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Staff Report 
for the Board of Directors Meeting of April 14, 2021 
 
TO:  Board of Directors  
 
FROM: Robert A. MacDonald, Interim Maintenance Manager 
  
DATE: April 6, 2021  
  
SUBJECT: Integrated Vegetation Management (IVM) Update 
 

MAINTENANCE 
 
RECOMMENDATION:   
Receive an update on the District’s IVM Program and a presentation from Blankinship & 
Associates on the Study on Glyphosate Alternatives. 

BACKGROUND: 
NID maintains vegetation along 450 miles of canal, from the valley floor to upwards of the 
3,000-foot elevation level, throughout the District’s 287,000-acre service territory.  Many 
of the District’s canals have their own micro-ecosystem with unique features, such as 
canopy cover, hill slope, soil types, and air and water temperature differences.  Of the 
450 miles of canal, roughly 80 miles are accessible by full-sized pickup trucks, 290 miles 
are accessible by small tractors and UTVs/ATVs, and 80 miles are accessible only on 
foot.  All canals traverse private property and many require more than one access method 
to reach all points of the canal.   

An ongoing and increasingly difficult issue facing NID’s canal maintenance program is the 
nuanced and unique interface of increased population, new homes or homeowners 
adjusting access, and varied vegetation species affecting the District’s ability to reliably 
deliver water from source to customer.  NID continues to provide adaptive management 
in order to keep canal and vegetation maintenance programs safe, environmentally 
conscious, and family-friendly while providing cost-efficient solutions for ratepayers. 

Pilot Studies 

From 2017 through 2020, NID initiated a 2-phased evaluation of alternative vegetation 
management strategies in place of the use of glyphosate.  

• The first phase included three studies:  (1) NID’s collaborative Working Group formed 
to discuss the current usage of herbicides and possible alternatives for the District’s 
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IVM Program; (2) field testing of alternative organic herbicides; and (3) field testing of 
mechanical vegetation control approaches.  Topography, elevation, and various 
vegetation species were taken into account, as well as the efficacy of 9 organic 
herbicides (Axxe, Avenger Concentrate, Finalsan, Suppress EC, Opportune, Axxe + 
Opportune, Scythe, Weed Slayer, and Phydura), 2 mechanical treatment methods 
(abrasion weeder and steamer) and biological goat grazing.               

On July 28, 2020, the Maintenance & Resource Managaement Committee received 
an update and presentation of the IVM Program Phase 3 Report, as attached.        

• The second phase included a research study conducted by Blankinship & Associates 
on the costs incurred by various state agencies that have successfully removed 
glyphosate from their vegetation management programs. 

Total consultant costs to this period totaled $129,700.00. 

The culmination of these studies have presented efficacy, efficiency, and cost-related 
information for budgetary planning and Board direction for the District’s IVM Program. 

As discussed in the Phase 3 Report, alternative herbicide applications did not 
demonstrate results within the target impact range (80% to 100%) of vegetation control, 
supportive of water quality and health.  However, a modified protocol with an increased 
application frequency may demonstrate and sustain results of vegetation response in the 
target impact range.  As noted in the Phase 3 Report, an increased application frequency 
will also result in increased demand on District resources, including material and labor.  
Of interest, the abrasion weeder and steamer units showed some promise; however, 
further testing in applicable locations would be needed to verify equipment cost and 
reliance on large quantities of alternative resources. 

2021 and Beyond 

In an effort to build off the previous studies and findings, while promoting an effort to 
effectively remove glyphosate from use, the Maintenance Department’s Vegetation 
Control Section has identified approximately 5 miles among 3 canal segments (+1% of all 
canals) to further its studies. 

NID will expand upon previous studies and implement a mowing and natural growth 
program through the 2021-2022 growing season in an effort to limit the application of 
glyphosate.  The Hemphill, Doty South, and Smith Gordon Canals will alternatively be 
maintained with a 4-foot flail mower and 3-point side trimmer towed by UTVs/ATVs, each 
mounted with 50-gallon fire suppression tanks.  Staff will document the time required to 
maintain the vegetation along these canal berms and banks, and the mowing frequency 
required to keep vegetation close to 6-inches in height.  Staff will further evaluate portions 
of these canals for the potential to leave banks and portions of the berms in a natural 
state.  Evaluation criteria includes, but are not limited to, canal depth, canal shape, land 
use, canal access, and vegetation types.  Natural state means that staff would use no 
means of controlling vegetation unless there is an impact to canal water flows.  

Through the 2021-2022 growing season, the Maintenance Department’s Vegetation 
Control Section is also committed to implementing vegetation management alternatives, 
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by rotating the “primary post-emergent herbicide” away from glyphosate-based products 
for the first time in over 20 years.  Staff is implementing the use of Diquat Bromide, which 
is a contact kill herbicide that also has an Aquatic Use label.  By alternating products, staff 
hopes to achieve a 30% reduction in glyphosate use for the current year.  

