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Summary 

A unit for commercial-scale application of 
entomopathogenic nematodes 10 pasture 
has been develo ped . II consists of a 
modified coil-tyne coulter drill filled with 
a lank and pressurized with a low-pressure 
diaphragm pump driven by the power lake
off on a tractor . A water suspension of 
nematodes was pumped from the ta nk 
thro ugh the manifold to hoses filled with 
res.rictors 10 reduce the How rate which 
could then be further controlled by adjust
ing a pressure valve on the tank. 

Trials of the modified drill showed thai 
it could successfull y introduce nematodes. 
Steinernema sp., into established pasture 
using 1520 I ha - I of water. At Ihis ra te , 
the implement was as efficient as watering 
nematodes on 10 the pasture surface in 
20 000 I ha - 1 of water . The drill was sig
nificantly more eRicient at introducing 
nematodes than watering Ihem on in 1520 
I ha - 1 of water. both in terms o f initial 
survival of nematodes and in their subse
quent surviva l after 3 months. 

Introduction 

The redheaded pasture cockchafer, Adory
phorus couloni (Burmeister), is a serio us 
pest of pastures in the higher rainfa ll a reas 
of sout h-eastern Australia . Damage is 
caused by the larva l stages feeding on 
pasture roots, a nd , wit h the exception of 
the adult stage which does not feed, the 
entire li fe-cycle is spen t below the soi l sur
face (Hardy 1981). A. cOliloni. like o ther 
subterranean pests tha t do not come to the 
surface o f the gro und to feed, is ext remely 
di ffi cult to kill with insecticides app lied to 
the sur face of the pasture. Environmentally 
acceptable dosages of a range of insecticide 
fo rmulations applied to infested pasture 
have proved ineffec ti ve for control o f the 
cockchafer larvae (Berg and Wi ll iams 1986) 
and there arc currentl y no recommenda
tions fo r control of this pest. 

Fo rtunat ely there a re now pros pects for 
b io logical control of subterranean insec t 
pests using parasitic nematodes. The nema
tode Heterorhabdilis heliothidis (Khan, 
Broo ks a nd Hirschmann) has been success
full y used for control of Otiorhynchus sul
catus (F.) in various polted plants (Bedding 
and Mi ller t98t ) and H . heliolhidis and 

Steinernema glaseri Steiner produced 
prom ising res ult s with Costely tra zealand
k a (W hite) in New Zealand (Kain et 01. 
1982). Laboratory bioassays wi th nema
todes o f the genera Heterorhabdit;s and 
Steinernema againsl A. cOliloni la rvae were 
fo llowed by fie ld tria ls with Steinernema sp. 
strain NC 5 13 (a species mo rpho logically 
simi lar to S. glasen) (Bedding. unpublished 
da ta). Pro mising result s were obtai ned in 
a smail field t ri a l in which the nematodes 
were applied to pasture in aqueous suspen
sion (2 I m - 2 of wa ter) by mea ns of a 
wa tering-ca n (Berg et 01. 1984) . 

Obviously the wa tering-can technique 
wou ld be inappropriate for co mmercia l 
use. bu t could read il y be replaced by a ta nk 
a nd suitable spray nozzles. However. la rge 
volumes of water wo uld still be required for 
broad-ac re app licatio n; the rate of 21m 2 

of water is requ ired to pro tect the ncma
todes from des icca tio n and a id thei r entry 
int o the so il to a ttack cock chafer larvae. 
Int roduction o f the nematodes into the soil 
just benea th the pasture sur face. where 
cock chafer larvae are no rmally feeding. 
would make it poss ible to reduce the 
amou nt o f water required for thei r app li
cation a nd they would be idea ll y placed in 
re lation to the target insec ts. 

This paper describes the development o f 
a t ractor-moun ted un it fo r app lying aque
ous suspensions of nematodes direct ly int o 
the so il. 

