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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. Develop thermal model for growth and development of the weedy rice that can be used to 

predict emergence and growth of weedy rice.  

5. Study the spread, types, and management of algae in California rice fields.  

6. 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 2021 RESEARCH: 

The UC Rice Weed Research Program at the Rice Experiment Station, Biggs, CA seeks to assist the 

California rice industry in achieving sustainable weed control through research, demonstration, and 
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other extension efforts. This year’s program focuses on the performance and evaluation of new 

herbicides (including herbicides under development) in mixtures and/or sequential combinations with 

existing herbicides primarily for continuously-flooded rice system. We also are evaluating new 

formulations of existing rice herbicides, as well as refining full-season herbicide programs featuring 

common rice herbicides, with an emphasis on flexibility and herbicide rotation. We are also 

continuing our research on drill-seeded rice featuring deep rice planting and timely Roundup® 

burndown treatments to maximize grass weed control before stand emergence. Highlights of this 

year’s program include studying florpyrauxifen-benzyl (Loyant), pyraclonil (Zembu), Roxy 

technology, and pendimethalin weed control in water seeded rice when applied alone or incorporated 

into existing weed control programs. In addition, we have developed techniques to reduce weed and 

algae pressure in rice fields. 

 

We have developed important and needed data and knowledge to help growers managing weeds. Our 

program this year include advanced testing of three new herbicides, pyraclonil, Loyant, and FMC 

new grass control herbicides for weed control in rice. Pyraclonil is a PPO inhibitor, Loyant is auxin-

type herbicides, and FMC grass control herbicide is a DHODH inhibitor which is a new mode of 

action not only for rice but also for other crops. In addition, we started a project to study the potential 

to use pendimethalin herbicide in water seeded rice. Research also was conducted to study the 

response of Roxy rice to different rates and combinations of ALB 2023 herbicide in Roxy cropping 

system. Furthermore, we have studied the risk of algae on rice establishment and tested several 

chemical to control algae in rice. Additionally, we have continued our efforts to develop a thermal 

model to predict weedy rice emergence. Furthermore, we continue our research to combine stale 

seedbed with deep rice planting allowing the use of nonselective herbicide to control weeds before 

rice emergence. 

 

Most of our 2021 weed management research was conducted in continuous flood system, which 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. In addition, our program conducted several studies on weed management in drill seeded rice. 

This year, our planting was in late May with a seeding rate of 160 lb/A. We have used M206, M105, 

and M209 rice varieties in our research. The rice harvest was conducted in late October. The 

dominant weed species in our water-seeded field have been barnyardgrass, early watergrass, and 

ricefield bulrush, followed closely by bearded sprangletop, smallflower umbrellasedge, and 

ducksalad. redstems, arrowheads, and waterhyssop were also present in our water-seeded fields. In 

our drill-seeded field, barnyardgrass and bearded sprangletop are by far the most dominant weeds, 

however smallflower umbrellasedge and tall flatsedge are also common.  
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Objective 1. Optimize and improve the efficacy of herbicide applied alone, in tank mixes, or/and in 

sequential treatments. 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 and 

pinpoint flood. Experiments were conducted at the Rice Experiment Station (RES) in Butte County at 

three fields. Experiments were planted on May 14 (M-105 rice variety) with seeding rate of 150 lb/A, 

May 31 (M-209 rice variety) with seeding rate of 160 lb/A, and June 5 (M-206 rice variety) with 

seeding rate of 160 lb/A. 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 and water level brought back 48 h after treatment. 

Water was drained at about a month before harvest, to facilitate rice harvest.  

 

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. Rice injury (stand reduction, stunting, chlorosis, etc.) 

was evaluated 20 and 40 DAS. 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 hand 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.  

 

Table 1. Herbicides used and their active ingredient 

Herbicide                Percentage ai    

Bolero UltraMax (thiobencarb)   15    

Butte (benzobicyclon + halosulfuron)  3 + 0.64   

Cerano 5 MEG (clomazone)    5    

Clincher CA (cyhalofop-butyl)   29.6    

Grandstand (triclopyr)     44.4    

Granite GR (penoxsulam)    0.24    

Granite SC (penoxsulam)    24    

Prowl H2O (pendimethalin)    42.6    

Regiment (bispyribac-sodium)   80    

Sandea (halosulfuron)     75    

Shark H2O (carfentrazone)    40    

SuperWham! CA (propanil)       41.2     

 

a. Butte®-based programs: constant refinement to maximize weed control 
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Butte is by now a new herbicide for rice. It was introduced to the market in California in 2017. Butte 

is a granular formulation of benzobicyclon and halosulfuron active ingredients. The benzobicyclon 

component of Butte added a new mode of action (HPPD-inhibitor) to the herbicide portfolio for 

water-seeded rice in California. Butte provides broad spectrum weed control and offers good crop 

safety when used according to the label. It is important to use Butte in conjunction with other 

herbicides to enhance grass weed control throughout the season, however. This year’s Butte research 

included programs featuring familiar rice herbicides such as SuperWham, Granite, and Grandstand. 

But it also included newer products like RebelEX (a mix of penoxsulam and cyhalofop, to give the 

activity of Granite and Clincher in one shot), and Loyant, a new herbicide under development. Butte 

was applied to 1-leaf rice (1LS) at 7.5lb in each treatment this season. 

 

We found that the most consistent full-spectrum weed control was achieved with a program of Butte 

followed by Granite SC at early-tiller rice, and SuperWham applied at mid-tiller rice, which provided 

clean plots (Table 1). Butte followed by Loyant and SuperWham, or Cerano applied DOS followed 

by Butte provided very good weed control, with few redstem or watergrass escapes. Other treatments 

in the program had varying degrees of redstem or watergrass presence in plots. In particular, Butte 

followed by Grandstand and Regiment did not control watergrasses well this year, counter to our 

expectations based on previous experience in our fields. 

 

Butte cause slight stunting on rice (Table 2), however, plants fully recover from stunting and appear 

normal 20 to 40 DAS depending on treatment. Grain yield was significantly higher in all Butte 

treatments compared to nontreated control. All Butte treatment yielded more than 9,000 lb/A (Table 

3).  
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Table 1. Weed control as affected by Butte herbicide treatments applied on rice in 2021 at the Rice 

Experiment station In Biggs, California.

 
 

Table 2. Rice injury as affected by Butte treatments applied in 2021 at the rice experiment station at 

Biggs, California. 
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Table 3. Rice yield as affected by Butte treatments applied in 2021 at the rice experiment station at 

Biggs, California. 

 
 

b. Optimizing Loyant-based herbicide programs to control smallflower umbrellasedge 

 

Loyant (florpyrauxifen-benzyl) is a new aryl picolinate herbicide developed by Corteva.  Loyant is a 

synthetic auxin herbicide, the same mode of action of triclopyr and 2,4-D herbicides that have been 

used on rice for more than 20 years; however, Loyant is a new structural class of synthetic auxin 

herbicides. Loyant will be used as postemergence herbicide in rice. It has broad window of 

application timing that range from 2-rice leaf-stage to 60 days before harvest.  It is more effective, 

however, when it uses on small weeds when it is not covered by water. Loyant can be used in both 

dry direct-seeded and water-seeded. 

 

Generally, Loyant has a broad-spectrum weed control activity. In rice, it controls selected grasses 

sedges, and broadleaf weed species. Our research showed while Loyant provide good control of 

barnyardgrass (Echinochloa crus-galli), it is less effective on other Echinochloa species. Loyant, 

however, provide good sedges and broadleaf weed control. Loyant usage rate may dependent upon 

the target weed species and geography.  

