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OBJECTIVES OF PROPOSED RESEARCH: 
 

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

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

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

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

 
SUMMARY OF 2016 RESEARCH: 
 
The weed control project seeks to assist California rice growers to achieve economic and timely 
broad-spectrum weed control, prevention and management of herbicide-resistant weeds, develop 
new tools and technology to manage weeds in rice, and to comply with personal and 
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environmental safety requirements. The research examines the efficacy of new and exist 
herbicides, develop alternative crop establishment methods as a means of altering weed 
dynamics, and study herbicide resistance and strategies to deal with this problem in the rice 
fields. 
 
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, pin-
point flood, and dry/drill-seeding with flush irrigation. Experiments were conducted at the Rice 
Experiment Station (RES) in Butte County at two fields. The continuous flood, pine point and 
direct seeded studies were planted on May 22. Continuously flooded plots were seeded into 
flooded fields, and water levels were maintained at approximately 4-6 inches throughout the 
season.  The level of water, however, was lowered for certain late season herbicide treatment. 
Water was drained at about a month before harvest, to facilitate machine harvest.  
 
In pinpoint study, plots were also flooded at seeding, but water was drained at a specific point to 
allow for foliar application of herbicide.  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. Rating was conducted 20, 40, and 60 days after seeding (DAS). In all studies, weed 
control was also rated by species.  All herbicide applications were made with a CO2-pressurized 
(30 PSI) hand-held sprayer equipped with a ten-foot boom and 8003 nozzles, calibrated to apply 
20 gallons/acre. Applications with solid formulations were made by evenly broadcasting the 
product over the plots.    
 
In this report, the trade name of herbicides was used and the herbicide rates appear as amounts of 
formulated product; a cross-reference between brands and active ingredients is presented in 
Table 1. 
 

I. Continuous Flood System 
 

This system has been historically the common used system in California as it promotes 
suppression of most competitive rice weeds such as barnyardgrass, watergrass, and 
sprangletop. In this system, a water depth of 4 inches is maintained throughout the season 
after seeding rice into a flooded field. When late 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. Watergrass (early and late) were the 
predominant weeds, followed by ducksalad, ricefield bulrush, smallflower umbrella sedge, 
redstem and sprangletop.  
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For this system, several granular into-the-water herbicide products are available for 
controlling weeds in rice including Bolero, Cerano, Granite GR, Halomax, Londax, and Shark 
H2O. In addition, League® MVP is a relatively new addition to the California rice herbicide 
portfolio, and Butte® is expected to be available soon. 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 often useful to combine two of these herbicides in a program to offer 
broad spectrum weed control. 
 
POST-applied (foliar) herbicides are often necessary to achieve excellent weed control in rice. 
The follow-up POST application of herbicides not only extend spectrum of weed control, but 
also may help delay and/or manage herbicide-resistant weeds through overlapping activity on 
the same target weed species. Thus, the choice of POST-applied herbicides is primarily 
dictated by composition of weed species and the presence or absence of resistant weeds. The 
rice herbicide options for the foliar application include Abolish, Clincher, Granite SC, 
Regiment, RiceEdge, Shark H2O, SuperWham or Stam, Halomax and Londax. 

 
a. Optimizing Butte -Based Herbicide Programs 

 
Butte is expected to be available to California rice growers in the upcoming growing season. 
Butte is a granular mixture of benzobicyclon and halosulfuron product developed by Gowan 
Company. The benzobiclyclon component of Butte adds a new mode of action (HPPD-
inhibitor) to the herbicide portfolio for water-seeded rice in California. This year, efficacy of 
Butte alone or in a program was tested in two separate studies.  
 
In the first study, Butte® was tested under a continuous flood system with two rates of 
application, both alone and in combination with other herbicides. An into-the-water 
application of Butte at 7.5 or 9 lb/A at 1 lsr provided excellent control of sedges (ricefield 
bulrush and smallflower umbrella sedge), ducksalad, and sprangletop (Table 2). However, 
the control of watergrass varied from fair to good (Table 2), whereas redstem control was 
poor (data not shown). Overall, Butte alone provided a broad spectrum of weed control and 
offered an exceptional level of crop safety (Table 3). Inclusion of Cerano (12 lb/A at day of 
seeding) into the Butte® program (7.5 lb/A at 1 lsr) provided overall greater control of weed 
species compared to the Butte applied alone; however, this program caused a significant 
(~10%) crop stand reduction. The reduction in the rice stand was mainly due to application of 
Cerano.  
 
A follow-up application of Clincher (13 oz/A + 2.5% COC) or Regiment (0.67 oz/A + 2.0% 
v/v UAN + 0.2% v/v NIS) at 1 tiller stage slightly improved watergrass control. A tank-mix 
of SuperWham + Grandstand (6 pt/A + 8 oz/A + 1.25% v/v COC) or Granite SC (2.8 oz/A + 
2.25% v/v COC) applied at 1 tiller stage provided exceptional control of all weeds, including 
watergrass and redstem. The choice of the appropriate follow-up application or an inclusion 
of a granular herbicide (for example Cerano) may largely depend on the weed population 
density and/or resistance status of the weeds in the field. 
 
In the second study, a single rate and timing of Butte (7.5 lb/A at 1 lsr) was tested under a 
continuous flood system with a sequential treatments of Granite SC applied at three rates (2, 
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2.4 and 2.8 oz/A) and three timings (3 and 5 lsr, and 1 tiller stage). As noted in the first 
study, Butte at 7.5 lb/A at 1 lsr provided excellent control of sedges (ricefield bulrush and 
smallflower umbrella sedge), broadleaf weeds (ducksalad and monochoria) and sprangletop 
(Table 4). The application of Butte alone provided only a fair to good control of watergrass 
and poor control of redstem (data not shown). All the rates and timings of Granite SC greatly 
improved watergrass and redstem control, and these applications were reasonably safe to rice 
(Table 5). The application at 3 lsr, especially with the highest rate of Granite SC caused 
slight stunting (~10%) of rice compared to Butte alone or other Granite SC applications. 
However, redstem control was greater with this early application. The highest rate of Granite 
SC (2.8 oz/A) may be required in the fields where redstem is a problem weed. In conclusion, 
Butte followed by Granite SC program on rice offers broad spectrum of weed control and 
excellent crop safety in continuously-flooded rice system.   
 