Should the results of the removal of terrestrial herbicides this year prove successful, staff 
hopes to achieve herbicide-free canal berms and banks along the previously identified 
5 miles of canal segments (+1% of all canals) by April 1, 2022, with the possibility of 
increasing these results by 1% to 2% per year over the next 5 years. 

Based on the results of the Phase 3 Report and Blankinship study, staff is currently opting 
to not implement the use of organic herbicides, due to the unavailability of 2 of the top 3 
acting herbicides (Opportune and Weed Slayer) and the third (Scythe) as not having 
Aquatic Use labeling.  Other organic herbicides may be considered in the future, but due 
to increased application rates and much higher cost per acre products, further testing 
would need to be completed before integrating such into the District’s IVM Program. 

A weed steamer unit showed some success during the previous trials.  The unit appeared 
to successfully control weeds when used at the proper plant growth stage.  Due to the 
heavy water usage and the unit’s estimated cost, it may not be viable for vegetation 
control on berms, but its use along canal banks may be applicable.  Further testing of the 
unit’s capabilities would be required before implementing its use. 

A weed blaster unit did not prove successful during the Phase 3 trials; however, the use 
of a heavily modified unit with aftermarket parts may have some viability.  Due to the 
extreme amounts of gritty material required, the unit may not be viable for vegetation 
control on berms, but its use along canal banks may be applicable.  Further testing of the 
unit’s capabilities would be required before implementing its use. 

BUDGETARY IMPACT:  
The 2021 Maintenance Budget includes $16,850.00 in 10192-52504 for materials and 
$245,000.00 in 10192-52501 for herbicides.  Taking into account the effectiveness of 
alternative herbicides and mechanical vegetation control, as well as the lack of product 
accessibility, the following budgetary impacts should be considered: 

• Vegetation target impact:  80% to 100% control 

• Overall costs: 
o Equipment:  $7,600.00 (included in 2021 budget) 
o Organic herbicides:  $0.00 
o Alternative herbicide (Diquat Bromide): $0.00 (no increase per acre per application) 
o Labor: Unknown at this time - Higher demand on labor and canal monitoring will 

be offset by lower application frequency for the current year 
 

• Mowing and weed whacking: 
o Increase to labor costs to be determined 
o Purchasing of additional equipment, based on current trials 
 

• Steamer:  Equipment not included in the 2021 budget - Staff currently working on 
equipment cost and viability 
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• Weed blaster (walnut shells):  Based on NID trials, equipment designated by the 
Phase 3 study was not successful.  Further research and trials would be needed to be 
considered viable. 

/ram/jdc 
 
Attachments (4): 
 

• Study on Glyphosate Alternatives by Blankinship & Associates, Inc. 
• Maps 
• NID’s Integrated Vegetation Management Program Phase 3 Report, as presented on 

July 28, 2020 to the Maintenance & Resource Management Committee 
• PowerPoint Presentation “Study on Glyphosate Alternatives”, prepared by Blankinship 

& Associates, Inc. 
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NEVADA IRRIGATION DISTRICT 
INTEGRATED VEGETATION MANAGEMENT PROGRAM 

PHASE 3 REPORT 

BACKGROUND 

Nevada Irrigation District (NID or District) is an independent special district located on the western slope 

of the Sierra Nevada mountain range. The District encompasses 287,000 acres with available water in 

wide areas of Nevada, Placer and Yuba counties and storage and distribution facilities in Sierra and Yuba 

counties. The District service area ranges from 138 feet to 6,600 feet in elevation and includes a variety 

of landscape cover types including conifer forest, oak woodland, grassland, foothill residential areas and 

lowland residential areas. NID is organized primarily to supply water for irrigation, municipal, domestic 

and industrial purposes. 

In an effort to deliver a reliable low cost source of water to customers, the District’s Integrated Vegetation 

Management (IVM) Program incorporates the use of biological, chemical, cultural, manual and mechanical 

treatments to control vegetation growth in and around District infrastructure. Unmanaged vegetation can 

choke off canals, reduce water storage capacity and impact water quality and public health. The District 

IVM Program is a critical element of canal and reservoir maintenance, supporting adequate water flow 

for human consumption, irrigation and fire suppression. 

The District IVM Program aims to continue implementation of adaptive management techniques that are 

environmentally sound, effective, efficient, fiscally prudent and compliant with regulatory requirements. 

In researching new and innovative vegetation control methods to add to its IVM Program, District efforts 

have included trial studies with UC Davis researchers using acetic acid (vinegar), barley straw and corn 

gluten, thermal steaming, burning, tarping, grazing and organic herbicide testing. 

