
 

 

APPENDIX 1-3 OIL-BASED CARRIER HERBICIDE TRIALS 
 

Introduction 

Natural resource work in Hawaii necessitates herbicide use for control and eradication of invasive plant 
species.   Herbicides are usually diluted to the desired concentration with a carrier or adjuvant.  A given 
carrier has two functions: (1) to dilute the herbicide to the correct concentration (adjuvant function), and 
(2) to assist in the uptake of the herbicide by the growing plant (carrier function).  The type of carrier that 
is used depends on the type of herbicide used.  In general there are two classes of commonly used 
herbicides for invasive weed control: (1) water-based herbicides such as glyphosate (the active ingredient 
in Roundup1), and (2) oil-based herbicides such as triclopyr butoxy ethyl ester (the active ingredient in 
Garlon 4a2

The largest conservation management organization on O‘ahu is the O‘ahu Army Natural Resources 
program (OARNP).  OARNP is mandated to mitigate impacts to endangered taxa from Army training.  
The Makua and Oahu Implementation Plans (MIP and OIP, respectively) outline goals and standards 
designed to bring rare taxa found on Army lands and in training impact areas to stability.   To do this, 
OANRP conducts a variety of threat management both on and off Army land.  Weeds and habitat loss 
pose a large threat to endangered species; OANRP spends considerable time and resources controlling 
invasive plants.  Chemical treatment (via herbicides) often provides the most efficient and effective 
method for invasive plant control, thus OANRP uses significant amounts of herbicides and their carriers 
to accomplish management goals.  Most weed control involves the use of 20% Garlon 4 mixed with 
Forestry Crop Oil

).   As their names suggest, water can be used as a carrier for water-based herbicides, while oil-
based herbicides perform best with oil-based carriers.   
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In 2009 OANRP decided to test carrier alternatives to FCO.  There were several reasons for this: (1) FCO 
is a petroleum product, and has become increasingly expensive, (2) FCO is no longer readily available for 
purchase, (3) staff were interested in finding a more environmentally friendly product, (4) a variety of 
other carriers are available, and some may be more effective than FCO, and (5) other agencies in Hawaii 
have already switched to using biodiesel as a carrier, with great success.  OANRP conducted a series field 
trials test to test the effectiveness of treating invasive weeds with four different oil-based carriers 
combined with Garlon 4 herbicide.   

 (FCO); previous trials and years of experience have shown this mix to be effective on 
an extremely wide range of target species and plant sizes.   

Study Sites 

Six different carrier trials were done in two different areas within Makua Valley, a 1760 ha military 
reservation fenced and managed by OANRP.   

1)  Lower Ohikilolo: two trials conducted on Leucaena leucocephala. 

Location:  This study site is located at the mouth of  Makua Valley, near the south firebreak road.  
The elevation is approximately 300 ft. The trial transect is located 3 meters to the south of the 
firebreak road and runs east for 200’ paralleling the road.  

Vegetation:  This dry, shrubland area is dominated by alien plants, particularly Panicum maximum 
and Leucaena leucocephala.  Other alien taxa include: Leonotis nepetipilum, Rhynceletrum repens, 
Macroptilium lathyroides, and Acacia farnesiana.  Native taxa include: Hibiscus brackenridgii subsp. 
mokuleianus, Chamaesyce celastroides var. kaenana, Dodonea viscosa, Waltheria indica, Erythrina 
sandwicensis, Sida fallax, and Heteropogon contortus.   

Physical characteristics:  The substrate of Lower Ohikilolo site is rocky, with pockets of well draining 
soil nestled between rock outcroppings, small cliffs, and some rock talus.  The area is hot and dry.  
Rainfall occurs primarily during winter months.   
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2)  Kahanahaiki: four trials conducted, one each on Clidemia hirta, Psidium cattleianum (large trees), 
Psidium cattleianum (small trees) and Schinus terebinthifolius.   

Location:  Kahanahaiki is located on the northeastern rim of Makua Valley.  It is easily accessed via 
the State Pahole access road.  A 90 acre fence protects this management unit from pigs.  Elevation 
ranges from 1400ft-2300ft. 

