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OBJECTIVES OF PROPOSED RESEARCH: 
 

1. Optimize and improve the efficacy of herbicide applied alone, in tank mixes, or/and in 
sequential treatments in different California rice production systems. Develop herbicide 
alternatives and programs that are efficacious, simple, adoptable, and cost effective. 

2. Test new compounds that address critical weed control needs in rice cropping systems to 
ensure they are efficacious, compatible, and useful for California rice production.   

3. Develop management alternatives by integrating agronomical and cultural practices to 
improve weed control, minimize costs, and reduces environmental impacts.   

4. Survey and study mechanism of herbicide resistance in weeds and identify programs to 
manage resistant biotypes. Provide diagnosis services to growers and PCA to confirm 
cross/multiple resistance in rice fields, and mapping the spread of resistance in California 
rice production areas. 

 
SUMMARY OF 2017 RESEARCH: 

The UC Rice Weed Research Program at the Rice Experiment Station, Biggs, CA seeks to assist 
California rice growers in achieving their weed control and herbicide resistant management 
goals. This year’s program focuses on the performance evaluation of new herbicides (including 
those under development) in mixtures and/or sequential combinations with existing herbicides 
primarily for continuously flooded rice growing system. Other highlights of this year’s program 
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include evaluation of oxyfluorfen-resistant rice (ROXY) which is being developed by the Rice 
Experiment Station (RES). Other research is the examination of new adjuvants for 
postemergence herbicides in continuously flood or pinpoint rice systems. 

Continuous flood system has been historically the most common rice growing system in 
California as this system promotes suppression of most competitive rice weeds such as 
barnyardgrass, watergrass, and sprangletop. In this system, a water depth of 4 inches is 
maintained throughout the season after seeding rice into a flooded field. When late post-
emergence foliar applications are needed, water depth is lowered to expose about two-thirds of 
weed foliage to the herbicide spray, but fields are never completely drained. 

Objective 1. Optimize and improve efficacy of herbicide applied alone, in tank mixes, or/and in 
sequential treatments in different California rice production systems. Develop herbicide 
alternatives and programs that are efficacious, simple, adoptable, and cost effective. 
 
Due to variations in growing and irrigation methods utilized by farmers around the state of 
California, we continue to test herbicides in different settings, including continuous flood, 
pinpoint flood, and dry/drill-seeding with flush irrigation. Experiments were conducted at the 
Rice Experiment Station (RES) in Butte County at two fields. The continuous flood, pine point 
and direct seeded studies were planted on May 26, whereas new herbicide testing experiments 
and direct seeded rice studies studies were planted on June 1. Continuously flooded plots were 
seeded into flooded fields, and water levels were maintained at approximately 4 inches 
throughout the season.  The level of water, however, was lowered for certain late season 
herbicide treatment. Water was drained at about a month before harvest, to facilitate machine 
harvest.  
 
In pinpoint study, plots were also flooded at seeding, but water was drained at a specific point to 
allow for foliar herbicide application.  For the drill-seeded experiment, seeds were drilled into 
the soil, and the field was then flushed repeatedly to establish the rice. After the rice reached the 
3-4 leaf stage, the fields were flooded with 4-6 inches of water.   
 
Weed control and rice injury were rated using 0 to 100 scale where 0 = no injury and 100 = 
mortality. Weed control and rice injury rating were conducted 20, 40, and 60 days after seeding 
(DAS). In all studies, weed control was also rated by species.  All herbicide applications were 
made with a CO2-pressurized (30 PSI) hand-held sprayer equipped with a ten-foot boom and 
8003 nozzles, calibrated to apply 20 gallons/acre. Applications with solid formulations were 
made by evenly broadcasting the product over the plots.    
 
In this report, the trade name of herbicides was used and the herbicide rates appear as amounts of 
formulated product; a cross-reference between brands and active ingredients is presented in 
Table 1. 
 
Continuous Flood System 
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This system has been historically the common used system in California as it promotes 
suppression of most competitive rice weeds such as barnyardgrass, watergrass, and sprangletop. 
In this system, a water depth of 4 inches is maintained throughout the season after seeding rice 
into a flooded field. When late postemergence foliar applications are needed, water level is 
lowered to expose about two-thirds of weed foliage to the herbicide spray, but fields are never 
completely drained.  
 
For this system, several into-the-water herbicide products are available for controlling weeds in 
continuously flooded rice that include Bolero, Butte, Cerano, Granite GR, League MVP, Shark 
H2O, and Strada. Butte is a new addition to the California rice herbicide portfolio. These 
herbicides can be applied early to provide good to excellent control of labelled (target) weeds. As 
they vary in the spectrum of weed control, it is sometimes useful to combine two of these 
herbicides in a program to expand the spectrum weed control. 
 
For this growing season, the predominant weed species in our research plots were late 
watergrass, ducksalad, and ricefield bulrush, smallflower umbrellasedge, followed by 
barnyardgrass, montochoria, waterhyssop, redstem and sprangletop. All weeds evaluated in our 
program are susceptible to herbicides registered for California rice. Weed control efficacy of 
herbicide programs presented here primarily reflect the visual ratings (average of three or four 
replicates) 40 and/or 60 days after seeding (DAS) of rice. Rice injury (stand reduction, stunting 
and other injury) to an herbicide application and/or an herbicide program has also been noted 
wherever relevant. 
 

a. Optimizing Butte -Based Herbicide Programs 

Starting this year, Butte® is available to California rice growers. Butte® is a granular mixture of 
benzobicyclon and halosulfuron active ingredients developed by Gowan Company. The 
benzobiclyclon component of Butte® adds a new mode of action (HPPD-inhibitor) to the 
herbicide portfolio for water-seeded rice in California. Previous studies suggest that Butte 
provides good broad spectrum weed control; however, there is great need to consider using Butte 
in combination with other herbicide such as Clincher, Cerano, Granite, propanil, and Regiment 
to particularly improve grass and broadleaf weed control. This research was conducted to 
evaluate the efficacy of Butte when applied alone at different rates or in a program in five 
separate studies.   

