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OBJECTIVES AND EXPERIMENTS CONDUCTED BY LOCATION: 

 

Objective 1: To determine the most effective control of rice invertebrate pests while maintaining 

environmental quality compatible with the needs of society. 

 

1.1)  Rice water weevil chemical control - Comparison of the efficacy of experimental materials 

versus registered standards for controlling rice water weevil in ring plots.  

 

1.2) Effects of application method on effectiveness of registered and experimental insecticides 

for rice water weevil control.  

 

 1.2.a) evaluation of the efficacy of pyrethroid insecticides applied pre-flood and at the 3-leaf 

stage for controlling rice water weevil in ring plots. 

 1.2.b) evaluation of experimental insecticides as a rescue treatment in rice for rice water 

weevil control 

 

1.3) Comparison of Valent experimental products for controlling rice water weevil (2 studies 

conducted in rings) 

 

1.4) Efficacy of Coragen for Rice Water Weevil with a natural infestation in replicated field 

plots. 

 

1.5) Evaluation of a biological insecticide for Rice Water Weevil in greenhouse studies. 

 

1.6) Evaluation of the influence of applications of registered and experimental insecticides on 

populations of non-target invertebrates in rice. 
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1.7) Tadpole shrimp control – Evaluation of control with registered and experimental 

insecticides. 

 

1.8) Management of Rice Water Weevil through control of adults infesting levees. 

 

Objective 2: To evaluate the physical and biological factors that result in fluctuation and 

movement of populations of the rice water weevil so as to better time control options such as 

insecticide applications. 

 

2.1) Evaluation of the movement of Rice Water Weevil (RWW) populations that result in 

economic injury to rice plants.  Monitor seasonal trends (timing and magnitude) in the flight 

activity of the RWW. 

 

2.2) Quantify the relative susceptibility of commonly grown rice varieties to RWW infestation 

and the yield response of these varieties to RWW infestation. 

 2.2.a) Studies with controlled populations of Rice Water Weevil 

 2.2.b) Studies with naturally-occurring populations of Rice Water Weevil 

 

2.3) Study the impact of seeding rate and rice variety on the yield response to Rice Water Weevil 

damage.  

 

Objective 3:  Conduct appropriate monitoring, exploratory research, and educational activities 

on emerging and new exotic rice invertebrate pests. 

 

SUMMARY OF 2012 RESEARCH BY OBJECTIVE: 

 

Objective 1: 

 

1.1 - 1.2) Chemical Control of Rice Water Weevil - Ring Plots 

 

1.1, 1.2) Research for subobjectives 1.1 and 1.2 was conducted within one plot area and the 

results and discussion for this study will be considered together.  The data will be reported in its 

entirety for ease of comparison across treatments and the conclusion from each sub-objective 

will be reported.  Each treatment was replicated four times.  Twenty-one treatments (a total of 

seven different active ingredients) were established in ring plots to accomplish this research.  

Plots were in a replicated field study at the Rice Experiment Station (RES) near Biggs, CA.  

Treatment details are listed in Table 1. 

 

Methods: 

Testing was conducted with ‘M-202’ in 10.7 sq. ft aluminum rings.  The plots were 

flooded on 29 May and seeded on 31 May.  A seeding rate of 100 lbs./A was used.  Prior to 

seeding, seed was soaked for 2 hours in a 5% Clorox Ultra solution, followed by 22 hrs. in water, 

drained, and held for 24 hrs.  The Clorox was for Bakanae control.  The application timings were 

as follows: 

29 May, pre-flood (PF) applications 

19 June, 3-leaf stage treatments 
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2 July, rescue (5-6 leaf stage) application (rescue timing) 

 

Granular treatments were applied with a ‘salt-shaker’ granular applicator and liquid 

treatments were applied with a CO2 pressurized sprayer at 15 GPA.  The natural rice water 

weevil infestation was supplemented with 10 adults placed into each ring on 16 June.  There is 

normally a second infestation of RWW adults but we were not able to collect enough adults for 

this.  The late timing of these actions relative to the early flight (see Obj. 2.1) made it difficult to 

collect RWW adults.  The standard production practices were used.  Herbicides (Cerano
®
) were 

applied right after seeding and nitrogen was top-dressed in July.  The following sample dates and 

methods were used for this study: 

 

Sample Dates:  
Emergence/ Seedling Vigor/Stand Rating: 16 June 

Adult Leaf Scar Counts: 29 June 

Larval Counts: 16 July and 1 August 

Rice Yield: 6 November 

 

Sample Method:  
Emergence/ Seedling Vigor/Stand Rating: 

stands rated on a 1-5 scale with:  

5=very good stand (>150 plants) 

3=good stand (~100 plants) 

1=very poor stand (<20 plants) 

Adult Leaf Scar Counts: percentage of plants with adult feeding scars on either of the two 

newest leaves (50 plants per ring) 

Larval Counts: 44 in
3 

soil core containing at least one rice plant processed by washing/ 

flotation method (5 cores per ring per date) 

Rice Yield:  entire plots were hand-cut and grain recovered with a ‘Vogel’ mini-thresher 

and yields were corrected to 14% moisture. 

Data Analysis: ANOVA of transformed data and least significant differences test (ρ < 

0.05).  Raw data reported herein. 

 

Plot Design:  
Randomized Complete Block 

 

Results: 

Rice Emergence/Stand Rating 
 There were slight differences among treatments in terms of seedling vigor and emergence 

but these were almost certainly not related to the insecticide treatments (Table 2).  The rating 

ranged from 2.63 to 3.25 which was a good stand of approximately 100 seedlings per ring.  

Treatment 4 had a significantly lower stand rating (1.75 = ~50 plants) but this was an artifact of 

allocating several rings with a poor stand into treatment 4 and assigning it as a second untreated, 

i.e., it was an “extra” treatment and not really counted upon for the study.  We aim for 90-95 

seedlings per ring and a rating of 3.0 is approximately 100 seedlings, so the stand achieved was 

acceptable in the other rings.   
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Adult Leaf Scar Counts 
 Rice plant leaf scarring ranged from 6.0 to 26.0% across the treatments (Table 2). 

Research in California has shown that a damaging level of RWW larvae is associated with a 

RWW feeding scar incidence of ~20%. Six of the treatments had scar counts higher than 20%.  

The longitudinal leaf scars from RWW adults result in removal of only a small amount of leaf 

tissue and do not have any direct effects on plant growth and yield.  However, these scars are 

very diagnostic of RWW adult damage and this damage is evaluated as a means to determine if 

the insecticide treatments have any effects on adult RWW.  These evaluations were done on 29 

June which was before the rescue applications were made.  The 3-leaf stage applications were 

made on 19 June so some leaf damage could have already occurred before the application and 

have been counted (RWW adults were infested into rings on 16 June).  The percentage leaf 

scarring evaluations are done by examining the two newest leaves for damage so as to minimize 

this confounding factor.  If the leaf scarring is reduced, the insecticide most likely has toxicity to 

adults.  This is particularly important and interesting when evaluating preflood and soil-applied 

treatments.  If the leaf scarring is not reduced but the larval population is reduced, then the 

insecticide acts by directly killing larvae.  Scarring was highest in Coragen 5-6 leaf stage 

treatment which did not receive the application until a few days after these data were collected 

(so it was untreated at the time).  The Coragen preflood treatments had some of the lowest counts 

and Coragen applied at the 3 leaf stage showed moderate activity; therefore the active ingredient 

has adult activity.  Leaf scarring in the untreated plots averaged ~21% which was also in the 

highest group of scarring values.  Values were low in the Declare 1.54 oz. treatment. 

   

Larval Counts 
 RWW larval counts were made twice during the season (Table 3).  This is done to insure 

that at least one of the sample dates coincides with the population peak as well as so we can look 

at residual control from products – sometimes a product initially reduces the larval population 

but does not provide long-term, residual control.  In 2012, populations were slightly lower than 

desired; I attempt to have at least 1 to 2 RWW per core sample (the threshold is accepted at 1 

RWW per core).  Populations in the untreated were ~1 per core sample in 2012 (treatment #2 

was the untreated; treatment 4 was untreated as well but the plant stand was poor in these rings).  

On the first coring date, fourteen of the treatments had significantly lower RWW populations 

than the untreated.  For the treatments ranked statistically similar to the untreated, two of those 

were the rescue (5-6 leaf timing) treatments and also the Belay preflood (not the recommended 

timing).  Results were similar in the second coring date except that the Coragen rescue treatment 

was more effective than in the previous sample date. Averaging the two dates, Warrior – 3 leaf, 

Belay-5.5 oz. 3-leaf, Declare-both rates 3-leaf, Coragen-7.7 oz. 3-leaf, and DPX-E2Y45 preflood 

eliminated the RWW larval population.    

 

Rice Yield 

 Grain moisture at harvest (percentage), grain yields (lbs. per A at 14% moisture 

standard), and biomass (tons per A straw + grain weight at harvest) data are shown in Table 4.  

Moisture values ranged from 12.1 to 14.4% (Table 4).  This is a much smaller range than normal 

and there were no trends across treatments.  Grain moisture in the untreated plots was 13.8%.  

Rice grain yields ranged from ~3150 (averaging both untreated entries) to 6935 lbs./A.  The 

yield in the untreated plots was statistically the lowest.  Seventeen of the treatments had 

significantly higher grain yields compared with the untreated.  Belay preflood (3.5 and 4.5 oz.), 
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DPX-E2Y45 preflood, and Declare preflood and 3-leaf (2.05 oz.) more than doubled the grain 

yield.  Similarly with total biomass which was lowest in the untreated plots and highest in 

Declare preflood (2.05 oz.).   

  

 In summary, the registered pyrethroid products continue to provide excellent RWW 

control.  Declare, which is a newly available pyrethroid, appears to provide as good of RWW 

control as the long-term pyrethroids. Belay, for the second consecutive year, provided marginal 

control of RWW with a preflood application.  However, the recommended timing with Belay is 

the 3-leaf stage and the performance with this timing was excellent; there were no detectable 

differences among the three rates of Belay applied at the 3-leaf stage.  Coragen with a preflood 

timing provided excellent RWW control.  The 3-leaf timing of Coragen also provided good 

RWW control and better than in previous years research.  The DPX formulation (preflood and 3-

leaf) showed good RWW control.  The DPX applied at the 3-leaf stage was perhaps slightly 

more efficacious than Coragen applied at the 3-leaf stage.  Dimilin (3-leaf stage) performance 

was less than desired.  The rescue timings of Coragen and Belay showed a level of RWW control 

(better with Coragen than Belay) but they were not highly effective.   

   

1.3) Comparison of Valent experimental products for controlling rice water weevil (2 studies 

conducted in rings) 

  

Testing for this study was done in two locations at the Rice Experiment Station.  The 

procedures used with regard to sampling, etc. were the same as those detailed in 1.1. and 1.2).  