Materials and methods 

Construction of unit 

The app lication unit (Figure I) consisted of 
a mod ified co il-tyne coult er dr ill wi th tynes 
set a t 152-0101 intervals (supplied by Con
nor Shea P ty Ltd). The seed box no rmally 
fitted to the dri ll was replaced by a meta l 
frame to which was bolted a Po lythene 
tank (400 I Si lvan slimline linkage spraye r) , 
to carry an aqueous suspensio n o f nema
todes. The tank's inlet was fitted with a 
screw cap and a plast ic sieve ( I-mm mesh) 
to prevent entry o f la rge part icles, e.g. 
nematode culture deb ri s. The filt er cart 
ridge. no rma ll y fitt ed to the tank' s o utlet. 
was removed so as not to impede the pas
sage of nematodes. The ou tl et pipe was 
connected by a nexible rubber hose (1.43 m 
lo ng, 28 mm int. diam .) to a low- pressure 

d iaphragm pump operated fro m the power 
take-off on a tractor. The pump was con
nec ted directly to the power take-off a nd 
chained to the tractor. This was necessary 
because the tank frame on which the pump 
is usua ll y mo unt ed could no t be a ligned 
with the power take-off because of the drill. 
The pump outl et was connected to a PVC 
junctio n by a rubber hose ( 1. 76 m long, 
25 mOl int. diam .). The j unction was fitted 
with a pressure gauge and valve (range 
0-600 kPa) as we ll as with taps to direct 
liquid flow so that liquid in the tank could 
either be recirculated into the top of the 
lank o r pumped a lit. T he recircu lated sus
pension was direc ted internally to the base 
o f the tank by a transparem Polyt hene hose 
(0.7 01 long, 25 mm int. diam .) to ensure 
tha t the suspensio n was cont inua ll y aerated 
~lJ1d mixed to prevent nematodes from 
sett ling. Anot her transparent Po lythene 
hose (1. 26111 lo ng, 12 Olm inl. diam.) 
connec ted the o utlet port to a manifo ld 
constructed of PVC pipi ng (1 8 111m int. 
dia Ol .). 

The ma nifo ld (Figures I and 2) was 
designed to deli ve r th e same now rate of 
liq uid from each o f it s 10 o lltlets. T hese 
were fitt ed with 12 mm t06 mill int o diam. 
conve rt ers a nd tai l pipes to which fl exib le 
plastic hoses (1 00 mill long. 6 nll11 int. 
diam.) were a tt ached. Each hose was fi tt ed 
with a restric tOf to control the fl ow ra te of 
liquid a long a no ther hose (850 mm lo ng. 
S 01111 int. dia01.) leading from the rest ric
lo r down to the gro llnd a t the back of the 
d rill . The lower hose was directed through 
a metal tu be (290 111111 lo ng. 30 111m int. 
dial11.) at the back of a tyne and was thus 
held in positi on to de liver liquid in to the 
furrow crea ted by the tyne duri ng opera
tion of the dri ll. Hose clamps secured a ll 
the hoses in posi tion. 

Preliminary tesfi"K 

Pre limi nary tests were car ried o ut o n the 
uni t to adjust it for He ld operation . The 
drill was filt ed to a t raclOr, the pump was 
connected to the power take-off and the 
tank was loaded wi th 200 I of water. A 
tracto r speed of 1 m s 1 (3 .6 km h- 1) was 
se lected in order to incur least damage to 
th e pasture while being suffi ciently fast to 
meet commercial requirements. Water fl ow 
tests were then carried o ut and it was found 
tha t adjustment of the pressure va lve on the 
tank to 240 kPa produced a now rate frolll 
the deli very hoses ave raging 1. 36 I min - 1 

(range 1.30 to 1.43 I min - I). This de livery 
rate. wh ich was considered suitable fo r the 
app lica tion o f nematodes. rema ined con
stant afl er the dr ill was subjected to a 10-m 
run through pasture. The 1.7- mm flow 
res tri ctors in the delivery hoses were selec
ted from a range o f restrictors to enable the 
desired fl ow ra te to be ac hieved . Restri c
to rs were carefully exam ined for fla ws 
before being fitt ed to the deli ve ry tubes, as 
a slightly burred rest rictor was found to 
give a mark edly different now rate. Unifor
mit y of hole size in the restri cto rs was also 
found to be cri tical a nd hence they had to 
be made to a higher level of prec ision than 
is adequate fo r irrigat io n systems. 



