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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. 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 2018 RESEARCH: 
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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 
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. 
Several into-the-water herbicide products and foliar herbicides are available for continuously 
flooded California rice. While Butte is a new addition to the California rice herbicide portfolio, 
excitingly several other active ingredients as well as an herbicide-resistant technology are being 
currently evaluated. Into-the-water herbicides can be applied early in the season to achieve good 
to excellent control of labelled (target) weeds. As they vary in the spectrum of weed control and 
some field may have herbicide resistance issues, it is necessary to use a follow-up application of 
two or more herbicides to expand the spectrum weed control. 
This year in our plots, the predominant weed species were late watergrass, ducksalad, ricefield 
bulrush, smallflower umbrella sedge, followed by barnyardgrass, monochoria and waterhyssop. 
Sprangletop and redstem were present at very low density, hence excluded from the evaluation. 
All weeds at the demonstration site are susceptible to all herbicides registered for California rice. 
 
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 June 1, whereas new herbicide testing experiments and 
direct seeded rice studies studies were planted on June 4. The Roxy study was planted on June 7 
and 14. The seeding rate was 120 lb/A Continuously flooded plots were seeded into flooded 
fields, and water levels were maintained at approximately 4 inches throughout the season.  The 
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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 COR2R-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 
 
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. 
 
a. UOptimizing Butte -Based Herbicide Programs 
Butte is a granular mixture of benzobicyclon and halosulfuron active ingredients. The 
benzobiclyclon component of Butte adds a new mode of action (HPPD-inhibitor) to the herbicide 
portfolio for water-seeded rice in California. Our previous research suggested that Butte provides 
good broad-spectrum weed control and offers exceptional level of crop safety, however, the 
addition of another herbicide to have a complete weed control in continuous flooded rice is 
needed to improve Echinochloa grass and redstem control to a satisfactory level. 
This year, Butte (7.5 lb/A applied at 1 leaf stage of rice, lsr) was tested under a continuous-flood 
system both applied alone and in combination with other herbicides. Butte alone provided 
excellent control of sedges (ricefield bulrush and smallflower umbrella sedge), ducksalad, 
monochoria, and sprangletop. As in the previous years, the weakness of Butte was evident in 
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controlling Echinochloa grass control that provided only about 90% of late watergrass and 
barnyardgrass control. Overall, Butte alone provided a broad spectrum of weed control and 
offered an exceptional level of crop safety. 
 
Butte followed by into-the-water application of Granite GR (15 lb/A at 3 lsr), a follow-up foliar 
application Granite SC (2.5 oz/A + 2.5% v/v COC at 5 lsr) or Loyant (21.9 oz/A + 0.5 pt/A MSO 
at mid-tiller stage of rice) provided exceptional control of all weeds (Table 2). A follow-up 
application of Regiment (0.67 oz/A + Dyne-Amic 10 oz/A) at mid-tiller or full-tiller stage of rice 
greatly improved barnyardgrass and watergrass control. The choice of the appropriate follow-up 
application or an inclusion of a granular herbicide (for example Granite GR) may largely depend 
on the weed population pressure and/or resistance status of the weeds in the field. 
 
b. Low-Budget Weed Management Programs for California Rice 

 
Weed management in California rice incur significant cost. Most herbicides, including those old 
chemistries, are relatively expensive. In some instances, high cost of resistance management may 
even challenge the economic viability of weed control programs. In this study, weed control 
efficacy of several low-cost herbicide programs were compared with the efficacy of more 
expensive programs. 
 
Low-cost herbicides program included Cerano 5MEG (8 lb/A at DOS) followed by a post 
application of Granite SC (2.5 oz/A + 2.5% COC at 4 lsr) (estimated cost $101), Regiment (0.67 
oz/A + Dyne-Amic 10 oz/A at 1 tiller) ($95) or Stam 80 + Grandstand (5 lb/A + 8 oz/A + 1.25% 
COC at mid tiller) ($99), Granite SC (2.5 oz/A + 2.5% COC at 4 lsr) followed by Clincher (13 
oz/A + 2.5% COC at 1 tiller) ($93) or Stam 80 + Grandstand (5 lb/A + 8 oz/A + 1.25% COC at 2 
tiller) ($109), or tank-mix application of Abolish + Regiment (1.5 qt/A + 0.53 oz/A) at 5 lsr 
($75) (Table 3). Relatively more expensive programs included Cerano 5MEG at DOS followed 
by Granite SC at 5 lsr followed by Stam 80 + Grandstand at mid tiller ($154) or Abolish + 
Regiment at 5 lsr followed by Stam 80 + Grandstand mid tiller ($129). Note that the estimated 
cost of herbicide programs mentioned here does not include the cost of application and 
adjuvants. 
 