The important dates are as follows:  

Field 8 location: 

29 May - flooding 

31 May – seeding 

14 June - RWW adult infestation (10 adults per ring) 

16 June - emergence/seedling vigor/stand rating evaluations  

19 June - 3-leaf stage treatments 

29 June - adult leaf scar counts 

3 July – applied copper sulfate 

18 July and 31 July - larval counts 

6 November - rice yield 

 

J-7 location: 

25 May - flooding 

26 May – seeding 

8 June - RWW adult infestation (9 adults per ring)  

12 June - 3-leaf stage treatments 

22 June - emergence/seedling vigor/stand rating evaluations  

22 June - adult leaf scar counts 

4 July and 24 July - larval counts 

29 October - rice yield 

 

Methods: 

Granular treatments were applied with a ‘salt-shaker’ granular applicator and liquid 
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treatments were applied with a CO2 pressurized sprayer at 15 GPA.  The treatment list is shown 

in Table 5.  Herbicides were applied right after seeding (Cerano
®
) and about 2 weeks after 

seeding in Field 8 and J-7, respectively and nitrogen was top-dressed in July in both fields.   

 

The influence of the treatments (Table 5) on plant growth and development was a key 

part of this project.  Measurements were taken early-season (time of counting RWW feeding 

scars) and at the time of taking RWW core samples – both timings.  The following plant growth 

measurements were taken: 

 Plant height (cm) from soil surface to tip of longest leaf 

 Leaf height (cm) from collar to tip of leaf (measured two longest leaves per plant) 

 Number of tillers 

 Root length (cm) 

 Root mass (gr) after desiccation 

 

Results: 

 Rice Emergence/Stand Rating 
 Although the plots were both at the Rice Experiment Station and less than 0.5 miles 

apart, the early-season rice growth differed between the locations.  The plot in Field 8 

“struggled” in terms of emergence and early-season growth.  The seeding-time herbicide used 

appeared to stress the seedlings.  Establishment was poor in a couple of rings and algal growth 

was high (copper sulfate was applied for this).  One ring had to be disregarded due to the poor 

stand.  The plot in J-7 grew without complications.  Stand ratings ranged from 2.6 to 3.1 in Field 

8 and 3.0 to 3.5 in J-7 (data not shown).  There were no differences among treatments for ratings.   

 

RWW Adult Leaf Scar Counts 
 Scarring in the Field 8 plots ranged from 10.5 to 19.0% and did not differ among the 

treatments (Table 6).  In J-7, there was significantly less scarring in all the insecticide-treated 

plots than in the untreated (at 31%); the numbers in the five treated entries did not differ.   

 

Early-Season Plant Response (~ 2wks. after emergence) 

 Seedling growth (soon after emergence) in plants from Field 8 plots was greater in V-

10357 and V-10358 than in the untreated rings (Table 6).  The other treatments had intermediate 

height seedlings. For leaf lengths, V-10357, V-10358, and Belay-4.5 oz. had greater lengths than 

the untreated (leaf 1) and V-10358 was significantly greater than the Warrior-treated and the 

untreated (leaf 2).  In J-7, seedlings in the V-10357 treatment were significantly taller than those 

in both Belay treatments and the two leaves that were measured were both significantly longer in 

the V-10357 and V-10358 treatments than the other three treatments as well as the untreated.  

This timing was before any substantial RWW-inflicted damage. 

   

RWW Larval Counts 
 In Field 8, there were significantly more RWW per core sample in the untreated plots 

than in the other five treatments in both sample timings (Table 7).  Populations in the untreated 

plots averaged ~ 1.2 per core sample (the damage threshold is considered 1 per core sample). 

Percentage control in the treatments was in the 90-100% range. In J-7 plots, the RWW 

population was lower (Table 8).  For the first sample timing, the population in the untreated was 

significantly higher than the five treatments than included insecticides.  Results were similar for 
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the second sample timing except the mean in the Belay-3.5 oz. treatment was intermediate (did 

not differ from the highest or lowest statistical grouping).   

 

 Mid-Season Plant Response (period of larval damage) 

 Plant height (J-7 plot) was greater in the V-10357 and Belay-4.5 oz. than Belay-3.5 oz. 

and Warrior-treated plants (1
st
 timing) and for plants from all the treated entries compared with 

the untreated (2
nd

 sample timing) (Table 8).  For leaf lengths, values were greater for plants from 

V-10358 than for plants from the untreated although there was considerable overlap in the 

statistical rankings/values (1
st
 sample).  In the later sample, there were no significant differences 

in leaf length values.  The number of tillers was significantly greater in the plants from Belay-4.5 

oz. than plants from untreated plots (1
st
 timing).  This difference dissipated by the 2

nd
 coring 

timing.  Root length and mass were significantly greater in Belay-4.5 oz. than in V-10357, 

Belay-3.5 oz., Warrior, and untreated (for root mass Belay-3.5 oz., Warrior, and untreated only) 

(1
st
 timing); in the 2

nd
 timing both Belay treatments were in the upper group for root length and 

the mass. In field 8, plant height was greater in V-10357 and Belay-4.5 oz. than in the untreated 

(1
st
 core timing) and in all the treated plots than the untreated (2

nd
 core timing) (Table 7).  The 

leaf lengths were significantly increased in all the treated plots for samples collected in both core 

timings (some statistical overlap for leaf 1 in core timing 1).  The number of tillers was increased 

in the V-10357 and both Belay treatments relative to the untreated in the 1
st
 sample timing and in 

all the treatments except Belay-3.5 oz. compared with the untreated in the 2
nd

 timing.  Root 

length was significantly highest in the V-10357 treatment and lowest in the untreated on both 

sample dates (the other treatments had intermediate root lengths).  However, root mass results 

with were less clear-cut.  Root mass was significantly greater in the Belay-4.5 oz. treatment than 

the V-10358, Belay-3.5 oz., and untreated plots (timing 1) and greater in V-10357 than the 

untreated (timing 2).   

 

Rice Yield 

 In J-7, neither grain moisture, grain yield, or total biomass yield differed significantly 

among the treatments (Table 9).  In Field 8, grain moisture was significantly greater from Belay-

3.5 oz.-treated plots than from V-10358 and untreated plots.  Grain yields did not differ whereas 

biomass yield was greater from the Belay-4.5 oz. than the V-10358 treatments. 

  

1.4) Efficacy of Coragen for Rice Water Weevil with a natural infestation in replicated field 

plots. 

 

 Testing of products in large open plots or in grower fields is the best way to determine 

efficacy.  However, this is difficult to do before a tolerance for the active ingredient is granted 

(due to the need for crop destruct); the other consideration is that RWW infestations tend to be 

erratic and spotty so some locations will not have adequate pressure.  The mobile nature of 

insects such as RWW means that fairly large plots must be used which potentially adds to the 

cost.  Of course, registrations will not be achieved and recommendations made until adequate 

performance is verified.   

 

 In 2011, Coragen was evaluated utilizing 600 sq. ft. plots at the Rice Experiment Station.  

The RWW infestation was as high as I have seen at RES and the damage in the untreated plots 

was severe.  Overall, the results were excellent.  This study was repeated in 2012.   
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 The treatments as shown in Table 10 were evaluated.  All treatments were applied 

preflood.  Three rates of Coragen were tested (0.08, 0.01, and 0.12 lbs. AI/A), Warrior II and 

Belay as standards, an untreated, an experimental granular formulation, and finally Coragen at 

the middle rate (0.10 lbs. AI/A) was applied to the soil surface and allowed to weather for 1 

week before flooding. Each treatment was replicated four times.  The plots were 25 by 25 ft. with 

a 5 foot untreated buffer separating all plots.  Rynaxapyr, the active ingredient, does not move 

once applied to the soil thus the integrity of the treatments was maintained even though no 

barrier/levees were used.    

 

Methods: 

Leaf scarring, RWW population levels, and grain yields were evaluated.  Methods used 

were as described in Objective 1 except that the grain yields were collected with the small plot 

harvester from a 7.25 x 25 ft. long strip and yields were corrected to 14% moisture. 

The details are as follows: 

  

21 May – early Coragen application (trt. 8) 

25 May – Warrior application 

29 May- preflood applications (trt. 1-5) 

29 May - flooding 

31 May – seeding 

20 June and 26 June - adult leaf scar counts 

17 July and 2 August - larval counts 

26 October - rice yield 

 

Results: 

 Stand establishment was generally good in this study.  RWW induced leaf scarring was 

evaluated twice; the numbers were fairly low (<20%) and there were no significant differences 

among the treatments (Table 11).  RWW larval populations were high in the untreated plots 

averaging 1.65 RWW per core sample (Table 12).  The three rates of Coragen applied 

immediately before flooding provided weak to no RWW larval control (the lowest rate in the 17 

July sample showed good control but the two higher rates on that day showed poor control).  

This is in contrast to that seen in 2011 studies.  DPX-E2Y45 showed very good control (average 

84%) on both sample dates and the Coragen applied 1 week before flooding showed better 

RWW control (~64%) than the comparable treatment applied right before the flood.  The Belay 

treatment was also ineffective but the preflood timing is not the most effective timing for Belay 

(the 3-leaf timing is what is being registered); it was used for a direct comparison with preflood 

Coragen.   Rice yields were uniformly high in this plot (Table 13).   

 

Overall, the results with Coragen were inconclusive.  The most efficacious treatment was 

the one where we “stressed” the product by exposing it to the elements for 8 days.  The highest 

Coragen rate applied a few hours before the flood only reduced larval populations by ~30%.  The 

DPX-E2Y45 product showed the most promise as very good RWW control was seen.  Coragen 

was more effective in 2011 studies.  The pattern of RWW infestation or environmental 

conditions may have influenced the efficacy.   
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1.5) Evaluation of a biological insecticide for Rice Water Weevil in greenhouse studies. 

 

 Microorganims are found everywhere and frequently have evolved to produce useful and 

interesting by-products.  These compounds are used by the organisms to fend-off competitors 

and to survive in their environment.  By identifying and characterizing these compounds, they 

can sometimes turn into useful products for mankind.  Penicillin, numerous other drugs, yeasts 

used for brewing, etc. are examples of this.  Some compounds from microbes have insecticidal 

properties.  Spinosad is one example of this and now synthetic variations of this compound are 

available with improved efficacies.  Spinosad itself is a widely used insecticide.   

 

 Bacillus thuringiensis is a bacterium that is a commonly used insecticide.  In this case, 

the organism itself is sprayed on the crop and the breakdown product when consumed by insects 

will kill them. Bt insecticides are very specific as to what they kill which aids in their selectivity 

when applied to crops.  Fortunately, there are hundreds of strains and tens of subspecies of Bt.  In 

the late 1990’s, my lab evaluated a biological insecticide for RWW and it proved very effective.  

The organism was Bacillus thuringiensis spp. tenebrionis sold under the trade name of 

Novador
®
.  These studies were done in the greenhouse followed by field/ring studies.  The 

company producing this product was subsequently sold and I later tested the “same” product and 

the results were consistently disappointing.  Apparently, the specific bacteria strain, production 

process, formulation components, etc. had changed and the efficacy was lost.  In 2011, we tested 

a related organism (Bacillus thuringiensis spp. galleriae) in greenhouse studies against RWW.  