Vegetation:  This mesic forest area is home to a variety of rare and endangered plants and one 
endangered tree snail.  Parts of Kahanahaiki are dominated by weeds, particularly Psidium 
cattleianum and Schinus terebinthifolius, but significant patches of native forest cover other portions 
of the area.  Some of the native species found in Kahanahaiki include: Metrosideros polymorpha, 
Acacia koa, Psychotria spp., Myrsine lessertiana, Pisonia spp., Nestigis sandwicensis, Cibotium sp., 
Maratia douglasii, Cyrtandra dentata, and Cyanea superba subsp. superba.   Three of the trial sites 
are located in the southern part of Kahanahaiki, while the fourth trial site is located in the middle part 
of the exclosure.   

Physical characteristics:  The substrate of Kahanahaiki is primarily well-draining soil, with loose rock 
found in the gulches.  While summers in the area can be hot, winters generally bring cooler 
temperatures, rain, and some mist.   

 

Methods 

Setup and Application 

The six trials were designed to test the efficacy of four carriers and a control treatment on four different 
alien species, using common weed control methods.   A different species was used in each trial; ten plants 
were subjected to each of the five possible treatments in the trial, for a total of 50 test plants.  Different 
herbicide application techniques were used, depending on the species being tested.   

The carriers tested were:  

1) MSO®
2) PHASE®

4 
5

3) Forestry Crop Oil
  

4) Biodiesel (B100)
3 

5) Control (no herbicide and no carrier) 
6 

The four weed species chosen were:  

1) Psidium cattleianum, Strawberry Guava  
2) Schinus terebinthifolius, Christmas Berry 
3) Clidemia hirta, Koster’s Curse 
4) Leucaena leucocephala, Haole Koa 

Psidium cattleianum, S. terebinthifolius and C. hirta were chosen because they are some of the most 
common weeds OANRP controls and all of them are susceptible to Garlon 4. Leucaena leucocephala was 
chosen because it is particularly hardy, it is susceptible to Garlon 4, and it requires slightly different 
control techniques than the other species chosen.    

The application methods used were:   

1) Thin line:  Also known as basal treatement.  The plant was not mechanically marred.  A 
continuous ring of herbicide solution was applied directly to the bark around the diameter of the 
main trunk of the plant.  For the control treatments, no solution was applied.   
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2) Girdle:  A hatchet was used to chip/scrape off a 3-4” wide strip of  cambium completely around 
the circumference of the plant. Then a continuous ring of solution was applied to the cut.   For the 
control treatments, the plants were girdled, but no herbicide was applied.   

3) Cut stump:  The plant was cut down (as close to the ground as possible) and herbicide was 
applied to the entire surface of the resulting stump.  For the control treatment, the plants were cut 
down, but no herbicide was applied to the stump.     

For each trial, the size ranges of the weeds were pre-determined in an attempt to get a homogeneous pool 
of test individuals.  Two size classes of P. cattleianum were chosen because different application methods 
are used for different size classes.  Large trees require girdling and herbicide, while small trees require 
only thin line herbicide application.   

• Trial #1: C. hirta with 20% Garlon 4. The plants chosen had to be at least 0.5cm in diameter and 
have brown woody stalks.  Young plants have green fleshy stems.   

• Trial #2: P. cattleianum (diameter<4”) with 20% Garlon 4.  Each tree was chosen to have a 
diameter between 1” and 4”.   

• Trial #3: P. cattleianum (diameter>10”) with 20% Garlon 4.  Each tree was chosen to have a 
diameter greater than 10”.  

• Trial #4: S. terebinthifolius with 20% Garlon 4.  Each tree was chosen to have a diameter greater 
than 10”. 

•   Trial #5: L. leucocephala with 40% Garlon 4: Each tree was chosen to be between 1-3” in 
diameter.  

•   Trial #6: L. leucocephala with 20% Garlon 4:  Each tree was chosen to be between 1-3” in 
diameter.  