In the first study (Table 2), Butte was tested under a continuous flood system with two rates of 
application, both alone and in a program. Butte (7.5 or 9 lb/A) applied at day of seeding (DOS) 
provided excellent control of sedges (ricefield bulrush and smallflower umbrellasedge), 
ducksalad, montochoria, and sprangletop. In addition, Butte provided a good control (~90%) of 
watergrass and barnyardgrass, and a fair control of redstem. Overall, Butte alone provided a 
broad spectrum of weed control and offered an exceptional level of crop safety. 

Butte (7.5 lb/A at 1 lsr) with other into-the-water herbicides such as Cerano (12 lb/A at DOS or 1 
lsr) or Granite GR (15 lb/A at 2.5 or 5 lsr) provided overall greater control of grass weed species 
compared to the stand-alone application of Butte. A follow-up of foliar application of Clincher 
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(13 oz/A + 2.5% v/v COC) or Regiment (0.67 oz/A + 2.0% v/v UAN + 0.2% v/v NIS) at 1 tiller 
stage improved barnyardgrass and watergrass control. Similarly, a tank-mix of Stam 80 EDF and 
Grandstand (5 lb/A + 8 oz/A + 1.25% v/v COC at 1 tiller stage) or Granite SC (2.8 oz/A + 2.25% 
v/v COC at 2.5 or 5 lsr) following Butte (7.5 lb/A at 1 lsr) provided exceptional control of all 
weeds, including all grass weeds and redstem. The choice of the appropriate follow-up 
application or an inclusion of a granular herbicide (for example Cerano, Granite GR) may largely 
depend on the weed population pressure and/or resistance status of the weeds in the field. 

In the second study (Table 3), a single rate and timing of Butte (7.5 lb/A at spikelet stage) was 
tested under a continuous flood system with a follow-up into-the-water application of Granite 
GR at two rates (13 or 15 lb/A at 3.5 lsr) or a foliar application of Granite SC (2.5 oz/A + 2.5% 
v/v COC) at 1 tiller with or without an additional tank-mix application of Stam 80 EDF and 
Grandstand CA (5 lb/A + 6 oz/A + 2.5% COC at mid tiller stage). Cerano (10 lb/A at DOS) and 
Granite SC (2.5 oz/A + 2.5% COC) at 1 tiller with or without the tank-mix application of Stam 
80 EDF and Grandstand CA programs were also included.  Butte followed by all the timings 
and/or formulations of Granite provided an excellent control of grasses (late watergrass, 
barnyardgrass, and sprangletop), sedges (ricefield bulrush and smallflower umbrellasedge), 
broadleaf weeds (ducksalad, montochoria, redstem, waterhyssop) without the need for an 
additional tank-mix application of Stam 80 EDF and Grandstand. The Cerano plus Butte 
program was as good as Butte plus Granite programs in controlling weeds; however, Cerano or 
Granite (particularly Granite GR applied early) applications caused some rice injury early in the 
season which mostly disappeared by 50 days after seeding (DAS). In conclusion, Butte followed 
by Granite herbicides offered a broad spectrum of weed control and an excellent crop safety in 
continuously flooded rice system. 

Herbicide programs in the third study included Butte (7.5 lb/A at 2 leaf stage) with a follow-up 
tank-mix application of Stam 80 EDF and Grandstand (5 lb/A + 6 oz/A + 2.25% v/v COC) or a 
tank-mix application of Stam 80 EDF and Londax (5 lb/A + 1.2 oz/A + 1% v/v COC at 1-2 
tiller). Both the programs were very effective in controlling all weeds present in the field (Table 
4). 

The fourth study (Table 4) compared the efficacy of weed control between Butte (7.5 lb/A) and 
League MVP (30 lb/A) applied at 2 lsr in a stand-alone situation or followed by Regiment CA 
(0.67 + 0.4% v/v Dyne-Amic) applied at 1 tiller stage of rice. Butte alone provided at least 80% 
control of late watergrass and barnyardgrass, and an excellent control of other weed species. 
League MVP alone was better (at least 90% control) compared to Butte alone in controlling late 
watergrass and barnyardgrass; however, the control of most other weeds except ricefield bulrush 
was similar. League MVP provided only 75% control of ricefield bulrush. The overall weed 
control increased to at least 98% with the follow-up application of Regiment in both situations. 

b. Shark H2O-Based Programs to control ALS-resistance smallflower umbrella sedge 

A field study was conducted to evaluate the efficacy of Shark program to control smallflower 
umbrella sedge and ricefield bulrush. Shark H2O can be a good option for a program aimed at 
controlling ALS inhibitor- and/or propanil-resistant sedges and ALS-resistant redstem. Shark 
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H2O alone (4 oz/A at 1 tiller) provided a good control of ricefield bulrush and smallflower 
umbrellasedge (> 90% control). An application of tank-mix of Shark H2O and propanil (4 oz/A 
+ 6 lb ai/A + 1% COC at 1 tiller) was as good as tank-mix application of Grandstand and 
propanil (8 oz/A + 6 lb ai/A + 1% % v/v COC at 1 tiller) and provided at least 90% control of 
late watergrass and barnyardgrass, more than 98% control of the sedges and a good control of 
other broadleaf weeds. Inclusion of into-the-water herbicides, Cerano (12 lb/A at DOS) or 
Granite GR (15 lb/A at 2.5 lsr), in these programs significantly reduced the early weed pressure 
and increased the efficacy of tank-mix applications, thus providing a superior weed control. 