Phase 1 Pilot Study 

In 2017, NID initiated evaluation of alternative strategies to vegetation management through a Pilot Study 

(Phase 1). Phase 1 included two activities: 1) review and coordination with the Vegetation Management 

Working Group and 2) field testing of alternative herbicides and mechanical approaches. 

The Vegetation Management Working Group comprised local farmers, ranchers, representatives of the 

agricultural industry and others (such as the Placer and Nevada County Ag Commissioners and the Nevada 

County Resource Conservation District). NID convened the group to obtain information and guidance 

regarding integrated approaches to vegetation management. The group met several times and provided 

information and guidance for the field-testing portion of Phase 1. 

In fall of 2017, District staff and consultants designed a pilot field study and prepared a grant proposal for 

submission to the Department of Pesticide Regulation’s Research Grants Program. Although the grant was 

not awarded, the process of developing the application helped the District to establish an IVM team and 

catalyzed the field study efforts. Beginning in spring 2018, the District initiated a Phase 1 field test of 

alternative herbicides, biological and mechanical treatment methods. The study design included 
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application, data collection and data analysis of treatment efficacy based on percent control and percent 

cover. Nine organic herbicides, two mechanical treatment methods (mowing and abrasion weeder) and 

goat grazing were tested. Phase 1 identified a number of organic herbicides that produced greater 

measurable results to support additional trial testing and served to collect cost and efficacy information 

on mechanical and grazing treatments.  

Phase 2 Study 

In 2018, NID initiated a Phase 2 Study that expanded the trials of alternative herbicides that demonstrated 

the greatest measurable results in Phase 1. The Phase 2 Study also included mechanical treatment using 

steam and burn treatments, as well as analysis of native vegetation plantings. The results of the Phase 2 

Study identified Opportune, Weed Slayer and Scythe as the top performing alternatives. Results of the 

Phase 2 Study supported continued study of the top performing alternatives along longer segments of 

canals and a study of the costs of removing glyphosate from the District IVM Program. 

Although the Phase 2 Study mechanical treatments (steam and flame) demonstrated application rates 15 

to 30 times longer than current method application rates, the District is committed to continuing its 

collaboration with the vendor to explore fabrication of a boom style arm for more practical application. 

In addition, the District has continued monitoring of the native plantings and found significant overgrowth 

of the plantings which has required labor-intensive manual cutting and removal of the subsequent 

material off-site.  

INTRODUCTION

The District IVM Program has maintained steady efforts in research and investigation of new and 

innovative vegetation control tools and techniques. In 2019, NID initiated a Phase 3 Study to evaluate the 

efficacy of Opportune, Weed Slayer and Scythe herbicides along segments of the District’s Combie Phase 

III Canal and Auburn Ravine II Canal. As Opportune, Weed Slayer and Scythe were identified as the top 

performing alternative herbicides of the Phase 2 Study they were applied in trial applications along the 

test segments of the Combie Phase III Canal and Auburn Ravine II Canal.  

MATERIALS AND METHODS

Study Plot Locations 

The Phase 3 Study test plots were established on the Combie Phase III and Auburn Ravine II Canals. These 

sites were selected as the test plot locations because of the uniformity of vegetation type and density 

along contiguous segments of canal. The Phase 3 Study focused on two test plot segments due to the 

limited availability of the organic product Opportune. Opportune has yet to be released on the market. 
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The test site on the Combie Phase III Canal is located in Nevada County, at an elevation of 1,280 feet in a 

grassland vegetation type. The test site on the Auburn Ravine II Canal is located in Placer County, at an 

elevation of 340 feet in a grassland vegetation type. Each plot was 660 feet long and 8 feet wide. 

Table 1 provides Phase 3 trial locations summary information. 

 

Test Site 
Elev. 
(FT) 

Nearest City County 
Plot 

Acreage  
Vegetation & Soil Type 

Auburn Ravine II Canal 340 Newcastle Placer 0.12 Vegetation 
Mediterranean California naturalized annual and 
perennial grassland [CNDDB] 
Soil 
Caperton-Andregg course sandy loams [NRCS] 

Combie Phase III Canal 1,280 Grass Valley Nevada 0.12 Vegetation 
California naturalized annual and perennial 
grassland [CNDDB] 
Soil 
Auburn-Rock outcrop complex [NRCS] 

Alternative Herbicides Applications 

The Phase 3 Study included Opportune, Weed Slayer and Scythe – the top performing alternative 

herbicides identified through the Phase 2 Study. Table 2 provides summary information about Opportune, 

Weed Slayer and Scythe. Table 3 lists application rates and product cost per acre for each alternative 

herbicide. 