3,089 b

 Yield Ib/A

10,363 a

8,639 a

9,587 a

9,624 a

1,0640 a

9,159 a

9,987 a
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A field study was conducted in the growing season of 2021, at California Rice Experiment Station in 

Biggs, CA to determine the effects of Loyant when applied at different growth stages to smallflower 

umbrellasedge. To evaluate sedge weeds control, Cerano at 12 lb/A was applied to all plots to control 

watergrass, Echinochloa species at day of seeding. Loyant was applied at 1.33 pt/A, to 1-leaf stage, 4-

, 6-, 8-, and 10-inches smallflower umbrellasedge stages to determine the most effective application 

timing on smallflower umbrellasedge. A backpacked, CO2-pressurized six nozzle spray boom with 

XR8003VS(AI) nozzles at 30 PSI pressure delivers 20 GPA were used. Additionally, methylated 

seed oil at 0.5 pt/A was added to all treatments (Table 4). The studies were conducted as randomized 

complete block design with four replicates. All plots were evaluated for weed control and crop injury 

ratings at 7, 14, 21, 28, and 42 days after treatments. Weed plant count was conducted 28 DAT in 

0.125 m
2
 in each plot. Rice grain was harvested and weighed. The greatest rice chlorosis and necrosis 

were 12% and 10% at 7 DAT at 1-leaf smallflower umbrellasedge stage treatment (Table 5). Rice 

gradually recovered from injury and appeared normal at 21 DAT. Loyant applied at 1-leaf sedge 

stage was the most effective treatment to control watergrass with 100% control at 42 DAT Table 6-

10). At 28 DAT, ricefield bulrush and smallflower umbrellasedge control was 98% at 1-leaf sedge 

stage. All treatments achieved 100% control of ducksalad at 28 DAT (. Rice grain yield were 

significantly higher in all treatments compare to nontreated control. The highest rice grain yield of 

11,092 lb/A was with the latest Loyant treatment that applied at 10-inches sedge growth stage 

application (Table 11). Loyant had good control of smallflower umbrellasedge when applied at 1-

leaf, 8-, and 10-inches growth stages resulting in the highest yield at 10-inches stage application. This 

study suggest that Loyant is safe and effective to be used late in the growing season up to 10-inches 

tall smallflower umbrellasedge. 

 

Table 4. Herbicide Treatments. 

        

Treat. Treatment  Rate Alt Alt Appl. Appl. 

No Description Rate Unit Rate Unit Method Timing 

        

        

1 Cerano 672 g ai/ha 12 lb/A POST DOS 

 Loyant 40 g ai/ha 1.33 pt/A POST 1 leaf 

 MSO   0.5 pt/A POST 1 leaf 

        

2 Cerano 672 g ai/ha 12 lb/A POST DOS 

 Loyant 40 g ai/ha 1.33 pt/A POST 4” SMF 

 MSO   0.5 pt/A POST 4” SMF 

        

3 Cerano 672 g ai/ha 12 lb/A POST DOS 

 Loyant 40 g ai/ha 1.33 pt/A POST 6” SMF 

 MSO   0.5 pt/A POST 6” SMF 

        

4 Cerano 672 g ai/ha 12 lb/A POST DOS 

 Loyant 40 g ai/ha 1.33 pt/A POST 8” SMF 

 MSO   0.5 pt/A POST 8” SMF 

        

5 Cerano 672 g ai/ha 12 lb/A POST DOS 

 Loyant 40 g ai/ha 1.33 pt/A POST 10” SMF 

 MSO   0.5 pt/A POST 10” SMF 

        

UTC clomazone 672 g ai/ha 12 lb/A POST DOS 
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Table 5. Percent rice injury from Loyant application at 7, 14 and 21 days after treatment. 
                      

TRT PHY  CHL  NEC 
                      

Days after treatment 

                      
D  7 14 21  7 14 21  7 14 21 

                      

1  3 a 0 a 0 a  12 a 5 a 0 a  10 A 4 a 0 a 

                      
2  0 a 0 a 0 a  5 ab 4 a 0 a  5 Ab 2 a 0 a 

                      

3  0 a 0 a 0 a  0 b 0 a 0 a  0 B 0 a 0 A 
                      

4  0 a 0 a 0 a  0 b 0 a 0 a  0 B 0 a 0 A 

                      
5  0 a 0 a 0 a  0 b 0 a 0 a  0 B 0 a 0 A 

                      

U  0 a 0 a 0 a  0 b 0 a 0 a  0 B 0 a 0 A 
                      

Abbreviations: TRT, Treatments; D, days after treatment; UTC, untreated control; PHY, general phytotoxicity; CHL, 

chlorosis; NEC, necrosis. The same lowercase letters within a column indicate means are not statistically different at 

=0.05. 

 

Table 6. Percent weed control of Loyant 7 DAT. 
           

Treatments WTG BLR SMF DKS RDS 
           

           

1 N/A - N/A - N/A - N/A - 15 A 

           
2 N/A - N/A - 95 a 87 a 88 B 

           

3 25 a 43 A 42 b 99 b 98 C 
           

4 63 b 55 B 69 c 69 c 67 D 

           
5 48 c 88 C 86 d 93 d 88 B 

           

UTC 0 d 0 D 0 e 0 e 0 E 
           

Abbreviations: UTC, untreated control; WTG, watergrass; BLR, bulrush; SMF, smallflower umbrellasedge; DKS, 

ducksalad; RDS, redstem. The same lowercase letters within a column indicate means are not statistically different at 

=0.05. 

Table 7.  Percent weed control of Loyant 14 DAT. 
           

Treatments WTG BLR SMF DKS RDS 
           

           

1 N/A - N/A - 66 a 81 a 88 a 
           

2 75 a 71 a 69 ab 93 b 88 a 

           
3 25 b 80 b 62 a 100 c 100 b 

           

4 65 c 62 c 74 b 73 d 65 c 
           

5 35 d 76 b 77 b 65 e 70 c 
           

UTC 0 e 0 e 0 c 0 f 0 d 

           

Abbreviations: UTC, untreated control; WTG, watergrass; BLR, bulrush; SMF, smallflower umbrellasedge; DKS, 

ducksalad; RDS, redstem. The same lowercase letters within a column indicate means are not statistically different at 

=0.05. 
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Table 8. Percent weed control of Loyant 21 DAT. 
           

Treatments WTG BLR SMF DKS RDS 
           

           

1 N/A - 63 a 82 a 80 a 88 a 
           

2 75 a 85 b 70 b 99 b 100 b 

           
3 50 b 50 c 33 c 100 b 75 c 

           

4 67 c 64 a 72 b 100 b 78 d 
           

5 17 d 89 b 92 d 100 b 65 e 

           
UTC 0 e 0 d 0 e 0 c 0 f 

           

Abbreviations: UTC, untreated control; WTG, watergrass; BLR, bulrush; SMF, smallflower umbrellasedge; DKS, 

ducksalad; RDS, redstem. The same lowercase letters within a column indicate means are not statistically different at 

=0.05. 

 

Table 9. Percent weed control of Loyant 28 DAT. 
           

Treatments WTG BLR SMF DKS RDS 
           

           

1 83 a 98 a 98 a 99 a 96 a 

           
2 75 a 70 b 25 b 100 a 100 b 

           

3 50 b 71 b 26 b 100 a 100 b 
           

4 78 ab 51 C 56 c 100 a 75 c 

           
5 10 d 50 C 59 c 100 a 90 d 

           

UTC 0 e 0 D 0 d 0 a 0 e 
           

Abbreviations: UTC, untreated control; WTG, watergrass; BLR, bulrush; SMF, smallflower umbrellasedge; DKS, 

ducksalad; RDS, redstem. The same lowercase letters within a column indicate means are not statistically different at 

=0.05. 

 

Table 10. Percent weed control of Loyant 42 DAT. 
           

Treatments WTG BLR SMF DKS RDS 
           

           

1 100 a 69 A 67 a 100 a 50 a 
           

2 75 b 60 B 24 b 100 a 50 a 

           
3 67 c 48 C 28 b 100 a 100 b 

           

4 77 b 60 B 80 c 100 a 75 c 
           

5 27 d 69 A 79 c 100 a 75 c 

           
UTC 0 e 0 D 0 d 0 b 0 d 

           

Abbreviations: UTC, untreated control; WTG, watergrass; BLR, bulrush; SMF, smallflower umbrellasedge; DKS, 

ducksalad; RDS, redstem. The same lowercase letters within a column indicate means are not statistically different at 

=0.05. 
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Table 11. Rice yield of different application timings of Loyant. 
        