c. Evaluation of various new adjuvants for weed control in rice 

In the first study, the efficacy of four adjuvants applied with Regiment, Clincher, and Propanil 
was studied under continuous flood system (Table 5). Efficacy of Regiment (0.53 oz/A at 5 lsr), 
Clincher (13 oz/A at 1 tiller) or Stam 80 (5 lb/A 1-2 tiller) herbicides were evaluated with or 
without AG13064 (3 oz/A), InterLock (4 oz/A), MasterLock (6 oz/A) or DownDwarf (5 oz/A) 
adjuvants. These adjuvants has different compositions and activities. The Regiment and Clincher 
applications were stand-alone whereas Stam 80 applications were made following Cerano 
applied at DOS (12 lb/A). The Stam 80 applications with all the three adjuvants (> 90% control) 
except DownDwarf (< 70% control) provided similar control of sedges and major broadleaf 
weeds. The Regiments applications, regardless of the adjuvants included, provided excellent 
control of all weed species except sprangletop. In general, grass weed control was poor with 
Clincher when applied without the adjuvant (< 85% control) or with InterLock (< 92% control) 
compared to Clincher with the other adjuvants (at least 95% control). 

The second study (Table 6) evaluated two adjuvants, OR 108G (0.0625 or 0.125% v/v) and OR 
009 (0.25% v/v), when were applied with Granite SC (2.5 oz/A at 5 lsr) and Clincher CA (13.5 
oz/A at 1-2 tiller) or tank-mix of Abolish and Regiment (1.5 qt/A + 0.53 oz/A at 5 lsr) in a 
pinpoint system. For comparison, separate applications of Granite, Clincher or tank-mix of 
Abolish and Regiment with COC (2.5% v/v) were also included. The field was completely 
drained during the period of herbicide application to expose weed foliage to herbicide 
applications, thus allowing the opportunity to achieve the best efficacy of POST-applied 
herbicides. 

The applications of Granite SC and Clincher with all adjuvants provided more than 90% control 
of grasses, sedges and broadleaf weed except redstem (> 25% control). Herbicide applications 
that included the higher rate of OR 108G or OR 009 generally provided slightly superior control 
(> 95%) of weeds compared to the applications with the low rate of OR 108G or COC. The tank-
mix applications of Abolish and Regiment with all the adjuvants provided overall good weed 
control (> 85%), including redstem. However, barnyardgrass and late watergrass control with 
these applications were slightly poor. The higher rate of OR 108G or OR0 09 performed slightly 
better (> 90%) in controlling of grasses compared to the applications with the low rate of OR 
108G, COC, or Dyne-Amic. 
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Objective 2.  Test new compounds that address critical weed control issues in California rice 
cropping systems to ensure that they are efficacious compatible, and useful for California rice 
production.   

Nine separate studies were conducted to evaluate different formulation, new active ingredients in 
continuous flood system. Summary of the results are below: 

a. Evaluation of ROXY: Crop Tolerance and Weed Control 

ROXY technology is an oxyfluorfen-resistant rice is currently under development by the RES. In 
this study, ROXY (rice cultivar that is resistant to oxyfluorfen) was evaluated for crop tolerance 
and weed control with oxyfluorfen applied alone or in combination with several other rice 
herbicides (Table 7, Figure 1). Oxyfluorfen is a PPO-inhibitor (same mode of action as Shark 
H2O); and it has good activity on a broad-spectrum of rice weeds including broadleaf, grass, and 
sedges. 

ROXY rice was tested under a continuously flooded system with 2 pt/A rate of Goal 2XL 
(oxyfluorfen 2 lb ai/gal) applied pre-flood. The ROXY rice (17Y3000) showed only a minimal 
injury early in the season to the applied rate of Goal 2XL. The stand-alone application of Goal 
2XL provided an excellent control of broadleaf weeds (ducksalad, montochoria, redstem and 
waterhyssop) and the control was at least 90% for late watergrass and barnyardgrass (Table 1, 
Figure 1). Control of smallflower umbrellasedge with Goal 2XL alone was excellent; however, 
the control was only fair for ricefield bulrush. Overall, Goal 2XL alone provided a broad 
spectrum weed control and offered an exceptional level of crop safety. 

Inclusion of into-the-water herbicides such as Bolero (23.3 lb/A at 2.5 lsr), Butte (7.5 lb/A at 1 
lsr), Cerano (10 lb/A at DOS), or Granite GR (15 lb/A at 2.5 lsr) into the program increased 
control of grasses and ricefield bulrush (> 98% control). Similarly, an early follow-up 
application of Clincher (13 oz/A + 2.5% COC at 1 tiller) improved grass control (> 99%) and 
Regiment (0.67 oz/A + 2.0% v/v UAN + 0.2% v/v NIS) or Granite SC (2.5 oz/A 2.5% v/v COC) 
applied at 1 tiller improved control of both grasses and ricefield bulrush (> 99% control). A late 
tank-mix application of Stam 80 EDF and Grandstand (5 lb/A + 8 oz/A + 1.25% v/v COC) or 
RiceEdge (10 lb/A) following the pre-flood application of GOAL 2XL provided a perfect control 
of all major weeds. 