b. Efficacy of Sequential and Herbicide Combinations Programs   
 

Several herbicide programs were studied under continuous flood system (Table 5). Bolero-
based programs [applied at the 2 leaf stage of rice (lsr)] provided good control of watergrass, 
and excellent control of sprangletop and smallflower umbrella sedge. Inclusion of 
SuperWham! at 6 qt/A + 1.25% v/v Crop Oil Concentrate (COC) at 1 tiller stage or Regiment 
(0.8 oz/A + 2% v/v UAN + 0.2% v/v NIS) at 5 lsr in this program slightly improved control 
of watergrass. A follow-up application of SuperWham (6 qt/A + 1.25% v/v COC) at 2 tiller 
stage after the Regiment application resulted in excellent control of all weed species, 
including watergrass (Table 6). Bolero-based programs offer an excellent solution for 
controlling ALS- and/ or propanil-resistant smallflower umbrella sedge and Clincher- and 
Cerano-resistant sprangletop. 
 
Cerano-based programs [12 lb/A, at the day of seeding (DOS)] provided good control of 
watergrass and excellent control of sprangletop. Cerano caused severe crop injury (bleaching 
and stunting) and stand reduction following its application (Table 7). The crop recovered 
most of the injury by six weeks after rice seeding (Table 7). A foliar application of 
SuperWham (6 qt/A + 1.25% v/v COC) at 1-tiller stage following Cerano application was 
exceptionally effective in controlling watergrass (98% control), however, the control of 
ricefield bulrush and smallflower umbrella sedge was poor (less than 70% control). Addition 
of Shark H2O (8 oz/A) at 1 lsr followed by Granite SC (2.8 oz/A, 5 lsr) or Abolish + 
Regiment (1.5 qt/A + 0.67 oz/A + 0.2% v/v NIS + 2% UAN) at 5 lsr to the Cerano-based 
program provided good control of sedges and an excellent control of grasses and broadleaf 
weeds. Cerano followed by Butte® (7.5 lb/A, 1 lsr) was the most effective among the 
Cerano-based programs in controlling weeds, however, this programs caused remarkable 
level of initial/transitory crop injury and some stand reduction. 
 
Application of Granite GR (15 lb/A) at 3 lsr, in general, controlled a broad spectrum of 
weeds; however, by itself, it was not excellent for controlling smallflower umbrella sedge 
and also it lacked efficacy on sprangletop and redstem control (Table 6). While a follow-up 
foliar application of SuperWham (6 qt/A + 1.25% v/v COC) at 5 lsr or 1 tiller stage or 
Abolish + Regiment (1.5 qt/A + 0.67 oz/A + 0.2% v/v NIS + 2% UAN) at 5 lsr improved 
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overall weed control (including smallflower umbrella sedge), sprangletop control was still 
poor. 
 
League® is a granular formulation of thiobencarb and imazosulfuron developed by Valent 
USA. Efficacy of League® MVP alone (35 lb/A at 2 lsr) and in a program involving a 
follow-up application of SuperWham (6 qt/A + 1.25% v/v COC) applied at 1-2 tiller stage 
(table 6). League® MVP alone provided a very good control of watergrass (>90%) and an 
exceptional control of sprangletop, sedges and broadleaf weeds while providing excellent 
crop safety (Table 6). The League® MVP plus SuperWham program improved watergrass 
control compared to League® alone program. League® MVP-based program, especially in a 
rotation with Butte®-based program, holds a promise for successfully managing Cerano- or 
Clincher-resistant sprangletop. 
 
RiceEdge® is a dry flowable mixture of propanil and halosulfuron product from RiceCo, 
LLC, for use in rice as a better alternative to SuperWham (propanil alone). Although this 
product can be use in pinpoint flood system, this year, it was tested only under a continuous 
flood in Granite GR-based program (table 4). RiceEdge® (10 lb/A, 1-2 tiller stage) following 
Granite GR (15 lb/A) at 3 lsr provided excellent control of most weeds (watergrass, sedges 
and broadleaf weeds), but sprangletop. 
 
In general, rice yield was greater in all herbicide treatments compared to weedy check. 
Cerano based program, however, produced less yield than other herbicide programs (Table 
7).  

 
c. Efficacy of Strada herbicide applied in a sequential program with Cerano 

 
Strada is a granular formulation of orthosulfamuron (an ALS-inhibiting herbicide) developed 
by Ninchino America. Efficacy of Strada was evaluated when apply alone and in 
combination with abolish = regiment, Granite, Cerano and Propanil.  Strad applied alone did 
not provide adequate weed control Strada controlled 0, 18, 41, 58, and 87% of sprangletop, 
ducksalad, late watergrass, smallflower sedge, and Ricefield bulrush, respectively, at 59 days 
after seeding. The combination of Strada with Regiment and SuperWham, however, 
controlled more than 90% of sprangletop, ricefield bulrush, late watergrass, early watergrass, 
and smallflower sedge control (Table 8). No rice injury was observed when Strada applied 
alone (data not shown).  

 
II. Pinpoint system 

 
In this system, the field is completely drained during the period of foliar application of 
herbicides (at about the 2-4 leaf stage of rice). The complete drainage of the field is intended 
to expose weed foliage to herbicide applications, thus allowing the opportunity to achieve the 
best efficacy of POST-applied herbicides. The pinpoint drainage in this system may induce 
better establishment of sprangletop. 

 
The Clincher-only application (13 oz/A + 2.5% v/v COC at 5 lsr) was excellent in controlling 
all grasses including sprangletop. A tank-mix application of Clincher and Granite SC (13 
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oz/A + 2.3 oz/A + + 2.5% v/v COC at 5 lsr) was very effective in controlling all the weed 
species except smallflower umbrella sedge. Weed control was similar with a sequential 
application of Granite SC at 5 lsr and followed by Clincher application at 1 tiller stage. 
Clincher-only, or Clincher + Granite SC applications applied late at 1 tiller stage were not as 
effective as the early or sequential applications for controlling grasses. These programs will 
not control certain ALS-inhibitor-resistant ricefield bulrush and Clincher-resistant watergrass 
and sprangletop populations; however, it is a good alternative for fields with Cerano- or 
thiobencarb-resistant sprangletop populations. 