All the Cerano 5MEG-based low-cost programs provided an excellent control grass weeds and a 
very good to excellent control of all other primary weeds. Granite SC-based low-cost programs 
and the Abolish + Regiment tank-mix application were also similarly effective. In many 
instances, these low-cost programs were as equally effective as the other relatively more 
expensive programs (Table 3). 
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Low-cost programs may offer a satisfactory level of weed control, especially in fields with no 
resistance problems. Such low-cost programs may require more vigilant consideration of factors 
that may influence herbicide effectiveness such as weed species present in the field, water 
management and timing of herbicide application. In addition, frequent herbicide rotation (as they 
usually comprise fewer herbicide modes of action) is suggested to mitigate the potential risk of 
rapid development of herbicide resistance. 
 
c. Evaluating Different Algaecides for Controlling Algae in Flooded Rice 

 
Application of algaecide prior or at the very early stage of algal mat formation would decrease 
the algae interference with the rice establishment and prevent the algae bloom in the beginning 
of the season. Here we tested complex copper algaecides (Cutrine-plus, Curtine ultra and 
Algimycin), peroxide (hydrogen peroxide), herbicides with plausible algaecide activity (Goal 
2XL and Shark), zinc sulfate and compared their efficacy against the conventional algaecide 
application, copper sulfate in the field.   

 
The field experiment was conducted in a small plot set up (plot size: 10x10 feet). Fertilizers were 
added to the plots prior to the flooding to ensure uniform algae formation in the plots. All the 
compounds (Cutrine-plus, Cutrine-ultra, hydrogen peroxide, zinc sulfate and copper sulfate) 
were applied three days after flooding (Table 4). At this stage algae mat started to form on the 
surface of the water. Goal 2XL were applied as pre-plant application two days before flooding 
the field.  Observation on the algae coverage (0 to 100%), the green area of the algae mat (0-
100%) were estimated every second to three days over a month. Algae biomass was measured 
before and after algaecide treatment. The Algimycin treatment were omitted from the field 
experiment due to late delivery of the chemical, however, when similar study was conducted 
under control conditions, this treatment provide the greatest efficacy.  The algae response to the 
algaecide application was very dynamic and showed rapid changes over time. The maximum 
algae control was 96% with the pre-emergence application of Goal 2XL while zinc sulfate gave 
the lowest algae control (21%) at 24 hours after algaecide application. At the end of the study 
control was 70, 60, 60 and 47% with Cutrine-Plus, Cutrine-Ultra, liquid peroxide copper sulfate, 
respectively Figure 1). In general, algae started to recover from the algaecide application few 
days after the algaecide application. The fastest algae recovery was observed in Cutrine-Ultra 
and Cutrine-Plus treated plots while the algae coverage in other treatments remained low even 
eight days after algaecide treatment.  All the tested algaecides have the potential to reduce the 
early bloom of algae; however, further investigation is needed to determine the optimal time of 
application and their effects on rice. 
 
d. Assessing the rate fertilizer (nitrogen and phosphorous) and some chemical options on early 

algal blooms in rice 
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Rapid growth of algae in the beginning of the rice growing season is associated to the availability 
of the fertilizers in the soil. Once the rice field is flooded, algae grow rapidly and develop a mat 
on the surface of the water that could interfere with the emergence and establishment of rice 
seedlings. Here we tested how the rate of fertilizers (Nitrogen and phosphorous), individually 
applied or in mixture, can influence the bloom of the algae.   
 