This research suggest that the majority of initial flush weeds early in the growing season can be 
controlled with Goal 2XL alone without causing a significant injury to ROXY. In conclusion, 
preliminary results are encouraging in that the ROXY offers an excellent crop safety to 
oxyfluorfen, and fits well into various weed control programs. The choice of an appropriate 
follow-up application or an inclusion of a granular herbicide may largely depend on the weed 
population pressure and/or resistance status of the weeds in the field. The ROXY technology is 
cost effective great potential to be used for weed control in rice. 

b. Weed control and rice safety  with pyraclonil 
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NAI-1777 is a granular formulation of 1.8% pyraclonil (a PPO-inhibitor) which is currently 
under development for weed control in California rice by Nichino America. This herbicide has 
similar mode of action to Shark H2O. In 2017 growing season, NAI-1777 was evaluated in 
combination with other herbicides. The programs included NAI-1777 (14.9 lb/A at DOS alone or 
in combination with Cerano 6 lb/A at DOS, Butte 7.5 lb/A at 1.5 lsr or Bolero 23.3 lb/A at 1.5 
lsr) followed by propanil (6 lb ai/A + 1% v/v COC at 1-2 tiller). Two other programs, NAI-1777 
14.9 lb/A at DOS followed by Regiment (0.80 oz/A at 1-2 tiller) or Strada (1.2 oz/A at 2.5 lsr) 
were also included. 
 
All the NAI-1777-based programs were exceptionally effective in controlling all weeds present 
in the field (Table 8, Figure 2). The only program that caused significant long-term crop injury is 
when N-1777 applied with Bolero (as much as 30% stand reduction and 40% stunting 60 DAS). 
Rice injury with all the other programs, including those that caused significant initial injury 
(Cerano) was mostly recovered by 60 DAS. 
 
We have also tested 10 different pyraclonil formulations to evaluate the most effective 
formulation. It is apparent that two of the ten formulations are effective and can be used in 
California (data not shown). NAI-1777 is a very promising tool for weed control in California 
rice, most importantly for controlling and managing a variety of herbicide-resistant weeds in rice 
fields. 
 

c. Rinskor is a new Dow active ingredient that belong to the picolinic acid chemistry. It works as an 
auxin-type herbicide. This herbicide related to triclopyr (Grandstand) herbicide that is widely 
used to control ricefield bulrush and redstem, however, Rinskor has broad spectrum weed control 
activity including grasses, broadleaf and sedges (Figure 3). Three field studies were conducted to 
evaluate Rinskor program and formulations. Rinskor has excellent safety on rice with good 
control of watergrass, sedges and broadleaves. It is weak on springletop. We will continue 
working on Rinskor to improve efficacy. We also will continue to work on developing granular 
formulations that fit our needs in California. Dow is committed to work with us to further 
develop the herbicide for California rice and market it in 2020. 
 

d. TVE29 is a new DuPont herbicide that is sold to FMC. It is grass control herbicide that is used at 
low rates. In addition, it has novel mode of action that can be extremely helpful to manage 
herbicide resistant grasses. Field experiment was conducted to evaluate weed control and crop 
safety of TVE29 when applied alone at different rates and timing. We also tested this product in 
combination with other herbicide. The herbicide has excellent safety on rice with outstand grass 
control. We will continue working on this active ingredient in the next year to evaluate different 
formulations and program.  
 

e. Clomazone formulations. Several new clomazone formulations were tested for weed control and 
crop safety in rice. The use pattern and rates are similar for Cerano. In general, research showed 
that crop safety and weed control of new formulations are similar to Cerano. However, one of the 
formulations was slightly better than Cerano. The purpose of this study to have more than one 
company to market Clomazone for California rice with the goal to have more competitions that 
may reduce cost of Cerano for growers.  
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Objective 3. Develop management alternatives by integrating agronomical and cultural 
practices to improve weed control, minimize costs, and reduces environmental impacts.   

A. Drill-Seeded Rice.  
 
While drill-seeded rice system offers flexibility for herbicide use when proximity to the 
nontarget sensitive crops restricts aerial applications. In California, major herbicide research and 
development are focused on continuously flooded rice system. As seeding depth of planting rice 
in direct seeded system may affect relative emergence of rice to weeds, there is potential for 
using non-selective and economically more feasible herbicides such as glyphosate to control 
weeds before rice emerged in direct seeded rice. A field study was conducted in which rice was 
planted at three depths (0.5, 1.5 and 2 inches) and glyphosate was applied just before the first 
leaf of rice reached the soil surface to evaluate weed control and crop safety of glyphosate alone 
or in combination with other common herbicide programs for drill-seeded rice. As expected, 
weeds adapted to dryland seedbeds such as barnyardgrass, sprangletop, watergrass and 
smallflower umbrella sedge were better established, whereas aquatic weeds such as ricefield 
bulrush, ducksalad, and redstem were less favored or almost eliminated in this system compared 
to continuously flooded system. 
 
Emergence time of rice varied with the depth of planting. Rice planted at deeper depths (1.5 and 
2 inches) emerged much later (5-7 days) than that of planted at shallower depth (0.5 inch), which 
allowed delayed application of glyphosate with deeper planting (Figure 5, 6, and 8). However, 
depth planting reduced rice seedlings emergence (Figure 7). It is apparent that soil type and rice 
variety may affect seedling emergence. We are currently conducting greenhouse research to 
study the emergence of 5 rice cultivars from different soil depth. The greenhouse research will 
help identify rice varieties that are fit for deep planting in order to take advantage of differential 
weed and rice emergence. Additionally, the results or 2017 fieldwork showed several promising 
treatment to control weeds in direct seeded rice (Figure 8).  
 