There were two trials using L. leucocephala.  Trial #5 was performed using all five treatments and 40% 
Garlon 4.   In previous trials, OANRP determined that 40% Garlon 4, coupled with cut stump application 
and stump scarification, resulted in effective control.  Trial #6 was performed only using FCO and 
biodiesel, with 20% Garlon 4.  This trial was done as a follow up to previous trials, to determine if a 
different carrier would dramatically improve the efficacy of 20% Garlon 4 on L. leucocephala.    

Prior to treatment application, data collected on each plant included basal diameter (cm) and vigor.  Each 
plant was labeled with a unique number.  Using a number randomizer, each plant number was randomly 
assigned to one of the five treatment options.   

Two plants were randomly selected from each treatment type to be used as photopoints, for a total of ten 
photopoints per trial.  Photopoints were taken before treatment during monitoring.       

Table 1 summarizes the species, number of individuals, treatment method and herbicide used for each 
trial.    

Table 1: Summary of Trials 
Carrier Trial  Species Number of 

plants treated 
Treatment 
method 

Herbicide  

Trial #1  Clidemia hirta  40 Thin line 20% Garlon4 in carrier   
(5 treatments) 

Trial #2 Psidium cattleianum 
 (diameter 1-3”) 

40 Thin line  20% Garlon4 in carrier   
(5 treatments) 

Trial #3 Psidium cattleianum 
 (diameter > 10”) 

40 Girdle  20% Garlon4 in carrier             
(5 treatments) 

Trial #4 Schinus terebinthifolius 40 Thin line  20% Garlon4 in carrier             
(5 treatments) 

Trial #5  Leucaena leucocephala 40 Cut stump  40% Garlon4 in carrier             
(5 treatments) 
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Trial #6* Leucaena leucocephala 20  
 

Cut stump  20% Garlon4 in carrier             
(2 treatments) 

* L. leucocephala is normally treated with 40% Garlon 4 in FCO, however OANRP wanted to see if there would be 
a difference between FCO and biodeisel efficacy at 20% Garlon 4.  

Monitoring 

Table 2 indicates the times of treatment and monitoring for each trial.  In some cases, more than one 
monitoring was conducted of the trial, but only the final monitoring results are shown here.   A College of 
Tropical Agriculture (CTAHR) weed response table was used to measure the response of the treated 
plants to the test treatment (Table 3).  In addition, the presence of wood boring insect damage (frass, 
holes) and fungi was noted, as these denoted dead wood.  A cambium scrape was conducted, to see if any 
live cambium was still present, even if leaves were not.   

Table 2: Monitoring timeline for each carrier trial. 
Carrier 
Trial  

Species Treatment 
Date 

Final 
Monitoring  
Date 

Time Lapse  
(from treatment to 
monitoring)  

Trial #1  Clidemia hirta  1/8/2009 7/20/2009 6 months 
Trial #2 Psidium cattleianum 

 (diameter 1-3”) 
2/17/2009 7/20/2009 5 months 

Trial #3 Psidium cattleianum 
 (diameter > 10”) 

2/11/2009 7/20/2009 5 months 

Trial #4 Schinus terebinthifolius 2/19/2009 7/20/2009 5 months 
Trial #5  Leucaena leucocephala 1/6/2009 10/27/2009 9 months 

Trial #6 Leucaena leucocephala 1/6/2009 10/27/2009 9 months 

 

Table 3: CTAHR Weed Response Table 
Score Description 

0 No symptoms 
10-30 Insignificant to poor weed control; little or no defoliation 
40-60 Inadequate weed control; moderately severe symptoms; less than 70% defoliated 
70 Adequate weed control; severe symptoms; all leaves chlorotic or more than 70% defoliated 
80 Good weed control; very severe symptoms; 80% defoliated 
90 Excellent weed control; very severe symptoms; 90% defoliation 
100 Complete control; no sign of life 

 

Results / Discussion 

Preliminary data analysis of the carrier trials suggest that Biodiesel (B100) works just as well as FCO as a 
carrier.  Phase and MSO, however, had varying results depending on the weed species treated.  Each trial 
is summarized in a graph of the mortality of each plant treated using the different carriers (see Summary 
Graphs 1-6).   