The experiment was conducted in the weed science research field.  The field was prepared with 
conventional method except no fertilizers were added to the soil.  To be able to manipulate the 
fertilizer amount, 32-inch diameter PVC pipes (total of 36) were placed in the field and treated as 
experimental units. Two rates of nitrogen (50 N kg/ha, 10 N kg/ha) in the form of urea and two 
rates of phosphorous (low: 34 K kg/ha, 70 k kg/ha) in the form of triple super phosphate were 
spread and lightly mixed with the soil (i.e. surface application) in the beginning of the season. 
Once the field flooded and the soil completely soaked, all the rings were hammered to the soil 
for about 2-5 inches. This would reduce any leakage of the fertilizers and prevent water loss 
from the rings. The water temperature and light intensity were recorded during the experiment 
from one replicate of each treatment. The algae coverage within the ring was observed 30 days 
(eight observation date) and scored between 0 (no algae) to 100 (complete algae cover). At the 
end of the experiment about 1 liter of water, containing algae, were collected from each ring to 
estimate the algae biomass within each ring. The algae coverage within the rings showed high 
fluctuation over time due to the changes of temperature and standing water level. The observed 
coverage of the algae and dry biomass was higher in the treatments with higher rate of fertilizers. 
Furthermore, in treatments were both nitrogen and phosphorous applied, the algae coverage and 
biomass were greater than when either of fertilizers applied alone (Figure 2). The result from this 
experiment suggests that application of fertilizers at lower rate in the beginning of the season 
could reduce the risk of algal bloom. However, the effect of reduced fertilizer rate on the growth 
and development of the rice need further investigation.  The same experiment was repeated in the 
controlled condition (bucket study), but the data yet to be analyzed. 
 
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.   
 
Twelve 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 

 
An oxyfluorfen-resistant non-GM rice trait, ROXY, has been discovered in M-206 by the RES 
Breeding Program. Oxyfluorfen, a PPO-inhibiting herbicide, has a good activity on a broad-
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spectrum of rice weeds. In this study, normal (4 days after flood initiation) and delayed planting 
(7 days after normal planting) of ROXY was evaluated for crop tolerance and weed control with 
four rates (2, 4, 6 or 8 pt/A, applied pre-flood) of Goal 2XL (oxyfluorfen 2 lb ai/gal). For the 
delayed planting, water level was maintained low (0.5 to 1.5 inches) until planting. The seed line 
used was R3245 that is from a backcross to M-206 as is 17Y3000. 
 
Regardless of the planting time relative to flooding, ROXY exhibited slowed growth early in the 
season; however, the early growth and development with delayed planting was slightly better 
than the normal planting time. Despite the use of a broad range of oxyfluorfen rates, the response 
of ROXY to the herbicide rates was minimal. Under both planting times, all the rates of 
oxyfluorfen provided an excellent control of broadleaf weeds (ducksalad, monochoria, redstem 
and waterhyssop), grasses (late watergrass and barnyardgrass) and sedges (ricefield bulrush and 
smallflower umbrella sedge). 
 
This year, oxyfluorfen provided an exceptional control of broad range of rice weeds (Table 5). 
However, the initial rice injury was also greater than expected. Preliminary results indicate that 
some improvement in the potential initial crop vigor may be achieved by adjusting plating time 
relative to the initiation of flood. In the previous years, a similar rate of oxyfluorfen did not 
provide a complete control of Echinochloa grasses. In addition, oxyfluorfen may provide only a 
fair level of ricefield bulrush control and has little or no activity on sprangletop. With further 
developmental work, ROXY technology can be a valuable addition to address weed management 
issues in California rice. 
 
 

 
b. Weed control and rice safety with pyraclonil 

 
Pyraclonil is a new PPO-inhibiting active ingredient, which is being evaluated in California rice 
by Nichino America. This new chemistry has activity on broad spectrum of rice weeds. This 
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year, NAI-1883 (a granular formulation of 1.8% pyraclonil) was evaluated alone or in 
combination with other herbicides. The programs included NAI-1883 14.9 lb/A at DOS alone or 
in combination with Butte 7.5 lb/A at 0.5 lsr or 1.5 lsr, Bolero UltraMax 23.3 lb/A at 1.5 lsr, 
Regiment 0.67 oz/A at tillering or NAI-1883 14.9 lb/A at 1 lsr following Cerano 5MEG 5 lb/A 
applied at DOS. 
 
