monmouth, New Jersey) labels list the 
application rates on corn as 2.4 oz a. i . /  
1,000 linear it, whereas the application rate 
on peanut is 2.2 oz a.i . /1,000 linear ft. 
Both application rates are based on the row 
rate of 2.0 lb a.i./acre. The  discrepancy in 
the rates is because corn was assumed to 
be grown on 40-in. row spacings in the 
midwestern United States, whereas peanut 
was assumed to be on 36-in. row spacings 
in the southeastern United States. Because 
of the lack of standardized methods for 
calculating nematicide rates, slightly higher 
calibration rates per unit area are calcu- 
lated for corn than peanut. 

The  1987 Temik 15G (Union Carbide, 
Research Triangle Park, North Carolina) 
label lists a different calibration dosage for 
each of three crops--potato,  peanut, and 
cotton--because of variation in the row 
spacings, rather than listing a single sim- 
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plified ra te  tha t  is consistent  and un i fo rm 
for  all t h r ee  crops. This  is a paradox ,  be- 
cause constant  row spacings can no  longer  
be assumed for  any crop,  in view o f  in- 
creased expe r imen ta t i on  with and usage o f  
na r row row spacings in a variety o f  crops 
(2,3,9,11). 

Effective applicat ion rates o f  nematicidal  
compounds  are d e t e r m i n e d  exper imenta l -  
ly by trial and e r ro r .  Rates are  most  com- 
monly de t e r m i n e d  as the  a m o u n t  o f  active 
ingred ien t  used to t rea t  a specified unit  
area or  vo lume o f  soil and effectively re- 
duce  or  o therwise  affect plant-parasit ic 
nematodes  in tha t  unit  area to improve  
plant  response.  T h e  applicat ion ra te  may 
be given as a range  based on relative nema- 
tode  popula t ion  levels (low or  high) at t ime 
o f  t rea tment .  

Thus ,  once  a nemat ic ide  ra te  is set for  a 
specified unit  area or  vo lume o f  soil, it 
should not  be affected by the  m e t h o d  o f  
calculation, m e t h o d  o f  application,  or  row 
spacing. Any al tera t ion should be clearly 
s t a t ed  a nd  j u s t i f i e d  sc ient i f ica l ly .  T h e  
amoun t  applied pe r  unit  a rea  is critical be- 
cause overdosage  may increase chemical  
res idue in crops that  could result  in ha rm 
to the consumer ,  the crop itself, or  the  en- 
v i ronment ,  whereas  underdos ing  could 
lead to fai lure o f  the chemical  c o m p o u n d  
to effectively cont ro l  the ta rge t  pest. 

Good  et al. (4) were the  first to suggest 
a guide for  r epo r t i ng  applicat ion rates o f  
nematicides.  T h e y  state, " T o  p reven t  mis- 
understandings,  application rates should be 
expressed as the a m o u n t  o f  active ingre- 
dient  used to t rea t  a specified area or  vol- 
um e  o f  soil. Preferably ,  the amoun t  o f  ac- 
tive ingredients  used should be given as 
milliliters or  grams per  100 or  1,000 square 
feet  o f  soil or  l inear feet  o f  row along with 
the  actual gallons or  pounds  per  acre used. 
Repor t ing  the amoun t  o f  chemical used per  
100 or  1,000 feet  o f  row is part icular ly 
impor t an t  in f iguring dosages for  in-the- 
row and band-row t rea tments  where  the 
a m o u n t  applied per  acre depends  on the 
spacing be tween  rows."  

T h e r e  are  few o t h e r  repor t s  on the top- 
ic. Johns o n  (5) states, "Rates  should be 

clearly and precisely s ta ted,"  and T a y l o r  
and Sasser (10) provide  a t r ea tmen t  that  is 
based mainly on conver t ing  weights and 
measurements  of  rates f rom U.S. units to 
metr ic  units. Al though  G o o d  et al. (4) pub- 
l i shed t h e i r  sugges t ions  on  ca l cu l a t i n g  
chemical  application rates nearly 24 years 
ago, the i r  suggestions are  of ten  not  fol- 
lowed, and difficulty in in t e rp re t ing  rates 
remains a source o f  confusion.  

STANDARDIZING APPLICATION RATES 

T h r e e  distinct rates could be deter-  
mined  for  most  nemat ic ide  app l i ca t ions - -  
cal ibrat ion rate,  row rate,  and broadcas t  
rate.  T h e  first o f  these, cal ibrat ion rate,  
could be expressed e i ther  as a ra te  per  lin- 
ear  distance o f  row ( o z / 1 0 0  ft, g / 1 0 0  m), 
or  on an area basis (oz / f t  2, g/m2),  which 
are not  always equivalent.  In addit ion,  all 
t h ree  ra t es - -ca l ib ra t ion ,  row, and broad-  
c a s t - - a r e  commonly  used, and since the i r  
meanings  and uses are  different ,  the i r  in- 
terrelat ionships  must  thus be clearly de- 
fined. 