Further analysis is needed to confirm if there is any statistically significant difference in the treatment 
efficacy of the individual carriers.  In addition, further analysis could be done to see if there is any 
correlation between treatment efficacy of the individual carriers and size of the plants treated (this data is 
not shown in the summary graphs).  

Trial #1 Clidemia hirta with 20% Garlon 4.  In this trial there does not appear to be any difference in 
the efficacy of the individual carriers. All of the shrubs treated (not including control) had complete death 
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(CTHAR = 100).  The control had some partial mortality in a couple of plants, this is presumed to be due 
to natural variability.  

Trial #2 Psidium cattleianum (diameter<4”) with 20% Garlon 4. In this trial there does not appear to 
be any difference in the efficacy of the individual carriers.  There is some variation with the mortality of 
one of trees treated with biodiesel  (CTHAR =70) and one of the the trees treated with MSO (CTHAR 
=50).  All of the other trees treated (not including control) had complete death (CTHAR = 100).  This is 
presumed to be due to natural variability.  One of the control trees was dead, it was presumed this was 
naturally occurring.   

Trial #3 Psidium cattleianum (diameter>10”) with 20% Garlon 4:   In this trial there does not appear 
to be any difference in the efficacy of the individual carriers.  Mortality in all of the trees treated was near 
100% (CTHAR = 100.  One of the control trees was dead; it appears this may have been treated 
accidentally.   

Trial #4 Schinus terebinthifolius with 20% Garlon 4:  This trial had the most variability between the 
different carriers. The CTHAR score was nearly 100 for all of the individual trees treated with biodiesel 
and FCO.  However the trees treated with MSO and Phase varied considerably in efficacy, CTHAR score 
ranging from 20 – 100.  This suggests that these carriers did not perform as well.  No significant mortality 
was observed in the control trees (CTHAR remained at or close to 0 for all control plants).  

Trial #5 Leucaena leucocephala with 40% Garlon 4: In this trial there does not appear to be any 
difference in the efficacy of the individual carriers. All of the trees treated (not including control) had 
complete death (CTHAR = 100). There was no significant mortality observed in the control trees  
(CTHAR remained at or close to 0 for all the control plants) 

Trial #6 Leucaena leucocephala with 20% Garlon 4: This only tested FCO and biodiesel carriers, with 
no control except that installed for Trial #5 .  All of the plants treated showed complete mortality 
(CTHAR = 100) with the exception of one of the plants treated with biodiesel, which showed no 
mortality.  It is presumed that this may have been due to poor treatment technique.   

Summary Graphs 1-6 
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1Roundup: Produced by Monsanto. Active ingredients: Isopropylamine salt of N (phosphonomethyl) 
glycine; {Isopropylamine salt of glyphosate}  
2Garlon 4: Produced by Dow Agrosciences : Active Ingredients: ((3,5,6-trichloro-2-pyridy1)oxy) acetic 
acid, buyoxy ethyl ester.  Garlon is the most frequently used oil-based herbicide; used to control woody 
plants.  Dillution rates range from 1.5 – 50% Garlon 4 with an oil-based carrier.  Garlon is effective on a 
wide range of plants, particularly woody plants.   
3Forestry crop oil (FCO): Produced by Loveland products. Ingredients: Petroleum Oil.  FCO is the most 
commonly used oil-based carrier with Garlon 4.   
4MSO®: Produced by Loveland products.  Concentrate with Leci-Tech.  Ingredients: Methylated 
vegetable oil, Alcohol ethoxylate, and Phosphatidylcholine. 
5PHASE®: Produced by Loveland products. Ingredients: Methylated esters of fatty acids, alkylpolyoxy-
Ethylene ether and polyether modified polysiloxane. 
6

 

Biodiesel (B100).  Ingredients: Methyl esters from lipid sources 
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