The stand-alone application of NAI-1883 was exceptionally effective in controlling all weeds 
present in the field. However, pyraclonil at the evaluated rate and timing is known to be slightly 
weaker on ricefield bulrush and ineffective in controlling bearded sprangletop in California rice 
fields (Table 6). Rice injury with NAI-1883 was only minimal. As plots were weed-free with the 
DOS application of NAI-1883, weed control benefits of other herbicides in the programs could 
not be evaluated. The later application timing of NAI-1883 following Cerano 5MEG was equally 
effective in controlling all weeds except Echinochloa grasses (<98% control). Other herbicides in 
the programs did cause no additional injury than what is typically expected. 
 
In summary, pyraclonil is a very promising chemistry for weed control in California rice, most 
importantly for controlling and managing a variety of herbicide-resistant weeds in California rice 
fields. 
 

 
                                                                 Pyraclonil alone 
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c. Loyant is a new Dow active ingredient that belong to the picolinic acid chemistry. Loyant or its 
active ingredient (florpyrauxifen-benzyl) is being evaluated in California rice. It works as an 
auxin-type herbicide. This new chemistry can be a valuable tool for herbicide resistance 
management in California rice. This year, efficacy of Loyant was evaluated in several weed 
control programs. The programs included stand-alone application of Loyant (21.5 oz/A + 0.5 
pt/A MSO) applied at 4 lsr or in combination with Cerano 5MEG 8 lb/A at DOS, Butte 7.5 lb/A 
at 1 lsr or Loyant tank-mixed with Clincher (13 oz/A at 4 lsr). Two other programs, Butte 7.5 
lb/A at 1 lsr followed by Granite GR (15 lb/A at 2.5 lsr) or Granite SC (2.5 oz/A + 2.5% v/v 
COC at 4 lsr) were also included. 
 
Loyant herbicide is safe on rice and provided nearly complete control of all weeds present in the 
field with no or little initial crop injury (Table 7). All the other programs that included Loyant 
provided a perfect control of all weed species with an excellent level of crop safety. Although 
not evaluated in this study, Loyant alone or in a program with Granite® GR or Granite SC is not 
expected to provide a satisfactory control of sprangletop. We will continue working with Corteva 
to get this herbicide registered in California 
 
In summary, Loyant is promising tool for weed control in CA rice. It will contribute for weed 
control in general but it will be excellent addition to control herbicide resistant water grass and 
smallflower sedges. 

 
 

d. TVE29 is a new FMC herbicide. It is mainly a grass control herbicide that is used at low rates. It 
has a wider window of application compare to other grass control herbicides. In addition, it has 
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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 
herbicides. We have tested the safety of this herbicide on several California rice cultivars. The 
herbicide has excellent safety on rice with outstanding 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. The purpose of this 
study is 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.  

 
 
Objective 3. Develop management alternatives by integrating agronomical and cultural 
practices to improve weed control, minimize costs, and reduces environmental impacts.   
 
A. UDrill-Seeded Rice.  
 
Decades of herbicide use have resulted in widespread herbicide resistance in the region. 
Management of resistance while maintaining economically viable yields is becoming 
increasingly difficult for many growers. Research is underway to develop a program of dry-
seeding rice, which drills the rice below the surface weed seedbank, and relies on flush-irrigation 
for 30-40 days before flooding. This preplanted stale-seedbed technique delays crop emergence 
and should allow most grasses to be controlled by glyphosate or other economical broad-
spectrum herbicides. Planting at deeper depths should allow for later burndown applications and 
generally better weed control, but yield potential for rice drilled below 0.5 inch has not been 
evaluated previously. 
 
Trials were conducted at the Rice Research Station and at University of California, Davis. Four 
common cultivars (M-105, M-205, M-206, M-209) were planted into draining plastic tubs for 
each study. Study 1 measured coleoptile vigor over time for each cultivar, at three depths from 
2.54 cm to 7.62 cm. Study 2 measured emergence and physiological characteristics for each 
cultivar planted at seven depths ranging from 0 cm to 7.62 cm. 
 
The greenhouse studies indicate that M-205 and M-209 had higher coleoptile vigor, emergence 
rates, and total emergence than did M-105 and M-206, across all depths. M-105 performed 
poorly at all depths below 0.5 inch. When buried at 2.0 inches, M-105, M-205, M-206, and M-
209 had 78%, 81%, 81% and 93% emergence, respectively (Figure 3 and 4). In addition, M-209 
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reached 50% emergence 1-2 days earlier than M-206 and M-105 for most burial depths and a 
10%-90% emergence window that was 1.5 days long at the 2.0 inch depth.  
 