 
Not surprisingly, a remarkable reduction in the efficacy of grass and smallflower umbrella 
sedge control was observed with a tank-mix application of Clincher (13 oz/A) and 
SuperWham! (6 qt/A) with 2.5% v/v COC applied at 5 lsr or 1 tiller stage. 

 
A follow-up tank-mix application of SuperWham and Grandstand (6 qt/A + 8 oz/A + 2.5% 
v/v COC) at 1 tiller stage after the early tank-mix application of Clincher and Granite SC 
provided the best (~100% control of all weeds) weed control. Grandstand effectively controls 
ricefield bulrush and redstem. Thus, addition of Grandstand in the program is particularly 
important for controlling of ALS-inhibitor- and/or propanil-resistant ricefield bulrush, and 
redstem. 

 
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.   

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

a. Because of Butte herbicide has showed erratic results to control broadleaf weeds, a 
greenhouse study was conducted to determine the susceptibility of ducksalad, arrowhead, 
monochoria, water hyssop, redstem to Butte applied at pre-emergence, sprouting, 1-leaf 
stage, 3-leaf-stage, and 5-leaf-stage. Results have shown that all these weeds are 
susceptible to Butte all stages except the 5-leaf-stage (data not shown). Our research 
suggested that lack of broadleaf weed control with Butte may result from weeds 
emerging late in season when Butte residual activity is diminished. 
 

b. NAI-1777 is a granular formulation of 1.8% pyraclonil (a PPO inhibitor) from Nichino 
America, Inc. This herbicide has similar mode of action to Shark which used in 
California rice. A rate, timing, and formulation studies of NAI-1777 in continuously-
flooded rice showed that NAI-1777 has excellent activity on smallflower umbrella sedge 
and grasses. It also has good activity on ducksalad. In addition, NAI-1777 provides 
excellent crop safety when applied at 1-leaf stage of rice at a rate as high as 14.9 lb/A of 
the formulated product (data not shown). We will continue to work Nichino America, Inc 
for further testing in 2017.   
 

c. V10409 is an experimental herbicide from Valent.  We do not know what is the mode of 
action. V10409 was applied at different rates under continues flood rice system. Results 
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showed excellent weed control and good crop safety (data not shown).   We hope to 
continue working with this herbicide to optimize its efficacy under continuous flood 
system.  

 
d. Rinskor. It is a new Dow active ingredient that belong to the picolinic acid chemistry. It 

works as an auxin-type herbicide. This herbicide related to triclopyr (Grandstand) 
herbicide that is widely used to control ricefield bulrush and redstem, however, Rinskor 
has broad weed control activity. Field study was conducted to evaluate Rinskor applied in 
different rates, adjuvants, and growth stages. Results showed that Rinskor is safe on rice 
and provide excellent weed control (data not shown). Dow is committed to work with us 
to further develop the herbicide for California rice. 
 

e. Protoporphyrinogen-oxidase inhibitors (PPO – inhibitors) are diverse group of herbicides 
that rice relatively tolerant to. There is great interest in this mode of action herbicide to 
manage herbicide ALS-, propanil, and Cerano-resistant weeds. At this point there only on 
PPO-inhibitor that is registered in California rice (Shark). In the Southern United States, 
aciflurofen (Blazer) and Oxadiazon (Ronstar) are registered for rice. Two field 
experiments were conducted to evaluate PPO inhibitors applied as preplanting and 
postemergence for weed control in continuous flood cropping system rice. The herbicides 
were lactofen (Cobra), carfentrazone (Shark), flumioxazin (Chateau), oxyfluorfen (Goal), 
fomesafen (Reflex), oxadiazon (Ronstar), saflufenacil (TreVix) and sulfentrazone (Zeus). 
Each herbicide was applied in two rates. Postemergence treatments were applied when 
rice was at 4 leaf-stage. The efficacy of all herbicide was not acceptable except 
oxyfluorfen applied preplanting. Oxyfluorfen provide good weed control except ricefield 
bulrush. This is not surprising because PPO-inhibiting herbicide are weak on this weed.  
We hope to continue researching the use oxyfluorfen for weed control in California rice.  
 

f. OR-009, OR108G (new generation surfactant by Oro-Agri). Under a continuous flood, 
SuperWham and Stam (6 qt/a) were applied alone or with OR-009, OR108G, COC, and 
Proton adjuvants at different rates at the 1-2 tiller stage of rice.  OR-009 and OR108G 
slightly improved (approximately 10%) early watergrass and ricefield bulrush control 
(data not shown).  In addition, smallflower umbrella sedge and ducksalad control with 
SuperWham and Stam applied with OR-009 and OR108G were greater than these 
herbicides applied with the standard adjuvants.  

 
 

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

A. Drill-Seeded Rice.  
 
While drill-seeded rice system offers flexibility for herbicide use when proximity to the 
nontarget sensitive crops restricts aerial applications, this system divests major herbicides 
developed for continuously-flooded rice. As seeding depth of rice might affect relative 
emergence of rice to weeds, there may be a potential for using non-selective and 
economically more feasible herbicides such as glyphosate to control weeds before rice 
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emerged. A field study was conducted in which rice was planted at three depths (0.5, 1.5 
and 2 inches) and glyphosate was applied just before the first leaf of rice reached the soil 
surface to evaluate weed control and crop safety of glyphosate alone or in combination 
with other common herbicide programs for drill-seeded rice. 
 
As expected, weeds adapted to dryland seedbeds such as barnyardgrass, sprangletop, 
watergrass and smallflower umbrella sedge were better established, whereas aquatic 
weeds such as ricefield bulrush, ducksalad, and redstem were less favored or almost 
eliminated in this system compared to continuously-flooded system. 
 
