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Petroleum spray oils- Lubricating the path to IPM : Part 4. Use of
Synthetic insecticides and Petroleum spray oil combinations for improved

efficacy against Hencove, PC spp. and green minds on cotton crops

Robert Mensah, Ruth Coates and ZiaulHoque

NSW Agriculture, Australian Cotton Research Institute, Locked Bag 1000, Narrabri, NSW
2390, Australia . E-mail: robert. mensah@ agric. nsw. gov. au

1.0

Integrated pest management (IPM) is currently the most acceptable approach to pest control
in the Australian Cotton Industry. The adoption of IPM in the cotton industry may be
regarded as a continuous journey of discovery. Cotton growers are continuously learning
about tools and strategies that can be used in IPM in order to minimise synthetic insecticide
use. The introduction of Boilgard cotton crops will be a major boost and also a platform for
IPM adoption in Bollgard cotton cropping systems. However, cotton growers will continue to
grow conventional cotton crops alongside Bollgard crops as they learn more about the
management of Boilgard crops for maximum yield and profitability. Subsequently, cotton
growers will need new tools and strategies to manage pests on both Boilgard and
conventional cotton crops with minimal synthetic insecticide intervention.

The path to reduced insecticide use in the cotton industry may depend on the rate, timing and
method of insecticide application. Spray timings based on economic thresholds and pest
pressure are already in use in the cotton industry. The method of application has been
exclusively by foliar sprays which can disrupt beneficial insect activity, depending on the
type of pesticide used (biological or synthetic). The rate of application is an area where
detailed research has not been focussed but it is an area that is likely to lead to reduced
insecticide use and improved profitability. It may be argued that reducing rates of insecticides
may result in increased rates of development in pest resistance to these insecticides.
However, if efficacy equal to the fulllabel rate is gained from these insecticides at the
reduced rates, then resistance development should not be an issue. Consequently, the growers
and the environment will benefitimmensely.

Introduction

Generally, the concept and principles of IPM do not exclude the use of synthetic insecticides
as a control measure per se, instead they aim to reduce sole dependence upon synthetic
insecticides for pest control. This is because IPM is a containment strategy, not an eradication
strategy. As a logical part of research into IPM strategies, the question should be asked:
"Can other IPM tools such as petroleum spray oils (PSOs) be used as adjuvants of synthetic
insecticides to reduce the rate of insecticide sprays without affecting insecticide efficacy and
cotton yields?"

PSOs have been used as stand-alone insecticides, or adjuvants of other insecticides, in the
control of many pests of agricultural crops in many parts of the world. Within the cotton
industry, untilrecently, PSOs have been regarded only as ULV bulking agents and carriers,
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rather than as adjuvants of the synthetic insecticides they carry. Recently, the insecticidal
properties of PSOs themselves have been used to deter Henothis egg lay, cause mortality in
Hencoveipo spp. neonate larvae, and to improve the efficacy and persistence of biological
insecticides against Hencovei:pQ spp. larvae (Mensah at a1. 2004). They are also less toxic to
predators (Mensah at a1. 2001; Mensah at a1, 1995) and parasitoids (711chogromma spp. )
(Parker at a1. , 2004; A1 Dabel at at 2004).

The objectives of this study were to (1) determine whether PSOs enhance the performance of
synthetic insecticides against cotton pests such as Hencovei:po spp. and green minds; (2)
determine the level of Hencoverpa and green mind control achieved by PSO/reduced rate
insecticide mixtures in comparison to full label rate insecticides applied alone; and (3)
compare the yield and gross margins of cotton crops managed with and without PSOs in
combination with either full or reduced labelrates of insecticides.

2.0

2. I

Methodology

The PSOs used forthe studies were CanopyR (an emulsified nC27 PSO) supplied by Caltex
Australia Pty Ltd. and Biopest oil(an emulsified nC24 PSO) supplied by Spray Adjuvants
Company of Australia (SACOA) Pty Ltd. Antrials were conducted in commercial irrigated
cotton fields at Greenbah near Wee Waa and at the Australian Cotton Research Institute in

Narrabri, in the 2003-04 cotton season.