This subspecies of Bt had not previously been tested against RWW.  This product is being 

developed and has been tested against other soil-borne weevil/beetle pests of turf and forests.  

Registrations of this product for agricultural crops are pending.  We continued these studies in 

2012.   

 

Methods: 

 Rice was planted in 4 in. diameter pots containing “riceland soil” in the UC-Davis 

greenhouses.  As the seedlings broke through the water surface, three RWW adults (collected 

from levees during the late winter/early spring) or from flooded rice fields (in the spring) were 

added per pot and the seedlings were enclosed in the clear plastic covering.  Treatments included 

various rates, formulations, and application timings of Bacillus thuringiensis spp. galleriae.  A 

conventional insecticide standard and an untreated were included for comparison.  Pots were 

destructively sampled 3-4 weeks after infestation. Three studies were conducted.  For the first, 

the pots were sampled a few days too late and the population was mostly pupae which are 

difficult to recover and to sample accurately.  Therefore, there was a high degree of variability in 

the data.  In the second study, the RWW population was too low to draw strong conclusions.  

Either the adults we used (field-collected) had already deposited their eggs or perhaps the hot 

conditions in the greenhouse killed the eggs or small larvae. The third study was successful. 

 

Results: 

 Results from study 3 are shown in Fig. 1.  The Bacillus thuringiensis spp. galleriae 

granular material applied preflood had similar RWW larval levels as the pyrethroid standard. The 

foliar application and all 3-leaf stage applications of the biological insecticide were ineffective.  
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1.6) Evaluation of the influence of applications of registered and experiential insecticides on 

populations of non-target invertebrates in rice. 

 

 IPM, conceptually, means using the least toxic, more environmentally-benign option for 

managing pests.  This is often influenced by regulatory agencies (when considering insecticides) 

through product registrations.  This concept appears to fit the rice industry ideally as 

sustainability and environmental stewardship have been stressed by the industry and have created 

a viable and valuable niche for rice.  The environmental aspects of rice production are well-

documented and heavily promoted over the last several years. These attributes are key during the 

winter for migratory waterfowl habitat but also critical during the production season.  Best 

Management Practices have been developed and endorsed by groups such as the California Rice 

Commission http://www.calrice.org/Environment/Sustainability.htm  ).  While crop protection 

tools are a necessary component of rice production, well-designed integrated pest management 

programs have been developed to minimize the use of these products, i.e., to use them only when 

necessary and when an economic advantage is predicted.  Another facet of integrated pest 

management is to use products with the least environmental consequences, so called reduced risk 

products, when possible.  This study was designed to evaluate the environmental fit of 

insecticides used in rice production.  The criteria used were the effects on populations of non-

target invertebrate organisms.   

 

 Immature stages of mosquitoes are aquatic.  One of the key aquatic ecosystems in the 

Sacramento Valley is rice fields.  Several species of mosquitoes have evolved to use this aquatic 

system in their lifecycle.  Correspondingly, several species of invertebrates have evolved as 

important predators of aquatic mosquito stages (tadpole shrimp is actually a predator of 

mosquitoes in some systems).  A healthy system will have a balance of predators and prey 

(mosquito stages) and this will help to keep populations in check.  Using insecticides that have 

favorable attributes, such as low risk to these natural enemies/non-targets is one way to facilitate 

a high level of natural control of mosquitoes within the flooded rice system. The goal is to 

minimize the production of mosquitoes and to maintain “good neighbor” status with the 

surrounding human element.  Besides being pestiferous, mosquitoes can transmit several 

diseases.  West Nile Virus has been the most recent mosquito-vectored human disease that has 

been and remains a concern.  This disease was at very high levels in 2012 with California trailing 

only Texas in terms of severity (cases, deaths, etc.).  There are numerous other mosquito-borne 

diseases that could become issues especially if climate change continues as some predict and this 

results in higher temperatures in northern California.    

 

Methods:  
 The goal of this research is to investigate factors which maximize rice production while 

incorporating Best Management Practices in the IPM program to minimize the production of 

mosquitoes.  As new insecticides are being proposed for inclusion into rice pest management 

programs (such as Belay, Declare, and Coragen), the fit of these into the overall system needs to 

be determined.  Specifically, effects of insecticides on populations of aquatic non-target 

invertebrates in rice were studied.  Collecting the samples during the growing season is laborious 

but separating out, counting, and indentifying the specimens during the off-season is the largest 

effort for this project.  Therefore, the studies are always “in progress”.  The treatments used the 

last 3 years are listed in Table 14.  The treatment list changes annually so experimental products 

http://www.calrice.org/Environment/Sustainability.htm
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that could potentially have a fit in rice can be evaluated.  Best Management Practices are in place 

this is a working document and subject to revision, if supported by research results.  Research 

conducted so far has enabled a fairly good understanding of the effects of registered insecticides 

on nontarget organisms in rice fields so looking at new products is a priority now.  Data from 

2011 will be discussed (data are ~95% tabulated) as the 2012 data are still being tabulated from 

preserved samples.  The procedures followed are similar for each year and the exact procedures 

and dates used in 2012 will be given herein.      

 

 Each plot was ~0.04 A and each treatment was replicated three times. Methods used were 

as described in Objective 1 except that the grain yields were collected with the small plot 

harvester from a 7.25 x 25 ft. long strip and yields were corrected to 14% moisture. 

The details are as follows: 

  

25 May – preflood applications 

25 May - flooding 

26 May – seeding 

12 June – 3-leaf stage applications 

4 July and 24 July – RWW larval counts 

20 July – applied armyworm timing application 

27 October - rice yield 

 

Sample Methods: 

Floating barrier traps – a collection method for swimming organisms, used for the first 4 

to 6 weeks after seeding, 2 traps per plot with collection made weekly 

Quadrant samples – confines a 0.55-ft
2 

area with animals collected with an aquarium net, 

collections made weekly, four areas sampled per plot   

Mosquito dip samples - used to estimate populations of mosquito larvae, 25 dips in each 

of five locations per plot, data were collected weekly in July, August, and September 

 

Results: 

 Non-Target Populations – The organisms (animals) monitored in this study range from 

predators to seed feeders (pests) to those that have neither positive nor negative effects.  The 

2011 results are summarized and will be reported herein.  Data were divided into aquatic insects 

and other aquatic animals (non-insect invertebrates).  The exact numbers vary with year; in some 

years one species will flourish because the exact set of perfect conditions for it were present.  

This can skew the numbers and make graphs difficult to interpret.  Therefore, the data are shown 

as a ratio using the populations in the untreated plots as the benchmark.  A value of “1” means 

the numbers in the untreated plots and the treatment in question were equal; less than one means 

more were present in the untreated plots and greater than one means more were present in the 

treated plot.     

 

 Preflood applications:  

 Three preflood applications, along with an untreated, were evaluated in 2011 – Warrior, 

Coragen, and Belay.   Data from the quadrant samples will be stressed.  

 Quadrant samples: Aquatic Insects - With the quadrant sampling method, Warrior and 

Belay slightly reduced numbers of aquatic insects from 25 to 55 days after application but there 
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were no consistent or widespread effects (Fig. 2).  Reductions were present for one weekly 

sample, disappeared the next week and perhaps reappeared the following week.  The effects with 

Coragen were somewhat less than the other two products.  Other Aquatic Invertebrates – Results 

were similar with populations of other aquatic organisms (non-insects) (Fig. 3).  Again the 

reductions were most severe with Warrior and Belay, compared with Coragen, but the reductions 

were not consistent over time.   

 

 3-Leaf stage applications:  

 Two insecticides were evaluated at the 3-leaf stage application timing – Warrior and 

Belay.    

 

 Quadrant samples: Aquatic Insects - For the 3-leaf stage applications, there were no 

effects of the treatments from 3 to 5 weeks after treatment. Warrior reduced numbers of aquatic 

insects at 6 to 9 weeks after treatment but after that numbers rebounded (Fig. 4).  Given that 

before and after this reduction the numbers were equal to that in the untreated plots, it is unclear 

if this effect was due to the insecticide used.  Belay also reduced numbers of aquatic insects 

during this same period (although not to the degree of Warrior).  Other Aquatic Invertebrates - 

With the non-insect aquatics, the populations were generally equal in the Warrior- and Belay-

treated plots as in the untreated (Fig. 5).   

 

 Armyworm timing: 

 A late July application of Warrior was evaluated as an example product that could be 

applied for armyworm management.   

 Quadrant samples: Aquatic Insects – The mid-season Warrior application reduced 

populations of aquatic insects for the six weeks following application (Fig. 6).  The greatest 

reduction compared with the untreated plots was 80% in samples collected at 19 to 34 days after 

treatment.  Other Aquatic Invertebrates – Populations of these organisms were not impacted as 

were aquatic insects by the mid-season Warrior application (Fig. 7).  There were no reductions in 

numbers from 2 to 8 weeks after application.  

   

 Pest Populations – The data on pest populations are summarized from the 2012 study.   

RWW was the only pest present in any significant numbers and the RWW levels were really not 

high enough to draw any strong conclusions.  This particular field on the RES typically does not 

have high, damaging levels of RWW.   Levels in the untreated averaged only ~0.1 RWW per 

core sample.  Data are not presented. 

 

 Grain Yield – Yield data were collected in 2012 but showed no meaningful results.  

Yields (data not reported) ranged from 5163 to 5478 lbs. grain per A. 

 

1.7) Tadpole shrimp control – Evaluation of control with registered and experimental 

insecticides. 

 

 Tadpole shrimp populations and damage in 2012 were the highest I have seen.  Talking 

with long-time rice growers, they compared it to the early 1990’s when fields had to be treated 

(with methyl parathion at the time) to get a stand.  Part of the problem in 2012 was that fields 

were slow to flood.  Tadpole shrimp eggs hatch as soon as they are exposed to water.  By 
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flooding fields over a long period, this allows the eggs to hatch and the shrimp are ready and 

waiting for rice seed and seedlings when present.  The seed does not have a chance to germinate 

and root down at all before attacked by the tadpole shrimp.  Why were the fields slow to flood?  

In part, as I understand it, the water amount and deliveries were slow in 2012.  Also, there was a 

lack of rainfall during the winter so fields and soils were extremely dry upon flooding.  This 

resulted in more water being absorbed into the dry soil and it took longer for the field to actually 

flood.  But perhaps the most important factor was that there were just more shrimp present in 

fields than normal.  Tadpole shrimp management used to rely on copper sulfate (Bluestone).  The 

usage (acre-treatments) of copper sulfate is about one-quarter what it was in 2000.  The product 

does not work as well as previously and it is not preferred due to costs and availability problems. 

Growers have been relying on pyrethroid treatments and they are effective in the short-term but 

perhaps do not provide the residual control.  Thus tadpole shrimp levels continue to build-up 

although after the initial rice establishment period they are not damaging to the crop.  Thus, there 

is the need for alternative management methods.   