Emergence time of rice varied with the depth of planting. Rice planted at deeper depths 
(1.5 and 2 inches) emerged much later (5-7 days) than that of planted at shallower depth 
(0.5 inch), which allowed delayed application of glyphosate with deeper planting. As per 
the hypothesis, this year’s preliminary data suggested that the majority of the initial flush 
of weeds could be controlled with glyphosate without a significant damage to the crop 
when rice is planted deeper (1.5-2 inches) (Figure 1). Additionally, the results indicate 
that the greater initial weed control with glyphosate at deeper depth help improve the 
efficacy of follow-up applications of contact herbicides (low translocation index) such as 
Clincher, SuperWham! or Granite SC (Figure 2). While these results are encouraging, 
future studies with adjustment in field plot setup with respect to irrigation management is 
needed to validate the conclusions. The study also showed that deep planting may reduce 
number of rice tillers (Table 9), however, grain yields were not reduced because plants 
produced more grain per panicle and heavier grains.  

 
B. Weed Community Dynamics and System Productivity in Alternative Irrigation Systems 

in California Rice 
 
Over the last ten years, California has experienced a series of ever-worsening droughts. 
Rice, traditionally a flooded crop, has come under increasing scrutiny with respect to its 
water use, leading to proposals to evaluate alternative irrigation systems. For growers, 
weed competition is one of the most limiting factors to maintaining high yields, so 
understanding the shifts among species in weed communities under the proposed 
alternative irrigation systems is vital. A field study was conducted from 2012 to 2014 to 
compare weed population and growth dynamics in three irrigation systems: 1) a 
conventional water-seeded control (WS-Control) with a permanent flood of 10-15 cm 
from planting until one month prior to harvest; 2) WS-alternate wet and dry (WS-AWD) 
which was flooded from planting until canopy closure after which flood water was 
allowed to subside and the field re-flooded when the soil volumetric water content 
(VWC) reached 35%; and 3) drill-seeded AWD (DS-AWD) where rice was drill-seeded, 
then flush irrigated to establish the crop after which it was flooded until canopy closure 
and then underwent AWD similar to WS-AWD. In the AWD treatments there were two 
drying periods, none of which occurred after heading. The dynamics of major weed 
species were evaluated using plant density counts (2012) and relative cover and biomass 
(2013 and 2014). Grasses (sprangletop and watergrass spp.) dominated the DS-AWD 
system, and sedges, broadleaves and grasses dominated both WS systems Table 10). The 
WS-AWD system increased smallflower umbrella sedge relative cover at canopy closure, 
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relative dry weight at harvest, and percent frequency when compared to the WS-Control 
(Figure 3). Yields did not differ across treatments when weeds were controlled (p > 0.05); 
in the absence of herbicides, yields in the WS-AWD were equivalent to the WS-Control 
(ranging from 40-65% of the herbicide-treated yields) and zero in the DS-AWD due to 
weed pressure. 

 
C. Predicting Yield Losses in Rice Mixed-Weed Species Infestations 
 

Although many pests constrain rice production, weeds are considered to be the major 
barrier to yield increases. A predictive model based on naturally occurring mixed-species 
infestations in the field would enable growers to target the specific weed group that is the 
greatest contributor to yield loss, but as of now, no such models are available. In 2013 
and 2104, two empirical hyperbolic models were tested using the relative cover at canopy 
closure of groups of weed species as independent variables: grasses, sedges, broadleaves, 
grasses and sedges combined, grasses and broadleaves combined, and all weed species 
combined. Models were calibrated using data from experiments conducted at the 
California Rice Experiment Station, in Biggs, CA and validated across four sites over two 
years, for a total of seven site-year combinations. Of the three major weed groups, 
grasses, sedges and broadleaves, grasses were the only group positively correlated with 
yield loss in the multi-species infestation (Figure 4). At the model calibration site, grasses 
and sedges combined best predicted yield loss (AICc = -21.5) in 2013, and grasses alone 
best predicted yield loss (AICc = -19.0) in 2014. Across the validation sites, the model 
using grasses and sedges combined was the best predictor in five out of seven site-years. 
Accuracy of the predicted values at the model validation sites ranged from 6% mean 
average error to 17% mean average error. No single model and set of parameters 
accurately predicted losses across all years and locations, but relative cover of grasses 
and sedges combined at canopy closure was the best estimate over the most sites and 
years. 
 

D. Emergence and Early Growth of Multiple-Herbicide Resistant and Susceptible Late 
Watergrass (Echinochloa phyllopogon) 
 
Late watergrass is a competitive weed of rice that is well-adapted to both aerobic and 
anaerobic environments. The evolution of multiple-herbicide resistant populations of late 
watergrass in California has presented additional management difficulties for farmers. 
Cultural controls such as a stale-seedbed and alternating from wet- to dry-seeding have 
been proposed as management options. However, the efficacy of these systems depends 
on the emergence and characteristic of early growth of the weed species in rice. The 
objective of this study was to modify a previously-developed population-based threshold 
model (PBTM) to predict emergence and early growth of late watergrass in the field, 
allowing farmers to better time their management practices. In 2013, a series of 
experiments was conducted at the California Rice Experiment Station (CRES) in Biggs, 
CA to evaluate seedling emergence and early growth of multiple-herbicide resistant and 
susceptible late watergrass at four burial depths (0.5, 2, 4, and 6 cm) under three 
irrigation regimes: 1) Continuously Flooded (CF): water was maintained at 10 cm above 
the soil surface; 2) Daily Flush (DF): soil maintained at saturation; and 3) Intermittent 
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Flush (IF): soil was allowed to dry between irrigation flushes. Herbicide-resistant 
seedlings emerged at a higher rate in the Intermittent Flush irrigation treatment (p < 
0.05). At harvest at the 5-leaf stage, there were no differences between the two 
populations (resistant and susceptible) in shoot dry biomass or height (p > 0.05). Both 
biotypes showed decreasing emergence with increasing depth (Figure 5). No seedlings 
emerged from the 4 or 6 cm depths in the CF treatment. Using the Gompertz growth 
curve as a model, resistant plants had greater predicted growth rates (k), lower predicted 
maximum heights (hmax), and a shorter time to predicted maximum growth rate (tm) 
than susceptible plants under the CF and DF treatments. Under the IF treatment, the 
susceptible plants had greater k, lower hmax and shorter time to predicted tm. The 
information about seedling emergence response to burial depth under the three irrigation 
systems was incorporated into a previously-developed population-based threshold model 
(PBTM) for late watergrass, and validated at the CRES in a field with a susceptible late 
watergrass population in 2013 and 2014 (Figure 6). It was validated under two irrigation 
systems, CF and IF. Model fit was best in the CF treatments (average AIC = 199.05) 
compared to the IF treatments (average AIC = 208.6). 
 