Plants andmoieriols

The <ff'eci ofPSO ondsyniheiic insecticide combinations on Ihe level of Hencovei:p0
spp. andgreen minds in commercial colton crops

2.2. I ACMTrio/s2003-04

The PSOs were evaluated at I and 2.0% v/v (Mensah at o1 2001; Mensah at o1 2004) in
mixttires with half (}, a) or fulllabel rate synthetic insecticides applied to cotton crops against
Hencoverpo spp. and green minds. The treatments evaluated were (1) 2% v/v Biopest + ,'a
rate insecticides (2) 2% v/v Canopy + ,a rate insecticides (3) Iyo v/v Biopest + full rate
insecticides (4) I% v/v Canopy + full rate insecticides (5) full rate insecticide alone (control)
and (6) }'a rate insecticide alone. Plots were arranged in a randomised complete block design
with four replicates. Each treatment replicate measured 2.5 ha. An 8 row buffer separated
each treated and control plot. The buffer plots were treated with insecticides to avoid pest
damage.

Foliar application of each treatment was made from 10 December 2003 until4 February 2004
(Table I). The decision to apply these treatments was based on a predator-to-Hellcovei:Do
spp. (pest) ratio of 0.5 (Mensah 2002a; Mensah 2002b). The decision to spray against green
minds was made based on the IPM Guidelines and CottonLogic recommended economic
threshold of 0.5 green minds per metre (CottonLogic 1999).
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Table I. Insecticides applied OS indicated 10 cotton crops within !he study sire at ACRl in
Narrabri, New South Wales, 2003-04

Insecticide treatment

Hay'/abe/lure
0,125L/ha Confidor + 0.2%v/v Pulse penetrant
0425L/ha Affinn
0425L/ha Steward
0,425L/ha Steward
0,425L/ha Steward

Fall/ label rare

0.25Lftia Confidor + 0.2%v/v Pulse penetrant
0.7L/ha Am rin
0.85L/ha Steward
0.85L/ha Steward
085L/ha Steward

Visual counts of Hellcoveipo spp. on cotton plants in each treatment were made at
approximately weekly intervals in two randomly selected I metre lengths of row of each
treatment replicate, i. e. a total of 8 metres were examined per treatment. Counts were
separated into Hencoveipo spp. eggs, very small and small(Vs+S) larvae and medium and
large (M+L) larvae. Data were expressed as numbers per metre and numbers per metre per
sample date for each treatment.

Insecticides were a liedwith

2% Canopy or 2% Biopest or no PSO

Green minds were sampled weekly using a D-vac suction tube (Mensah 1997, Mensah and
Khan, 1997; CottonLogic 1999). On each sampling occasion, a 10-metre long sample was
taken from a single pass of the vacuum tube along the tops of the plants. After each sampling,
the contents of the sampler were transferred to separate plastic bags, taken to the laboratory
and counted. Data was expressed as number of green minds per metre and numbers per metre
per sampling date.

I% Canopy or I% Biopest or no PSO

Cotton in each treated plot was harvested separately using a four-row picker at the end of the
season and the average lint yields (bales/ha) were compared between treatments. The gross
margin for each treatment was calculated from the lint yield taking into consideration total
pesticide (including PSOs) spray costs (namely number of insecticide sprayed + cost of
insecticides + insecticide application costs), since all the other farm management or
agronomic inputs in each treatment were the same and applied by the ACRIFarm Manager.

2.2.2 Greenbah (Wee Waa) Trials 2003-04

Datea lied

10/12/2003
16/12/2003

22/12/2003
22/01/2004
04/02/2004

10/12/2003
16/12/2003
22/12/2003

22/01/2004
04/02/2004

The treatments evaluated were (1) 2% v/v Biopest + y5 rate insecticides (2) 2% v/v Canopy +
y5 rate insecticides (3) I% v/v Biopest + full rate insecticides (4) I% v/v Canopy + full rate
insecticides and (5) full rate insecticide alone (control). Plots were arranged in a randomised
complete block design with fourreplicates. Each treatment replicate measured 5 ha. An 8 row
buffer separated each treated and control plot. The buffer plots were treated with insecticides
to avoid pest damage.