Figure 1 View o! drill showing the arrangemem o! the manifold (white) wl1h Its transparent hoses through which 
nemalodes In aqueous suspension are applied to pasture 

Figunt 2 
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Detailed VieW 01 pari 01 the manllold and 
hose system, showing a T-junction (A) on 
the manifold . a converter and tall,plpe (6): 
hose c~ps (C): transparent Polythene hose 
(0): and a flow restrictor (E). 

The tests were repeated using 200 I o f 
water containing a sus pension of nema* 
todes and the result s closely matched Those 
obta ined from the water*o nly tests. 
Samples o f Ihe suspension collected from 
the ends of the delivery tubes were 
exami ned microscopica ll y ( x 80) to check 
the conditio n of the nematodes. They wefe 
seen to be alive and act ive a nd appeared 
unaffected by being pumped through the 
application unit. 

Preparation 0/ nematodes 

Nematodes were transported to the field* 
testing sile on crumbed culture sponge in 
plastic bags aerated with small battery* 
operated pumps and were extracted from 
Ihe sponge inlo waler (Bedding 1984). The 
suspension was diluted wit h water to 15 I 
in a 20-1 drum, and aerated with a battery
powered compressor. The diluted suspen* 
sio n of nematodes was sampled with a 
pipette. The concentration of live nema
todes in the suspension was estimated by 
counting 11100 dilutions of five I-ml 
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samples. Water was added to adj ust the 
suspension to a suitable concentrat ion o f 
nematodes for application to pasture infes
ted with cockchafers. 

Performance trials 

Two trials were carried ou t at Coldstream, 
Victoria, to assess the performance of the 
prototype unit for commercial application 
of nematodes to infested pasture and to 
compare applications of nematodes using 
the unit and a watering-can technique (Berg 
el 01. 1984) . The site fo r the trial s was a 
non- irrigated rye grass-sub. clover pasture 
grazed by dairy ca llie. The soil type was a 
grey brown, very fine, sandy clay loam, pH 
5.5 (H, O leSl), pH 4.9 (CaC I, leSl). 

Prio r to applica tion of Sieinernema sp. 
ten I-kg (100 mm deep) soi l samples were 
taken at rando m from the site . These were 
examined in the laboratory for the presence 
of enl omopathogenic nematodes by the 
melhod of Bedding and AkhurSl (1975). 

The first trial was establi shed on 30 April 
1985 and Ihe second o n 27 November 1985 . 
Both t ria ls consisted of plots 1.5 m x 10 m 
runn ing from no rth to south and arranged 
in a randomized block design wi th untreat
ed buffer strips (1. 5 01 X 10 m fo r the first 
tri a l, 3 m x 10 m fo r the second trial) 
between the treated plo ts. In the first tri a l 
the fo llowing trea tments were used : a 
tractor-drilled treatment with nematodes 
introduced allhe ra te of 0.8 1 X 1()6 m - 2 

in 152 ml 01 - 2• a watering-can treatment 
at the same rate in 2 I m - 2, a tractor
drilled contro l with 152011 m - 2 of water 
a nd a wate r-only control. In the second 
tri a l the treatment s were: a tracto r-drilled 
treatment with nematodes introduced at the 
rate of 0.75 X 1()6 m - 2 in 152 011 m - 2, a 
watering-can treatment at the same rate and 
volume and a completely untreated cont rol. 
In both tria ls the treatments were replicated 
four limes. 