Calibration rate: This  is the simplest, yet 
most  impor t an t  ra te  measurement .  It re- 
sults in a un i fo rm concen t ra t ion  per  unit  
o f  t rea ted  area or  row length and allows 
one  to quickly compare  nemat ic ide  appli- 
cation rates. It is of ten  used in pract ice  for  
c a l i b r a t i o n ,  d u r i n g  which  a m e a s u r e d  
am o u n t  o f  nemat ic ide  del ivered by a hose, 
chisel, or  m e t e r  (irrigation) is measured  
over  t ime (e.g., as a t r ac to r  travels a spec- 
ified distance). T h e  am o u n t  may be re- 
po r t ed  as o z / f t ,  o z / f t  2 ( g /m ,  g / m  s) or  o z /  
100 ft, o z / 1 0 0  ft 2 ( g / 1 0 0  m, g / 1 0 0  mS), 
with the lat ter  a more  practical  consider-  
at ion dur ing  the calibrat ion process. This  
am o u n t  can be measured  as a constant  ir- 
respect ive o f  row spacing. Applicat ion ra te  
along a linear distance o f  row can be the  
same whe the r  it is placed in-furrow, re- 
leased u n d e r  the soil surface as a na r row 
stream by a chisel, or  placed on the soil 
surface in any band width. I f  the band width 
is changed,  however ,  the concen t ra t ion  o f  
nemat ic ide  del ivered to a specified area 
along the row will change,  unless the 
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a moun t  o f  nemat ic ide  applied is adjusted 
propor t ional ly .  

T h e  choice o f  wh e t he r  to cal ibrate  con- 
sistent rates based on  area or  on l inear dis- 
tance depends  on the p roper t i es  o f  the ne- 
maticide used and on the biological na tu re  
o f  the cont ro l  desired.  As men t ioned  ear- 
lier, the  ra te  per  uni t  area o f  soil seems 
appropr ia te  in obtaining a response  to a 
ne m a tode  popula t ion  dis t r ibuted over  an 
area or  volume o f  soil, par t icular ly in the 
case o f  soil fumigants  or  p rep lan t  appli- 
cations o f  non fumigan t  nematicides.  I f  the  
nemat ic ide  is t rans located t h r o u g h  the 
plant  such that  the p r imary  nematicidal  ac- 
t ion is systemic, r a the r  than  contact ,  then  
the total a m o u n t  o f  active ingred ien t  de- 
l ivered in the roo t  zone may be more  crit- 
ical. Assuming that  a plant  could  take up 
the  same a m o u n t  o f  a nemat ic ide  f rom a 
small or  a large band, then calibration along 
a l inear distance o f  row becomes  more  
meaningful .  T h e  most  e x t r e m e  example  is 
the in-furrow application,  which is essen- 
tially one-dimensional  and must  be cali- 
b ra ted  along a l inear distance, unless a 
" s t a nda rd"  band  width is assumed, as was 
done  by G o o d  et al. (4), who assumed the  
t rea ted  area  was 12 in. (30.5 cm) wide for  
row and in-furrow t rea tments .  Obviously,  
it is always essential to state whe the r  the 
calibrat ion ra te  is per  unit  o f  l inear dis- 
tance ( o z / 1 0 0  ft, g / 1 0 0  m) or  per  unit  o f  
area ( oz /100  ft ~, g/m2).  

Broadcast and row rates: Fumigant  or  
nonfumigan t  nematicides  are  e i ther  ap- 
plied un i formly  over  a given area (broadcast 
rate) so that  the ent i re  area receives an equal 
concen t ra t ion ,  or  they are applied in bands 
o f  various widths over  plant  rows with the  
area be tween  rows left  un t rea ted .  In the  
lat ter  case the t rea ted  area is usually only 
a small par t  o f  the  total field area when one  
considers the un t rea ted ,  unp lan ted  space 
b e t w e e n  rows.  Row rates a re  r e d u c e d  
amounts  o f  broadcas t  rates,  where  the  ra te  
is p ropor t iona l  to the broadcas t  rate ,  and 
is obta ined  by mult iplying the  broadcas t  
ra te  by B / R ,  where  B = band  width and 
R = row spacing. Note  that  the broadcas t  
ra te  is the same as the cal ibrat ion ra te  per  

area,  but  expressed  on a pe r  acre  or  hect-  
are  basis. 