 

Product Active Ingredient 
EPA Signal 

Word1 
Required 

Personal Protective Equipment 

Opportune Microbial compound (dead, non-viable 
Streptomyces acidiscabies strain RL-110T cells 
and spent fermentation media) 

Caution Long sleeve shirt, long Pants, shoes plus socks 
waterproof gloves, filtering face piece respirator 

Scythe Pelargonic Acid Warning Coveralls over short-sleeve shirt and short pants, 
chemical resistant-gloves, chemical-resistant footwear 
plus socks and protective eyewear 

Weed Slayer Eugenol (essential oil of clove) and molasses Exempt Safety glasses an gloves 

Product Recommended Application Rate Cost per Acre2 Vendor 

Opportune 3 gallons/acre Unavailable Marrone Bio innovations 

Scythe 7% concentrate $1,539.00 Gowan Company 

Weed Slayer 
32 oz. Part A/acre plus 

32 oz. Part B (surfactant)/acre
$138.75 Agro Research Intl. LLC 

1 Federal regulation group pesticides into three categories according to toxicity and potential to injure people or the environment: DANGER, 
WARNING or CAUTION. Pesticides labels indicate these categories to show a product potential to cause injury if not used according to label 
instructions. Products with the signal word CAUTION are lower in toxicity and indicate the product is slightly toxic if eaten, absorbed through the 
skin, inhaled, or it causes slight eye or skin irritation. Products with the signal word WARNING indicate the pesticide is moderately toxic if eaten, 
absorbed through the skin, inhaled, or it causes moderate eye or skin irritation. DANGER means the product is highly toxic by at least one route 
of exposure – it may be corrosive, causing irreversible damage to the skin or eyes; and/or it may be highly toxic if eaten, absorbed through the 

skin, or inhaled. 
2 Cost per acre is calculated assuming 30 gallons of solution applied per acre. 

Table 2: Phase 3 Alternative Herbicides Summary Information 

Table 1: Phase 3 Application Sites 

Table 3: Application Rates and Costs per Acre for Each Alternative Herbicides 
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District staff performed Phase 3 Study applications using a side-by-side boom sprayer. District staff mixed 

and applied the study herbicides according to the recommended protocol provided after the Phase 2 

Study. District staff followed regulated material label and safety data sheet (SDS) instructions for use of 

personal protective equipment (PPE) during mixing and application and also adhered to the label and SDS 

specified environmental condition application limitations (e.g., wet and/or windy conditions).  

Table 4 provides a summary of Phase 3 Study alternative herbicide applications. 

Date Location & Activity Alternative Herbicide Applied 

2019.12.05 Auburn Ravine II – Application #1 Opportune + Weed Slayer 

2019.12.05 Combie Phase III – Application #1 Opportune + Weed Slayer 

2020.01.10 Auburn Ravine II – Application #2 Opportune + Weed Slayer 

2020.01.10 Combie Phase III – Application #2 Opportune + Weed Slayer 

2020.03.06 Auburn Ravine II – Application #3 Scythe 

2020.03.06 Combie Phase III – Application #3 Scythe 

Monitoring and Data Collection 

Monitoring and evaluating effectiveness of a treatment used the observed effect method to replicate the 

common field practice used for its efficiency of implementation. District staff monitored and evaluated 

the sites using the observed effect evaluation criteria also used during the Phase 2 Study. This observed 

effect monitoring evaluates percent control of vegetation, estimating overall plant response to the 

applied products based on set criteria categories as defined in Table 5.  

% Impact Observed Effect 

0% No effect. 

10% Minor plant stunting or curling of leaves and stems. 

20% Stunting or curling is more pronounced and plant is still mostly green. 

30% Leaf margin or chlorosis increase to approximately 1/3 of plant surface. 

40% Symptoms have increased with more severe leaf chlorosis but affecting less 

than 50% of plant surface or population in the treatment area. 

50% Approximately half of the weeds present in the treatment area display 

stunting, curling, chlorosis and/or necrosis on 50% of the plant leaves or 

stems. 

60% Slightly more than half of the weed population present in the treatment area 

display severe chlorosis or necrosis. 

70% Chlorosis and/or necrosis symptoms now present on most plants but still 

about 30% of plant tissue is green. 

80% Symptoms have expanded or increased to a majority of plants present but 

some still functioning tissue. 

90% A majority of plants in the treatment zone are displaying complete mortality 

but a few remaining plants have not been completely killed. 

100% All plants in treatment area are completely affected by the treatment and are 

dead. 

Table 5: Phase 2 & 3 Study Percent Control Evaluation Criteria 

Table 4: Phase 3 Alternative Herbicides Applications 
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Table 6 provides the categories used to further describe the range of control based on the observed 
percent impact. 