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 
cross/multiple resistance in rice fields, and mapping the spread of resistance in the rice 
production areas in California. 
 

a. High-throughput, Modified ALS Activity Assay for Cyperus difformis (smallflower 
sedge) and Schoenoplectus mucronatus (rice bulrush) Seedlings 

 
Cyperus difformis (CYPDI) and Schoenoplectus mucronatus (SCHMU) are major weeds 
of California (CA) rice, where resistance to acetolactate synthase (ALS)-inhibitors was 
identified in several CYPDI and SCHMU populations that have also evolved resistance to 
photosystem II (PSII)-inhibiting herbicides. The mechanism of ALS resistance in these 
populations remains to be clarified but this information is crucial in a weed management 
program, especially in a scenario where resistance to multiple herbicides has been 
identified. ALS activity assays are commonly used to diagnose resistance to ALS-
inhibitors, but protocols currently available are burdensome for the study of CYPDI and 
SCHMU, as they require large amounts of plant material from young seedlings and have 
low yields. Our objective was to investigate the ALS resistance mechanism in suspected 
ALS-resistant (R) CYPDI and SCHMU biotypes using a modified ALS activity assay that 
requires less plant material. ALS enzymes from suspected R biotypes were at least 
10,000-fold less sensitive to bensulfuron-methyl than susceptible (S) cohorts, indicating 
ALS resistance that is likely due to an altered target-site. Protein concentration (mg g-1 
tissue) did not differ between R and S biotypes within each species, suggesting that R 
biotypes do not over produce ALS enzymes. CYPDI biotypes had up to 4-fold more 
protein per mg of tissue than SCHMU biotypes, but up to 7-fold more acetoin per mg-1 
protein was quantified in SCHMU, suggesting greater ALS catalytic ability in SCHMU 
biotypes, regardless of their herbicide resistance status. Our optimized protocol to measure 
ALS activity allowed for up to a 3-fold increase in the number of assays performed per g 
of leaf tissue. The modified assay may be useful for measuring ALS activity in other weed 
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species that also produce small amount of foliage in early growth stages when protein in 
tissue is most abundant. 

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

 
In 2015, testing of suspected herbicide resistant weeds was conducted on 71 samples in 
the greenhouse at the Rice Experiment station. These samples were collected by growers 
and PCA and included barnyardgrass, early and late watergrass, smallflower umbrella 
sedges, springletop, ricefield bulrush, and redstem.  We tested the response of the 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, and Granite 
Smallflower umbrella sedge Thiobencarb, Propanil,  Londax, Regiment, 

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

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

 
Most of the sample tested showed resistance to at least one herbicide. We had several 
sample with multiple resistance. We provided each grower with extensive report that 
include photos of plant response to different herbicides and recommendations to select 
alternative herbicide to control their herbicide resistant weed. The summary of results is 
in Table 11. 

 
We will continue to test suspected resistant weed populations provided by growers and 
PCA.  This implies conducting the greenhouse tests during the winter in order to have 
results available to growers in a timely manner before they have to make decisions on 
their herbicide program.  For each sample received, we will be testing all herbicide that 
are recommended to control the weed. The protocol is similar to 2015 protocol with the 
exception of adding Butte to the list of tested herbicide.  Herbicide will be applied at rate 
and growth stage as described in the herbicide label. Growers/PCA(s) will receive a 
report that not only show if the weed is resistance to particular herbicide(s) but also 
provide herbicide alternatives for controlling of this particular biotype. The reporting 
method to growers allows visual results along with the resistance data.  This approach has 
been well received by the growers and PCA’s who utilized the service.  When we collect 
enough data, we will develop a map to show the distribution of herbicide resistant weeds 
in California rice production areas. This will be place on UC IPM website that grower 
can review with Rice PMG.   The map will alert farmers about potential resistance in 
their area.  
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For 2016 we have already received approximately 120 samples. This is significantly 
higher than the number we received last year (71 samples) and four times the number of 
samples received in 2014. 
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GENERAL SUMMARY OF CURRENT YEARS RESULTS 

Research was conducted to develop effective weed management programs in three rice 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 can 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.  We also tested a new active ingredient, 
benzobicyclon, formulated together with halosulfuron as a granule, that Gowan Company is 
currently pursuing a registration in California rice. Benzobicyclon is very effective on sedges, 
particularly ricefield bulrush and smallflower umbrella sedge. In addition, benzobicyclon plus 
halosulfuron provided good grass seedlings control when applied at 1 to 2 leaf-stage.  
Furthermore, the benzobicyclon + halosulfuron granule provided good broad-spectrum control, 
especially when applied with Granite, SuperWham, or Grandstand.  Phytotoxicity of 
benzobicyclon plus halosulfuron was generally low and rice showed good tolerance to 
benzobicyclon plus halosulfuron even when this herbicide applied in combination with other 
herbicides.   
 
NAI-1777 is a granular formulation of 1.8% pyraclonil (a PPO inhibitor) from Nichino America, 
Inc. This herbicide has similar mode of action to Shark. A rate, timing, and formulation study of 
NAI-1777 in continuously-flooded rice showed that NAI-1777 has excellent activity on sedges 
including ricefield bulrush and Smallflower umbrella sedge. It also has good activity on 
ducksalad. In addition, NAI-1777 provides excellent crop safety when applied at 1 leaf stage of 
rice at a rate as high as 14.9 lb/A of the formulated product. We have also evaluated three other 
new rice herbicides with promising results. These herbicides were applied in several rates and 
combinations. We will continue working with the herbicides to optimize their efficacy and 
generate data needed for regulatory agencies. 
 