These greenhouse results indicated that M-205 or M-209 might be able to emerge at sufficient 
rates and amounts to provide a window for good pre-emergence weed control with glyphosate, 
while providing economically competitive yields. 
 
A field was setup that consisted of a split-split- plot experimental design, with main plots of 
drilling depth (1 inch and 2 inches), subplots of cultivars M-206 and M-209, and sub-subplots of 
four herbicide protocols. The herbicide program followed the protocol below: 

  

Treatment 
number Treatment Crop timing 

    T1          UNTREATED   
    T2 Glyphosate 

Bispyribac (Regiment CA) + Dyne-Amic 
Cyhalofop (Clincher CA) + COC 

First leaf, just at surface 
3 leaf  
3.5 leaf (sprangletop cleanup) 

    T3 Glyphosate 
Bispyribac (Regiment CA) + Dyne-Amic + 
Pendimethalin (Prowl H2O) 
Cyhalofop (Clincher CA) + COC 

First leaf, just at surface 
3 leaf 

 
3.5 leaf (sprangletop cleanup) 

   T4 Glyphosate 
Bispyribac (Regiment CA) + Dyne-Amic + 
Clomazone (Command 3ME) 
Cyhalofop (Clincher CA) + COC 

First leaf, just at surface 
3 leaf 

 
3.5 leaf (sprangletop cleanup) 

 
 
Both cultivars and both seeding depths reached emergence at 5 days after planting, with rice 
from the 1”-depth plots emerged about ½”, and the 2”-depth plots just breaking the surface. 
Glyphosate was applied on all treated plots at 5 DAP, and injury to the rice was limited to tip 
die-off, which the plants grew out of. Stunting due to glyphosate injury was not observed. 
 
Glyphosate alone reduced Echinochloa spp. by more than 50% in all treated plots, with the 
remainder of the herbicide program ensuring an Echinochloa-free season. Bearded sprangletop 
germinated later in the season and was not effectively controlled with glyphosate, and high 
seedling density in the necessitated a Clincher application in the treated plots. Bearded 
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sprangletop densities were relatively low late in the season in the untreated plots, presumably 
due to strong competition from Echinochloa species. 
 
Yields for untreated plots were zero for both cultivars and both seeding depths. Yields for treated 
plots for either cultivar were no different across seeding depths or across the three herbicide 
treatments (Table 8 and 9). 
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B. Sprangletop control by adjusting water depth in rice fields.  
 

Bearded sprangletop (Leptochloa fusca) is a problematic weed in California rice production.  
Flooding was thought to suppress bearded sprangletop growth, however after many years of 
continuous rice production, anecdotal evidence suggests that bearded sprangletop populations 
can tolerate flood pressures. A study was conducted over two years at the Rice Research Station 
in Biggs, CA to test the flooding tolerance of two bearded sprangletop populations against three 
irrigation depths. The study implemented a split block factorial design with sprangletop 
population being factor 1 and irrigation method being factor 2.  The irrigation methods were 1) 4 
in. (10 cm) continuous flood; 2) 8 in. (20 cm) continuous flood and; 3) 2 in. (5 cm) flood. The 
two bearded sprangletop populations tested consisted of one clomazone resistant and one 
susceptible population. There was no emergence of bearded sprangletop in the 8 in. flood depth 
of either population. With a continuous 4 in. flood, only the resistant population survived 
flooding pressure and produced significantly more tillers and seed than any other treatment- 
population combination tested (Figure 5 and 6). This suggests that there may be a fitness 
advantage related to clomazone resistance, however further testing is needed to confirm this.  
 
