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Abstract
Pre-plant control of weeds is essential for survival and growth of forest crops. Aircraft flying time is the biggest 

cost in control operations, and aerial herbicide programmes are often hindered by poor flying conditions. Anything 
which reduces essential flying time is likely to benefit forest operations. Organosilicone penetrant adjuvants are 
routinely used in pre-plant herbicide sprays, but their potential to increase the efficiency of weed control operations 
has not been fully exploited by the forest industry. Studies carried out in commercial forests in the Bay of Plenty 
in 2011 and 2012 confirmed that current typical spray application volumes used to apply pre-plant herbicides, for 
example 100 litres per hectare, could be lowered by up to 50 per cent with no loss of efficacy by increasing the use 
rate of organosilicone adjuvant.

Lowering the application volumes used to apply sprays increases the productivity of aerial spray programmes, 
and this should result in substantial cost savings. In addition, spray application can be accomplished faster, allowing 
pilots to exploit ideal flying conditions and forest managers to improve the timeliness of pre-plant spray operations.

Introduction
Pre-plant control of weeds is essential to guarantee 

survival and growth of tree crops on forest sites in New 
Zealand. The forest industry is dependent on the use 
of herbicides, but is under constant pressure to reduce 
both the cost and the use rates of these chemicals. 
Sprays containing both glyphosate and metsulfuron 
herbicides, applied by air at 100 to 150 litres per 
hectare, are the most common pre-plant applications 
on forest cutovers. Specialised spray adjuvants, called 
organosilicone penetrants, are routinely added to 
ensure evenness and consistency of weed control 
(Balneaves et al, 1993).

Organosilicone penetrant adjuvants are known to 
enhance the penetration and speed of uptake of pre-
plant herbicides, and as a result, their efficacy (Gaskin 
et al, 2010a, 2010b; Ray et al, 1986). The full potential 
of these adjuvants to reduce herbicide application costs 
and improve efficacy has not been exploited by the 
forest industry. In contrast, the horticultural sector has 
very successfully employed organosilicone adjuvant 
blends to increase the efficiency of agrochemicals in 
controlling pests and diseases. This has mainly been 
achieved by reducing volumes and concentrating spray 
applications (Gaskin et al, 2004, 2007).

Flying time is the biggest cost in aerial herbicide 
operations and the timing of a company’s spray 
programmes is often constrained by unsuitable weather. 
We have carried out a series of studies to determine 
whether organosilicone penetrant adjuvants can be used 
to reduce spray carrier volumes, and therefore flying 
time and cost, without compromising weed control. 

These studies have concentrated on a variety of 
common scrub weed species including gorse, broom 
and buddleia. Radio-labelled herbicides were first used 

to understand how penetrant adjuvant use can modify 
the uptake of commercial pre-plant herbicides into these 
species (Gaskin et al, 2010a). We then conducted bio-
assays to establish if penetrant adjuvant use can allow 
spray application volumes to be substantially reduced 
without affecting herbicide efficacy (Gaskin et al, 2010b). 

As a result of these studies, prescriptions to reduce 
aerial spray carrier volumes by up to 50 per cent 
were identified. These prescriptions were then tested 
operationally in a series of field trials reported in this 
paper. The objective of these trials was to confirm 
adjuvant use recommendations that could improve 
both the cost-effectiveness and timeliness of aerial pre-
plant spray operations. 

Methods
Four operational trials were carried out in 2011 

and 2012 in the Bay of Plenty at sites provided by 
Hancock Forest Management Ltd, Timberlands Ltd 
and PF Olsen Ltd. The herbicides used were supplied 
by each forest owner and applied aerially at a constant 
rate per hectare, as prescribed by each of them, on their 
respective sites. All trials included the forest manager’s 
standard spray applied in 100 litres per hectare carrier 
volume, with an addition of 0.5 litres per hectare of 
organosilicone penetrant adjuvant (Break-Thru S240, 
Evonik Industries). 

At all sites, research spray treatments were also 
applied using the same amount of herbicide applied 
in water carrier volumes of 75 litres and 50 litres 
per hectare on three sites only, with organosilicone 
adjuvant added to these sprays at one litre per 
hectare. Where necessary, foaming was controlled 
using an anti-foam developed specifically for use with 
organosilicones − Foammaster, Etec Crop Solutions, at 
three millilitres per 100 litres. 
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The low-volume treatments were generally 
achieved by re-nozzling, with little or no change to 
pressure or flying speed. However in Trial 3 the lower 
volumes were achieved by increasing flying speed 
and reducing nozzle pressure using Accuflow nozzles. 
Research treatments were applied at each site to blocks 
ranging in size from three to eight hectares. 