Treatments  lb/A   
        

        
1   9,050 a    

        

2   10,330 a    
        

3   10,986 a    

        
4   10,351 a    

        

5   11,092 a    
        

UTC   9,925 a    

        

Abbreviations: UTC, untreated control. The same lowercase letters within a column indicate means are not statistically 

different at =0.05. 

 

b. Effects of Loyant on rice panicles development under California water seeded rice system.  

A field study was conducted in 2021 at California Rice Experiment Station in Biggs, CA to determine 

the effects of Loyant on rice and weed control when applied after rice panicle initiation (Table 12). 

Loyant was applied at 1.33 and 2.66 pt/A after panicle initiation stage, 52 days after seeding. A 

backpacked, CO2-pressurized six nozzle spray boom with XR8003VS(AI) nozzles at 30 PSI pressure 

delivers 20 GPA were used. Additionally, methylated seed oil at 0.5 pt/A was added to all treatments. 

The study was conducted as randomized complete block design with four replicates. All plots were 

evaluated for weed control and crop injury ratings at 7, 14, 21, 28, and 42 days after treatments. 

Weeds were counted at 28 DAT in 0.125 m
2
, and plots were mechanically harvested, and grains were 

weighed. The highest rice plant necrosis was 32% at 7 DAT with Loyant at 2.66 pt/A. Rice plants 

were gradually recovered over time and appeared normal at 28 DAT (Table 13). Loyant applied at 

2.66 pt/A controlled 93%, 91%, 83%, 96%, and 92% of watergrass, sprangletop, ricefield bulrush, 

smallflower umbrellasedge, and redstem at 42 DAT, respectively (Table 14-19). However, the 

highest yield of 8,583 lb/A was achieved with Loyant applied at 1.33 pt/A (Table 20). Both Loyant 

rates caused 8% rice grain blanking, however, blanking with untreated control was 14% (Table 21). 

The higher blanking in untreated control treatment may be due to heavy weed infestation. Seeds per 

panicles were 86, 83, and 82 for Loyant treatments at 1.33, 2.66 pt/A, and untreated control, 

respectively. This study suggests that the late season applications of Loyant at 1.33 pt/A even after 

rice panicle initiation is safe and results 47% higher yields compared to untreated control at harvest. 
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Table 12. Herbicide Treatments. 
        

Treat. Treatment  Rate Alt Alt Appl. Appl. 

No Description Rate Unit Rate Unit Method Timing 

        

        

1 Loyant 39 g ai/ha 1.33 pt/A POST 50-60 DAP 

 MSO   0.5 pt/A POST 50-60 DAP 

        

2 Loyant 78 g ai/ha 2.66 pt/A POST 50-60 DAP 

 MSO   0.5 pt/A POST 50-60 DAP 

        

3 2,4-D choline salt 1330 g ae/ha 2.5 pt/A POST 50-60 DAP 

 MSO   0.5 pt/A POST 50-60 DAP 

        

UTC untreated control - - - - - - 

        

Replications: 4, Design: Randomized Complete Block (RCB), Treatment units: Treated Plot, Experimental unit size 

Width: 10 feet, Length: 20 feet. 

 

 

Table 13. Percent rice injury after Loyant application at 1.33 and 2.66 pt/A. 
                             

TRT PHY  CHL  NEC  
STN 

 
                             

Days after treatment 

                             

D  7 14 21  7 14 21  7 14 21  7 14 21 

                             

1  0 a 4 a 2 A  27 ab 18 ab 9 ab  6 a 4 a 2 a  0 a 2 a 0 A 

                             

2  0 a 3 a 2 A  32 ab 18 ab 17 a  15 a 8 a 2 a  0 a 2 a 2 A 

                             

3  4 a 4 a 4 A  37 a 19 a 13 a  10 a 7 a 3 a  0 a 0 a 0 A 

                             

U  0 a 0 a 0 A  0 b 0 b 0 b  0 a 0 a 0 a  0 a 0 a 0 A 

                             

Abbreviations: TRT, Treatments; D, days after treatments; U, untreated control; PHY, general phytotoxicity; CHL, 

chlorosis; NEC, necrosis; STN, stunting. The same lowercase letters within a column indicate means are not statistically 

different at =0.05. 

 

Table 14. Percent weed control of Loyant 7 DAT. 
            

Treatments  WTG SPG BLR SMF RDS 
            

            

1  52 a 78 a 69 a 56 a 45 A 

            
2  86 a 88 a 67 a 63 a 67 A 

            

3  79 a 72 a 65 a 49 ab 67 A 
            

Untreated Control  0 b 0 b 0 b 0 b 0 B 

            

Abbreviations: WTG, watergrass; SPG, sprangletop; BLR, bulrush; SMF, smallflower umbrellasedge; RDS, redstem. The 

same lowercase letters within a column indicate means are not statistically different at =0.05. 
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Table 15. Percent weed control of Loyant 14 DAT. 
             

Treatments WTG   SPG BLR SMF RDS 
             

             
             

             

1 52 B 77   a 82 a 78 a 63 a 
             

2 81 A 92   a 66 a 72 a 63 a 

             
3 65 Ab 75   a 75 a 74 a 63 a 

             

Untreated Control 0 C 0   b 0 b 0 b 0 b 
             

Abbreviations: WTG, watergrass; SPG, sprangletop; BLR, bulrush; SMF, smallflower umbrellasedge; RDS, redstem. The 

same lowercase letters within a column indicate means are not statistically different at =0.05. 

 

Table 16. Percent weed control of Loyant 21 DAT. 
           

Treatments WTG SPG BLR SMF RDS 
           

           
1 59 a 69 a 63 a 59 a 50 a 

           

2 86 a 80 a 63 a 69 a 67 a 
           

3 64 a 69 a 60 a 59 a 50 a 

           
Untreated Control 0 b 0 b 0 b 0 b 0 a 

           

Abbreviations: WTG, watergrass; SPG, sprangletop; BLR, bulrush; SMF, smallflower umbrellasedge; RDS, redstem. The 

same lowercase letters within a column indicate means are not statistically different at =0.05. 

 

Table 17. Percent weed control data of Loyant 28 DAT. 
           

Treatments WTG SPG BLR SMF RDS 
           

           

1 83 ab 83 a 73 a 78 a 76 a 

           
2 91 a 94 a 82 a 79 a 80 a 

           

3 46 b 67 a 72 a 63 a 60 a 
           

Untreated Control 0 c 0 b 0 b 0 b 0 b 

           

Abbreviations: WTG, watergrass; SPG, sprangletop; BLR, bulrush; SMF, smallflower umbrellasedge; RDS, redstem. The 

same lowercase letters within a column indicate means are not statistically different at =0.05. 

 

Table 18. Percent weed control of Loyant 35 DAT. 
           

Treatments WTG SPG BLR SMF RDS 
           

           

1 83 ab 83 a 74 a 81 a 76 a 
           

2 91 a 95 a 83 a 82 a 80 a 

           
3 47 b 68 a 73 a 69 a 60 a 

           

Untreated Control 0 c 0 b 0 b 0 b 0 b 
           

Abbreviations: WTG, watergrass; SPG, sprangletop; BLR, bulrush; SMF, smallflower umbrellasedge; RDS, redstem. The 

same lowercase letters within a column indicate means are not statistically different at =0.05. 
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Table 19 Percent weed control of Loyant 42 DAT. 
           

Treatments WTG SPG BLR SMF RDS 
           

           

1 69 a 83 A 61 a 78 a 75 ab 

           
2 93 a 91 A 83 a 96 a 92 a 

           

3 25 b 61 A 57 a 61 a 33 bc 
           

Untreated Control 0 b 0 B 0 b 0 b 0 c 

           

Abbreviations: WTG, watergrass; SPG, sprangletop; BLR, bulrush; SMF, smallflower umbrellasedge; RDS, redstem. The 

same lowercase letters within a column indicate means are not statistically different at =0.05. 