Foliar application of each treatment was made from 10 December 2003 until 20 February
2004 (Table 2). The decision to apply these treatments was based on a predator-to-
Hencovei;p0 spp. (pest) ratio of 0.5. The decision to spray against green minds was made
based on the IPM Guidelines and CottonLogic recommended economic tlrreshold of 0.5
minds/metre.
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Table 2. Iriseciicides OPP/ied OS indica/ed 10 coilon crops within Ihe silldy site at Greenboh
near Wee Woo in New Soulh Wales, 2003-04.

Insecticides werea lied withInsecticide treatment

2% Canopy or 2'0 Biopest or no PSOH0!1:10be/lure:
1.05L/ha Endosulfan
0.35L/ha Amrin
0425L/ha Steward
0,425L/ha Steward
IL/ha Predator

0.32L Steward + 0.8L Parathion-Meth I

Full/abe/ rate
2.1L/ha Endosulfan

07L/ha Affinn
0.85L/ha Steward
0.85L/ha Steward
2L/ha Predator

0.65L Steward + 1.6L Parathion-Meth I

Hencoveipo spp. were counted using a similar method to experiment 2.2. I.

Green minds were sampled weekly (except rainy days) using D-vac suction tube using a
similar method to experiment 2.2. I.

Cotton from each treated plot was harvested separately and the average lint yield (bales/ha)
compared between treatments. The gross margin for each treatment was calculated in a
similar manner to experiment 2.2. I.

I% Canopy or I% Biopest or no PSO

Analysis qfihe dQta

All experimental data were transformed by (X + 0.5) and analysed using repeated measures
ANOVA (Graphpad Instat and Prism Software, Inc. v. 2.03, Sari Diego, CA, USA).
Treatment and sample dates were the independent variables. Tukey-Kramer Multiple
comparisons tests were used to separate means. Arithmetic, rather than transformed means
are given in the results.

Datea lied

10/12/03
I 8-12-03

30-12-03
19-01-04

7-02-04
20-02004

3.0

3. I

Results

The ,^ff'ect ofPSO gridsyniheiic insecticide combinations on Ihe level of Hencovei:p0
spp andgreen minds in commercial cotton crops.

10/12/03

18-12-03
30-12-03
19-01-04
7-02-04
20-02004

3.1 .I

Hencoveipo spp. egg and larvae data for this trial are given in Figure I. The only treated
plots that had significantly fewer Hencoveipo spp. eggs in them over the season than the full
rate of insecticides applied alone (2.56 eggs/in/d) were the 2% v/v Canopy + 72 label rate
(174) treated plots. All other plots treated with an oil/insecticide mixture had a statisticalIy
similar number of Hencovei;pa spp. eggs: fulllabel rate of insecticides alone (2.56), 2% v/v
Biopest + ,, a rate insecticides (2.18), I% v/v Biopest + fulllabel rate insecticides and I% v/v
Canopy + full label rate insecticides. Plots treated with }, a label rate insecticides alone
recorded a significantly higher (P<0,001) number of Hencovei:Do eggs per metre per sample
date (3.14).

ACRITrials 2003-04
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Approximately equal numbers of very small and small(Vs+S) larvae were found in all plots
treated with insecticides mixed with a PSO (Figure I). The number of Vs+S larvae per metre
per sample date recorded in plots treated with full label rate insecticides were not
significantly different (P>0.05) from plots treated with ,, a label rate insecticides mixed with
PSOs. In contrast, fulllabelrate insecticides mixed with either I% v/v Biopest or Canopy had
significantly fewer (P<0.01) Vs+S larvae than fulllabel rate insecticides alone. Overall,
approximately 1.59 and 2.02 times more Vs+S larvae were recorded in plots treated with ,, a
rate insecticide alone than in plots treated with 1/5 rate insecticides mixed with 2% Biopest
and 2% Canopy oil, respectively.