C. Bearded sprangletop, smallflower umbrella sedge and barnyardgrass germination as affected 

by temperatures 
 
The optimum temperature, temperature degree-days and the period of breaded sprangletop, 
smallflower umbrella sedge and barnyardgrass germination were determined at three sites in 
California. These studied were conducted late April, mid-May and early June to ensure wide 
range of temperatures. Ten 76 cm PVC pipes were placed in each field to control flood levels 
and 100 seeds of bearded sprangletop, smallflower umbrella sedge and barnyardgrass were 
planted in each ring.  Germination counts were taken daily and temperature of water and air 
recorded. Growing Degree Days (Thermal time) was calculated for each species across 
temperature. Results showed that smallflower Umbrella sedge germinate first in the field 
followed by barnyardgrass then bearded sprangletop. The temperature-degree days is the lowest 
for smallflower Umbrella sedge and highest for bearded sprangletop (Figure 7, 8 and 9). In 
addition, breaded sprangletop germinate at wider window compare to smallflower Umbrella 
sedge and barnyardgrass. The data suggested that herbicide application at day of seeding is not 
optimum timing for breaded sprangletop control. 
 
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  
 
a. Survey of California rice fields for acetolactate synthase (ALS) resistance/cross resistance in 

Cyperus difformis (smallflower sedge). 
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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.  In 2018, we expanded our research into ALS-inhibitor cross-resistance in 
smallflower umbrella sedge (Cyperus difformis) to include a study of multiple-resistance to other 
herbicide modes of action (MOA) labeled for smallflower control in California rice. We treated 
representative populations from each previously determined ALS cross-resistance pattern (Table 
10) with propanil (Stam 80 EDF), carfentrazone (Shark H20) and thiobencarb (Abolish) at rates 
corresponding to 0.5x, 1x and 3x the recommended label rates. We found no tolerance or 
resistance to Shark or Abolish (data not shown), but most populations tested were tolerant to 
Stam at the 0.5x rate, and three had >50% survival at the 1x rate (Figure 10). No population was 
tolerant to Stam at the 3x rate. 
 
We continue our research on determining the levels of resistance to each ALS inhibitor for 
representative populations from each cross-resistance pattern, and will soon commence genetic 
and molecular studies with the aim of elucidating the precise mechanism(s) of resistance. 
 
b. Survey of California rice fields for clomazone resistance in Breaded Sprangletop 

 
Bearded sprangletop (Leptochloa fusca (L.) Kunth ssp. fasicularis (Lam.) N. Snow) is a 
problematic weed in California rice production and few herbicides provide efficacious control.  
As control of bearded sprangletop has declined, suspicion of resistance has increased due to the 
continuous rice cropping system in the region. Seed from 31 populations were submitted by 
growers from the California rice-growing region and screened for clomazone resistance (Table 
11). Greenhouse experiments were conducted at the Rice Experiment Station in Biggs, CA to 
determine bearded sprangletop population sensitivity to clomazone. Experiments were arranged 
in a randomized complete block design with a factorial treatment structure; factor one being 
treatment and factor two being bearded sprangletop population. Treatments consisted of 1) non-
treated, 2) 12 lb. acP

-1
P clomazone, and 3) 36 lb. acP

-1 
Pclomazone. Plant height and control of 

bearded sprangletop were recorded weekly for 3 weeks.  At 3 WAT, bearded sprangletop 
biomass was harvested and dried (Figure 11).  Four populations were confirmed resistant at both 
rates tested. However, the survival of the treated plants resulted in reduction of biomass ranging 
from 30 to 98% at 3 WAT.  A decrease in height ranging from 29 to 72% was observed for all 
populations that survived 36 lb. acP

-1 
Pclomazone treatment. Clomazone resistant bearded 

sprangletop plants were initially injured but began to recover 14 DAT. An additional study was 
conducted to determine the level of resistance present in the populations identified. Experiments 
were arranged in a randomized complete block design with a factorial treatment structure; factor 
one being population and factor two being herbicide rate.  Eight herbicide rates were used 
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ranging from 1/8 full rate to 12 X the full rate. Three resistant populations tested had resistance 
levels at 1.25 X, 2 X, and 5 X labeled rates of clomazone.  
 

c. Diagnostic and detection of herbicide resistance in Farmers’ fields  
 
For seeds collected from 2017 growing season, testing of suspected herbicide resistant weeds 
was conducted on more than 230 samples in the greenhouse. Growers and PCA submitted weed 
seeds samples including barnyardgrass, early and late watergrass, smallflower umbrella sedges, 
sprangletop, 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: 
 
 

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 12. 
 