 

Table 20. Rice yield after treatment with different rate of Loyant. 
        

Treatments  lb/A  kg/Ha 
        

        

1   8,583 a  9,619 a 

        
2   8,002 ab  8,967 ab 

        

3   6,117 b  6,855 b 
        

Untreated Control   5,836 b  6,541 b 
        

The same lowercase letters within a column indicate means are not statistically different at =0.05. 

 

Table 21. Grain blanking, number of seeds per panicle and weight of 1000 grain   as affected by 

different rates of Loyant. 
       

Treatments Grain Blanking (%) Seeds per Panicle 1000 grain (g) 
       

       
1 8 A 86 a 38.3 a 

       
2 8 A 83 a 37.1 a 

       

3 15 A 80 a 36.1 a 
       

Untreated Control 14 A 82 a 35.9 a 

       

Weight is adjusted at 14% moisture. The same lowercase letters within a column indicate means are not statistically 

different at =0.05. 

 

Objective 2.  Conduct intensive research to evaluate new herbicides that address critical weed 

control needs in California rice cropping systems to ensure that they are efficacious compatible, 

and useful for California rice production.   

 

Pyraclonil (Zembu), a PPO-inhibitor, is a granular formulation currently under development for weed 

control in CA rice by Nichino America, Inc. PPO-inhibitors are important for weed control in rice 

because no confirm weed resistance to this mode of action has been reported in California rice fields. 

In addition, Zembu provide good control for broadleaf weeds and grasses. Previous studies 

demonstrated that Zembu would be best used as part of a comprehensive weed control program. 
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Zembu is less effective on sprangletop, smallflower sedge and rice bulrush. This year, we have 

conducted several studies to evaluate Zembu applied in a program, coformulation of Zembu and 

Cerano, Zembu dispersion in the field, and Zembu efficacy in low water flooding level.  

 

Seventeen separate studies were conducted to evaluate new herbicides active ingredients and 

formulations in continuous flood system. Summary of the results are below: 

 

a. Weed control and rice safety with pyraclonil 

 

In 2021 growing season, a field study examined Zembu (a granular formulation of 1.8% pyraclonil) 

at rate 14.9 lbs/A applied day of seeding (DOS) in conjunction with later application propanil, Butte, 

Cerano, thiobencarb, Regiment, Granite, and Clincher, all applied according to label (Table 22). 

Weed control and crop phytotoxicity were recorded throughout the growing season. 

 

Rice injury with Zembu was minimal. In addition, other herbicides in the programs caused no 

additional injury than what is typically expected from these herbicides. The herbicide programs of 

Zembu followed by Butte plus propanil; propanil plus Loyant; and Clincher plus Granite showed 

exceptional control of all weeds present in the field at 42 DAS (100% control) (Table 22 and Figure 

1, 2 and 3). Other herbicide programs showed similarly effective control. The program consisting of 

Zembu followed by propanil was similarly effective in controlling all weeds except Echinochloa 

grasses (<89% control) and ricefield bulrush (87% control). 

 

Results from these studies are promising in terms of weed control and rice response. Integration of a 

new mode of action into herbicide programs provides an additional mechanism in California water-

seeded rice weed control. 
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Table 22. Weed control and rice response as affected by Zembu applied in a program with other 

herbicides.  

 

 

 

 
 

 

 
Figure 1. Rice plot treated with Zembu followed by Butte herbicide 
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Figure 2. Rice plot treated with Zembu followed by propanil plus Loyant 

 

Figure 3. Rice plot treated with Zembu followed by Clincher plus Granite. 

 

b. Effect of shallow water flooding on Zembu efficacy 

 

This study was designed to evaluate crop injury and weed control performance of Zembu® 

(Pyraclonil 1.8%) when applied pre-seed, to 1” floodwater. This study was conducted on ¼ acre, to 

better simulate conditions in a large field, where water depth may vary during initial flood-up. We 

found initial injury to rice consisted of bleaching or severe chlorosis to the emerging spike, however 

the second true leaves of rice were uninjured, and the stand continued to develop normally. Weed 

control was excellent over the entire area, with only ricefield bulrush and bearded sprangletop not 

controlled by Zembu, and all other weeds absent in the field throughout the season. 

 

c. Water dispersion of Zembu in rice field  

 

This study examined whether Zembu dispersed through floodwater after aerial application. The study 

sought to mimic conditions under uneven application, which could occur due to wind drift, or if pilots 
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cut flow when passing powerlines. Measuring weed control at 10-foot intervals from the zones of 

application, we found that Zembu does disperse in the water and control weeds, for at least 30 feet. 

This result is encouraging for fields that have difficulty with even coverage of air-dispersed granular 

herbicides. 

 

d. Efficacy of Zembu plus Cerano combination 

 

This study continued to evaluate a pyraclonil + clomazone combined granular formulation. Adding 

clomazone to the same granule as pyraclonil would close one of the important control gaps of 

pyraclonil by managing bearded sprangletop. This would also eliminate issues with adding a second 

flyover to disperse a second granule, or flow issues that would arise from trying to disperse two 

different-size granules from the same hopper in one flyover. Watergrasses and broadleaves were well 

controlled with all treatments. Sprangletop control was 100% with Cerano® alone, Cerano + Zembu, 

or with the experimental formulation. Smallflower umbrella sedge control was greatest with Cerano + 

Zembu at 68%, and was lowest with Cerano alone at 30%. The new formulation controlled 

smallflower 44%. If the formulation continues to be developed, there is potential for a dual-active 

version of this new product. 

 

e. Efficacy of Zembu plus Strada combination 

This study was conducted to determine whether Strada CA (Orthosulfamuron) provided any 

additional control of bulrush and sprangletop in plots treated with Zembu. Strada was applied either 

as powder directly into the water at DOS, along with Zembu, or with a pinpoint spray at 1-leaf rice 

stage. Bulrush control was not increased with the addition of Strada, but sprangletop control was 

somewhat increased in plots with Strada. Sprangletop control was 50% in plots with Strada applied as 

a spray, and 42% in plots where dry Strada was applied directly into the water. Control of all other 

weeds was excellent with all treatments. 

f. Weed control with ROXY rice technology 

Roxy rice, a new technology developed at the California Rice Experiment Station. This rice is 

resistance to oxyfluorfen (ALB 2023). We have conducted research to determine the efficacy of 

ALB2023 for use with the ROXY Rice Production System® and ROXY®trait rice for weed control 

and crop safety. ROXY® rice was planted into shallow flood waters at 300 grams seed per plot on 

June 1, 2021 at the Rice Experiment Station in Biggs, CA. Herbicide treatments were applied as 

listed in the table (right). All ALB2023 applications were made to bare ground prior to flooding and 

seeding with additional herbicides applied at 5 LSR or 30-35 days after seeding (DAS). Each 

treatment listed was replicated 4 times in randomized complete blocks design (RCBD). The crop was 

visually evaluated for chlorosis, bleaching, stunting and stand reduction at 3, 7, 14, 28, and 60 DAS. 