% Impact Range Category 

0 – 50% Poor Control (P) 

51 – 80% Fair Control (F) 

80 - 95% Good Control (G) 

96 – 100% Excellent Control (E) 

Effort was made to collect data along the test sites at intervals close to 7, 14, 28, 45 and 60 days after 
application. Table 7 provides a summary of Phase 3 Study monitoring and evaluations events. 

Date Location & Activity 

2019.12.11 Auburn Ravine II – Monitoring and Evaluation  #1 

2019.12.11 Combie Phase III – Monitoring and Evaluation  #1 

2019.12.19 Auburn Ravine II – Monitoring and Evaluation  #2 

2019.12.19 Combie Phase III – Monitoring and Evaluation  #2 

2020.01.06 Auburn Ravine II – Monitoring and Evaluation  #3 

2020.01.06 Combie Phase III – Monitoring and Evaluation  #3 

2020.01.21 Auburn Ravine II – Monitoring and Evaluation  #4 

2020.01.21 & 22 Combie Phase III – Monitoring and Evaluation  #4 

2020.02.07 Auburn Ravine II – Monitoring and Evaluation  #5 

2020.02.07 Combie Phase III – Monitoring and Evaluation  #5 

2020.03.05 Auburn Ravine II – Monitoring and Evaluation  #6 

2020.03.05 Combie Phase III – Monitoring and Evaluation  #6 

2020.03.12 Auburn Ravine II – Monitoring and Evaluation  #7 

2020.03.12 Combie Phase III – Monitoring and Evaluation  #7 

2020.03.30 Auburn Ravine II – Monitoring and Evaluation  #8 

2020.03.30 Combie Phase III – Monitoring and Evaluation  #8 

2020.04.28 Auburn Ravine II – Monitoring and Evaluation  #9 

2020.04.28 Combie Phase III – Monitoring and Evaluation  #9 

Data Analysis 

As prescribed by the protocol that was informed and developed out of the Phase 2 Study, the Phase 3 

data analysis was designed to show the efficacy of the alternative herbicide applications over greater 

study plot areas over time. Using the monitoring data collected, the analysis provided the opportunity to 

develop and forecast an alternative herbicide application schedule with the goal of fulfilling the necessary 

range of vegetation control that supports water quality and health, reliable delivery to customers, 

employee safety and wildfire prevention. 

The following tables and graphs provide summary of the percent control data collected over the course 

of the Phase 3 Study. Line graphs display the range of control observed with the specific alternative 

herbicide application dates. Presenting the range of control data with the application dates aid in 

understanding the responsiveness of vegetation to the alternative herbicide applications, identify trends 

useful in forecasting control and consider the application schedule necessary to meet control targets.  

Table 7: Phase 3 Monitoring and Evaluation Dates 

Table 6: Range of Control Categories 
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Table 8: Percent Control Observed at Auburn Ravine II Canal 

Graph 1: Percent Control Observed at Auburn Ravine II Canal 

PLOT Dec. 11, 2019 Dec. 19, 2019 January 6, 2020 January 21, 2020 February 7, 2020 March 5, 2020 March 12, 2020 March 30, 2020 April 28, 2020

AR2-01 10 70 10 80 90 0 50 80 0

AR2-02 70 70 10 80 80 0 60 60 0

AR2-03 70 70 10 80 70 0 30 60 0

AR2-04 70 70 10 70 90 0 60 20 0

AR2-05 10 70 10 90 80 0 70 20 0

AR2-06 20 70 20 90 90 0 70 40 0

AR2-07 20 70 10 50 60 0 60 30 0

AR2-08 20 70 15 80 60 0 70 70 0

AR2-09 20 50 15 85 90 0 70 40 0

AR2-10 20 60 10 50 90 0 40 30 0

AR2-11 10 40 5 70 60 0 40 40 0

AR2-12 10 10 10 50 50 0 30 10 0

AR2-13 10 20 10 50 50 0 65 30 0

AR2-14 10 20 5 75 50 0 40 10 0

AR2-15 10 10 5 90 90 0 70 10 0

AVERAGE 25 51 10 73 73 0 55 37 0

DATE



NID Maintenance Department 
IVM Phase 3 Report 

July 28, 2020 

 

 Page 7 
 

 

 
 

 
 
 

 

 
 

PLOT Dec. 11, 2019 Dec. 19, 2019 January 6, 2020 January 21&22, 2020 February 7, 2020 March 5, 2020 March 12, 2020 March 30, 2020 April 28, 2020