The trea tments were compared by counts 
of li ve Sieinernema sp. ex tracted from soil 
samples. The counts were used to determine 
the in itial establishment and subsequent 
survival of the nematodes in the pasture . 
Soil samples 190 mm long X 100 mm wide 
x 100 mm deep were taken wi th a spade 
(190 mm wide). The blade ofl he spade was 
aligned across the width of the plo ts to 
ensure that a drill line was included in a ll 
the sa mples from the drilled plots. Two 
samples were taken from each plot on each 
sampling occasion . In th e first trial, sam
ples to assess the initial establi shment o f 
Sfeinernema sp. were taken on 20 May 1985 
(1 III from the nort hern ends of the plots) . 
Samples for assessing subsequent survival 
were taken on 8 November 1985 (4 m from 
the no rthern ends of the plots). 

The second tria l was sampled initially on 
10 December 1985 (0.5 m from Ihe soulh
ern ends of the plots) and again about 3 
months later (0.5 m from the northern ends 
of the plots) . At each sampling time the 
samples from each plot were bulked, 
Ihoroughly hand mixed and 250 ml of Ihe 
soil used for extraction of live nematodes 
by Ihe lTay mel hod of Whilehead and 
Hemming (1965) . Steinernema sp . were 
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readily identified and counted by means of 
a dissecting microscope ( x SO). 

To provide some information on effec· 
tiveness of the rates of applicaLion of nema· 
todes against cockchafer popu lations over 
several seasons, the plots were sampled 
with the aid of a mouldboard plough 
(Roberts and Ridsdill Smit h 1972). The 
st rips of sod produced (14 mm wide, 
30 mm deep and 1.5 m long per plot) were 
hand sorred for live and dead cockchafer 
larvae. Only one plough sam ple was taken 
during the period considered in this paper. 
It came from the first trial plots at the time 
of the second sampling for nematodes and 
adjacent to the pasture samples taken for 
nematode extraction. 

Results and discussion 

No entomopathogenic nematodes were 
detected in the soi l samples taken from the 
trial sites prior to application of Sle;,,
ernema sp. 

The numbers of Ste;nernema sp. extrac
ted from the soil samples for the first trial 
are given in Table J and for the second trial 
in Table 2. Results of the initial extractions 
for both tria ls demonstrated that nema
todes survived the drill applica tion. The 
numbers of live nematodes extracted from 
the initial samples in the first trial were simi
lar for both the drilled and watered-on 
applications. However, in the second trial 
very few nematodes survived the watered· 
on application when the same low volume 
of water m - 2 was used as for the drilled 
application, despite O.S mm of rainfall 
within 24 h of applicat ion (survival rates 
differed at the P = 0.01 level) . Thus the 
trials demonstrated that the drilling tech
nique enabled nematodes to survive appli
cat ion in much lower volumes of water 
than required for a successful wate red-on 
application. 

Differences of deviances from the regres· 
sion analysis o f the proporrion of dead 
cockchafer larvae (Tables 3 and 4) recorded 
at the second sampling of the first trial led 
to the conclusion that there is a strong effect 
due to nematodes v. no nematodes 
(P < 0.01) on the proportion of dead 
larvae found and a weak effect (P < 0.05) 
due to method (injected nematodes v. 
watered·on nematodes), injected nema
todes being associated with a higher 
proporrion of dead larvae lhan watered·on 
nematodes. The interaction was not 
significant and there was no evidence that 
the physical action of injection without 
nematodes had an effect on cockchafer 
mortality. 

During late November and December A. 
coulon; larvae burrow deeper into the soil 
to pupate (Hardy 1981) and only a few 
larvae were observed in the top 100 mm of 
soil at the lime of establishment of the 
second trial. Consequently, the lack of any 
significant increase in numbers of live 
nematodes in the second sampling of this 
trial was to be expected. 