We continue working to optimize weed management in drill-seeded rice. While drill-seeded rice 
system offers flexibility for herbicide use when proximity to the nontarget sensitive crops 
restricts aerial applications, this system divests major herbicides developed for continuously-
flooded rice. As seeding depth of rice might affect relative emergence of rice to weeds, there 
may be a potential for using non-selective and economically more feasible herbicides such as 
glyphosate to control weeds before rice emerged. A field study was conducted in which rice was 
planted at three depths (0.5, 1.5 and 2 inches) and glyphosate was applied just before the first 
leaf of rice reached the soil surface to evaluate weed control and crop safety of glyphosate alone 
or in combination with other common herbicide programs for drill-seeded rice. 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 
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delayed application of glyphosate with deeper planting. As per the hypothesis, this year’s 
preliminary data suggested that a high majority of initial flush of weeds could be controlled 
without a significant damage to the crop with glyphosate when rice is planted deeper (1.5-2 
inches). Additionally, the results indicate that the greater initial weed control with glyphosate at 
deeper depth help improve the efficacy of follow-up applications of contact such as Clincher, 
SuperWham or Granite SC. While these results are encouraging, future studies with adjustment 
in field plot setup with respect to irrigation management is needed to validate the conclusions.  
 
We have been testing approximately 71 suspected herbicide resistant weed populations that were 
collected by growers and PCA including barnyardgrass, early and late watergrass, smallflower 
umbrella sedges, springletop, ricefield bulrush, and redstem.  Most of the sample 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. 
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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Table 1. Herbicides used and their active ingredient 
 
Herbicide                % ai   lb ai/gal 
 
Abolish 8EC (thiobencarb)    84   8.0 
Bolero Ultramax (thiobencarb)   15   NA 
Butte (benzobicyclon + halosulfuron)  3 + 0.64  NA 
Cerano 5 MEG (clomazone)    5   NA 
Clincher CA (cyhalofop-butyl)   29.6   2.4 
Grandstand (triclopyr)     44.4   3.0 
Granite GR (penoxsulam)    0.24   NA 
Granite SC (penoxsulam)    24   2.0 
Halomax 75 (halosulfuron)    75   NA 
Londax (bensulfuron-methyl)    60   NA 
Prowl H2O (pendimethalin)    42.6   3.8 
Regiment (bispyribac-sodium)   80   NA 
RiceEdge (propanil + halosulfuron)   60 + 0.64  NA  
Sandea (halosulfuron)     75   NA 
Shark H2O (carfentrazone)    40   NA 
Strada CA (orthosulfamuron)    50   NA 
SuperWham! CA (propanil)       41.2   4.0   
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Table 2. Late watergrass (WS), sprangletop, ricefield bulrush (RBR), smallflower umbrella 
sedge (SF), and ducksalad as affected by Butte herbicide programs at 60 days after planting in 
2016. 

 
Treatment Rate  Timing WG ST RBR SF DS 
Butte 7.5 Ib DOS 79 100 100 100 100 
Butte 9 Ib DOS 91 100 100 100 100 
Butte 7.5 Ib 1 lst 89 100 100 100 100 
Butte 9 Ib 1 lst 90 100 100 100 100 
Butte + 
propanil + 
Grandstand 

7.5 Ib + 6 
qt + 8 oz 

1 lst + 1 
tiller +1 
tiller 

96 100 100 100 100 

Butte + 
Regiment 

7.15 Ib + 
0.67 oz 

1 lst + 1 
tiller 

98 100 100 100 100 

Butte + 
Clincher 

7.5 Ib + 
13 oz 

1 lst + 1 
tiller 

93 100 100 100 100 

Butte + 
Granite 

7.5 Ib + 
2.8 oz 

1 lst + 1 
tiller 

97 100 100 100 100 

Cerano + 
Butte 

12 Ib + 
7.5 Ib 

DOS + 1 
tiller 

96 100 100 100 100 

LSD (0.05)   7 Ns ns Ns ns 
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  Table 3. Rice yield as affected by Butte herbicide treatments applied in continues flood in 2016. 

Treatment Rate Timing Rice Yield Ib/A 
Butte 7.5 Ib DOS 7,331 
Butte 9 Ib DOS 6,951 
Butte 7.5 Ib 1 lst 8,272 
Butte 9 Ib 1 lst 7,450 
Butte + propanil + 
Grandstand 

7.5 Ib + 6 qt + 8 oz 1 lst + 1 tiller + 
1 tiller 

9,070 

Butte + Regiment 7.15 Ib + 0.67 oz 1 lst + 1 tiller 9,232 
Butte + Clincher 7.5 Ib + 13 oz 1 lst + 1 tiller 9046 
Butte + Granite 7.5 Ib + 2.8 oz 1 lst + 1 tiller 8517 
Cerano + Butte 12 Ib + 7.5 Ib DOS + 1 tiller 6,647 
Untreated control   4,565 
LSD (0.05)   1,125 
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Table 4. Late watergrass (WS), sprangletop, ricefield bulrush (RBR), smallflower umbrella 
sedge (SF), and ducksalad control at 60 days after planting in 2016 as affected by Butte herbicide 
applied at one leaf-stage followed by Granite herbicide applied at three timings. 

Treatment Rate (per acre) Timing WG ST RBR SF DS RS 
Butte 7.5 Ib 1 lst 91 100 100 100 100 60 
Butte + Granite 7.5 Ib + 2.0 oz 1  +  3 lst 99 100 100 100 100 99 
Butte + Granite 7.5 Ib + 2.4 oz 1  +  3 lst 100 100 100 100 100 99 
Butte + Granite 7.5 Ib + 2.8 oz 1  +  3 lst 100 100 100 100 100 99 
Butte + Granite 7.5 Ib + 2.0 oz 1  +  5 lst 100 100 100 100 100 96 
Butte + Granite 7.5 Ib + 2.4 oz 1  +  5 lst 100 100 100 100 100 94 
Butte + Granite 7.5 Ib + 2.8 oz 1  +  5 lst 100 100 100 100 100 99 
Butte + Granite 7.5 Ib + 2.0 oz 1  +  1 tiller 100 100 100 100 100 93 
Butte + Granite 7.5 Ib + 2.4 oz 1  +  1 tiller 100 100 100 100 100 93 
Butte + Granite 7.5 Ib + 2.8 oz 1  +  1 tiller 100 100 100 100 100 96 
LSD (0.05)    NS  NS NS NS NS  8 
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Table 5. Sequential herbicide treatments in continuous flood system rice planted in 2016.  