 

 Tadpole shrimp are an early-season pest of seedling rice.  The shrimp feed on 

germinating seeds, dislodge seedlings that were rooting, muddy the water preventing sunlight 

penetration, etc.  Many toxicants will kill tadpole shrimp in the laboratory; they are fairly easy to 

kill.  However, the lab results may not mimic the field situation as in the field the shrimp will 

burrow into the mud offering some protection from the insecticide.   We developed an improved 

method for research on tadpole shrimp a few years ago although this is still a difficult 

invertebrate with which to work.  We can collect them from area rice fields for our studies but if 

not properly handled, they will perish.  If they get too hot, too crowded, or in water lacking 

oxygen or too muddy, etc., they will perish.  This is problematic in terms of conducting studies.   

 

Methods: 

A field study was conducted on tadpole shrimp control in 2012 in ring plots (standard 

10.7 square feet aluminum rings with a 0.75 foot diameter PVC pipe ring plot placed inside the 

aluminum ring).  This was a study emphasizing registered and experimental products.  

Treatments evaluated are listed in Table 15.  Four replicates in a randomized complete block 

design were used. 

 

The key dates were as follows: 

 29 May, pre-flood (PF) applications  

29 May, flooding 

31 May, seeding (‘M-202’) 

8 June, tadpole shrimp were collected from a neighboring field and introduced into rings  

– 9 shrimp were placed into each 0.75 foot diameter ring and 9 shrimp were placed 

into each 10.7 square feet ring; rice was in the ~2-3 leaf stage 

 12 June, post-flood applications  

 

Sample Dates:  
14 June – live and dead tadpole shrimp, floating seedlings in both rings 

20 June and 29 June - counts of established seedling in both rings 

20 June - RWW adult leaf scar counts 

13 July - RWW larval counts 
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6 November - rice yield  

 

Sample Method:  
Established Seedling Counts: Seedlings counted in aluminum ring and PVC pipe ring 

Tadpole Shrimp Mortality/Seedling Damage: floating (dead) tadpole shrimp and floating 

(dislodged) rice seedlings were counted 

RWW Adult Leaf Scar Counts: percentage of plants with adult feeding scars on either of 

the two newest leaves (50 plants per both rings per date) 

RWW Larval Counts: 44 in
3 

soil core containing at least one rice plant processed by 

washing/ flotation method (5 cores per plot – only one sample date) 

Rice Yield: entire plots were hand-cut and grain recovered with a Vogel mini-thresher 

and yields were corrected to 14% moisture. 

 

Results: 

 Tadpole shrimp (TPS) that were dead/floating as well as those alive were counted from 

the small 0.75-ft diam. enclosure as well as from the larger ring (Table 16).  Numbers of floating 

seedlings were also counted.  Since all numbers were rather low, the data were not analyzed but 

there tended to be less in the treated, TPS-infested rings.   

 

Final established seedling numbers were counted twice (Table 17).  On 20 June, there 

were more seedlings in the Warrior post-flood treatment than in both Belay treatments (0.75 ft 

ring).  The other treatments had intermediate numbers.  In the larger ring, significantly more 

seedlings were found in the copper sulfate, untreated, and MAR-12 (8 lbs.) compared with the 

Mustang (post-flood) treatments. On 29 June, there were no significant differences (small ring) 

and there were more seedlings in the Belay (preflood) and copper sulfate treatment than the 

Mustang treatment (large ring).   

 

 A naturally-occurring rice water weevil infestation also occurred in these plots.  Scar 

counts from RWW adults were significantly higher in the copper sulfate and MAR-12 (4 lbs.) 

than in eight of the other treatments (with 0%) (Table 18).  On 29 June, counts were overall 

higher but the same differences and trends were seen.  RWW larvae were sampled once and 

levels were significantly higher in two of the MAR-12 treatments (4 and 16 lbs.) than in six of 

the other treatments (and the third MAR-12 treatment had similarly high RWW numbers 

however not significant).  

 

Grain yields ranged nearly two-fold (~3800 to ~7200 lbs./A) but there were no significant 

differences in grain yield or total biomass (Table 19).   

 

 In summary, the experimental product MAR-12 showed activity against tadpole shrimp.  

The three rates tested all performed similarly.  The formulation (a granular) needed improvement 

as it did not disperse in water very well, and especially if the granular landed on a rice leaf or 

algal clump, it did not dissolve.  MAR-12 had no activity on rice water weevil.  Data were 

inconclusive with the other experimental products, Belay and Coragen.  In previous research, 

there was more indication that these products aided with tadpole shrimp control.  In 2012, those 

conclusions could not be made.  I would like to develop an improved testing method.  It appears 

that tadpole shrimp infestations are on an upswing, so improved control programs are needed. 
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1.8) Management of Rice Water Weevil through control of adults infesting levees. 

 

 Levee management is an important part of RWW management.  Research from the 

1990’s suggested that eliminating weeds from levees helped to manage this pest.  Growers were 

diligent about weed control on levees (generally by re-pulling the levees in the spring) for 

several years.  Over the years, it appears this practice is not as common as it used to be.  Seeing 

that, we are investigating the alternative approach, i.e., treating the weedy levees as a 

management tool for RWW.  Rice water weevils commonly infest levees in advance of moving 

into flooded fields.  Adults may pinpoint levees for infestation after spring flights and wait there 

until fields are flooded.  Considering these observations, perhaps the adults could be controlled 

on the levees using insecticides or some other means before they ever move into the flooded 

fields.  That was the idea behind this study started in 2011 and continued in 2012.  The 

advantage of this approach is that a smaller area is treated and perhaps the insecticide is only 

used on the levee and is not placed in the field or water.     

 

Methods:  
 A field at RES was used for this study.  Levees were divided into 80 ft. long plots and 

three insecticides treatments, Bacillus thuringiensis spp. galleriae granular, Warrior, and Aza-

Direct, were used with each replicated four times.  The final variable was mowed or unmowed 

levee sections.  Some vegetative growth was desired so as to entice the RWW to the levees, but 

excessive weed growth undoubtedly hindered insecticide coverage.  Therefore, mowed and 

unmowed treatments were included.  Rice water weevil feeding scars on rice seedlings and 

RWW larval populations in the adjacent rice field were monitored as previously described.   

 

Results: 

 Data have not been summarized and analyzed yet.   

 

 

Summary – Objective 1 

 Summarizing the insecticide objective,  

 1.) Dimilin was not highly active on RWW and appears to have largely fallen out of the 

rice market. 

2.) The pyrethroids still have good activity on RWW.  There are rumors of resistance 

but I have not seen any definitive evidence of this.  Warrior showed very good flexibility 

with good results via a preflood application as well as a conventional 3-leaf stage application.  

Mustang was very effective with the 3-leaf application.  The newest pyrethroid product, 

Declare, appears to be as active as the other two materials and worked well preflood and at 

the 3-leaf stage.  Mustang and Warrior appeared to work for tadpole shrimp as well but the 

study in 2012 did not separate treatments very precisely.   

3.) Belay was evaluated preflood, at the 3-leaf stage (3 rates), and at the 5-6 leaf stage 

as a rescue treatment.  The preflood application in the ring study was more effective than that 

seen in previous studies.  In open plot studies, Belay preflood was not very effective.  The 3-

leaf stage applications produced good results for RWW larval control and very good yield 

results.  The three rates could not be separated.  The rescue timing showed about 40% larval 

control and a good increase in yield.  This clearly would not be a recommended timing but 



PROJECT NO. RP-3 
 

appears to have a fit in some situations.  Belay for tadpole shrimp was inconclusive. 

4.) V-10357 and V-10358 were effective products that protected/promoted rice 

growth and provided good RWW control.  

5.) Coragen was applied preflood with 2 rates in the ring study and 3 rates in the open 

plot study.   Results from the ring study were very positive, whereas those from the open plot 

study were less conclusive. In the ring study, one rate was evaluated at the 3-leaf stage as 

well as one rate at the rescue timing.  The 3-leaf stage treatment was very effective and the 

rescue timing also produced surprisingly good results (about 60% larval control and a ~2000 

lbs. increase in grain yield.  Tadpole shrimp control was inconclusive. 

6.) DPX-E2Y45 showed very good RWW control in ring and small plot studies.  In 

the latter study, control averaged 84% which was an improvement over the best seen with 

Coragen. 

7.) Bacillus thuringiensis spp. galleriae in greenhouse studies showed potential for 

RWW control.  At this point, finding the effective rate and application timing and evaluating 

several formulations has been the objective.   

8.) MAR-12 was evaluated for tadpole shrimp and showed efficacy.  No differences 

could be seen among the three rates.  Some formulation improvement was needed which 

could improve the activity.  No control of RWW was noted.   

 

Objective 2:  
To evaluate the physical and biological factors that result in fluctuation and movement of 

populations of the rice water weevil so as to better time control options such as insecticide 

applications. 

 

2.1) Evaluation of the movement of RWW populations that result in economic injury to rice 

plants.  Monitor seasonal trends (timing and magnitude) in the flight activity of the RWW. 

 

 The timing of RWW adult flight in the spring has been monitored with a black light trap 

at RES annually since the insect was discovered in California in the late 1950’s.  The insect is in 

a diapause state during the late fall, winter, and early spring.  This is a genetically determined 

(programmed) condition where the adults crawl into the soil, under debris, etc. for protection 

during the winter.  As they break out of this diapause (and the exact environmental conditions 

needed to do this have never been determined despite several attempts to do so), they feed briefly 

to develop the flight muscles, and fly and land on levees, particularly those with weed growth.  

On the levees, they feed on grassy weeds during warm days, lose the flight muscles (and ability 

to fly), develop their eggs, and ready to move into fields once flooded.  The flight appears to be 

more on a local scale than long-range flight as happened several years ago nearer the time of this 

pest moving into California.  The long range flight is no longer needed by RWW since it has 

fully invaded the rice production area.  

 

 The flight monitoring allows us to see the severity of flight and the peak flight periods.  It 

is also interesting to compare RWW populations and flight trends over years, to draw some 

correlations with populations in the field and to form some predictions about the future.  Flight 

only occurs during specific nights defined by evenings (6-11 pm) with warm temperatures (70-

80
0
F) and calm winds (<5 MPH).  In 2012, RWW spring flight was concentrated for about a 

week from 23 April to 1 May (Fig. 8).  Flight was fairly heavy in 2012; on May 1 more than 
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2100 RWW were captured which was 4x more than in the entire 2011 season.  The flight 

continued during scattered nights until mid-June.  In total, 4157 RWW were captured in 2012 

compared with 415 in 2011. The flight seems to cycle up and down every 3-4 years and 2012 

may represent an upswing in numbers.  The total captures over the last 15 years are shown in 

Fig. 9.   The flight in 2012 was unusual in that it occurred primarily before the rice was seeded 

(in early May there was not many acres flooded in the area).  Thus the RWW had to “wait” 

several days to invade the flooded fields.    