Weed control was also visually rated at 7, 14, 28, and 60 DAS. Key weed species included watergrass 

(Echinochloa crus-galli), sprangletop (Leptochloa fascicularis), rice field bulrush (Schoenoplectus 

mucronatus), smallflower umbrella sedge (Cyperus difformis), ducksalad (Heteranthera limosa), 
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Treatment # Product and Rate Plot #s

1 ALB 2023 (1.0 pt/A) 101, 201, 305, 410

2 ALB 2023 (1.5 pt/A) 102, 206, 307 403

3 ALB 2023 (1.75 pt/A) 103, 205, 303, 406

4 ALB 2023 (2.0 pt/A) 104, 208, 309, 404

5 ALB 2023 (2.25 pt/A) 105, 207, 301, 405

ALB 2023 (2.0 pt/A) fb 

Granite GR (13 lbs/A)

ALB 2023 (2.0 pt/A) fb  

Grante GR (13lbs/A)

Grandstand CA (0.5 pt/A) with

 NIS (0.25% v/v)

Alb 2023 (2.0 pts/A) fb

Grante GR (13lbs/A) &

Loyant (2 pt/A) with

Clincher (11 floz/A) with

MSO (0.5 pt/A)

Butte (7.5 lbs/A) fb

Grante GR (13 lbs/A) &

Grandstand CA (0.5 pt/A) with

NIS (0.25% v/v)

10 Untreated control (UTC) 110, 210, 302, 407

6

7

8

9

106, 203, 310, 402

107, 204, 308, 408

108, 202, 304, 409

109, 209, 306, 401

Monochoria spp., water hyssop (Bacopa sp.), and redstem (Ammannia sp.). Crop injury and weed 

control results from each treatment were averaged across all replicates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There was noticeable stunting at 3 and 7 DAS, similar to previous years, for all treated plots. Stunting 

occurrences improved by 14 DAS; all treated plots were comparable to the control plots by 28 DAS 

(Appendix I). The early (3-14 DAS) growth and development of the treated plots was visually less 

severe and there was less root stunting compared with the 2020 plots. Weed control at 60 DAS, 

especially for grass species Echinochloa crus-galli and Leptochloa fascicularis, was superior (≥ 92%) 

for all treated plots compared with 2019 and 2020. The following tables show the average crop injury 

and weed control ratings for all treatment combinations, organized chronologically. 

 

There was obvious stunting and bleaching with higher rates of ALB2023 at 3 DAS. There was a 

noticeable amount of Echinochloa growing in untreated plots, but no weeds present in any treated 

plots regardless of application rate or treatment. 
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There was more stunting for all treated plots at 7 DAS compared with 3 DAS. All plots treated with 

ALB2023 had 100% weed control. Plots that received treatment 9 had less control over Echinochloa 

compared with plots that included ALB2023. Weeds present in UTC plots included Echinochloa at 

new emerged from the water, 1-leaf stage, newly emerged Ammannia, and 2-leaf stage Cyperus 

difformis.

 
 

Both treated and UTC plots reached similar rice stages, 2-3 leaf-stage, by 14 DAS with less stunting 

in plots treated with ALB2023.  There was reduced Cyperus difformis control in plots with treatment 

1 and treatment 9 compared with plots that included higher rates (>1 pt/A) of ALB2023. Weeds 

present at 14 DAS were Echinochloa, Cyperus difformis, Heteranthera limosa, and Ammannia, all at 

early vegetative stages. 

 
 

Trtmt blch chlor stnt stand red Echi SP BL SM DS Mono WH RS

1 0 0 0 0 100 100 100 100 100 100 100 100

2 0 0 0 0 100 100 100 100 100 100 100 100

3 0 0 0 0 100 100 100 100 100 100 100 100

4 7.5 0 23.75 0 100 100 100 100 100 100 100 100

5 20 0 26.25 0 100 100 100 100 100 100 100 100

6 11.25 0 22.5 0 100 100 100 100 100 100 100 100

7 8.75 0 18.75 0 100 100 100 100 100 100 100 100

8 0 0 0 0 100 100 100 100 100 100 100 100

9 0 0 0 0 100 100 100 100 100 100 100 100

10 0 0 0 0 0 0 0 0 0 0 0 0

3 DAS

Crop injury (%) Weed Control (%)

Trtmt blch chlor stnt stand red Echi SP BL SM DS Mono WH RS

1 0 0 25 0 100 100 100 100 100 100 100 100

2 0 0 31.25 0 100 100 100 100 100 100 100 100

3 0 0 31.25 0 100 100 100 100 100 100 100 100

4 0 0 31.25 0 100 100 100 100 100 100 100 100

5 0 0 35 0 100 100 100 100 100 100 100 100

6 0 0 37.5 0 100 100 100 100 100 100 100 100

7 0 0 43.75 0 100 100 100 100 100 100 100 100

8 0 0 40 0 100 100 100 100 100 100 100 100

9 0 0 25 0 42.5 98.75 100 100 100 100 100 100

10 0 0 0 0 0 0 0 0 0 0 0 0

7 DAS

Crop injury (%) Weed Control (%)

Trtmt blch chlor stnt stand red Echi SP BL SM DS Mono WH RS

1 0 0 0 0 100 100 100 97.5 98.75 100 100 100

2 0 0 6.25 0 100 100 100 98.75 100 100 100 100

3 0 0 8.75 0 100 100 100 100 100 100 100 100

4 0 0 11.25 0 100 100 100 100 100 100 100 100

5 0 0 16.25 0 100 100 100 100 100 100 100 100

6 0 0 13.75 0 100 100 100 100 100 100 100 100

7 0 0 10 0 100 100 100 100 100 100 100 100

8 0 0 3.75 0 100 100 100 100 100 100 100 100

9 0 0 3.75 0 96.25 100 100 96.25 95 100 100 100

10 0 0 0 0 0 0 0 0 0 0 0 0

14 DAS

Crop injury (%) Weed Control (%)
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Stunting had ceased in all plots at 28 DAS. Weed control continued to decrease in plots with 

treatment 1 and 9 compared with plots that included higher rates (>1 pt/A) of ALB2023. It was noted 

that control plots looked as if they were “50% weeds, 50% rice”. Weeds present at 28 DAS included 

Echinochloa at early tillering stage, Cyperus difformis at 4-leaf stage, Heteranthera limosa was 

flowering, Ammannia at vegetative stage, Schoenoplectus mucronatus and Bacopa at early vegetative 

stages. 

 
 

All plots, with the exception of treatment 1 and 9, had 94.5%+ control of all weeds at 60 DAS. 

Control of Schoenoplectus mucronatus was weaker (43-76%) in plots with < 2 pts/A ALB2023. This 

could be due to a later soil emergence time compared with other weeds observed. Weeds observed at 

60 DAS included Echinochloa, Leptochloa fascicularis, Ammannia, Schoenoplectus mucronatus, and 

Heteranthera limosa at maturity, with Monochoria at the late vegetative stage. 

 
 

All plots were harvested on October 16. Treatment 6, 2 pts/Ac ALB2023 fb 13lbs of Granite GR at 5 

leaf stage, had the highest yield compared with other treatments. 

                    

 

 

                                          

 

 

 

Trtmt blch chlor stnt stand red Echi SP BL SM DS Mono WH RS

1 0 0 0 0 98.75 100 96.25 95 90 100 97.5 100

2 0 0 0 0 100 100 99.5 100 95 99.5 99.5 100

3 0 0 0 0 100 100 100 98.75 100 100 100 98.75

4 0 0 0 0 100 100 100 98.75 98.75 100 100 100

5 0 0 0 0 100 100 98.75 98.75 98.75 100 100 100

6 0 0 0 0 100 100 100 100 100 100 100 100

7 0 0 0 0 100 100 100 100 100 100 100 100

8 0 0 0 0 100 100 100 100 100 100 100 96.25

9 0 0 0 0 100 100 100 98.75 87.5 98.75 95 87.5

10 0 0 0 0 0 0 0 0 0 0 0 0

28 DAS

Crop injury (%) Weed Control (%)

Trtmt blch chlor stnt stand red Echi SP BL SM DS Mono WH RS

1 0 0 0 0 93.75 73.75 43.75 100 100 100 100 99.5

2 0 0 0 0 99.5 97.5 67.5 100 100 100 100 100

3 0 0 0 0 98.25 94.5 76.25 100 100 100 100 98.75

4 0 0 0 0 100 98.5 91.25 100 100 100 100 99.5

5 0 0 0 0 100 96.5 92.5 100 100 100 100 99.5

6 0 0 0 0 100 97.25 100 100 100 100 100 100

7 0 0 0 0 99.5 97.75 100 100 100 100 100 99.5

8 0 0 0 0 100 98.25 100 100 100 100 100 88.75

9 0 0 0 0 92.5 94 100 100 100 100 100 73.75

10 0 0 0 0 0 0 0 0 0 0 0 0

60 DAS

Crop injury (%) Weed Control (%)

Treatment # lb/ac Treatment # lb/ac

1 6937.541 6 9696.047

2 8280.022 7 8871.931

3 7893.363 8 9249.925

4 8598.514 9 7997.192

5 7734.148 10 4987.954

Final Yield for all treatment groups
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g. Weed control with pendimethalin in water seeded rice 

 

Two field studies were conducted this 2021 season at the Rice Experiment Station in Biggs, CA. 