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 2017 protocol; however, we have added Loyant herbicide for 
smallflower umbrella sedge and Echinochloa species complex testing. 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 



Project NO. 1, 2018 
 

growers and PCA who utilized the service.  For 2018, we have already received more than 150 
samples.  
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GENERAL SUMMARY OF CURRENT YEARS RESULTS 
 
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 
Butte applied at day of seeding until 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. Butte continue to give us outstanding control of breaded sprangletop and ricefield 
bulrush.  
 
We have expanded our research on pyraclonil, a new herbicide from Nichino America, Inc. This 
herbicide has similar mode of action to Shark and can contribute to managing herbicide weed 
resistance in rice fields. A rate, timing, and formulations and herbicide partner program of 
pyraclonil studies in continuously-flooded rice showed that pyraclonil, has excellent activity on 
grasses, sedges including smallflower umbrella sedge and broadleaf.  In addition, pyraclonil 
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. The company is planning to have pyraclonil in the market in 2022. 
 
We also conducted research to optimize Loyant, a new herbicide that will be available to 
California growers in 2021. Loyant showed excellent postemergence weed control with good 
safety on rice. It can be applied at different growth stages. Loyant has good activity on 
watergrass, sedges and broadleaf weeds. Loyant will help California rice growers to control 
grasses, broadleaf weeds and smallflower umbrella sedge. In addition, Loyant will help to 
manage herbicide resistant weeds.  
 
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. 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. We have conducted greenhouse research to study 
the emergence of 5 rice cultivars from different soil depth. The greenhouse research showed that 
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M-209 has great ability to emerge from deep planting. This is significant because it will allow 
growers to apply nonselective herbicide before rice emergence.  
 
Our field research also reveal that the emergence of three weed species vary between species 
with rapid germination of smallflower umbrella sedge. It is the first weed to emerge in the field. 
Breaded sprangletop has slowest in germination compare to other species and continue for 30 
days after planting. This pattern of germination may require late application of herbicide. 
Research is underway to develop a model to product sprangletop germination based on water 
temperature. 
 
We have been testing more than 230 samples of suspected herbicide resistant weed populations 
that were collected by growers and PCA including barnyardgrass, early and late watergrass, 
smallflower umbrella sedges, sprangletop, ricefield bulrush, and redstem.  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. In 2019, 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.   
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Figure 1. Changes of the algal coverage overtime. Algaecides were applied three days after 
flooding. 
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Figure 2. Interaction of nitrogen and phosphorous on the A) mean algae coverage (0-100 

percentage) and B) mean dry biomass (mg/L). 
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Figure 3. Total emergence of four California rice cultivars across sowing 
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Figure 4. Cumulative emergence of four California rice cultivars when sown at 5.1cm depth. 
 

 
Figure 5. Sprangletop plant height and plant tillers of Clomazone resistant and susceptible 

biotypes as affected by water depth. 
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Figure 6. Number of panicles and seeds of sprangletop of Clomazone resistant and susceptible 
biotypes as affected by water depth. 

 
 

 
 
 

Figure 7. Temperature degree-day (GDD) and seedling emergence of smallflower umbrella 
sedge and affected by temperature in three sites.   
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Figure 8. Temperature degree-day (GDD) and seedling emergence of barnyardgrass and affected 

by temperature in three sites. 
 

 
 

 
 
 

Figure 9. Temperature degree-day and seedling emergence of breaded sprangletop sedge and 
affected by temperature in three sites. 
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Figure 11. Three populations of sprangletop collected from California rice fields with the 
greatest resistance to Clomazone. 
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Table 1. Herbicides used and their active ingredient 

 
UHerbicideU                Upercentage aiU   Ulb 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 HR2RO (pendimethalin)    42.6   3.8 
Regiment (bispyribac-sodium)   80   NA 
RiceEdge (propanil + halosulfuron)   60 + 0.64  NA  
Sandea (halosulfuron)     75   NA 
Shark HR2RO (carfentrazone)    40   NA 
Strada CA (orthosulfamuron)    50   NA 
SuperWham! CA (propanil)       41.2   4.0  
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Table 3. Efficacy of Butte herbicide applied alone or in combinations with other herbicides. 
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Table 3. Efficacy of low cost herbicide treatments in continuous-flooded rice field. 
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Table 4.Comparison of means between the algaecide/herbicide treatments of measured traits. Algae coverage and green proportion 
of algal mat was averaged across all the 12P