afb = followed by, COC = Crop Oil, NIS = non-ionic surfactant, UAN = urea, DOS = day of 
seeding rice, lsr = leaf stage of rice 

Treatment a Rate (per acre) Timing 
Untreated control - - 
Cerano 12 lb DOS 
Cerano fb SuperWham +COC 12 lb fb 6qt + 0.125% DOS fb 1-2 tiller 
Cerano fb Abolish + Regiment +NIS + UAN 12 lb fb 1.5 qt + 0.67 oz +0.25% + 

2.0% 
DOS fb 5 lsr 

Cerano fb Shark H2O fb Granite SC + COC 12 lb fb 8 oz fb 2.8 oz + 2.5% DOS fb 1 lst fb 5 lsr 
Cerano fb Shark H2O fb Abolish + Regiment + 
NIS +UAN 

9 lb fb 8oz fb 1.5 qt + 0.67 oz +0.25% 
+2.0% 

DOS fb 1 lst fb 5 lsr 

Cerano fb Butte 12 lb fb 7.5 lb DOS fb 1 lsr 
Granite GR 15 lb 3 lsr 
Granite GR fb SuperWham + COC 15 lb fb 6 qt + 2.5% 3 lsr fb 1-2 tiller 
Granite SC + COC fb SuperWham + COC 2.8 oz + 2.5% fb 6 qt + 2.5% 3 lsr fb 1-2 tiller 
Granite GR fb RiceEdge + COC 15 lb fb 10 lb + 2.5% 3 lsr fb 1-2 tiller 
Granite GR fb Abolish + Regiment +NIS + 
UAN 

15 lb fb 1.5 qt + 0.67 oz +0.25% + 
2.0% 

3 lsr fb 1-2 tiller 

League MVP 35 lb 2 lsr 
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League MVP fb SuperWham + COC 35 lb fb 6 qt + 2.5% 2 lsr fb 1-2 tiller 
Bolero fb SuperWham + COC 23 lb fb 6 qt + 2.5% 2 lsr fb 1-2 tiller 
Bolero fb Regiment +NIS + UAN 23 lb fb 0.67 oz +0.25% + 2.0% 2 lsr fb 5 lsr 
Bolero fb Regiment +NIS + UAN fb 
SuperWham + COC 

23 lb fb 0.67 oz +0.25% + 2.0% fb 6 
qt + 2.5% 

2 lsr fb 5 lsr fb 1-2 
tiller 

Abolish + Regiment +NIS + UAN 1.5 qt + 0.67 oz +0.25% + 2.0% 5 lsr 
Abolish + Regiment +NIS + UAN fb 
SuperWham 

1.5 qt + 0.67 oz +0.25% + 2.0% fb 6 
qt + 2.5% 

5 lsr  fb 1-2 tiller 
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Table 6. Late watergrass, sprangletop, ricefield bulrush, smallflower sedges, and ducksalad 
control as affected by different herbicide programs in continues flood rice planted in 2016. 
 
 

 

 

  

Treatment Late 
watergrass 

Sprangletop Ricefield 
Bulrush 

Smallflower 
sedge 

Ducksalad 

Cerano  91  100  0  0  98 

Cerano + SuperWham  98  100  88  76  97 

Cerano + Abolish + Regiment  100  100  88  70  98 

Cerano + Shark + Granite  100  100  94  87  100 

Cerano + Shark + Abolish + 
Regiment 

 100  100  92  88  100 

Cerano + Butte  99  100  100  100  100 

Granite  99  28  100  98  100 

Granit GR + SuperWham  98  35  100  100  100 
Granit SC + SuperWham  98 35 100 97 95 
Granite + RiceEdge  100  39  100  100  100 

Granite + Abolish + Regiment  99  73  100  100  100 

League MVP  96  100  100  100  100 

League MVP + SuperWham  97  100  100  100  100 

Bolero + SuperWham  90  100  100  100  98 

Bolero + Regiment  94  100  100  100  100 

Abolish + Regiment 98  100  100  100  99 

Bolero + Regiment + 
SuperWham 

95 90 95 82 94 

Untreated control  99  93  100  98  94 
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Table 7. Rice injury at 40 days after seeding and grain yield as affected by sequential herbicide 

treatments applied in 2016. 

 

 

 

Treatment Stand reduction Bleaching Stunting Yield Ib/A 

Cerano 25 0 27 2,430 

Cerano + SuperWham 18 0 20 7,549 

Cerano + Abolish + Regiment 22 0 27 4,549 

Cerano + Shark + Granite 6 0 3 7,740 

Cerano + Shark + Abolish + Regiment 9 0 10 6,106 

Cerano + Butte 23 0 25 7,230 

Granite 4 0 3 7,716 

Granit GR + SuperWham 9 0 8 8,547 

Granit SC + SuperWham 8 0 5 8,699 

Granite + RiceEdge 9 0 10 7,628 

Granite + Abolish + Regiment 9 0 10 8,023 

League MVP 1 0 10 7,801 

League MVP + SuperWham 4 0 7 7,212 

Bolero + SuperWham 4 0 1 8,285 

Bolero + Regiment 5 0 5 6,655 

Abolish + Regiment 7 0 5 8,337 

Bolero + Regiment + SuperWham 20 0 20 8,609 

Untreated control 9 0 5 2,489 
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Table 8. Late watergrass (WS), sprangletop, ricefield bulrush (RBR), smallflower umbrella 
sedge (SF), and ducksalad control as affected by Strada applied alone or in combination with 
other herbicide at 59 days after planting in 2016. 

Treatment Rate (per acre) WG ST RBR SF DS 
Abolish + Regiment Follow by (fb) 
SuperWham + Strada 

2 qt + 0.67 oz fb 6 qt + 2.1 oz 93 98 100 71 87 

Granite GR fb SuperWham + Strada 15 Ib fb 6 qt + 2.1 oz 74 0 100 98 100 
Cerano 5 MEG fb  SuperWham + 
Strada 

10 Ib fb 6 qt + 2.1oz 89 100 100 74 90 

SuperWham fb Regiment + Strada 6 qt fb 0.67 oz + 2.1 oz 90 95 100 97 99 
Strada 2.1 oz 41 0 87 58 18 
 

Table 9. Number of rice tillers as affected by depth of planting in different weed management 
programs. 