Herbicide applications were applied at 20 GPA with the flood present. This was the second year for 

the large pendimethalin formulations study. BAS 455 48H, BAS 455 39H and BAS 455 20 H (CS, 

EC and GR) were applied at 1, 2 and 3 lbs ai/ac at 5, 10 and 15 DAS corresponding to 0.5-1, 1.5-2 

and 3-4 leaf stage, respectively. The other study examined two saflufenacil formulations BAS 800 

06H and BAS 800 FPH (SC and CS) applied at 0.04 and 0.08 lb ai/A alone and in tank mix with BAS 

455 48H at 2 lb/A at 10 DAS. 

 

A study was also carried out examining pendimethalin residue in the rice flood water level. In the 

same large field study mentioned above, flood water was collected from all three formulations at all 

three rates applied at 10 DAS. Water samples were collected 1, 3, 5, 10 and 15 DAT. Samples were 

analyzed using liquid-liquid extraction.  

 

In the large pendimethalin study, the BAS 455 39H formulation caused an excessive stand reduction 

at the 5 DAS, exceeding 90% at all rates. The BAS 455 48H and BAS 455 20H formulations had 

lower stand reduction at 5 DAS compared to BAS 455 39H but still resulted in high injury. The 15 

DAS caused the least stand reduction and resulted in more acceptable levels. In addition, the yields 

for BAS 455 48H and BAS 455 20H at the 15 DAS on average, ranging from 5000 up to 8000 lb/A. 

The 15 DAS application proved to be the proper timing for a reduced rice injury and an acceptable 

watergrass control in the range of 60-80%. The results are similar to last year’s data in supporting the 

CS and GR formulations for water-seeded rice (data not shown). Last year the 10 DAS and 15 DAS 

appeared to have an adequate rice response (data not shown) but in contrast this year only the 15 

DAS appears adequate in terms of rice response. The CS and GR formulation at a 3-4 leaf stage rice 

application will be selected for further studies to optimize the application in water-seeded rice. 

 

The study with pendimethalin and saflufenacil achieved a broader weed control spectrum. The 

saflufenacil formulations had activity over the broadleaves and sedges. There was greater activity on 

the broadleaves such as ducksalad, water hyssop and redstem. When applied alone and in tank mix 

saflufenacil resulted in control greater than 90% over the broadleaves, averaged across treatments. 

Saflufenacil alone had suppression over the sedge species including smallflower umbrella sedge and 

rice field bulrush, with the 0.08 lb/A rate on average providing control greater than 80% by 56 DAT 

but not significantly greater than the lower rate. It was observed that a reduced control of the sedges 

occurred to levels below 50% at both rates when in tank mix with BAS 455 48H. This could have 

been because of the increased rice injury in these plots which left low levels of rice to outcompete the 

suppressed sedges and led to a regrowth of sedges. BAS 455 48H has not activity on sedges but low 

levels were observed in the treatment with only BAS 455 48H, a high sedge control percentage was 

recorded at 56 DAT. The broadleaves may have outcompeted the sedge in these plots. Overall, 

saflufenacil provided excellent control over broadleaves and had suppression over the sedges, but had 

a reduced sedge suppression when in a tank mix.  
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Rice response in the pendimethalin and saflufenacil study resulted in high stand reduction for the tank 

mix treatments reaching 80-88% stand reduction by 40 DAT. Much of the stand reduction may have 

come from the BAS 455 48H formulation because saflufenacil alone caused a very minimal stand 

reduction. The application timing may need to be later when in a tank mix to address the rice 

response. There was no significant difference on yield from any treatment, including the untreated.  

Yields were low overall most likely because of a higher grass weed pressure in the saflufenacil alone 

treatments and the observed stand reduction in the tank mix treatments. There is potential for 

saflufenacil to accompany pendimethalin for water-seeded rice, but needs further studies. 

Results from the pendimethalin residue in the flood water demonstrated pendimethalin residue to be 

below 1 ug/L by 5 DAT and 0.1 ug/L by 15 DAT. Only slight differences were observed among the 

formulations. 

   

h. Evulate new FMC grass control herbicide in water seeded rice 

 

FMC new grass control herbicides is a new herbicide with new mode of action. It is a grass 

control herbicide that inhibits dihydro-orotate dehydrogenase enzyme (DHODH) that is critical 

for pyrimidine synthesis. No herbicide with this mode of action is commercialize on any crop 

worldwide. Our 2021 study showed that this herbicide provided outstanding grass control when 

applied at both day of seeding or after rice established. This herbicide gave complet control of all 

grass. In addition This herbicide cause slight rice stunting but plant quickly recovered from 

stunting. 

 

i. Testing JPN a new herbicide in rice.  

 

Three field studies were conducted to evulate a ne herbicide (JPN) in water seeded rice. 

However, this herbicide did not provide the intended weed control  and will be droped from 

our program. 

  

      j. New herbicide formulations research 

 

Several new Cerano, Butte, and Regiment formulations were tested for weed control and crop safety 

in rice. Cerano were studied in coformulations that include novel herbicides. We have identified one 

formulation that include Cerano and other mode of action herbicides as an effective herbicide 

formulation for water-seeded rice. We will continue working with this formulation in the coming 

year. We have also tested new formulations of Butte herbicide. These formulations look promising to 

increase grass control. We have also tested new formulations of Regiments. Few of these 

formulations provide better weed control than the old formulation.  

 

Objective 3. Develop management alternatives by integrating agronomical and cultural practices to 

improve weed control, minimize costs, and reduces environmental impacts.   
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The 2021 field season saw continued investigation of the practical and logistical feasibility of a deep-

drilled rice system for California. We also continued to refine a herbicide program for this system 

that uses a postplant-preemergence burndown (PPB) application of glyphosate to control early-

emerging weeds prior to stand emergence. For all studies conducted, M-209 was drilled at 108 lb/ac, 

to 1.4 inch soil depth. 

 

A study was conducted to evaluate crop injury arising from glyphosate PPB applied at date of 

emergence (DOE), and 1, 2, 3, and 4 days after emergence (DAE). We reasoned that human and 

environmental factors could result in variabilities in when DOE is estimated at a field scale. In some 

cases, therefore, PPB treatments could be applied to rice that is a few days past actual soil emergence. 

We found that glyphosate PPB applied to rice up to 2 DAE did not have a significant impact on stand 

density, panicle density, or yield. PPB applied 3DAE slightly reduced stand density, however panicle 

density and yield were not affected. PPB applied at 4 DAE significantly reduced stand density. 

Increased tillering compensated somewhat for this, however panicle density and yield was still 

significantly reduced with this treatment.  

 

Another study was conducted to refine a herbicide program for deep-drilled rice, and to investigate 

whether pendimethalin (Prowl H2O) applied prior seeding, or applied immediately after rice 

emergence, would injure rice. We found that Prowl H20 did not affect rice stand density or panicle 

density, or subsequent yields. The later post-emergence application did appear to reduce plant height 

early in the season, though height differences were no longer apparent by heading. 