 
Pobservations over time. The biomass is the algae biomass obtained 5 days after 

algaecide application. For each experimental plot, biomass was collected from four 0.9mP

2
P quadrats, randomly placed in a plot. 

Algaecide/herbicide 
treatment Algae coverage (%) Green proportion of algal 

mat (%) Biomass (g) 

Untreated control 42.0625 ab 80.5769 a 1.2368 b 
Cutrine_plus 35.2917 ab 75.1923 a 0.8142 ab 
Cutrine_ultra 46.1667 b 80.5000 a 0.5950 abc 
Liquid peroxide 20.3408 c 48.7189 b 0.4766 ac 
Goal2XL 34.3409 ab 9.4679   c 0 c 
Zinc sulfate 32.5663 ac 67.2984 ab 0.9712 ab 
Copper sulfate 33.2866 abc 65.5385 ab 0.4830 ac 
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Table 5. Weed control with Goal herbicide applied alone or in combination with other herbicide on Roxy rice in 2018. 
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Table 6. Weed control with pyraclonil (NAI-1883) applied alone or in program in continuous flooded rice in 2018.  
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Table 7. Weed control with Loyant herbicide applied alone or in program in continuous flooded rice in 2018.
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Table 8. Echinochloa plants as affected by planting depth and herbicide treatments. 
Echinochloa plants/ ftP

2 

Treatment 

22 Days after planting 
(Glyphosate only) 

 38 Days after planting 

1”  2”  1”  2" 
M-
206 

M-
209 

 M-
206 

M-
209 

 M-206 
M-
209 

 M-
206 

M-
209 

T1 (UTC) 112 124  113 106  119 126  138 113 
T2 44 53  51 54  0 0  0 0 
T3 30 53  44 33  0 0  0 0 
T4 51 57  36 38  0 0  0 0 

 
Table 9. Rice yield of M-206 and M-209 as affected by planting depth. 

cultivar Average yields across treatments 
(excluding UTC) 

 1” 2” 

M-206 9060 9130 

M-209 10700 10875 
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Table 10. ALS cross-resistance patterns previously observed and representative populations used in the present study. 
 
   Pattern (P.) Londax Halomax Regiment Granite Populations 

P.1 R S S S 4, 45 

P.2 R R S S 2, 3 

P.3 R S R S 10, 29 

P.4 R R R S 59, 60 

P.5 R S R R 41 

P.6 R R R R 18 
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Table 11. Survey of sprangletop resistance to clomazone in 32 rice fields in California 
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Table 12. Summary of 2016 Resistance Testing 

 
 
 
 
 


	Butte is a granular mixture of benzobicyclon and halosulfuron active ingredients. The benzobiclyclon component of Butte adds a new mode of action (HPPD-inhibitor) to the herbicide portfolio for water-seeded rice in California. Our previous research su...
	This year, Butte (7.5 lb/A applied at 1 leaf stage of rice, lsr) was tested under a continuous-flood system both applied alone and in combination with other herbicides. Butte alone provided excellent control of sedges (ricefield bulrush and smallflowe...
	Butte followed by into-the-water application of Granite GR (15 lb/A at 3 lsr), a follow-up foliar application Granite SC (2.5 oz/A + 2.5% v/v COC at 5 lsr) or Loyant (21.9 oz/A + 0.5 pt/A MSO at mid-tiller stage of rice) provided exceptional control o...
	a. Evaluation of ROXY: Crop Tolerance and Weed Control
	An oxyfluorfen-resistant non-GM rice trait, ROXY, has been discovered in M-206 by the RES Breeding Program. Oxyfluorfen, a PPO-inhibiting herbicide, has a good activity on a broad-spectrum of rice weeds. In this study, normal (4 days after flood initi...
	Regardless of the planting time relative to flooding, ROXY exhibited slowed growth early in the season; however, the early growth and development with delayed planting was slightly better than the normal planting time. Despite the use of a broad range...
	This year, oxyfluorfen provided an exceptional control of broad range of rice weeds (Table 5). However, the initial rice injury was also greater than expected. Preliminary results indicate that some improvement in the potential initial crop vigor may ...