Table 1: Summary of aerial spray studies

Trial Company Location Operation Spray date Glyphosate Metsulfuron

number kilograms per hectare grams per hectare

1 HFM Kinleith holding 13/01/11 3.57 180

2 TLL Kaingaroa pre-plant 16/06/11 3.57 30

3 PFO Mamaku holding 07/12/11 2.55 60

4 TLL Whaka pre-plant 21/05/12 3.06 60

Table 2: Aerial application details

Trial Helicopter Release height Spray volume Speed Nozzles Pressure Flow

number metres litres per hectare knots number by size bar litres per minute

1 Robinson 44
10-20 100 

75
42
46

24xD7+6xD6
31xD6

3.0
3.0

111
93

2 Robinson 44
10-20 100

75
50

55
63
61

24xD7+6xD6
31xD6
31xD6

2.0
2.0
2.0

136
101
68

3 B2 Squirrel
12 100

75
50

53
58
65

40xAccuflow
40xAccuflow
40xAccuflow

2.0
1.7
1.5

164
123
82

4 Robinson 44
10-20 100

75
50

55
55
55

44xD6
38xD6
32xD6

1.5
1.0
1.0

136
101
68

Research subplots, up to 15 at two by two metres, 
were randomly located within the blocks and weed cover 
was assessed at the time of spraying and at two intervals 
up to 10 weeks post-spray. Assessments of all plots were 
made by two teams of two people, and data was averaged 
to determine percentage cover of all green vegetation, 
and of individual weed types, in each plot. Major weeds 
present on each site are detailed in Table 3 and included 
broom, blackberry, buddleia, gorse, ferns – bracken and 
native, annuals, grasses, broadleaf weed species, wilding 
pines, native shrubs and wetland rushes.

Gorse pot trial
Gorse was a significant weed in one study only. As 

a test of gorse control, potted mature outdoor-reared 

gorse plants in healthy condition, approximately 1.5 
metres tall, were randomly positioned in plots, 15 
reps per treatment, before application of treatments in 
study four. After spraying on 21 May 2012, these pots 
were returned to the Scion nursery where they were 
maintained well-watered outdoors. 

Plants were examined at regular intervals, for 
approximately six months after spraying, for speed of 
brown-down using a damage rating of one, meaning 
completely dead, to five meaning completely healthy 
as described by Murray and Gaskin (1997). At harvest 
on 26 November 2012, above ground foliage and stems 
of all plants were destructively sampled and the live 
green stem height recorded. Harvest plant height was 
calculated as a percentage of the original pre-spray 
height and used as the primary indicator of treatment 
efficacy (Murray & Gaskin, 1997).

Statistical analysis
The mean percentage cover of all green vegetation, 

and of major weed classes pre-spray and at the final 
assessment six to 10 weeks after spraying, were 

Table 3.  Site details pre-treatment

Trial 
number

Logged Terrain Weed cover description Major weeds (mean percentage plot cover)

1° 2° 3° 4°

1 > 18 months 
prior

flat to steep and 
broken

Heavy, up to 2m tall, <8% bare 
ground

blckbrry
(27%)

annuals
(26%)

broom
(13%)

grasses
(13%)

2 15 months prior flat Moderate, up to 1m tall, 21% bare blckbrry
(24%)

buddleia
(17%)

annuals
(16%)

ferns
(10%)

3 recently flat mounded Moderate, up to 1m tall, 10-20% 
bare

grasses
(32%)

annuals
(20%)

rushes
(14%)

ferns
(10%)

4 recently steep exposed Light, up to 1m tall, 17-27% bare annuals
(24%)

broom
(13%)

natives
(9%)

gorse
(7%)
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Photos of the four trial sites pre-spray

Trial 3
Omanawa Forest

Trial 1
Kinleith Forest

Trial 2
Kaingaroa Forest

Trial 4
Whakarewarewa

Forest

obtained for each experimental treatment block at each 
site. Analyses of covariance were then used to compare 
treatments across all sites using the pre-treatment 
assessment as a covariate to allow for differences 
in vegetation prior to treatment. All variables were 
transformed using the angular transformation before 
analysis. In these analyses each site was treated as a 
separate replicate. Analyses were performed using the 
SAS (Version 9.2) procedure. 

Results
Observational descriptions of the results achieved.

Trial 1

Only one reduced spray volume was tested at this 
site. Six weeks after treatment, this low-volume 75 
litres per hectare spray containing the increased rate 
of organosilicone adjuvant at one litre per hectare 
performed at least as well as the control − 100 litres per 
hectare with 0.5 litre adjuvant − and often better for 
individual species, particularly blackberry, broom and 
bracken.

Trial 2

Pre-plant herbicides applied in both 50 litre and 75 
litre per hectare spray volumes provided better herbicide 
efficacy than the standard 100 litres per hectare spray 
operation at 10 weeks post-spray. The low volume 
sprays provided especially good control of blackberry, 
buddleia and ferns. 