B. Sprangletop control by adjusting water depth in rice fields.  
 
Sprangletop is a major weed problem in several California rice fields. In the past, sprangletop 
was control by elevating field water depth, however, in the last several years there were several 
complains that sprangletop emerging from deep water. In 2017, a field study was conducted to 
study sprangletop emergence from 2, 4, and 8” water depth (Figure 8).  Clomazone resistant and 
susceptible populations were planted in each depth. Number of tiller, plant height and seeds 
production of each biotype were studied. None of the two populations emerges from water depth 
of 8 inches. In addition, Clomazone susceptible populations did not emerge from 4 inches water 
depth, however, clomazone resistant populations was able to emerge from 4 inches water depth. 
At 2 inches water depth both populations were able to emerge but growth and seed production 
were more robust in clomazone resistant population (Table 9). 
 
Objective 4. Study mechanism of herbicide resistance in weeds and identify programs to 
manage resistant biotypes, provide diagnosis services to growers and PCA to confirm 
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cross/multiple resistance in rice fields, and mapping the spread of resistance in the rice 
production areas in California. 
 

a. Survey of California rice fields for acetolactate synthase (ALS) resistance/cross resistance in 
Cyperus difformis (smallflower sedge). 
 
Cyperus difformis is a major weed in California rice. Historically, Smallflower sedge was control 
with ALS-inhibitors, however, extensive use of these herbicides led to development of 
resistance.  A study was conducted in 2017 to survey more than 60 rice fields for ALS resistance. 
All populations were treated with four ALS-inhibitors that belong to different chemistries. The 
study showed widespread of ALS-resistance in California rice fields (Table 10). However, the 
pattern of the resistance varied with six different pattern including no cross-resistance in several 
populations. There are populations, however, that showed two- or three-ways of cross resistance 
(Figure 9). The study also map the spread of different ALS-resistant patterns in California rice 
fields (Figure 10). Research is under way to study the mechanisms of resistance and the 
competiveness of these resistant populations. We will determine the molecular based for 
resistance to help develop proper control measurements.  
 

b. Survey of California rice fields for clomazone resistance in Breaded Sprangletop. 
 
Breaded Sprangletop seeds were collected from 32 rice fields and germinated in the greenhouse. 
Seedlings were tested for clomazone resistance. Only four populations (12.5% of total 
populations) showed resistance to clomazone. However, the resistance plants were suppressed 
with clomazone but not killed (Table 11). This response may suggest that metabolic resistance 
may contribute to this type of response. Research is underway to define the level of resistance, 
competitiveness of resistant populations, and mode of resistance in order to prevent further 
development of resistance and to manage clomazone resistance. 
 

c. Diagnostic and detection of herbicide resistance in Farmers’ fields  
 
For seeds collected from 2016 growing season, testing of suspected herbicide resistant weeds 
was conducted on more than 120 samples in the greenhouse. Growers and PCA submitted weed 
seeds samples including barnyardgrass, early and late watergrass, smallflower umbrella sedges, 
springletop, ricefield bulrush, and redstem.  We tested the response of these weed to several 
herbicides not only to confirm resistance to particular herbicide but also to give growers 
herbicide options in case they have resistance in their fields. For testing, we have used the 
following herbicides for each species: 
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Weed Herbicides 
Echinochloa species 
complex 

Thiobencarb, Cerano, Clincher, Propanil,  Londax, Regiment, 
Butte and Granite 

Smallflower umbrella sedge Thiobencarb, Propanil,  Londax, Regiment, Granite, Butte, 
and Shark 

Ricefield Bulrush Propanil, Londax, Regiment, Granite, Shark, Butte, and 
Grandstand 

Redstem Londax, Granite, and Grandstand 
Sprangletop Thiobencarb, Cerano, Butte, and Clincher 

 
Most of the sample tested showed resistance to at least one herbicide. We had several sample 
with multiple resistance. We provided each grower with extensive report that include photos of 
plant response to different herbicides and recommendations to select alternative herbicide to 
control their herbicide resistant weed. The summary of results is in Table 11. 
 
We will continue to test suspected resistant weed populations provided by growers and PCA.  
This implies conducting the greenhouse tests during the winter in order to have results available 
to growers in a timely manner before they have to make decisions on their herbicide program.  
For each sample received, we will be testing all herbicides that are recommended to control the 
weed. The protocol is similar to 2016 protocol. Herbicide will be applied at rate and growth stage 
as described on the herbicide label. Growers/PCA(s) will receive a report that not only show if 
the weed is resistance to particular herbicide(s) but also provide herbicide alternatives for 
controlling of this particular biotype. The reporting method to growers allows visual results 
along with the resistance data.  This approach has been well received by the growers and PCA 
who utilized the service.  For 2017, we have already received more than more than 230 samples. 
This is significantly higher than the numbers we received last year (121 samples) and 6 times the 
number of samples received in 2014. 
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Research was conducted to develop effective weed management programs in three rice cropping 
systems including continuous flooded rice, partially flooded rice (pinpoint) and drill seeded rice. 
Testing of herbicide programs in continuous flood, pinpoint, and drilled rice showed that several 
herbicide combinations give near perfect weed control with great crop safety.  Cerano, Abolish, 
and Regiment based programs provided exceptional weed control, however, some rice injury was 
observed from Cerano based program.  Research to optimize the new herbicide benzobicyclon + 
halosulfuron (Butte) showed that Butte rate, time of application, water level, and herbicide 
partners are important to achieve satisfactory weed control. Optimum control occurred when 9 
lb/A rate was used. In addition, Butte application at day of seeding provide greater weed control 
than at 1 to 3-leaf stage. Furthermore, Butte need to be applied as part of herbicide program since 
Butte gave partial control of watergrass, redstem, and smallflower sedges. The selection of 
herbicide partners will depend on the type of weeds in the field. Butte provide outstanding 
control of breaded sprangletop and ricefield bulrush.  
 