CO3-01 100 100 100 0 100 100 0 0 100

CO3-02 100 100 100 0 100 100 0 0 100

CO3-03 90 90 100 0 100 100 15 20 95

CO3-04 80 80 10 50 80 0 20 30 60

CO3-05 80 65 10 85 80 0 30 30 50

CO3-06 85 85 5 50 60 0 20 10 20

CO3-07 85 85 5 40 40 0 20 10 15

CO3-08 95 90 5 80 40 0 20 10 10

CO3-09 100 95 5 90 30 0 40 10 5

CO3-10 100 100 0 0 0 100 0 0 100

CO3-11 90 95 0 0 0 100 10 80 100

CO3-12 60 65 5 30 0 0 25 70 5

CO3-13 60 70 10 60 0 0 25 20 90

CO3-14 70 75 0 60 0 0 20 20 50

CO3-15 70 80 5 70 0 0 25 20 40

AVERAGE 84 85 24 41 42 33 18 22 56

DATE

Table 9: Percent Control Observed at Combie Phase III Canal 

Graph 2: Percent Control Observed at Combie Phase III Canal 
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RESULTS AND DISCUSSION 

The Phase 3 Study has provided useful data on the efficacy of the alternative herbicides when applied 

across a greater application area. The data collected from the Phase 3 Study also provided an 

understanding of the trend in vegetation responsiveness to the alternative herbicide application. 

Understanding the trend in vegetation response is necessary in forecasting control, developing an 

application plan and schedule that meets control thresholds, support water quality and health, reliable 

delivery to customers, employee safety and wildfire prevention.  

In reviewing the data set and graph for each application location, the general trend in data showed three 

distinct vegetation response peaks at both Auburn Ravine II Canal and Combie Phase III Canal test 

locations. In further review of the Combie Phase III data, an unanticipated response peak appeared to 

occur towards the end of the study period rather than the anticipated response immediately after the 

third application. After further investigation and review of the data, it appears that the Combie Phase III 

test site was likely exhibiting vegetation control influence from prior years’ non-study related pre-

emergent applications. 

Although the Phase 3 alternative herbicide applications did not result in average impact ranges within 

target impact ranges (80% - 100%) supportive of water quality and health, reliable delivery to customers, 

employee safety and wildfire prevention – a modified protocol with increased application frequency may 

demonstrate and possibly sustain results of vegetation response in the target impact range. An increased 

application frequency will result in increased demand on resources including material and labor that must 

be considered in any future protocol development. In addition, the unavailability of the Opportune 

alternative herbicide on the market must also be considered in the development of a future test protocol. 

RECOMMENDATIONS 

Based on the data analysis, it is recommended that the District maintained its research and investigation 

efforts in identifying and testing alternative vegetation control methods including alternative herbicides 

and mechanical treatments. Specifically, it is recommended that the District study the use of Weed Slayer 

and Scythe alternative herbicides under a protocol with increased application frequency to investigate the 

ability and resources necessary to meet an average target impact range (80% - 100%) supportive of water 

quality and health, reliable delivery to customers, employee safety and wildfire prevention. 

LIST OF APPENDICES 

A. Product Labels





































































Study on Glyphosate 
Alternatives

Blankinship & Associates, Inc.

Mike Blankinship, Alyssa Nagai



Agenda
1. Introductions
2. Scope
3. IPM/IVM Overview
4. IVM Tools
5. Cost Data Review
6. Glyphosate Discontinuation Survey
7. Take Home Messages
8. Adjourn



1. Introductions
 Nevada Irrigation District
 Blankinship & Associates



2. Scope

 Identify and evaluate available glyphosate alternatives 
and their costs
 Evaluation of chemical, mechanical, physical and biological 

alternatives

 Glyphosate discontinuation experience survey
 Survey of California public entities that practice IVM to gather 

information on the results, impacts, and overall experience of 
discontinuing glyphosate use 



3. Integrated Pest Mgt (IPM)

 “An ecosystem-based strategy that focuses on long-term 
prevention of pests or their damage through a 
combination of techniques such as biological control, 
habitat manipulation, modification of cultural practices, 
and use of resistant varieties. Pesticides are used only 
after monitoring indicates they are needed according to 
established guidelines, and treatments are made with the 
goal of removing only the target organism. Pest control 
materials are selected and applied in a manner that 
minimizes risks to human health, beneficial and nontarget 
organisms, and the environment.”