The number of medium and large (M+L) larvae recorded in plots treated with fulllabel rate
insecticides were the same as plots treated with fulllabel rate insecticides mixed with 1910
PSOs and ,, a label rate insecticides mixed with 2% PSOs (Figure I). The number of M+L
larvae per metre per sample date recorded in plots treated with ,a label rate insecticide alone
was significantly higher (P<0.01) than allthe other treatments tested. Overall, approximately
1.8 and 2.4 times more M+L larvae were recorded in plots treated with y5 rate insecticide
alone than in plots treated with }, a rate insecticides mixed with 2% Biopest and 2% Canopy
oil respectively. Plots treated with the fulllabel rate of insecticides had 2.1 and 1.7 times
more M+L larvae than plots treated with the fulllabel rate mixed with I% Canopy or I%
Biopest oil, respectively.

Approximately equal numbers of green minds (adults + nymphs) were found in plots treated
with 2% Biopest + ,. a rate insecticides (0.15), 2% Canopy + ,, a rate insecticides (0.11), I%
Biopest + full rate insecticides (0.11), I% Canopy + full rate insecticides (0.09) and full rate
insecticides alone (0.15) (Figure 2). The number of green minds per metre per sample date
recorded in plots treated with ,, a rate insecticides alone (0.22) was significantly higher
(P<0.01) than the other treatments (Figure 2).

3.1.2 Greenbah (Wee Waa) Trials 2003-04

The number of Hencoverpo spp. eggs per metre varied significantly (P<0.05) amongst
treatments (Figure 3). Plots treated with 2% Canopy + y5 rate insecticides and 19. "0 Canopy +
full rate insecticides had significantly fewer (P<0.05) Hencoveipa spp. eggs per metre per
sample date than the fulllabel rate insecticides alone but this was not significantly different
from the Biopest/insecticide mixture treatments (Figure 3).

The number of very small and small(Vs+S) per metre per sample date was significantly
lower (P<0.01) in plots treated with I% Biopest + insecticides (1.33) and I% Canopy +
insecticides (1.38) than 2% Biopest + insecticides (2.36) and full rate insecticides alone
(2.14) treated plots (Figure 3).

NO M+L larvae were recorded on plots treated with I% PSOs + insecticides (Figure 3). In
contrast, 0.10, 0.02 and 0.26 M+L larvae per metre persample date were recorded in the 2%
Biopest + insecticides, 2% Canopy + insecticides and full rates insecticides alone treated
plots (Figure 3)

Generally, the number of green minds recorded was low and was not significantly different
(P>0.05) among treatments (Figure 4)
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large larvae per metre in commercial cotton crops managed with full and half(,, 5) labelrates
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Narrabri, 2003-04.
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Discussion

Average Spray
cost($/ha

187.86

201.5 I

292.54

299.36

280.8 I

164.41

-,

The results of these trials emphatically illustrate the importance of petroleum spray oils as
adjuvants of synthetic insecticides in cotton pest control. PSOs by themselves can cause
direct mortality to Hellcoverpo spp. larvae particularly I'' -3'' instar stages (Mensah at a/.
2001). The direct knockdown efficacy of PSOs arises from a suffocation mode~of-action
(Beattie at a1. 1995; Beattie and Smith 1997). This means that the oil has to come into direct
contact with the insect to block its spiracles and cause mortality of the larva. Subsequently,
addition of PSOs to either full or reduced rate insecticides may assist in increasing efficacy

Average Yield/ha
bales/ha)