NAI-1777 is a granular formulation of 1.8% pyraclonil (a PPO inhibitor) from Nichino America, 
Inc. This herbicide has similar mode of action to Shark. A rate, timing, and formulation study of 
NAI-1777 in continuously-flooded rice showed that NAI-1777 has excellent activity on grasses, 
sedges including smallflower umbrella sedge and broadleaf., NAI-1777 provides excellent crop 
safety when applied at 1 leaf stage of rice at a rate as high as 14.9 lb/A of the formulated product. 
We have also tested different granule formulations of pyraclonil and we identify several 
formulations that work well for rice in California. The company is planning to have pyraclonil in 
the market in 2021. 
 
We also conducted research to optimize Rinskor, a new herbicide that will be available to 
California growers in 2020. The herbicide has good activity on watergrass, sedges and broad leaf 
weeds. We evaluated several granule formulations. Again, several of these formulations fits well 
in California rice herbicide programs.  
 
We continue working to optimize weed management in drill-seeded rice. A field study was 
conducted in which rice was planted at three depths (0.5, 1.5 and 2 inches) and glyphosate was 
applied just before the first leaf of rice reached the soil surface. As expected, weeds  in the field 
were barnyardgrass, sprangletop, watergrass and smallflower umbrella sedge. Emergence time of 
rice varied with the depth of planting. Rice planted at deeper depths (1.5 and 2 inches) emerged 
much later (5-7 days) than that of planted at shallower depth (0.5 inch), which allowed delayed 
application of glyphosate at deeper planting (Figure 5, 6, and 8). However, depth planting 
reduced rice seedling emergence and vigor. It is apparent that soil type and rice variety may 
affect seedling emergence. We are currently conducting greenhouse research to study the 
emergence of 5 rice cultivars from different soil depth. The greenhouse research will help 
identify rice varieties that are fit for deep planting in order to take advantage of the differential 
weed and rice emergence. Additionally, the results or 2017 fieldwork showed several promising 
herbicide treatments to control weeds in direct seeded rice. 
 
We have been testing more than 120 samples of suspected herbicide resistant weed populations 
that were collected by growers and PCA including barnyardgrass, early and late watergrass, 
smallflower umbrella sedges, springletop, ricefield bulrush, and redstem.  Most of the sample 
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tested showed resistance to at least one herbicide. We had several sample with multiple 
resistance. We provided each grower with extensive report that include photos of plant response 
to different herbicides and recommendations to select alternative herbicide to control their 
herbicide resistant weed. 
 
In 2017, a survey for more than 60 rice fields was conducted to determine resistance to 
acetolactate synthase herbicides. All populations were treated with four ALS-inhibitors that 
belong to different chemistries. The study showed wide spread of ALS-resistance in several rice 
fields. However, the pattern of the resistance varied with six different pattern types including 
single herbicide resistance in several population. Several other populations, however, showed 
two- or three-ways of cross-resistance. Research is under way to study the mechanisms of 
resistance and the competiveness of these resistant populations. Similar survey for clomazone 
resistance in Breaded Sprangletop was conducted for 32 California rice fields. Only four fields 
(12.5% of total populations) showed resistance to clomazone. However, the resistance plants 
were suppressed with clomazone and not killed. This response may suggest that metabolic 
resistance may contribute to this type of response. Research is underway to define the level of 
clomazone resistance, competitiveness of resistant populations, and mode of resistance in order 
to prevent further development of resistance and manage it. 
 
As always, both our field and lab program seeks to assist California rice growers in their critical 
weed control issues of preventing and managing herbicide-resistant weeds, achieve economic 
and timely broad-spectrum control and comply with personal and environmental safety 
requirements.   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1. Herbicides used and their active ingredient 
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Herbicide                % ai   lb ai/gal 
 
Abolish 8EC (thiobencarb)    84   8.0 
Bolero Ultramax (thiobencarb)   15   NA 
Butte (benzobicyclon + halosulfuron)  3 + 0.64  NA 
Cerano 5 MEG (clomazone)    5   NA 
Clincher CA (cyhalofop-butyl)   29.6   2.4 
Grandstand (triclopyr)     44.4   3.0 
Granite GR (penoxsulam)    0.24   NA 
Granite SC (penoxsulam)    24   2.0 
Halomax 75 (halosulfuron)    75   NA 
Londax (bensulfuron-methyl)    60   NA 
Prowl H2O (pendimethalin)    42.6   3.8 
Regiment (bispyribac-sodium)   80   NA 
RiceEdge (propanil + halosulfuron)   60 + 0.64  NA  
Sandea (halosulfuron)     75   NA 
Shark H2O (carfentrazone)    40   NA 
Strada CA (orthosulfamuron)    50   NA 
SuperWham! CA (propanil)       41.2   4.0   
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Table 2. Weed control as affected by Butte herbicide applied alone or in combination with other 
herbicide.
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Table 3. Comparison of weed control and crop safety between Butte followed by sequential 
treatments of Granite and Grandstand with Cerano based program. 
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Table 4. Comparison of weed control with Butte program with Cerano, League MVP, and Bolero 
programs. 
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Table 5. Weed control with Stam, Clincher, and Regiment when applied with and without 
adjuvants.
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Table 6. Effect of new generations adjuvants on the efficacy of Granite, Clinches and Abolish + 
Regiment herbicides. 
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Table 7. Weed control in Roxy rice as affected by herbicide program.
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                   Figure 1. Weed control in Roxy technology 
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Table 8. Weed control and rice response as affected by pyraclonil herbicide. 
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Figure 3. Weed control as affected by pyraclonil herbicide.