T h e r e  are  variat ions in me thods  and 
equ ipment  used to t rea t  " in- the- row";  e.g., 
in-furrow, banded,  strips, and sidedressing 
are c o m m o n  types o f  row t rea tments  de- 
f ined by G o o d  et al. (4). Also, they state 
that  the t e rm overall  t r e a tm en t  or  appli- 
cation is p r e f e r r e d  to the te rms "b road -  
cast ," "sol id ,"  or  " a r e a "  t r ea tments  when  
r e f e r r i ng  to t r ea tments  tha t  cover  the en- 
t ire plant ing area. We p r e f e r  broadcas t  
since the t e rm is m o re  widely used. T h e  
cal ibrat ion rates and row rates o f  nemati-  
cides should be based on the  broadcas t  ra te  
in o rd e r  to mainta in  a un i fo rm concent ra-  
tion per  unit  t r ea ted  area. Otherwise  cal- 
culat ing the cal ibrat ion ra te  f rom a row 
rate  would give varying rates depend ing  
on the row spacings unless one  assumed a 
s tandard  row spacing when making  such 
calculations. As stated in the in t roduc t ion ,  
history does not  indicate tha t  a s tandard  
row spacing is acceptable when making such 
calculations. 

Row rates are  rare ly  an impor t an t  con- 
s iderat ion for  cal ibrat ion purposes .  Knowl- 
edge o f  this rate ,  however ,  can serve as a 
guide to the g rower  in est imating the 
am o u n t  o f  material  needed  for  a specified 
field, and more  impor tan t ,  some nemati-  
cide labels specify u p p e r  limits on the  
a m o u n t  o f  material  that  can be appl ied per  
unit  area (often presumably  per  broadcas t  
area, but  not  always clearly defined).  

DETERMINING NEMATICIDE RATES 

Calibration rate: Uni fo rmi ty  is n eed ed  in 
the  methods  used for  calculating the  ap- 
plication rates o f  nematicides.  Simple for- 
mulae exist (4) for  calculating the broad-  
cast or  row rates when the cal ibrat ion ra te  
is known. Th ese  same fo rmulae  can be 
transposed to give the calibration ra te  when 
the broadcas t  ra te  is known. However ,  cal- 
culat ing the cal ibrat ion ra te  when only the  
row ra te  is given is a p rob lem that  causes 
confusion and uncer ta in ty  because o f  the 
various methods  o f  row t rea tments  and the  
large variance in row spac ingsused  in ag- 
r icul ture.  For  s tandardizing nemat ic ide  
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TABLE 1. Examples of dosages appropriate for rates reported for selected nematicides and methods of 
applications. 

Nematicide Method of application Type of rate 

Dosage'[" 

Amount of Amount of 
active active 

ingredient ingredient 
(U.S. units) (metric units) 

Aldicarb 

Ethoprop 

1,3-D: 10.1 
lb/gal  
(1.21 kg /  
liter) 

Metham-so- 
dium: 3.18 
lb/gal  
(0.38 k g /  
liter) 

At-plant in a 12-inch (30.5- 
cm) band, incorporated 
2-3 inches (5.0-7.6 cm) 
deep with rolling tines, 
seed in treated zone. 

At-plant in a 6-inch (15.2- 
cm) band 

At-plant in an 18-inch 
(45.7-cm) band 

At-plant, in-furrow and cov- 
ered with soil 

7-day preplant, broadcast 
incorporated with the top 
2-4 inches of soil (5.0- 
17.8 cm) immediately af- 
ter application 

7-day preplant, broadcast 
chisel injected 10 inches 
(25 cm) deep with a 
chisel spacing of 12 
inches (30.5 cm) 

14-day preplant, broadcast, 
overhead sprinkler-irriga- 
tion applied in 1 acre 
inch water over a 4-hr pe- 
riod 

14-day preplant, 18-inch 
wetted band, applied 
through a single drip-irri- 
gation line per row in 1 
acre inch of  water over a 
4-hr period 