-University of California Agricultural and Natural Resources Program



3. Integrated Vegetation Mgt (IVM)

 Subcategory of IPM which focuses on the control of plant pests 
and their damage



• Kill or damage a pest directly, physically block or prevent 
pest entry, or make the environment unsuitable for pests

• Examples: mowing/weed whacking, hand removal, flaming, 
steaming, foaming, mulching, soil solarization, weed mats, 
excavation, soil tillage, prescribed burns

Physical/Mechanical Controls

• The use of natural enemies or other species to manage pests
• Examples: grazing, release of beneficial insects/pathogens

Biological Controls

3. IVM Tools



• Preventative measures that discourage damaging pest 
populations from developing by reducing a pest’s ability to 
establish, reproduce, disperse, and survive

• Examples: irrigation management, nutrient management, 
sanitation, overseeding/competitive species

Cultural Controls

• The use of herbicides to manage weeds
• Examples: pre-emergence herbicides, post-emergence 

herbicides, organic/ alternative herbicides

Chemical Controls

3. IVM Tools



Relative Advantages and Disadvantages of 
Individual Control Tools 
 Control tools ranked relative to each other based on professional 

judgement in terms of:
 Time effectiveness

 Cost effectiveness

 Efficacy

 Longevity of control

 Worker safety

 Public safety

 Environmental safety

 Fire safety

 Public perception

 Ease of use

3. IVM Tools



Overview of Control Tool Advantages and Disadvantages
Effectiveness Score1
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Total

Physical/  
Mechanical

Mulching 3 3 4 4 4 5 4 4 5 4 40
Weed Mats 3 3 3 4 4 5 4 5 5 4 40

Soil Solarization 1 3 4 3 4 5 4 5 4 3 36
Hand Removal 1 1 4 2 2 5 4 5 5 1 30

Excavation 2 1 3 3 3 4 3 4 3 2 28
Soil Tillage 2 2 4 2 3 4 3 4 2 2 28
Steaming 1 1 3 2 2 4 3 4 4 3 27
Mowing 4 2 3 2 2 2 2 2 4 3 26

Prescribed Burns 2 4 2 3 2 1 2 1 3 2 22
Weed Whacking 2 1 3 2 1 2 2 2 4 2 21

Flaming 1 2 3 2 1 2 2 1 3 2 19

Biological
Grazing 2 3 3 2 4 5 4 5 5 3 36

Insect/Pathogen Biocontrol 1 1 1 1 5 5 5 5 3 1 28

Chemical

Pre-Emergent Herbicides 5 4 4 4 3 4 3 5 4 4 40
Post-

Emergent 
Herbicides

Systemic 5 5 4 5 3 3 3 5 3 4 40

Contact
Conventional 4 3 4 3 3 3 3 5 3 4 35

Organic 4 1 2 2 2 3 4 5 4 4 31

Relative 
Effectiveness 

Scoring System:

5
Very High/Excellent

4
High/Good

3
Medium/Neutral/ 
Highly Variable

2
Low/Fair

1
Very Low/Poor



Not all tools are appropriate for 
all circumstances

In other words, pick the right tool 
for the job, regardless of score

***DISCLAIMER***



Example: 
Grazing

• Good public perception
• Can be used in a variety of sites

Advantages

• May damage desirable plants
• May spread weed seeds via 

droppings

Disadvantages



Example: 
Organic 
Herbicides

• Positive Public Perception
• Rapid results
• Often break down quickly in 

the environment

Advantages

• May have higher acute toxicity
• $$$ to achieve and maintain 

adequate control

Disadvantages



5. Cost Data
 Cost data for individual control tools gathered from organizations in 

the vegetation management profession 

 Data included cost of labor, equipment, and materials

 Material cost of various herbicide types also gathered

 Limitations:
 Limited datasets available for individual tools and herbicide active 

ingredients

 Representative of a variety of site types and conditions

 Assumptions made and methods use to estimate costs varied, sometimes 
unknown

 Older data may not accurately reflect current costs

 Not “one size fits all”



Average Cost/Acre of Various Physical/Mechanical Control 
Tools

$486

$822

$1,113

$1,216

$1,463

$1,975

$3,550

$3,927

$4,120

$8,515

$15,597

$21,875

$25,655

$0 $5,000 $10,000 $15,000 $20,000 $25,000 $30,000

Combo 2*
Combo 1*

Prescription Burning
Mowing

Hand Pulling
Flaming
Foaming
Mulching

Weed Whacking
Excavation (Conventional)

Steaming
Excavation (Back Hoe)

Brushcutting

Cost based on sites 
with little to no 

equipment 
accessibility

Labor, Equipment, Materials



Average Cost/Acre of Physical/Mechanical Control 
Tools <$5,000

$486

$822

$1,113

$1,216

$1,463

$1,975

$3,550

$3,927

$4,120

$0 $500 $1,000 $1,500 $2,000 $2,500 $3,000 $3,500 $4,000 $4,500

Combo 2*

Combo 1*

Prescription Burning

Mowing

Hand Pulling

Flaming

Foaming

Mulching

Weed Whacking

Labor, Equipment, Materials

Mowing + Weed Whacking

Weed Whacking + Mulching + Hand Pulling



Average Cost/Acre of Control Category Implementation

$5,381

$1,323

$412
$57 

$0

$1,000

$2,000

$3,000

$4,000

$5,000

$6,000

Physical/Mechanical Biological Chemical Hybrid (P/M + C)