8.05 ab

8.59 a

9.13 a

9.05 a

8.54 a

7.79 b

Estimated Gross

mar in $1ha

$2,992
$3,306
$3,552
$3,491
$3,202
$2,850
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against the pests. Another likely contributor to the enhanced efficacy of the synthetic
insecticides when applied in combination with the PSOs could be the increased persistence
of the insecticides. This effect may be dependent on the average molecular weight of the
molecules within the base oils. The higher the molecular weight of the oil, the slower its
likely rate of dissipation from the leafsurface. This is consistent with the observation that the
2% Canopy@/insecticide mixtures tended to show fewer pest and egg numbers percountthan
the Biopest@/insecticide mixtures at both ACRl and Greenbah. The median equivalent
normal carbon number of Canopy@ is 27 and that of Biopest is 24. The surfactant
fonnulation of the PSO is also likely to affect the spray droplet retention, deposition, and
spreading on the leafsurface.

This study found that the addition of 2% v/v of either Biopest or Canopy to ,, a rate
insecticides achieved better control of Hencoveipa spp and green inirids (particularly 2%
Canopy) than }, a rate insecticides alone. In addition, cotton yields and gross margin achieved
by adding 2% v/v Canopy to ,,^ rate insecticides were significantly better than the },^ rate
insecticides alone (+$456/ha). Although an increase in yield and gross margin was calculated
for the mixture of Biopest at 29"0 v/v with ,'a rate insecticides, this effect was not significant
(+ $142). This indicates that the success and effectiveness of PSOs added to reduced rate
insecticides will vary and will depend on the PSO formulation.

Furthermore, when either I% v/v Canopy or Biopest was added to the fullrate of insecticides
they increased the cotton yields by 0.51 and 0.59 bales per hectare, respectively. The gross
margin was increased by $289 for I% v/v Canopy + full rate insecticides and $350 for 19'0
v/v Biopest + full rate insecticides, but this difference was not significant. This indicated that
PSO formulation differences may not be as important when a grower decides to use the full
rate of insecticide in a mixture with a PSO. This study did nottest the effect on efficacy and
cotton yield of other oils with of different formulation and base oil origin. This will be further
studied in subsequenttrials.

In general, improved performance of synthetic insecticides mixed with PSOs has been
attributed to a wide range of factors including those discussed above. Some of these factors
have been outlined by Rae (2000) as oils (1) increasing canopy penetration and coverage of
the plant surface, (2) enhancing the residual life of the insecticides by increasing rainfastness
and (3) enhancing passage of active ingredients of the insecticide into the plant tissues
resulting in a greater pick-up of the active ingredient by the target pest. The formulation of
other additives in the PSOs (the presence of UV absorbers, surfactant type and
concentration), may also affectthe perfomnance of insecticides and PSO combinations.

The practice of most cotton growers who have used PSOs in their spray programs recently,
has been to use 2% v/v of PSO in every insecticide spray applied to conventional cotton
crops. This approach will help to build up enough oil residues on the cotton leaf surface to
suppress egg lay. In this study, egg lay and survival of Hencove, pa spp. larvae were
significantly reduced when the insecticides were mixed with the PSOs. In conventional
cotton, suppression of egg lay is important to reduce overall HeIicoverpa larval numbers and
subsequent insecticide use. However, in Bollgard cotton crops, where the priority is on
sucking pests, the benefit of this approach has not been measured, and is therefore the subject
of further research that will commence in the 2004/05 cotton season.

In conclusion this study showed clear synergies from the combined use of PSOs such as
CanopyR and Biopest, and synthetic insecticides, in the control of Hencoveipo spp. and
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green minds in cotton. The main advantages of reduced rate insecticides/ PSO mixtures over
full rate insecticides alone, are their reduced disruption to the natural enemies of pests and
improved efficacy without sacrificing cotton yields and gross margin. Such an insecticide
combination could therefore form a useful toolto complement existing IPM programs in
cotton.