In the second sampling of the first trial 
some live Ste;nernema sp. were extracted 
from samples from all the control plols and 

Table 1 Mean number of Sleinernema sp. per 250 ml soil subsample taken from pasture 
on two occasions following nematode application by different techniques (Trial 1) 

Data analysed using lo~ transformation. Retransformed means given in 
parenthesis 

Sample date (Days after app lication) 
20. v .85 (20d) 8 .• i.85 (I92d) 

I njected nematodes 
I njected conI rol 
Watered nematodes 
Watered control 
LSD (P = 0.05) 

4.95 

4.8 1 

n. s. B 

A Zeros not ind udcd in analy~ i s of variance. 
lin .!> .. 'not ~ i gn incanl · . 

( 141.2) 
(0jA 
(122 .7) 
(0)' 

5.56 
2.70 
4.16 
3.25 
2.74 

(259.8) 
(14.9) 
(64.1 ) 
(25 .8) 

Table 2 Mcan number of Steinernema sp. per 250 ml soi l subsample taken on two 
occasions followin g ncmatode application by differen t techniques (Trial 2) 

Data analysed using logt (n + I) tra nsforma tion where 11 = number of 
SleinernemCl sp. per 250 ml soil. Retransforrned means given in parenthesis 

Sample date (Days after applica tion) 

Injected nematodes 
Watered nema todes 
Untreated control 
LSD (P 0.05) 

(P = 0.0 1) 

to.xii. 
85 

3.91 
1.1 7 

0.96 
1.46 

f\ Zcro~ nOl indudl-d in ana tysi, tl f \aria n{·c. 

(l3d) 

(49 .9) 
(3 .22) 
(0)'\ 

3.iii.8 
6 

4 .04 
1.73 
0.35 
1.42 
2.15 

(96d) 

(55.7) 
(4.57) 
( 1.42) 

Table 3 Proportions o f A. ('oliloni larvae dead onS.xi.S5 following nematode application 
by different techniques (Trial I ) 

Treatment 

I njected nematodes 
Injected control 
Watered nematodes 
Watered cont ro l 

A Total number o f A . rouloni examined in !larcnlhesi ~ . 

Proportion 
dead larvae 

0.52 (94)' 
0.15 (92) 
0.35 (12 1) 
0.15(1 14) 

Table 4 Regression analysis (Alvey el al. 1977) of proportion of A. couloni larvae dead 
on S.xi.S5 following nematode applicat ion by different techniques (Trial I) 

Model Significance" Parameters Deviance Change in 

I 
2 

3 

4 

Mean 
Mean 
Nematodes 
Mean 
Nematodes 
Method 
Mean 
Nematodes 
Method 
In teraction 

deviance 

45.97 
6.586 39.38 P < 0.01 

2.077 4.51 P < 0.05 

0 2.08 n.s. 1! 



in the second tria l fro m o ne o f the contro l 
p lo ts. Labo ra to ry a nd small-fi eld tests ha ve 
incli cal ed that Steinernema sp. move s low
ly through soi l. In the fi eld tes t the nema 
todes were watered in to a furro w in a cock- . 
chafer- infested pas ture and they moved a 
maximum dista nce o f 50 mOl from the fur
row in seve ral weeks. (Bedding et al. pers. 
comm .). T h is rat e o f movement wou ld be 
fa r too slow to ac(.·o unt for the occurrence 
o f nematodes in the cent re o f the cont ro l 
plo ts al Coldslre3m. 2.5 m from the nearest 
t reated point ill i he first t rial. It is be lieved 
that wat er run ning over the pas ture surface 
and thro ug h the upper laye r o f soil and 
movement of stod must ha ve a ided d isper
~a l of the nematodes. 

The modifi ed co il -tyne cmllt e r drill 
d ea rl y p rovides a sui table means for a pp li
l'ation o n a commercia l sca le o f nemaiodcs 
to insect-infested paSllJrcs. It is now pro
posed to usc the uni t fo r la rge-sca le fi eld 
trial ... in o rder to o btain more precise infor
matio n o n Ihe en'ecls o f nemat odes on 
coc kcha fc r POPUhlliolls. 
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