 

Figure 4. Weed control as affected by Rinskor herbicide. 
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Figure 5. Watergrass control with glyphosate and glyphosate + pendimethalin applied before rice 
emergence in direct seeded rice planted in 2017 
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                   Figure 6. Weed control 15 days after last herbicide treatment in direct seeded rice 

 

t1 UNTREATED 
t2 Glyphosate only 
t3 Glyphosate fb Pendimethalin 
t4 Glyphosate fb Pendimethalin+ bispyribac 
t5 Glyphosate fb Pendimethalin+ rice-edge 
t6 Glyphosate fb Pendimethalin+ rice-edge 
t7 Glyphosate+ pendimethalin+ clomazone fb Rice-edge 
t8 Glyphosate  fb Pendimethalin+ cyhalofop+ penoxsulam 
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Figure 7. Tiller number of direct seeded rice plants as affected by plant depth and herbicide 
treatments 
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Figure 8. Weed control in direct seeded rice planted at 0.5” depth as affected by glyphosate 
applied alone and glyphosate followed by pendimethalin + bispyribac. 

 

 

 

Figure 9. Field layout of the study on effect of water depth on Breaded Sprangletop in rice fields. 
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Table 9. Sprangletop plant growth and development as affected by water depth in rice field. 

Population Water 
depth (in) 

# tiller/plant Plant height (cm) Number of 
Seeds/plant  

Susceptible 2 4.3
ab 88.3

ab 1211
bc 

Resistant 2 22.9
c 93.9

b 1429
bc 

Susceptible 4 0
a 0

a 0
a 

Resistant 4 5.7
ab 41.3

ab 1711
c 

Susceptible 8 0
a 0

a 0
a 

Resistant 8 0
a 0

a 0
a 
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Figure 10. ALS-cross resistance in different populations. 

 

 

 

  

Pop. 3 
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Table 10. Smallflower cross-resistance to four ALS herbicides. Values represent mean mortality of each population in response to treatments. Means for 
each population within a row followed by the same letter are not significantly different, according to Tukey HSD at α= 0.05. 

Herbicide & Rate 
Pattern Pop. # aBSM 1x BSM 3x BIS 1x BIS 3x HSM 1x HSM 3x PEN 1x PEN 3x UTC 