A third study was conducted to compare a deep-drillseed program with traditional water seeding, in 

side-by side quarter-acre sections of field. We found that drill-seed rice plants were shorter than 

waterseed by 2-2.5 inches. Drillseed yield was 23% lower than waterseed. Weed pressure was 

significantly different between programs. Ricefield bulrush was not found in the untreated drillseed 

plot, while it was prevalent in the waterseed untreated plot. Tall flatsedge was present in the drillseed 

zone, while it was not found in waterseed. Lastly, late watergrass was only present in small numbers 

in the drillseed untreated plot, while it was the dominant grass in the waterseed zone. The drillseed 

herbicide program used glyphosate PPB followed by Granite SC and Clincher, while the waterseed 

program used pyraclonil applied pre-seed, followed by Granite GR and Clincher. Pyraclonil 

controlled all weeds in the waterseed program except for bulrush and bearded sprangletop, which 

were managed with the follow-up applications. 

 

Although the above studies only represent a single year of data, taken together they do suggest that 

using deep-drilling with a PPB treatment as an alternative cropping method for rice in California 

shows promise, yet would require good field leveling, water management, scouting, and application 

timing in order to provide adequate weed control and rice yields. 

 

We will repeat the above studies in the 2022 field season, and are also planning on conducting 

greenhouse trials in fall-winter 2021 to further investigate the effects of different glyphosate and 

pendimethalin application timing on rice growth and development. 
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Objective 4. Develop thermal model for growth and development of the weedy rice that can be used 

to predict emergence and growth of weedy rice.  

 

Weedy rice has recently become a significant botanical pest in California rice production systems. 

The conspecificity of this pest with cultivated rice, Oryza sativa (L.), negates the use of selective 

herbicides, rendering the development of non-chemical methods a necessary component of creating 

management strategies for this weed. Experiments were conducted to determine the emergence and 

early growth responses of O. sativa spontanea to flooding soil and burial conditions. Treatment 

combinations of four flooding depths (0, 5, 10, and 15 cm) and four burial depths (1.3, 2.5, 5, and 10 

cm) were applied to test the emergence of five O. sativa spontanea accessions as well as ‘M-206’, a 

commonly used rice cultivar in California, for comparison. Results revealed that burial depth had a 

significant effect on seedling emergence. There was a 43-91% decrease in emergence between 

seedlings buried at 1.3 and 2.5 cm depending on the flooding depth and accession, and an absence of 

emergence from seedlings buried at or below 5 cm. Flooding depth did not affect emergence, but 

there was a significant interaction between burial and flooding treatments. There was no significant 

difference between total O. sativa spontanea emergence from the soil and water surfaces regardless of 

burial or flooding depths, implying that once the various accessions have emerged from the soil they 

will also emerge from the floodwater. Most accessions had similar total emergence compared to M-

206 cultivated rice, but produced more dry weight than M-206 when planted at 1.3 cm in the soil. The 

results of this experiment can be used to inform stakeholders of the flooding conditions necessary as 

well as soil burial depths that will promote or inhibit the emergence of California O. sativa spontanea 

accessions from the weed seedbank. 

 

We have initiated a study to evaluate oxyfluorfen for control of weedy rice. We have completed two 

runs of this study. We applied incremental rates of pre-emergent oxyfluorfen to weedy rice types 1, 2, 

3, and 5 buried at various depths. The first objective was to determine if a pre-emergent application 

of oxyfluorfen would prevent emergence of weedy rice. Previous emergence experiments alluded to a 

later emergence time when weedy rice is buried at depth. The second objective was to verify if weedy 

rice buried at deeper depths would have a greater chance of survival post-emergence. Results from 

this experiment illustrate that weedy rice will emerge from the soil, regardless of soil burial depth or 

oxyfluorfen rate, however, plants were severely stunted and completely necrotic by 28 days after 

application. Weedy rice seeds were separated into pots with multiple replicates and grown without 

presence of competition from healthy plants. We hypothesize that it is highly unlikely that weedy rice 

exposed to a pre-emergent oxyfluorfen application, regardless of rate, would be able to survive up to 

28 days due to the competitive nature of other healthy cultivars, e.g., ROXY®, in the immediate 

vicinity. 

 

We have completed the weedy rice germination study, we will have all the data necessary to create 

predictive models for determining the timing of emergence for weedy rice in the field. Lab data from 

germination studies and previously conducted emergence studies will be combined into predictive 

models that will be validated with field data collected in 2019 and 2020. These models will help 
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elucidate the timing of weedy rice emergence in the field, providing growers with more information 

to help them determine when to plant or when to apply control strategies for control of weedy rice. 

 

We have also embarked on an anaerobic germination study. Preliminary studies have confirmed that 

all weedy types have considerably greater rates of anaerobic germination compared with M206. We 

will be testing a range of temperatures on weedy rice types 1, 2, 3, and 5 to determine the range of 

temperatures that will allow for anaerobic germination. This study will require multiple months of 

testing into 2022. 

 

Objective 5. Study the spread, types, and management of algae in California rice fields.  

 

California rice has been challenged by the early season bloom of algae. The algal community in rice 

is a complex of green algae and cyanobacteria species that could develop a thick algal mat and 

interfere with the emergence and establishment of rice seedlings. The objective of this research was 

to determine the impact of algae infestation level on rice seedling emergence. A mesocosm study was 

conducted in 57 L tubs. Three levels of algae infestation (low, medium, and high) were produced by 

adding fertilizer N:P amount into the tubs including 0:0, 75:35, and 150:70 kg-1ha. Sixty rice seeds 

(M-206) were soaked for 24 hours and spread into tubs filled with water. Photosynthetic Active 

Radiation (PAR), Chlorophyll a concentration, number of emerged rice seedlings, and their dry 

biomass were measured. Results showed that algae infestation can directly change the amount of light 

received into the water. Minimum, maximum, and mean percentage of PAR inside the water declined 

by the increase of algae infestation level. Consequently, rice seedling emergence dropped under the 

high algae pressure. At very high algae infestation (i.e. chlorophyll a concentration of above 500 

ugml-1), rice seedling emergence reduced up to 90%. Rice seedling emergence was delayed under 

algae infestation. When algae infestation was low, time to 50% of rice seedling emergence (t50) 

ranged between five and ten days, while at high algae infestation t50 ranged between twelve and 

twenty days. Moreover, individual rice seedling biomass reduced from one gram to 0.01 gram by the 

increase of algae infestation. The results from this study indicate that uncontrolled algae at the 

beginning of the rice-growing season could reduce rice seedling emergence, establishment, and rice 

stand. Given that algae infestation in field has a patchy pattern, loss of rice stand in these patches 

could provide empty niches for weeds to grow.   

 

Objective 6. Study mechanism of herbicide resistance in weeds and identify programs to manage 

resistant biotypes, provide diagnosis services to growers and PCA to confirm  

 

a.    Diagnostic and detection of herbicide resistance in Farmers’ fields  

 

For seeds collected from 2020 growing season, testing of suspected herbicide resistant weeds was 

conducted on 44 seed samples. 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 
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resistance in their fields. For 2019-2020, we have tested 1, 33, 7, 11, 4, 16, and 2 samples of ricefield 

bulrush, smallflower umbrella sedge, late watergrass, early watergrass, barnyardgrass, breaded 

sprangletop 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 resistant weed. The summary of results is in Table 23. 

 

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 tested all herbicides that are recommended to control the weed. The protocol is 

similar to 2020 protocol. Growers/PCA(s) received reports that not only show if the weed is 

resistance to particular herbicide(s) but also provided 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.  