Acknowledgements

The authors thank Richard Jackman, Chiis Lehmann (Greenbah Farms), Angela Singleton,
Ray Momhew, Cynthia Wilson, Aminie Foster and Hardie Paynter for co-operating with the
trials and also technical assistance. Australian Cotton Research and Development
Corporation provided funding, Caltex Australia Pty Ltd and SACOA Pty Ltd for supply of
Canopy@ and Biopest forthe trials

References

ALDABEL, F. , FREROT, B. and MENSAH, R. K. 2004. Effects ofnC24 and nC27
Petroleum spray oils on Trichogromma brassicoe Bezd. (Hymenoptera,
Trichogrammatidae) adults and oviposition and egg survival of OStriniu
nubi/glis Hitbn. (Lepidoptera, Pyralidae) eggs on maize plants in France.
Internoiiona/Journal ofPesiMQnagemeni(In review)

BEATTIE, G. A. C. , LIU, Z. M. , Watson, DM, CLIFT, AD and JIANG, L. , 1995. Evaluation of
petroleum spray oils and polysaccharides for control of Phy///ocnisiis cine//0. Journal qf
Allsiro/ian Enjomo/ogica/ Society 34, 349-53.

BEATTIE, G. A. C. and SMITH D. , 1997. Integrated pest management:sustainable pest control
for the future based on the past? Proceedings offhe Intomanorial Society qfCi/Iicz!/lure,
Southern 4/7ic0 I, 51-58.

COTTONLOGIC. 1999. A compendium of Infomnation on Insects in Cotton: Integrated Pest
Managemnet Guidelines for Australian Cotton Growers, complied by R. K. Mensah and L.
Wilson (Australian Co-operative Centre, Technology Resource Centre Press, Australian
Cotton CRC, Australian Cotton Research Institute, Narrabri, New South wales, Australia.

MENSAH, R. K. , Hams, W. E. , BEATTIE, G. A. C. , 1995. Response of Hencoveipo spp. and
their natural enemies to petroleum spray oilin cotton in Australia. Enjomophoga 40, 263-
272.

MENSAH, R. K. and KHAN, M. 1997. Use of Medicogo sQiivo internlantings/trap crops in the
management of green mired, Creoniiodes di/"jus in commercial cotton in Australia.
hirernotiono110"ino1 ofPes! MQnQgement, 43,197-202.

MENSAH, R. K. , 1997. Local density responses of predatory insects of HeIicoverpa spp. to a
newly developed food supplement Envirofeast in commercial cotton in Australia.
International lorryrid/ ofPesiMonogemen/, 43, 221-225.

MENSAH, R. K. , LIANG, W. and SINGLETON, A. 2001. Petroleum spray oils: Key component
of Sustainable IPM in cotton. Proceedings 32'' Scieni;/ic Coini?Fence qf4t!siro/ian
Enjomo/ogico/ Society, 23-28 September 2001, Sydney, Australia page 39.

MENSAH, R. K ., 2002a. Development of an integrated pest management programme for cotton
Part I: Establishing and utilizing natural enemies. Inrelnaiiono/ Jollyridl of Pest
MQnogemen/48 (2), 87-94

MENSAH, R. K. , 2002b. Development of an integrated pest management programme for cotton
Part 2: Integration of a Iuceme/cotton internlant system, food supplement sprays with
biological and synthetic insecticides. In/ernoii0"o110/11no/ q/Pesi Monogemen/ 48 (2), 95-
105.

709



MENSAH, R. K. , FREROT, B. and AL DABEL, F. 2004. Effects of petroleum spray oils on
oviposition behaviour and larval survival of Hellcoveipo Qrmigero and OStrinio rillbi/ons
InIernaiiona/Jour"Q/ qfPesiM@nagement(In review).

PARKER, N. , Brad SCHOLTZ, B. and MENSAH, R. K. 2004. An evaluation of the toxicity of
two paraffin oils (Biopest and Canopy ) on 71ichogrammopretiosum. In. . Proceedings of 12"

1<. 1\E, D. J. 2000. Use of spray oils with synthetic insecticides, acaricides and fungicides. In:
Spray oils Beyond 2000, pp 248-284.

Allsiro/ian Collon Growers andReseorchers co"Ierence, Gold Coast, liarsira/ia Un Press)

710