           
1 45 37 B 45 B 89 C 97 C 98 C 100 C 96 C 100 C 0 A 

4 16 A 14 A 90 B 94 B 94 B 98 B 91 B 100 B 0 A            
2 13 47 B 85 CD 85 CD 100 D 64 BC 93 D 98 D 100 D 0 A 

20 39 AB 40 B 85 CD 100 D 57 BC 79 BCD 99 D 100 D 0 A 

  40 39 B 67 C 90 D 99 D 69 C 70 C 96 D 100 D 0 A 

  43 37 B 56 C 97 D 100 D 65 C 69 C 98 D 100 D 0 A 

  46 43 B 58 C 99 E 100 E 56 BC 73 D 100 E 100 E 0 A 

  54 49 B 60 BC 97 D 100 D 81 CD 82 CD 100 D 99 D 0 A 

  24 14 A 91 C 96 C 100 C 69 B 100 C 100 C 100 C 0 A 

  31 1 A 47 B 96 C 96 C 60 B 90 C 96 C 100 C 0 A 

  42 31 B 72 C 91 D 100 D 64 C 88 D 95 D 100 D 0 A 

  22 19 AB 42 C 91 D 91 D 40 BC 81 D 97 D 96 D 0 A 

  25 3 A 47 B 96 C 100 C 42 B 81 C 95 C 100 C 0 A 

  27 14 AB 36 BC 85 D 92 D 41 C 80 D 99 D 99 D 0 A 

  30 19 AB 40 BC 94 D 95 D 50 C 64 C 97 D 100 D 0 A 

  35 26 B 46 C 91 E 99 E 64 D 84 E 97 E 99 E 0 A 

  47 31 B 54 BC 86 D 95 D 55 C 81 D 99 D 99 D 0 A 

  50 35 B 51 BC 89 DE 100 E 59 C 83 D 97 DE 100 E 0 A 

  51 27 B 46 C 90 D 99 D 51 C 64 C 99 D 100 D 0 A 

  52 31 B 55 C 91 DE 99 E 60 C 79 D 97 E 100 E 0 A 

  61 31 B 59 C 92 D 100 D 56 C 61 C 96 D 99 D 0 A 

  9 21 AB 45 B 94 C 96 C 31 B 76 C 99 C 99 C 0 A 

  15 13 AB 41 CD 90 E 91 E 31 BC 64 D 96 E 100 E 0 A 

  8 3 AB 29 BC 86 D 98 D 36 C 76 D 95 D 100 D 0 A 

  48 28 B 34 B 99 D 100 D 58 C 88 D 100 D 100 D 0 A 

  2 3 A 27 B 95 D 97 D 29 B 64 C 95 D 99 D 0 A 

  3 1 AB 19 BC 95 E 98 E 25 C 59 D 100 E 100 E 0 A            
3 16 46 B 71 C 70 BC 94 CD 95 D 95 D 100 D 100 D 0 A 

37 56 B 84 CD 78 C 91 CDE 95 DE 97 DE 99 DE 100 E 0 A 

  38 49 B 72 C 80 CD 97 DE 91 CDE 99 DE 99 DE 100 E 0 A 

  44 57 B 83 CD 80 C 93 CDE 90 CDE 99 DE 100 E 100 E 0 A 

  39 32 B 92 CD 74 C 92 D 96 D 96 D 98 D 100 D 0 A 

  1 6 A 47 B 70 C 92 D 85 CD 98 D 94 D 100 D 0 A 

  5 9 A 65 B 56 B 85 C 96 C 93 C 100 C 100 C 0 A 

  6 9 A 36 B 74 C 90 CD 89 CD 99 D 99 D 100 D 0 A 

  19 22 AB 50 BC 74 CD 90 D 85 D 95 D 95 D 100 D 0 A 

  62 26 B 49 C 74 D 87 DE 89 DE 94 DE 99 E 97 E 0 A 

  12 4 AB 19 B 79 C 94 CD 95 CD 97 D 100 D 99 D 0 A 

  14 17 B 0 A 67 C 90 D 100 D 100 D 98 D 100 D 0 A 
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  17 10 A 34 B 63 C 86 D 99 D 100 D 100 D 100 D 0 A 

  29 7 AB 76 DE 33 BC 52 CD 100 E 100 E 95 E 100 E 0 A 

  10 11 AB 31 B 18 AB 28 B 98 C 100 C 85 C 100 C 0 A            
4 34 49 B 76 CD 79 CDE 90 DEF 62 BC 81 CDEF 99 EF 100 F 0 A 

63 40 B 39 B 80 CD 82 CD 40 B 61 BC 86 D 93 D 0 A 

  26 14 A 50 B 60 BC 90 D 81 CD 99 D 94 D 100 D 0 A 

  28 6 A 59 B 69 B 95 C 81 BC 95 C 100 C 100 C 0 A 

  23 30 B 40 BC 54 BCD 63 CD 76 DE 99 E 90 E 96 E 0 A 

  56 28 B 54 C 55 C 72 CDE 69 CD 86 DEF 93 EF 94 F 0 A 

  33 29 B 49 B 83 CD 90 CD 49 B 72 C 96 D 99 D 0 A 

  11 7 A 61 B 71 BC 76 BC 67 B 77 BC 90 BC 100 C 0 A 

  36 33 B 69 C 67 C 82 CDE 74 CD 83 CDE 98 DE 100 E 0 A 

  53 27 B 43 BC 54 CD 61 CD 72 DE 84 EF 94 F 98 F 0 A 

  55 34 B 36 B 56 BC 71 CD 43 B 82 CD 88 D 92 D 0 A 

  57 23 B 47 C 71 DE 83 EF 61 CD 66 DE 94 F 98 F 0 A 

  59 21 AB 37 BC 50 CD 71 DEF 61 CDE 76 DEF 86 EF 94 F 0 A 

  60 31 B 37 BC 54 C 76 DE 58 CD 79 E 96 EF 100 F 0 A 

  7 16 AB 4 A 79 CD 90 CD 38 B 71 C 96 D 100 D 0 A 

  58 22 B 35 BC 84 DE 91 DE 46 C 76 D 97 E 97 E 0 A 
           

5 41 15 AB 35 B 31 B 34 B 96 C 96 C 31 B 31 B 0 A 
          

6 21 4 A 11 A 48 BC 55 BCD 51 BC 89 D 64 CD 24 AB 0 A 

18 13 A 4 A 4 A 9 A 8 A 13 A 7 A 9 A 0 A 
           

 
aBSM: bensulfuron-methyl; HSM: halosulfuron-methyl; BIS: bispyribac; PEN: penoxsulam 

 
R: <35% control  r: 35-85% control  S: >85% control 
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Figure 11. Spread of different pattern of ALS-inhibitors in California rice field. 
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Table 11. Percent control of Breaded Sprangletop in 32 different rice fields with clomazone. 

Clomazone Rate 
Population 0 1x 3x 

1 0 100
b
 100

c
 

2 0 37.5
a
 60

ab
 

3 0 100
b
 100

c
 

4 0 93
b
 100

c
 

5 0 100
b
 100

c
 

6 0 100
b
 100

c
 

7 0 100
b
 100

c
 

8 0 100
b
 100

c
 

9 0 50
a
 91

bc
 

10 0 100
b
 100

c
 

12 0 100
b
 100

c
 

13 0 100
b
 100

c
 

15 0 45
a
 50

a
 

17 0 100
b
 100

c
 

18 0 100
b
 100

c
 

19 0 50
a
 50

a
 

20 0 100
b
 100

c
 

21 0 100
b
 100

c
 

28 0 100
b
 100

c
 

31 0 100
b
 100

c
 

32 0 100
b
 100

c
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Table 11. Summary of 2016 Resistance Testing.  

 

 

 

 

 

 


	Starting this year, Butte® is available to California rice growers. Butte® is a granular mixture of benzobicyclon and halosulfuron active ingredients developed by Gowan Company. The benzobiclyclon component of Butte® adds a new mode of action (HPPD-in...
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