 

2.2) Quantify the relative susceptibility of commonly grown rice varieties to RWW infestation 

and the yield response of these varieties to RWW infestation. 

 

The use of insecticides continues to be a challenge in the aquatic rice agroecosystem.  

While more environmentally-friendly insecticides, i.e., reduced risk, are being developed, 

detection methods, research approaches, and the scrutiny placed on these materials in the 

environment are constantly being elevated to a higher level.  Using insecticides in the 

environment will be a continual process of discovery and refinement of active ingredients which 

has been successfully done over the last 30 years.  Other IPM tactics are needed to supplement 

insecticides in rice IPM.  Two prospective methods are biological control and host plant 

resistance.   

 

Biological control has never been developed for RWW.  Some cursory attempts have 

been made which were unsuccessful.  Host plant resistance has had more effort expended 

towards it.  Thousands of rice lines have been evaluated and two have shown a level of tolerance 

to RWW.  Tolerance allows the plants to be fed upon by RWW and still produce a high yield by 

withstanding the damage (re-growing the roots quickly).  The more preferred type of host plant 

resistance is where the plant line produces a compound that effects, kills, repels, etc. the pest.  

This has not been identified for RWW but given the diversity in rice world-wide, there is still 

potential for this.    

 

Although resistance does not exist in commercial rice cultivars, rice varieties do differ in 

subtle (or in some cases more noticeable) ways including yield potential, response to nutrients, 

disease susceptibility, days to maturity, growth patterns, leaf shape and orientation, optimal 

seeding rate, etc.  These responses result due to the specific combination of physiological, 

morphological, and biochemical properties of the variety.  Some of these characteristics can 

affect insect pest infestations and damage.  For instance, insects (RWW in this case) detect plants 

by light reflectance and leaf shape and orientation.  Something as subtle as a more upright rice 

leaf orientation may cause RWW adults to not infest a cultivar as readily as another cultivar.   

 

These responses can be assessed and quantified in field plots, i.e., variety trials, but 

frequently additional details about the variety arise after it is grown and observed in commercial 

settings.  In variety trials, insect pests are usually eliminated so the yield potential and growth 

can be fully evaluated.  Therefore, we have been examining the response of commonly-grown 

California rice cultivars to RWW in terms of 1.) severity of infestation and 2.) yield loss upon 

infestation.  Two studies were done in 2012.   

 

2.2.a) Varietal Susceptibility to RWW – Ring Study with Controlled Populations 



PROJECT NO. RP-3 
 

 

Methods: 

In the first study, four varieties, M-202, S-102, L-206, and PI experimental line, were 

grown in 10.7 sq. ft. aluminum rings and infested with RWW adults as detailed in Obj. 1.1 and 

1.2   These varieties were selected to represent a range of genotypes (grain types) within 

California rice.  The infested adults insured that a population was present and examining yield 

loss was the primary goal.  The methods described in 1.1 and 1.2 for assessing adult scarring, 

larval populations, and yields were also used herein.  Within each variety, there were treated, 

uninfested rings (Dermacor seed treatment at 2.5 fl. oz. per 100 lbs. seed and Warrior II at 1.28 

fl. oz. per acre applied preflood) and infested rings (with 10 RWW adults on 14 June) with no 

treatments.  This was done to insure that some rings had no RWW and others had as high of 

population as possible. RWW larvae were sampled on 18 and 30 July and yield data were 

collected on 5 Nov. 

 

Results: 

 Leaf scarring from RWW adults was fairly uniform across treatments (Table 20).  For the 

four treatments that were not infested with RWW adults, in three of these the scarring was still 

high.  Apparently these were infested with naturally-occurring RWW adults and the insecticides 

we used (a preflood and a seed treatment) do not have much activity on the adults.  However, the 

results with RWW larvae were as we expected (Table 20). The treated rings had low populations 

(generally <0.1 RWW per core sample) and the infested treatments had high RWW populations.  

One the first sample date, L-206 numerically had the highest population and on the second 

sample date M-202 had the highest RWW larval population.  Averaged over both dates, L-206 

and M-202 (averaging 1.25 RWW per sample) had nearly twice the RWW population of the PI 

line and S-102 (~0.7 RWW per core sample).  The treated rings averaged less than 0.1 RWW 

larva per sample.  M-202, regardless of RWW pressure, was the highest yielding variety and S-

102 was the lowest yielding (Table 21).  However, M-202 was severely impacted by the RWW 

infestation as shown by the 1077 lbs. grain yield loss from the 1.25 RWW per core sample 

infestation.  S-102 was similarly effected (nearly 1100 lbs./A yield loss) and the PI had a slight 

grain loss.  L-206, although having a high level of RWW, suffered no yield loss.  In order to 

compare the yield loss on an equal basis among the rice entries, the loss per 1 RWW and 

percentage yield loss were calculated.  The highest values were for S-102 with a 1821 lbs./A 

yield loss which equaled 41.2% of the potential yield. Loss values for M-202 were moderate at 

882 lbs./A and 13.9%. The PI line, although suffering a low yield loss (321 lbs./A), this 

amounted to 7.4% due the low yield potential of this unimproved line.  Again, L-206 suffered no 

yield loss from RWW.    

 

2.2.b) Varietal Susceptibility to RWW – Small Plot Study with Natural Populations 

 

Methods: 

The rice varieties as shown in Table 22 were grown in small plots measuring 16 x 13 ft. 

with four blocks.  The second factor examined was RWW population – either present at 

naturally-occurring levels or controlled with insecticides (Warrior II at 2.56 fl. oz./A [applied 

preflood on 25 May] + Dermacor 2.5 fl. oz./100 lbs. seed [applied at seeding on 29 May]).  The 

methods described in Obj. 1.3 for assessing adult scarring, larval populations, and yields were 

also used herein.  The varieties were selected to represent the range of genetic material in 
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California cultivars as well as to include most of the commonly grown entries.  One experimental 

line was included that was developed to include some resistance to RWW albeit the line is 

agronomically not refined.   

 

Sample Dates:  
20 June and 29 June - RWW adult leaf scar counts 

19 July and 2 Aug. - RWW larval counts 

26 October - rice yield  

 

Results:  

For the leaf scarring evaluations were done twice.  Overall, values were not extremely 

high but did represent “an economic” infestation.  Values ranged from 22.0% to 8.0% on 20 June 

and from 27.0% to 4.5% on 29 June (Table 23).  The treated plots averaged 10.8% whereas the 

untreated plots averaged 12.0% scarred plants.  The insecticides that were used generally do not 

affect RWW adults or feeding so that was expected.  Examining only the untreated entries, M-

202, M-208, and M-401 tended to have more adult feeding, i.e., were more attractive to RWW, 

than the two specialty rice cultivars.  RWW larval populations averaged 0.1 versus 0.6 RWW per 

core sample for the treated and untreated cultivars, respectively.  Therefore the insecticide 

regime provided about 85% control.  Among the untreated entries, the larval levels were highest 

in M-202 and M-104 (~1.0 RWW per core sample) and this value was more than twice that of 

five other cultivars (Calhikari-202, Calmochi-101, M-205, M-206, and M-401).  Overall, 

untreated populations were generally in the ~0.5 to 1.0 RWW per sample range which was 

moderate.   

 

Overall, five of the 12 entries gained grain yield by controlling RWW (Table 24).  For 

instance, S-102 had a high RWW infestation (0.85 RWW per core sample) and the yield was 

unaffected.  Most of the other cultivars that responded in this manner had relatively low RWW 

populations (~0.50 RWW per core sample), i.e., the RWW level was not high enough that I 

would have expected a yield loss.  Something about the cultivar is not conducive to RWW 

infestation and/or survival.  For the five cultivars that lost grain yield to RWW (L-206, M-104, 

M-202, M-205, and M-206), the yield loss ranged from 877 to 113.9 lbs./A.  Equilibrating these 

loss values for ease of comparison, the grain loss per 1 RWW larva was in the 300 to 600 lbs./A 

range for all these except M-205 which was 2923 lbs./A.  This high value for M-205 resulted 

from a relatively high loss value from a low RWW infestation (therefore the loss per larva is 

inflated).  On a percentage of the yield potential, the values ranged from 3.9 to 7.0% (except for 

the value for M-205 which was 33.6%.   

 

The experimental PI line had a relatively low RWW infestation (0.53 RWW per core 

sample) and the poorest level of control, i.e., highest RWW level, in the treated plots at 0.2 

RWW per core sample.  Therefore the difference between these treatments could have been 

greater in order to more fully evaluate the line.  However, the grain yield was fairly good and 

entry suffered no yield loss from the RWW infestation. 

 

 2.3) Study the impact of seeding rate and rice variety on the yield response to Rice Water 

Weevil feeding.  
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 A new study was started in 2011 based on some of our findings from the varietal 

susceptibility to RWW efforts in recent years.  These results were reinforced by those from Dr. 

Luis Espino from grower fields.  In summary, yield losses from RWW had been much higher in 

M-202 than in M-206 even though the larval infestation results were the inverse.  In addition, the 

Espino study in grower fields showed minimal yield losses with M-206 from RWW even with 

high larval pressure.  Most of the previous work with yield losses and RWW has been conducted 

at the RES with M-202 (or even older varieties) and with a 100 lbs./A seeding rate.  Obviously, 

newer varieties are commonly utilized now and growers often use higher than 100 lbs./A seeding 

rates.  These factors likely influence the response to RWW feeding and based on our 

observations these factors may reduce the yield impacts. 

 

Methods:   

 The following study was set-up in 2011 to explore these relationships. Identical 

treatments and set-up were used in 2011 and 2012.   Two rice varieties, M-202 and M-206, and 

four seeding rates, 50, 100, 150 and 200 lbs./A.  These were planted in 10 by 20 foot plots 

(flooded on 25 May 2012 and seeded on 26 May).  RWW infestation was approached in two 

ways.  First, one-half the plots were treated Warrior II at 2.56 fl. oz./A applied preflood and 

Dermacor 2.5 fl. oz./100 lbs. seed applied on the seed.  This was to control a natural infestation 

of RWW, if it occurred.  In the untreated plots, three rings (10.7 sq. ft.) were placed per plot and 

infested with a low or a high RWW rate, as well as an insecticide treatment (same as detailed 

above) for the third entry.  Six replicates of each treatment were utilized.  The measurements 

collected included RWW leaf scarring, RWW larval levels, plant density, panicle density at 

harvest, and grain yields as previously detailed.    

 

Results: 

 Data are still being interpreted and analyzed; the study progressed well in 2012.  The 

natural RWW infestation was very low (typical for this part of the RES) so the “open” plots 

likely were not stressed enough to show any meaningful differences.  Grain yields from these 

plots are shown in Fig. 10.  The ring plots with two levels of introduced RWW adults resulted in 

economic RWW larval infestations (Fig. 11).  The higher infestation regime generally resulted in 

more larvae than the lower infestation regime whereas the treated rings practically zeroed the 

population.  There was a trend for more larvae with the higher seeding rates, i.e., this resulted in 

more root tissue and higher larval establishment.   For the two varieties, there were slightly more 

larvae on M-206 than M-202.    Plant response in terms of panicle density and grain yield is 

shown in Figs. 12 and 13.  Panicle density generally peaked at the 100 lbs. seeding rate for both 

varieties and the RWW infestation level did not affect panicle numbers.  The rings infested with 

RWW, compared with the insecticide-treated rings, suffered a ~10% grain yield loss for both 

varieties.  