Labor, Equipment, Materials

Weed Whacking + 
Mulching + Hand 

Pulling + Herbicide 
Application

Goat Grazing

Herbicide 
Application*

*Products & rates 
used not always 

specified

Material cost of 
various herbicides 

evaluated separately



Average Cost/Acre of Various Pre-Emergent Herbicides

$21

$22

$27

$50

$59

$59

$101

$158

$215

$354

$360

$456

$0 $50 $100 $150 $200 $250 $300 $350 $400 $450 $500

Sulfometuron-methyl

Aminopyralid

Prodiamine

Chlorsulfuron

Dithiopyr

Pendimethalin

Oryzalin

Isoxaben

Indaziflam

Flumioxazin

Trifluralin + isoxaben

Dimethenamid + pendimethalin

Material Cost Only



Average Cost/Acre of Various Post-Emergent 
Herbicides

$13

$15

$17

$23

$28

$30

$36

$41

$53

$132

$0 $20 $40 $60 $80 $100 $120 $140

Clethodim

Aminopyralid

Glyphosate

Triclopyr

Clopyralid

Diquat

Fluazifop-p-butyl

Glufosinate

Imazapyr

Imazamox

Material Cost Only



Average Cost/Acre of Various Organic/Alternative 
Herbicides

$115

$144

$274

$370

$416

$458

$767

$813

$1,032

$1,195

$0 $200 $400 $600 $800 $1,000 $1,200 $1,400

Eugenol + Bacillus megaterium

Iron HEDTA

Ammoniated soap of fatty acids

Caprylic acid + capric acid

Clove oil + cinnamon oil

Ammonium nonanoate

Pelargonic acid + fatty acids

d-Limonene

Citric acid + clove oil

Acetic acid

Weed Slayer

Material Cost Only



Weed Slayer: An “Organic” Glyphosate Alternative?

 Stop Use Notice, Statewide Quarantine, and Removal of Sale Order for 
the product Agro Gold WS issued by California Department of Food and 
Agriculture (CDFA) on December 4, 2020

 Agro Gold WS is the second part of the two-part organic herbicide 
product Weed Slayer and was found to contain both glyphosate and 
diquat

 At this time, the purchase and use of Agro Gold WS alone or as part of 
Weed Slayer is not permitted



Average Cost/Acre Based on Herbicide Type

$622

$141

$33

$0

$100

$200

$300

$400

$500

$600

$700

Organic/Alternative Pre-Emergent Post-Emergent

Material Cost Only



6. Glyphosate Discontinuation Survey

50% 70% 90% 100%

Not currently using 
any herbicides

Service levels 
decreased

Cost of vegetation 
management 

increased

Increased 
implementation of 

physical/mechanical 
controls

10 participating entities (30 contacted; no irrigation districts)



No “Silver 
Bullet” 
Glyphosate 
Alternative

All control tools have 
advantages and disadvantages

Tools may be suitable for use in 
some scenarios but not others

Some tools likely not feasible to 
implement on a wide scale

7. Take Home Message #1



All control tools have 
advantages and disadvantages

Tools may be suitable for use in 
some scenarios but not others

Some tools likely not feasible to 
implement on a wide scale

 Keep IVM toolbox full

 Avoid overreliance on any 
single tool

 Narrow window for effective 
implementation

 Not registered/intended for 
use along canal banks

 Primarily used for landscaping

 High upfront/ongoing costs

 Slow

 “Eco friendly” but limited 
effectiveness

Therefore

Examples

Examples

7. Take Home Message #2



 Re-learn weed phenology and control (Glyphosate made us lazy)

 When considering implementation or discontinuing use of individual 
control tools, remember what you are working to protect 

 Strategic use of multiple control tools and IVM Best Practices helps 
support long-term weed management

 Prevention 

 Early detection/rapid response

 Training/Continuing Education

 Adaptive management

 What makes the most sense for the site and 
its management goals?

 Effective for the weed species and its current 
life stage?

 Which tools have limited vs broad scale use 
potential due to factors such as available 
District resources, expected efficacy, and 
potential for non-target impacts?

7. Take Home Message #3



 When considering implementation or discontinuing use of individual 
control tools, remember what you are working to protect 

 Strategic use of multiple control tools and IVM Best Practices helps 
support long-term weed management

7. Take Home Message #4



Agenda
1. Introductions
2. Scope
3. IPM/IVM Overview
4. IVM Tools
5. Cost Data Review
6. Glyphosate Discontinuation Survey
7. Take Home Messages
8. Adjourn



8. Adjourn

Thank you very much for the 
opportunity to be of service!
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