Planting depth (inches) Number of rice tiller per meter 
 Weedy Non-treated  Glyphosate Glyphosate + Prowl fb Clincher 
0.5 56 94 141 
1.5 40 76 123 
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Table 10.  Redstem (AMMAU), smallflower umbrella sedge (CYPDI), watergrass spp. 
(ECHOR), sprangletop (LEFFA), and ricefield bulrush (SCPMU) density at 20, 40 and 60 days 
after rice seeding in water-seeded conventional (WS-Control), drill-seeded alternate wetting and 
drying (DS-AWD), and water-seeded alternate wetting and drying (WS-AWD) irrigation 
systems in 2012.  
    

  
Days After Seedinga,b 

Species Irrigation 20 40 60 
      Plants m-2 
            

AMMAU 
WS-Control   0Aa 64 ± 16Ab 52 ± 16Ac 
DS-AWD   0Ba 16 ± 16Bb 0Bc 
WS-AWD   0Ca 188 ± 16Cb 96 ± 16Cc 

            

CYPDI 
WS-Control   1320 ± 388Aa 88 ± 44Ab 124 ± 28Ab 
DS-AWD   440 ± 264Aa 0Ab 0Ab 
WS-AWD   1092 ± 268Aa 288 ± 108Ab 328 ± 112Ab 

            
  WS-Control   48 ± 40Aa 16 ± 0Aa 32 ± 8Aa 
ECHORc DS-AWD   492 ± 272Aa 108 ± 28Aa 72 ± 72Aa 
  WS-AWD   224 ± 104Aa 64 ± 32Aa 72 ± 36Aa 
            

HETLI 
WS-Control   480 ± 76Aa 380 ± 76Aa 124 ± 76Ab 
DS-AWD   0Ba 64 ± 76Ba 0Bb 
WS-AWD   276 ± 76ABa 220 ± 76ABa 120 ± 76ABb 

            

LEFFA 
WS-Control   0ABa 164 ± 120ABb 88 ± 60ABb 
DS-AWD   64 ± 36Ab 288 ± 128Ab 272 ± 36Ab 
WS-AWD   0Ba 56 ± 20Bb 80 ± 24Ba 

            

SCPMU 
WS-Control   216 ± 212Aa 0Aa 40 ± 12Aa 
DS-AWD   28 ± 16Aa 0Aa 0Aa 
WS-AWD   76 ± 24Aa 24 ± 12Aa 36 ± 16Aa 

a Different lower-case letters (a, b, c) indicate significant differences between 20, 40 and 60 Day 
After Seeding counts (P < 0.05) within irrigation treatment, for each weed species.  
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Table 11. Summary of 2015 Resistance Testing. 

 * Some samples tested had only a low level of resistance. (-) Not tested with this herbicide, in 
most cases, this herbicide is NOT labeled for this species.  
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Bulrush 4 - - - 1 - - 2 0 0 0 

Smallflower 30 0 - - 24 - 30 30 - 0 - 

E. Watergrass 2 2 1 1 1* 2 - - 2* - - 

L. Watergrass 6 6 6 4* 4* 6 - - 5* - - 

Barnyardgrass 10 7 6* 3* 4* 7 - - 4* - - 

Sprangletop 11 2 5 2 - - - - - - - 
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Figure 1. Number of grass, sedges, and broadleaf Weed plants at 130 days after 
planting rice in weedy control plots and glyphosate treated plots.  
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Figure 2. Number of weedy plants before rice harvest as affected by herbicide treatments.  
Treatment 1: Glyphosate only 
T2: Glyphosate + Prowl H2O 
T3: Glyphosate + Prowl H2O + Halomax 
T4: untreated control 
T5: Glyphosate + Prowl H2O + Clincher 
T6: Glyphosate + Prowl H2O + Clincher, Granite SC 
T7: Glyphosate + Prowl H2O + SuperWham (@3-4 LS*) 
T8: Glyphosate + Prowl H2O + SuperWham (@4-5 LS*) 
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Figure 3. Grain rice yield of rice with weeds (top) and rice yield without weeds (bottom) at Biggs, 
California in 2013 and 2014. In the rice yield without weeds there was no interaction between year and 
irrigation, so yield was averaged across different irrigation systems: water-seeded conventional (WS-
Control), drill-seeded alternate wetting and drying (DS-AWD), and water-seeded alternate wetting and 
drying (WS-AWD).  Within years, columns with the same letter are not significantly different (P > 0.05). 
Bars represent ± 1 SE. 
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Figure 4. Predicted and observed rice yield loss values for Model 1, YL = qRC / [1 + (q - 1)RC], 
generated at the CA Rice Experiment Station in Biggs, CA in 2013 and 2014. Independent variables are 
relative cover of grasses (watergrass and sprangletop), grasses and sedges (watergrass, sprangletop, 
ricefield bulrush and smallflower umbrella sedge), grasses and broadleaves (watergrass, sprangletop, 
ducksalad and redstem) and all weeds combined. 
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Figure 5. Seedling emergence of herbicide resistant RD(R) and susceptible HR(S) populations of late 
watergrass across Intermittent Flush, Daily Flush, and Continuously Flooded irrigation systems. Since 
there were no differences between populations at the different depths, data were averaged across four 
planting depths (0.5 cm, 2 cm, 4 cm and 6 cm). Bars are ± 1 SE. Different letters indicate significant 
differences between combinations of population and seed depth using Tukey’s HSD test (α = 0.05).  
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Figure 6. Validation of herbicide-susceptible late watergrass seedling emergence measured at the 2 cm 
height (approximately 1-leaf stage) in late watergrass under two irrigation systems: Continuously Flooded 
(top) and Intermittent Flush (bottom). Late watergrass counts were from a rice field at the California Rice 
Experiment Station in Biggs, CA in 2013 and 2014. Bars are ± 1 SE.  