Trial 3

There were no differences in herbicide efficacy at 
nine weeks post-spray between a 100 litres per hectare 
with 0.5 litre adjuvant and a 50 litres per hectare with 
one litre adjuvant pre-plant spray application. The 75 
litres per hectare spray appeared to provide slightly 
lower control of grass species than either of these 
sprays. However, thicker grass cover was present pre-
spray in the 75 litres per hectare treatment block (43 
per cent grass cover) relative to the 100 litres per hectare 
(24 per cent) and the 50 litres per hectare (29 per cent) 
treatments. 

Trial 4

The 50 litres and 75 litres per hectare spray volumes 
provided better herbicide efficacy than the standard 
100 litres per hectare spray operation at nine weeks 
post-spray. However, the 100 litres per hectare control 
treatment block had a higher proportion of gorse 
present – 11 per cent compared to only around two per 
cent in the low volume plots. This browned-down more 
slowly than other weed species.

An analysis of covariance performed across all four 
sites confirmed there were no significant differences 
in percentage of green vegetation cover between the 
standard treatment and either of the experimental 
lower volume treatments. These results confirm that 
by adding organosilicone adjuvant at one litre per 
hectare which is, operational spray volumes can be 
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lowered by up to 50 per cent with no loss of herbicide 
efficacy. 

Analyses of covariance of percentage cover of each 
of the most common weeds also found no significant 
differences between the standard and experimental 
treatments. This confirms that the low volume sprays 
can control all major weeds, excluding gorse, equally 
as well as the standard control volume of 100 litres per 
hectare.

Percentage cover

Mean percentage cover of green vegetation prior to treatment 
and for each treatment across all trials at final post-spray 
assessments

The control of gorse was carried out by including 
large potted plants in Trial 4 and assessing their 
control over a prolonged period post-spray. The results 
confirmed that 50 and 75 litres per hectare spray 
volumes provided at least equivalent herbicide efficacy 

to the standard 100 litres per hectare spray operation.

Both the apparent health of plants and their live 
stem height tended to be lower when the organosilicone 
adjuvant was used at higher concentration in sprays 
applied at lower volume. This endorses earlier findings 
that −

•	 Increasing	 concentrations	 of	 organosilicone	 raise	
the herbicidal efficacy of glyphosate (Balneaves 
et al, 1993) and metsulfuron (Murray & Gaskin, 
1997) by promoting increased uptake (Gaskin et al, 
2010a) 

•	 Application	volumes	of	aerial	sprays	for	brushweed	
control could be reduced to at least 50 litres per 
hectare with the appropriate addition of an 
organosilicone adjuvant (Ray et al, 1986; Gaskin et 
al, 2010b).

Recommendations
These studies confirm that current spray volumes 

of aerial pre-plant sprays can be lowered by up to 50 per 
cent with no loss of herbicide efficacy by using increased 
rates of organosilicone adjuvant. The important factors 
to consider in using this technology are −

•	 Herbicide	 rates	 per	 hectare	 must	 be	 maintained	
when volumes are reduced

•	 Sprays	 will	 be	 more	 concentrated	 which	 can	
increase damage to off-target species if spray drift 
occurs

Health score
Percentage change  

in mean height

Control of potted gorse sprayed in Trial 4 at 27 weeks after spraying 
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Percentage cover Percentage cover

Percentage cover Percentage cover

Percentage cover Percentage cover

Annual weeds Ferns

Grasses Blackberry

Broadleaves Broom

Percentage cover Percentage cover

Buddleia Others

Mean percentage cover across all trials for major weed classes prior to treatment and at final post-spray assessment by treatment 
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•	 Organosilicone	 adjuvant	 use	 rates	 should	 be	
maintained at one litre per hectare regardless 
of spray volume employed, which equates to 
one to two per cent volume to volume adjuvant 
concentration

•	 Adjuvants	 will	 not	 substitute	 for	 poor	 spray	
application and pilots must be accurate in their 
flying and spray calibration to benefit from low 
volume spray application

•	 Lowering	 spray	 volume	 is	 not	 recommended	 if	
current operations do not provide acceptable weed 
control.

Lowering the application volumes used to apply 
sprays increases the productivity of aerial spray 
programmes and can result in substantial cost savings. 
Spray application can be accomplished faster, allowing 
pilots to better exploit ideal flying conditions and forest 
managers to improve the timeliness of their pre-plant 
spray operations. 
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Foundation Establishment Appeal

The Trustees have launched a Foundation Establishment Appeal and encourages NZIF members to make 
donations	and	to	encourage	non-NZIF	members	to	donate	as	well.	Your	donations	will	provide	the	capital	
to sustainably fund scholarships and grants that will make a real difference to forestry in New Zealand.

The purpose of the NZIF Foundation is the advancement of education in forestry. This includes encouraging 
forestry-related research, education and training through the provision of grants, scholarships and prizes; 
promoting the acquisition, development and dissemination of forestry-related knowledge and information, 
and other activities.
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