 

Objective 3: Conduct appropriate monitoring, exploratory research, and educational activities on 

emerging and new exotic rice invertebrate pests. 

 

 Invasive insect pests are affecting agriculture and natural systems world-wide.  The 

United States is affected to a great degree because our quarantine systems have been functioning 

effectively over the years.  The increased amounts of travel, international trade, internet trade, 

ship movement, etc. have helped move pests around the globe.  In January 2009, the panicle rice 
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mite, Steneotarsonemus spinki, was found in California on the UC-Davis campus infesting rice 

growing in greenhouses. This pest had the potential to affect the rice industry but so far this 

appears to have been averted.  The industry in recent years has experienced invasive weed and 

disease pests.  Several invertebrate pests of rice occur in other countries and even in other states, 

but fortunately not in California.  California has strong policies and enforcement designed to 

keep exotic pests out of the state but unfortunately they still occur and this seems to be 

happening increasingly more frequent.   

 

 Through this objective I strive to be aware and keep abreast of issues with invasive pests 

that could affect the California rice industry.  The exact work done under this objective involves 

educational activities, pest monitoring, literature review, discussion with other experts, 

committee activities, etc.   

  

 In recent years, several reports of “pecky” rice have been received.  The rice stink bug is 

a major pest of rice in the southern U.S. and the feeding by this pest causes malformation of rice 

kernels.  The fear is that this pest will invade California.  In 2012, I followed up on one of the 

areas with some pecky rice occurrences; Luis Espino assisted me in the venture.  A low level of 

red-shouldered stink bug, Thyanta spp., was found.  This insect has been reported from 

Mississippi as a pest of rice and causes pecky rice.  This is not an invasive, new insect but rather 

has been in California for numerous years.   
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CONCISE GENERAL SUMMARY OF CURRENT YEARS (2012) RESULTS: 
Larry D. Godfrey 

 

Research was conducted in 2012 on the biology and management of key invertebrate pests of 

California rice.  Rice water weevil populations were elevated in 2012 as the flight was quite 

substantial.  Rice seeding was delayed in 2012 due to unfavorable spring conditions which 

altered the infestation pattern.  However, some of our plots at RES had very high infestations 

although others had more limited populations.  In many of our studies, we introduce rice water 

weevil adults to insure a usable infestation; these were successful.  Overall, we were able to 

conduct all the studies we had planned in spite of the poor spring and delayed seeding window.  

We did have some challenges collecting enough rice water weevil adults from neighboring rice 

fields to accomplish all the infestations of rings in 2012.  Besides studies on insecticidal 

management of rice water weevil (nine in total), we also studied the response of California rice 

varieties to infestation (three studies).  Most of the previous work has been done with M-202 and 

the response of other varieties may differ significantly.  Tadpole shrimp is an increasing concern 

and in 2012 this pest was very severe (at the highest levels since the 1990’s according to some 

growers).  We continued tadpole shrimp management studies in 2012.  Armyworms, another 

important insect pest of rice, were present in several areas in 2012 but no studies were 

conducted.  The goal of this research was to refine and advance IPM schemes for these rice pests 

while maximizing protection of the environmental aspects of the rice agroecosystem and 

enhancing the cost effectiveness of management efforts in rice.   

 

Rice Water Weevil: Management - Studies were conducted on management of rice water 

weevil (RWW), several aspects of the insect’s biology that could provide valuable information to 

assist with control efforts, and rice cultivar response to rice water weevil injury.  For the 

management efforts, work was done in aluminum ring plots (10.7 sq. ft.), small field plots (~600 

and 1750 sq. ft.), greenhouse studies, and grower fields to evaluate experimental insecticides 

versus registered standards for rice water weevil control.  The ring plots allow numerous 

treatments to be evaluated in a small area with weevil adults introduced to insure an infestation.  

Twenty-seven treatments (a total of nine different active ingredients) were evaluated in ring plots 

with six “new” products evaluated.  The results and comparisons from ring plots are useful for 

evaluating efficacy but clearly the conditions are “artificial”.  Follow-up studies in open field 

plots are needed to fully evaluate products.  In summary, the pyrethroids still have good activity 

on RWW.  There are rumors of resistance but I have not seen any definitive evidence of this.  

Warrior
®
 II showed very good flexibility with good results via a preflood application as well as a 

conventional 3-leaf stage application.  Mustang
®
 was very effective with the 3-leaf application.  

The newest pyrethroid product, Declare
®
, appears to be as active as the other two materials and 

worked well preflood and at the 3-leaf stage. Dimilin
®
 was not highly active on RWW and 

appears to have largely fallen out of the rice market. Belay
®

 was evaluated preflood, at the 3-leaf 

stage (3 rates), and at the 5-6 leaf stage as a rescue treatment.  The 3-leaf stage applications 

produced good results for RWW larval control and very good yield results.  The three rates could 

not be separated.  V-10357 and V-10358 were effective products that protected/promoted rice 

growth and provided good RWW control.  Coragen
®
 was applied preflood with 2 rates in the 

ring study and 3 rates in the open plot study.   Results from the ring study were very positive, 

whereas those from the open plot study were less conclusive. In the ring study, one rate was 

evaluated at the 3-leaf stage as well as one rate at the rescue timing.  The 3-leaf stage treatment 



PROJECT NO. RP-3 
 

was very effective and the rescue timing also produced surprisingly good results (about 60% 

larval control and a ~2000 lbs. increase in grain yield). DPX-E2Y45 showed very good RWW 

control in ring and small plot studies.  In the latter study, control averaged 84% which was an 

improvement over the best seen with Coragen.  Bacillus thuringiensis spp. galleriae, a biological 

insecticide, in greenhouse studies showed potential for RWW control.  At this point, finding the 

effective rate and application timing and evaluating several formulations has been the objective.  

MAR-12 showed no control of RWW; however, the main target was tadpole shrimp.  The final 

RWW management study involved trying to control adults on the levees before they move into 

the flooded fields.  Two 1800 ft. long levees were divided into 80 ft. long plots.  The treatments 

(each replicated four times) included applications of Warrior II, Aza-Direct, Bacillus 

thuringiensis spp. galleriae granular and untreated on mowed and unmowed levee sections.  

Given the re-evaluation of pyrethroid registrations due to possible off-site movement, it is 

important to continue to develop alternative active ingredients and classes of chemistry.  The 

unregistered active ingredients that are moving towards registration, biological insecticides under 

investigation, and new approaches to using insecticides for RWW, i.e., levee treatments, 

represent a intensive effort to develop alternatives.   

 

Biology - In 2012, the RWW spring flight was concentrated for about a week from 23 April to 1 

May.  Flight was fairly heavy in 2012; on May 1 more than 2100 RWW were captured which 

was 4x more than in the entire 2011 season.  The flight continued during scattered nights until 

mid-June.  In total, 4157 RWW were captured in 2012 compared with 415 in 2011. The flight 

seems to cycle up and down every 3-4 years and 2012 may represent an upswing in numbers.  

The flight in 2012 was unusual in that it occurred primarily before the rice was seeded (in early 

May there was not many acres flooded in the area).  Thus the RWW had to “wait” several days 

to invade the flooded fields.    

 

Cultivar Response – Although resistance does not exist in commercial rice cultivars, rice 

varieties do differ in subtle (or in some cases more noticeable) ways including yield potential, 

response to nutrients, disease susceptibility, days to maturity, growth patterns, leaf shape and 

orientation, optimal seeding rate, etc.  These responses result due to the specific combination of 

physiological, morphological, and biochemical properties of the variety.  Some of these 

characteristics can affect insect pest infestations and damage.  For instance, insects (RWW in this 

case) detect plants by light reflectance and leaf shape and orientation.  Something as subtle as a 

more upright rice leaf orientation may cause RWW adults to not infest a cultivar as readily as 

another cultivar.  Three studies were done in 2012 to examine the response of commonly-grown 

California rice cultivars to RWW in terms of 1.) severity of infestation and 2.) yield loss upon 

infestation.  First, a “controlled study was done in ring plots with four varieties.  Secondly, 

twelve California rice cultivars were grown in small field plots, under treated and untreated 

conditions, and the naturally-occurring RWW infestation and yield response was monitored.  

Finally, two varieties that appear to respond differently to RWW from the small field plot studies 

were intensively studied in a field study with various RWW infestation regimes and four 

different seeding rates.  In controlled ring studies, L-206 and M-202 (averaging 1.25 RWW per 

sample) had nearly twice the RWW population of the PI line and S-102 (~0.7 RWW per core 

sample).  M-202 was severely impacted by the RWW infestation (1077 lbs. grain yield loss from 

the 1.25 RWW per core sample infestation).  S-102 was similarly effected (nearly 1100 lbs./A 

yield loss) and the PI had a slight grain loss.  L-206, although having a high level of RWW, 
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suffered no yield loss.  In the small plot studies, the RWW larval levels were highest in M-202 

and M-104 (~1.0 RWW per core sample) and this value was more than twice that of five other 

cultivars (Calhikari-202, Calmochi-101, M-205, M-206, and M-401).  Overall, five of the 12 

entries gained grain yield by controlling RWW.  For instance, S-102 had a high RWW 

infestation (0.85 RWW per core sample) and the yield was unaffected.  Most of the other 

cultivars that responded in this manner had relatively low RWW populations.  For the five 

cultivars that lost grain yield to RWW (L-206, M-104, M-202, M-205, and M-206), the yield loss 

ranged from 877 to 113.9 lbs./A.  Data are still be interpreted for the seeding rate by variety by 

RWW study.  The natural RWW infestation was very low so the “open” plots likely were not 

stressed enough to show any meaningful differences.  The ring plots with two levels of 

introduced RWW adults resulted in economic RWW larval infestations.  The rings infested with 

RWW, compared with the insecticide-treated rings, suffered a ~10% grain yield loss for both 

varieties.  

 

Tadpole Shrimp: Ten treatments were evaluated in 2012 for tadpole shrimp mortality and 

protection of rice seedling stands. Registered and experimental materials were included as well 

as standard copper sulfate. In summary, the experimental product MAR-12 showed activity 

against tadpole shrimp.  The three rates tested all performed similarly.  The formulation (a 

granular) needed improvement as it did not disperse in water very well.  Data were inconclusive 

with the other experimental products, Belay and Coragen.  In previous research, there was more 

indication that these products aided with tadpole shrimp control.  In 2012, those conclusions 

could not be made.  I would like to develop an improved testing method.  It appears that tadpole 

shrimp infestations are on an upswing, so improved control programs are needed. 