Calibration rate 
per linear distance 
of  row 

Calibration rate 
per area 

Broadcast rate 
Row rate 
Calibration rate 

per linear distance 
of row 

Calibration rate 
per area 

Broadcast rate 
Row rate 
Calibration rate 

per linear distance 
of row 

Calibration rate 
per area 

Broadcast rate 
Row rate 
Calibration rate 

per linear distance 
of row 

Calibration rate~ 
per area 

Broadcast rate:l: 
Row rate 

Calibration rate 
per linear distance 
of  row 

Calibration rate 
per area 

Broadcast rate 
Row rate§ 

Calibration rate 
per linear distance 
of  row 

Calibration rate 
per area 

Broadcast rate 
Row rate§ 

Calibration rate 
per linear distance 
o f  r o w  

Calibration rate 
per area 

Broadcast rate 
Row rate 
Calibration rate 

per linear distance 
of row 

Calibration rate 
per area 

Broadcast rate 
Row rate 

0.22 oz/100 ft 20.5 g /100  m 

0.22 oz/100 ft ~ 67.3 g /100  m 2 
6.0 lb /acre  6.7 kg /ha  
2.0 lb /acre  2.2 kg /ha  

0.11 oz/ lO0 ft 10.3 g / lO0 m 

0.22 oz/100 ft 2 67.3 g/10O m ~ 
6.0 lb /acre  6.7 kg /ha  
1.0 lb /acre  1.1 kg /ha  

0.33 oz/100 ft 30.8 g /100 m 

0.22 oz/100 ft 2 67.3 g /100 m ~ 
6.0 lb/acre 6.7 kg /ha  
3.0 lb/acre 3.4 kg /ha  

0.22 oz/ lO0 ft 20.5 g / lO0 m 

0.22 oz/100 ft 2 67.3 g /100 m 2 
6.0 lb/acre 6.7 kg /ha  
2.0 lb/acre 2.2 kg /ha  

0.66 oz/100 ft 61.5 g /100 m 

0.22 oz/100 fC 67.3 g /100 m 2 
6.0 lb /acre  6.7 kg /ha  
6.0 lb /acre  6.7 kg /ha  

16.7 oz/ lO0 ft 1.55 kg/ lO0 m 

5.6 oz/ lO0 ft ~ 1.7 kg/ lO0 m ~ 
152 lb/acre 170 kg /ha  
152 lb/acre  170 kg /ha  

17.4 oz/ lO0 h 1.63 kg/ lO0 m 

5.8 oz/ lO0 ft 2 1.78 kg/ lO0 m 2 
159 lb/acre  178 kg/ha  
159 lb/acre  178 kg/ha  

8.7/100 ft 0.81 kg/ lO0 m 

5.8 oz/100 fC 1.78 kg/100 m ~ 
159 lb/acre 178 kg /ha  
79.5 lb/acre  89.1 kg /ha  

t A row spacing of 56 inches (0.9144 m) is used in all examples. 
~: To obtain area dosages, the in-furrow rate is assumed equivalent to that in a 12-inch (30.5-cm) band, as 

Good et el. (4). 
§ Note that broadcast and row rates are identical for overall (broadcast) applications (B/R = 1). 

suggested by 
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r a t e s ,  o n e  s h o u l d  use  o n l y  t h e  b r o a d c a s t  
r a t e  f o r  c a l c u l a t i n g  t h e  c a l i b r a t i o n  r a t e .  I f  
on ly  t h e  r o w  r a t e  is g iven ,  t h e n  o n e  has  to  
k n o w  t h e  c a l i b r a t i o n  r a t e  o r  t h e  r o w  spac-  
i n g  a n d  b a n d  w i d t h  u s e d  in c a l c u l a t i n g  t h e  
r a t e  b e f o r e  o n e  can  d e t e r m i n e  t h e  c a l i b r a -  
t i o n  r a t e .  B a n d  w i d t h s  s h o u l d  a lways  b e  
c l e a r l y  s t a t ed ,  a n d  i f  a f u m i g a n t  is a s s u m e d  
to  d i f fuse  o v e r  a spec i f ic  b a n d  w i d t h ,  t h e n  
th is  a s s u m e d  w i d t h  s h o u l d  b e  m e n t i o n e d .  

S o m e  e x a m p l e s  r e l a t i n g  t h e  d i f f e r e n t  
r a t e s  a r e  g i v e n  ( T a b l e  1). I t  is e v i d e n t  f r o m  
t h e  f i gu re s  t h a t  in  a n y  n e m a t i c i d e  s t u d y  
r a t e s  u s e d  m u s t  b e  c l e a r l y  i d e n t i f i e d .  A 
s t a t e m e n t  o f  t h e  c a l i b r a t i o n  r a t e  is e s sen-  
t ia l ,  a n d  a p p r o p r i a t e  b a n d  w i d t h s  a n d  r o w  
spac ings  s h o u l d  b e  r e p o r t e d  to  e n a b l e  t h e  
r e a d e r  to  i n t e r c o n v e r t  t h e  d i f f e r e n t  t y p e s  
o f  r a t e s .  
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