Results of the survey showed several weed populations with multiple and cross resistance to different 

mode of action herbicide. Fortunately, the survey results help growers to select herbicides that control 

these resistant biotypes (Table 23). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Project NO. 1, 2021 

 

Table 23. Number of Observed Herbicide Resistance from 2020-2021 Herbicide Resistant Screening 

Samples 

 

 

Weed 

Species
1
 

 

[Total 

number 

received; 

number of 

successful 

testing] 

Herbicides 

Bolero Butte Cerano 
Clinche

r 

Grandstan

d 

Granit

e SC 
Propanil Regiment 

Shark 

H20 

-----------------------------------------

-- 
Number of resistant samples

2 -----------------------------------------

-- 

Barnyardgras

s [15; 12] 
3(1*) 3 0 9   12 12  

Early 

watergrass 

[5; 4]   

*1 *1 0 3(1*)   3 3  

Late 

watergrass 

[7; 7] 

6(1*) 4(2*) 0 7   5(1*) 7  

Bearded 

Sprangletop 

[10; 9] 

0 0 0 2      

Smallflower 

Umbrella 

Sedge [6; 6] 

0 0   1* 4(2*) 6 4(2*) 0 

Redstem [1; 

1] 
    0 1 1* 1  

1
Two numbers in the brackets: The first = total number of seed samples received; The second = total number of seed samples tested 

(few samples did not germinate) 

2
Wherever there are two numbers: The first = “conclusively resistant”; The second = partial control (susceptible). 

*
Average visual percent control ratings ranged from 70% - 79% 

 

Note: 3 barnyardgrass samples, 1 early watergrass sample, and 1 one sprangletop sample received the respective granular herbicide 

applications (Bolero, Butte, and Cerano), but were not sprayed with any foliar herbicide applications (Clincher, Propanil, or Regiment) 

due to germination issues and/or insufficient seed.  
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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. 

Weed control program in rice require early herbicide applications such as thibencarb, clomazone, or 

Butte followed up by postemergence herbicide.  The efficacy of these programs would depend on 

herbicides in the program, time of application and water level.  

 

We have conducted research to determine the potential to incorporate new herbicides to manage 

weeds including herbicide resistant weeds. Our field research showed that Loyant has a broad-

spectrum weed control activity. It controls selected grasses sedges, and broadleaf weed species. Our 

research showed that Loyant has good control of smallflower umbrellasedge, a troublesome weed in 

California rice, when applied at 1-leaf, 8-inches, and 10-inches growth stages with the highest yield 

when applied at 10-inches stage. In addition, Loyant applied at high rate of 2.66 pt/A controlled 93%, 

91%, 83%, 96%, and 92% of watergrass, sprangletop, ricefield bulrush, smallflower umbrellasedge, 

and redstem at 42 DAT, respectively. Our research also suggested that Loyant is effective and safe to 

use late in the growing season up. Loyant applied at 1.33 and 2.66 pint/A rates caused 8% rice grain 

blanking, however, blanking with untreated control was 14%. The higher blanking in untreated 

control treatment may be due to heavy weed infestation. Seeds per panicles were 86, 83, and 82 for 

Loyant treatments at 1.33, 2.66 pt/A, and untreated control, respectively. Our research suggested that 

the late season applications of Loyant at 1.33 pt/A even after rice panicle initiation is safe and results 

47% higher yields compared to untreated control at harvest.  

 

Rice injury with new herbicide Zembu (Pyraclonil 1.8%was minimal) is minimal. In addition, other 

herbicides in the programs caused no additional injury. The herbicide programs of Zembu followed 

by Butte plus propanil; propanil plus Loyant; and Clincher plus Granite showed exceptional control 

of all weeds present in the field at 42 DAS (100% control). Other herbicide programs showed 

similarly effective control. The program consisting of Zembu followed by propanil was similarly 

effective in controlling all weeds except Echinochloa grasses (<89% control) and ricefield bulrush 

(87% control). Results from Zembu studies are promising in terms of weed control and rice response. 

Integration of a new mode of action into herbicide programs provides an additional mechanism in 

California water-seeded rice weed control. 

 

Afield study was conducted to evaluate crop injury and weed control performance of Zembu when 

applied pre-seed, to 1” floodwater. This study was conducted on ¼ acre, to better simulate conditions 

in a large field, where water depth may vary during initial flood-up. We found initial injury to rice 

consisted of bleaching or severe chlorosis to the emerging first leaf, however the second true leaves 

of rice were uninjured, and the stand continued to develop normally. Weed control was excellent over 

the entire area, with only ricefield bulrush and bearded sprangletop not controlled by Zembu, and all 

other weeds absent in the field throughout the season. In another study to examined whether Zembu 

dispersed through floodwater after aerial application. The study sought to mimic conditions under 

uneven application, which could occur due to wind drift, or if pilots cut flow when passing 

powerlines. Measuring weed control at 10-foot intervals from the zones of application, we found that 
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Zembu does disperse in the water and control weeds, for at least 30 feet. This result is encouraging 

for fields that have difficulty with even coverage of air-dispersed granular herbicides. 

We have conducted research to determine the efficacy of ALB2023 for use in ROXY Rice 

Production System® and ROXY trait rice for weed control and crop safety. Roxy rice, a new 

technology developed at the California Rice Experiment Station. This rice is resistance to oxyfluorfen 

(ALB 2023). The research showed that Roxy rice is a promising technology. ALB2023 applied at 

different rates were safe on rice with excellent control of most grasses and broadleaf weeds. 

ALB2023, however, showed poor control of ricefield bulrush.  

 

We continue to work to use pendimethalin on water seeded rice to control grasses. Our research 

showed the potential of using specific formulations of pendimethalin at 3 to 5 rice leaf stage. We will 

try to optimize the use of pendimethalin in the coming growing season. 

 

Experiments were conducted to determine the emergence and early growth responses of O. sativa 

spontanea to flooding soil and burial conditions. Treatment combinations of four flooding depths (0, 

5, 10, and 15 cm) and four burial depths (1.3, 2.5, 5, and 10 cm) were applied to test the emergence 

of five O. sativa spontanea accessions as well as ‘M-206’, a commonly used rice cultivar in 

California, for comparison. Results revealed that burial depth had a significant effect on seedling 

emergence. There was a 43-91% decrease in emergence between seedlings buried at 1.3 and 2.5 cm 

depending on the flooding depth and accession, and an absence of emergence from seedlings buried 

at or below 5 cm. Flooding depth did not affect emergence, but there was a significant interaction 

between burial and flooding treatments. There was no significant difference between total O. sativa 

spontanea emergence from the soil and water surfaces regardless of burial or flooding depths, 

implying that once the various accessions have emerged from the soil they will also emerge from the 

floodwater. Most accessions had similar total emergence compared to M-206 cultivated rice, but 

produced more dry weight than M-206 when planted at 1.3 cm in the soil. The results of this 

experiment can be used to inform stakeholders of the flooding conditions necessary as well as soil 

burial depths that will promote or inhibit the emergence of California O. sativa spontanea accessions 

from the weed seedbank. 

 

The 2021 field season saw continued investigation of the practical and logistical feasibility of a deep-

drilled rice system for California. We also continued to refine a herbicide program for this system 

that uses a postplant-preemergence burndown (PPB) application of glyphosate to control early-

emerging weeds prior to stand emergence. For all studies conducted, M-209 was drilled at 108 lb/ac, 

to 1.4 inch soil depth. A study was conducted to evaluate crop injury arising from glyphosate PPB 

applied at date of emergence (DOE), and 1, 2, 3, and 4 days after emergence (DAE). We reasoned 

that human and environmental factors could result in variabilities in when DOE is estimated at a field 

scale. In some cases, therefore, PPB treatments could be applied to rice that is a few days past actual 

soil emergence. We found that glyphosate PPB applied to rice up to 2 DAE did not have a significant 

impact on stand density, panicle density, or yield. PPB applied 3DAE slightly reduced stand density, 

however panicle density and yield were not affected. PPB applied at 4 DAE significantly reduced 
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stand density. Increased tillering compensated somewhat for this, however panicle density and yield 

was still significantly reduced with this treatment.  

 

We have tested more than 44 samples of suspected herbicide resistant weed populations that were 

collected by growers and PCA including barnyardgrass, early and late watergrass, smallflower 

umbrella sedges, sprangletop, and ricefield bulrush.  Most of the sample tested showed resistance to 

at least one herbicide. We had several seed samples 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 2020, 

both our field and lab program seek 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.   

 