 

Non-Target Organisms: This study was designed to evaluate the environmental fit of 

insecticides used in rice production and the effects on populations of non-target invertebrate 

organisms.  Best Management Practices developed for rice and mosquito management issues are 

uses for these data.  Six insecticide treatments (and an untreated) were compared in terms of their 

effects on populations of non-target invertebrates and their potential to upset naturally-occurring 

mosquito management in 2012.  Data from 2011 are nearly completely tabulated and results for 

2012 are still in progress.  Three preflood applications, along with an untreated, were evaluated 

in 2011 – Warrior, Coragen, and Belay.  With the quadrant sampling method, Warrior and Belay 

slightly reduced numbers of aquatic insects and of other aquatic invertebrates (not insects) from 

25 to 55 days after application but there were no consistent or widespread effects.  The effects 

with Coragen were somewhat less than the other two products.  Two insecticides were evaluated 

at the 3-leaf stage application timing – Warrior and Belay.   There were no effects of the 

treatments on aquatic insect populations from 3 to 5 weeks after treatment. With the non-insect 

aquatics, the populations were generally equal in the Warrior- and Belay-treated plots as in the 

untreated.  A late July application of Warrior was evaluated as an example product that could be 

applied for armyworm management.  The mid-season Warrior application reduced populations of 

aquatic insects for the six weeks following application.  The greatest reduction compared with 

the untreated plots was 80% in samples collected at 19 to 34 days after treatment.  Populations of 

other aquatic invertebrates were not impacted as were aquatic insects by the mid-season Warrior 

application  

 

Invasive Invertebrate Pests: Invasive insect pests are affecting agriculture and natural systems 
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world-wide.  In January 2009, the panicle rice mite, Steneotarsonemus spinki, was found in 

California on the UC-Davis campus infesting rice growing in greenhouses. This pest had the 

potential to affect the rice industry but so far this appears to have been averted.  Through this 

objective I strive to be aware and keep abreast of issues with invasive pests that could affect the 

California rice industry.  In recent years, several reports of “pecky” rice have been received.  The 

rice stink bug is a major pest of rice in the southern U.S. and the feeding by this pest causes 

malformation of rice kernels.  The fear is that this pest will invade California.  In 2012, I 

followed up on one of the areas with some pecky rice occurrences; Luis Espino assisted me in 

the venture.  A low level of red-shouldered stink bug, Thyanta spp., was found.  This insect has 

been reported from Mississippi as a pest of rice and causes pecky rice.  This is not an invasive, 

new insect but rather has been in California for numerous years.   
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Table 1. Treatment list for RWW management ring study, 2012. 

 

Product 

Rate (lbs. 

AI/A) 

Formulation 

per A Timing 

1. Dimilin 2L 0.125 8 fl. oz. 3-leaf 

2. Untreated --- --- --- 

3. Warrior II 0.03 1.92 fl. oz. 3-leaf 

4. Untreated/blank --- ---- ---- 

5. Warrior II 0.03 1.92 fl. oz. PF 

6. Belay 2.13 SC 0.11 5.5 fl. oz. PF 

7. Belay 2.13 SC 0.058 3.5 fl. oz. 2-3 leaf 

8. Belay 2.13 SC 0.078 4.5 fl. oz. 2-3 leaf 

9. Belay 2.13 SC 0.11 5.5 fl. oz. 2-3 leaf 

10. Mustang  0.05 4.3 fl. oz. 2-3 leaf 

11. DPX-E2Y45 (GR 0.4%) 0.1 25 lbs. 2-3 leaf 

12. Mustang 0.05 4.3 fl. oz. PF 

13. Declare 0.015 1.54 fl. oz. 2-3 leaf 

14. Declare 0.02 2.05 fl. oz. 2-3 leaf 

15. Declare 0.02 2.05 fl. oz. PF 

16. Coragen 0.08 6.1 fl. oz. PF 

17. Coragen 0.1 7.7 fl. oz. PF 

18. DPX-E2Y45 (GR 0.4%) 0.1 25 lbs. PF 

19. Coragen 0.1 7.7 fl. oz. 2-3 leaf 

20. Belay 2.13 SC 0.11 5.5 fl. oz. 5-6 leaf 

21. Coragen 0.1 7.7 fl. oz. 5-6 leaf 
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Table 2. Rice plant stand and adult feeding damage in chemical ring study, 2012. 

Product 

Formulation 

per A Timing 

Stand Vigor/ 

Emergence 

Rating  

% Scarred 

Plants 

1. Dimilin 2L 8 fl. oz. 3-leaf 3.13 a 21 Ab 

2. Untreated --- --- 3.13 a 21 Ab 

3. Warrior II 1.92 fl. oz. 3-leaf 3.25 a 16.5 Abcd 

4. Untreated/blank ---- ---- 1.75 b 20.5 Ab 

5. Warrior II 1.92 fl. oz. PF 3.0 a 18.5 Abc 

6. Belay 2.13 SC 5.5 fl. oz. PF 3.13 a 18 Abc 

7. Belay 2.13 SC 3.5 fl. oz. 2-3 leaf 3.0 a 14.5 Bcd 

8. Belay 2.13 SC 4.5 fl. oz. 2-3 leaf 3.0 a 16.5 Abcd 

9. Belay 2.13 SC 5.5 fl. oz. 2-3 leaf 2.63 a 13 Bcd 

10. Mustang  4.3 fl. oz. 2-3 leaf 3.25 a 11 Bcd 

11. DPX-E2Y45 (GR 0.4%) 25 lbs. 2-3 leaf 2.63 a 19.5 ab 

12. Mustang 4.3 fl. oz. PF 3.0 a 11.5 bcd 

13. Declare 1.54 fl. oz. 2-3 leaf 2.63 a 8 cd 

14. Declare 2.05 fl. oz. 2-3 leaf 3.0 a 13 bcd 

15. Declare 2.05 fl. oz. PF 3.13 a 20 ab 

16. Coragen 6.1 fl. oz. PF 3.0 a 15 bcd 

17. Coragen 7.7 fl. oz. PF 2.88 a 6 d 

18. DPX-E2Y45 (GR 0.4%) 25 lbs. PF 3.13 a 20.5 ab 

19. Coragen 7.7 fl. oz. 2-3 leaf 3.13 a 14.5 bcd 

20. Belay 2.13 SC 5.5 fl. oz. 5-6 leaf 3.13 a 17 abc 

21. Coragen 7.7 fl. oz. 5-6 leaf 3.0 a 26 a 

Means within columns followed by same letter are not significantly different; least significant 

differences test (ρ < 0.05). 
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Table 3. RWW immature density (first and second sample dates and average) in chemical ring 

study, 2012. 

Product 

Formulation 

per A Timing 

RWW per Core 

Sample – 16 July 

RWW per Core 

Sample – 1 Aug. 

Avg. RWW 

per Core 

Sample 

1. Dimilin 2L 8 fl. oz. 3-leaf 0.2 ab 0.3 abc 0.25 

2. Untreated --- --- 0.8 a 0.9 ab 0.85 

3. Warrior II 1.92 fl. oz. 3-leaf 0 b 0.15 bc 0.08 

4. Untreated/blank ---- ---- 0.8 a 1.05 a 0.93 

5. Warrior II 1.92 fl. oz. PF 0 b 0.05 c 0.03 

6. Belay 2.13 SC 5.5 fl. oz. PF 0.65 ab 0.85 abc 0.75 

7. Belay 2.13 SC 3.5 fl. oz. 2-3 leaf 0.05 b 0.15 bc 0.1 

8. Belay 2.13 SC 4.5 fl. oz. 2-3 leaf 0 b 0.1 bc 0.05 

9. Belay 2.13 SC 5.5 fl. oz. 2-3 leaf 0 b 0 c 0 

10. Mustang  4.3 fl. oz. 2-3 leaf 0.1 b 0.1 bc 0.1 

11. DPX-E2Y45 (GR 0.4%) 25 lbs. 2-3 leaf 0 b 0 c 0 

12. Mustang 4.3 fl. oz. PF 0.15 ab 0.1 bc 0.13 

13. Declare 1.54 fl. oz. 2-3 leaf 0 b 0 c 0 

14. Declare 2.05 fl. oz. 2-3 leaf 0 b 0 c 0 

15. Declare 2.05 fl. oz. PF 0 b 0.05 c 0.03 

16. Coragen 6.1 fl. oz. PF 0.05 b 0.15 bc 0.1 

17. Coragen 7.7 fl. oz. PF 0 b 0 c 0 

18. DPX-E2Y45 (GR 0.4%) 25 lbs. PF 0.05 b 0 c 0.03 

19. Coragen 7.7 fl. oz. 2-3 leaf 0.1 b 0.05 c 0.08 

20. Belay 2.13 SC 5.5 fl. oz. 5-6 leaf 0.7 ab 0.6 abc 0.65 

21. Coragen 7.7 fl. oz. 5-6 leaf 0.45 ab 0.1 bc 0.28 

Means within columns followed by same letter are not significantly different; least significant 

differences test (ρ <0.05). 
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Table 4. Effect of RWW populations on rice biomass and grain yields in ring study, 2012. 

Product 

Formulation 

per A (fl. oz.) Timing 

% Grain 

Moisture 

Grain 

Yield (lbs./A) 

Biomass 

(Straw+Grain) 

(t/A) 

1. Dimilin 2L 8 fl. oz. 3-leaf 13.0 bcde 4833.9 ef 4.2 de 

2. Untreated --- --- 13.8 abc 3829.5 f 3.4 e 

3. Warrior II 1.92 fl. oz. 3-leaf 12.5 de 6220.6 abcd 5.6 ab 

4. Untreated/blank ---- ---- 13.6 abcd 2458.9 g 2.3 f 

5. Warrior II 1.92 fl. oz. PF 13.1 bcde 5965.4 abcde 5.3 ab 

6. Belay 2.13 SC 5.5 fl. oz. PF 12.8 bcde 4958.3 def 4.4 cde 

7. Belay 2.13 SC 3.5 fl. oz. 2-3 leaf 13.0 bcde 6483.3 abc 5.8 ab 

8. Belay 2.13 SC 4.5 fl. oz. 2-3 leaf 12.8 cde 6248.3 abcd 5.5 abc 

9. Belay 2.13 SC 5.5 fl. oz. 2-3 leaf 12.9 bcde 5664.8 abcde 5.6 ab 

10. Mustang  4.3 fl. oz. 2-3 leaf 13.8 abc 5243.2 cde 5.2 bcd 

11. DPX-E2Y45 (GR 0.4%) 25 lbs. 2-3 leaf 12.1 e 6765.1 ab 5.9 ab 

12. Mustang 4.3 fl. oz. PF 13.4 abcd 5326.5 cde 5.2 bcd 

13. Declare 1.54 fl. oz. 2-3 leaf 12.7 bcde 6129.1 abcde 5.4 abc 

14. Declare 2.05 fl. oz. 2-3 leaf 13.3 abcd 6776.0 ab 5.9 ab 

15. Declare 2.05 fl. oz. PF 13.9 ab 6935.4 a 6.5 a 

16. Coragen 6.1 fl. oz. PF 12.7 cde 5212.1 cde 5.1 bcd 

17. Coragen 7.7 fl. oz. PF 14.4 a 5934.8 abcde 5.3 bcd 

18. DPX-E2Y45 (GR 0.4%) 25 lbs. PF 13.2 bcd 5660.5 abcde 5.1 bcd 

19. Coragen 7.7 fl. oz. 2-3 leaf 13.0 bcde 5459.6 bcde 4.9 bcd 

20. Belay 2.13 SC 5.5 fl. oz. 5-6 leaf 13.5 abcd 5731.5 abcde 5.5 abc 

21. Coragen 7.7 fl. oz. 5-6 leaf 12.8 bcde 5732.6 abcde 5.3 bcd 

Means within columns followed by same letter are not significantly different; least significant 

differences test (ρ <0.05). 

 

Table 5. Treatment list for V-10357 and V-10358 RWW efficacy study conducted in ring plots, 

2012. 

 

Product Rate/Acre 

(fl. oz.) 

1. V-10357 1.87 

2. V-10358 2.4 

3. Belay 2.13 SC 4.5 

4. Belay 2.13 SC 3.5 

5. Warrior II 2.56 

6. Untreated Control --- 
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Table 6. Rice water weevil scarred plants and early-season plant response for V-10357 and V-

10358 efficacy study conducted in ring plots, 2012. 

 

Field 8 location J-7 location 

Product 

% Scarred 

Seedlings 

Plant 

Height Leaf 1 Leaf 2 

% Scarred 

Seedlings 

Plant 

Height Leaf 1 Leaf 2 

1. V-10357 16.8 12.3 38.3 34.8 14.0 16.1 50.7 46.4 

2. V-10358 19.0 12.3 37.8 34.6 9.0 15.6 53.3 47.6 

3. Belay 2.13 

SC - 4.5 oz. 

12.5 11.5 38.2 33.5 11.0 14.3 41.8 36.5 

4. Belay 2.13 

SC - 3.5 oz. 

12.5 10.5 36.5 31.5 16.0 14.6 45.3 40.0 

5. Warrior II 14.0 11.2 36.6 31.3 19.5 15.0 44.0 39.3 

6. Untreated 10.5 9.5 34.1 29.5 31.0 15.7 40.1 35.3 

lsd value 10.9 2.6 3.5 3.3 10.2 1.4 7.1 6.0 

 

Table 7. Rice water weevil scarred plants, larval densities, and plant response at the time of 

coring for V-10357 and V-10358 efficacy study conducted in ring plots, 2012 – Field 8. 

 Core Sample 1 

Product 

RWW 

per Core 

Plant 

Height Leaf 1 Leaf 2 

Number 

of Tillers 

Root 

Length 

Dry Root 

Mass 

1. V-10357 0.0 14.4 41.1 37.3 2.2 5.5 0.3 

2. V-10358 0.2 13.1 38.3 35.6 1.6 4.2 0.2 

3. Belay 2.13 

SC - 4.5 oz. 

0.2 14.0 41.9 37.9 2.2 4.9 0.4 

4. Belay 2.13 

SC - 3.5 oz. 

0.0 13.4 39.0 36.3 2.3 3.8 0.2 

5. Warrior II 0.1 12.8 38.6 36.2 1.7 4.1 0.3 

6. Untreated 1.1 11.0 32.7 29.5 1.3 3.2 0.2 

lsd value 0.67 1.4 4.1 3.5 0.9 1.6 0.12 
        

 Core Sample 2 

Product 

RWW 

per Core 

Plant 

Height Leaf 1 Leaf 2 

Number 

of Tillers 

Root 

Length 

Dry Root 

Mass 

1. V-10357 0.0 20.8 60.6 54.4 2.1 10.6 0.5 

2. V-10358 0.0 20.1 60.5 49.8 2.1 9.5 0.4 

3. Belay 2.13 

SC - 4.5 oz. 

0.1 20.9 62.2 53.4 2.4 9.6 0.5 

4. Belay 2.13 

SC - 3.5 oz. 

0.0 19.8 56.2 48.6 1.8 9.1 0.4 

5. Warrior II 0.1 20.8 61.5 51.3 2.1 10.2 0.4 

6. Untreated 1.3 17.1 51.9 40.8 1.1 7.1 0.3 

lsd value 1.01 2.3 6.8 7.7 0.9 1.2 0.19 
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Table 8. Rice water weevil scarred plants, larval densities, and plant response for V-10357 and 

V-10358 efficacy study conducted in ring plots, 2012 – J-7. 

 Core Sample 1 

Product 

RWW 

per Core 

Plant 

Height Leaf 1 Leaf 2 

Number 

of Tillers 

Root 

Length  

Dry Root 

Mass 

1. V-10357 0.0 14.5 44.1 38.4 2.4 11.8 0.3 

2. V-10358 0.0 14.7 47.9 44.1 2.2 13.4 0.3 

3. Belay 2.13 

SC - 4.5 oz. 0.0 14.3 44.5 40.0 2.6 15.4 0.3 

4. Belay 2.13 

SC - 3.5 oz. 0.1 14.3 43.1 38.0 2.2 12.1 0.2 

5. Warrior II 0.0 14.2 42.5 37.4 2.2 11.8 0.2 

6. Untreated 0.4 14.1 39.4 34.8 1.7 12.1 0.2 
lsd value 0.3 1.0 3.5 4.4 0.8 2.9 0.09 

        

 Core Sample 2 

Product 

RWW 

per Core 

Plant 

Height Leaf 1 Leaf 2 

Number 

of Tillers 

Root 

Length 

Dry Root 

Mass 

1. V-10357 0.0 22.3 66.6 60.5 2.3 11.5 0.5 

2. V-10358 0.0 22.4 67.7 62.4 1.9 10.5 0.5 

3. Belay 2.13 

SC - 4.5 oz. 0.0 21.6 68.7 64.3 2.5 12.9 0.6 

4. Belay 2.13 

SC - 3.5 oz. 0.1 22.1 67.4 62.4 2.7 12.7 0.5 

5. Warrior II 0.0 23.1 70.0 65.0 2.3 11.8 0.5 

6. Untreated 0.2 22.4 69.0 63.4 2.4 11.4 0.7 
lsd value 0.1 1.5 7.1 8.1 1.0 1.6 0.2 

 

Table 9. Yield response in rice water weevil efficacy study for V-10357 and V-10358, 2012. 

 

Field 8 location J-7 location 

Product 

% Grain 

Moisture 

Grain Yield 

(lbs./A) 

Biomass 

Yield 

(t/A) 

% Grain 

Moisture 

Grain Yield 

(lbs./A) 

Biomass 

Yield 

(t/A) 

1. V-10357 15.4 6159.4 5.4 17.7 7987.2 12.1 

2. V-10358 14.7 6247.5 4.8 18.0 7138.0 11.8 

3. Belay 2.13 SC - 

4.5 oz. 
14.8 8014.4 8.0 17.8 7833.1 12.7 

4. Belay 2.13 SC - 

3.5 oz. 
15.6 6742.1 6.1 17.7 7503.1 12.8 

5. Warrior II 15.4 7951.9 7.5 17.9 7769.8 12.6 

6. Untreated 14.5 6628.5 6.4 17.3 7731.5 12.4 

lsd value 0.85 2815.7 2.8 0.8 1231.4 2.1 
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Table 10. Treatment list for large plot Coragen study, 2012. 

 

Treatment 

Formulation 

per A 

Rate (lbs. 

AI/A) Timing Appl. Date 

1. Coragen  6.1 fl. oz. 0.08 Preflood                                                29 May 

2. Coragen  7.7 fl. oz. 0.10 Preflood                                                29 May 

3. Coragen  9.2 fl. oz. 0.12 Preflood                                                29 May 

4. DPX-E2Y45 (GR 0.4 PC) 25 lbs. 0.1 Preflood                                                29 May 

5. Belay 2.13SC 1.92 fl. oz. 0.1 Preflood                                                29 May 

6. Warrior II  2.56 fl. oz. 0.04 Preflood                                                25 May 

7. Untreated                 --- --- --- --- 

8. Coragen 7.7 fl. oz. 0.1 Preflood ~1 

week before 

flooding                                     

21 May 

 

Table 11. RWW scarred seedlings from Coragen large plot study, 2012. 

 

Treatment 

Formulation 

per A 

% Scarred 

Seedlings – 20 

June 

% Scarred 

Seedlings – 26 

June 

1. Coragen  6.1 fl. oz. 12.0 a 15.5 a 

2. Coragen  7.7 fl. oz. 14.0 a 12.0 a 

3. Coragen  9.2 fl. oz. 11.0 a 11.5 a 

4. DPX-E2Y45 (GR 0.4 

PC) 

25 lbs. 
8.0 

a 
8.0 

a 

5. Belay 2.13SC 1.92 fl. oz. 11.5 a 7.5 a 

6. Warrior II  2.56 fl. oz. 12.0 a 10.0 a 

7. Untreated                 --- 8.0 a 9.5 a 

8. Coragen 7.7 fl. oz. 6.5 a 11.0 a 

Means within columns followed by same letter are not significantly different; least significant 

differences test (ρ <0.05). 

 

Table 12. RWW populations from Coragen large plot study, 2012. 

Treatment 

Formulation 

per A 

RWW per Core 

– 17 July 

RWW per Core 

– 2 Aug. 

1. Coragen  6.1 fl. oz. 0.30 cd 1.30 ab 

2. Coragen  7.7 fl. oz. 1.40 abc 2.15 a 

3. Coragen  9.2 fl. oz. 1.20 abc 1.05 ab 

4. DPX-E2Y45 (GR 

0.4 PC) 
25 lbs. 0.05 d 0.40 b 

5. Belay 2.13SC 1.92 fl. oz. 1.85 a 1.70 ab 

6. Warrior II  2.56 fl. oz. 1.80 ab 1.00 ab 

7. Untreated                 --- 1.89 ab 1.40 ab 

8. Coragen 7.7 fl. oz. 0.70 bcd 0.50 ab 
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Table 13. Yield results from Coragen large plot study, 2012. 

 

Treatment 

Formulation 

per A 

% Grain 

Moisture 

Grain 

Yield (lbs./A) 

1. Coragen  6.1 fl. oz. 18.2 a 8770.5 ab 

2. Coragen  7.7 fl. oz. 18.2 a 8450.9 ab 

3. Coragen  9.2 fl. oz. 18.0 a 8675.9 ab 

4. DPX-E2Y45 (GR 

0.4 PC) 
25 lbs. 18.3 a 8025.6 b 

5. Belay 2.13SC 1.92 fl. oz. 17.2 a 8951.8 a 

6. Warrior II  2.56 fl. oz. 17.2 a 8830.5 ab 

7. Untreated                 --- 17.3 a 8607.4 ab 

8. Coragen 7.7 fl. oz. 18.5 a 8825.4 ab 

 

Table 14. Treatments evaluated in non-target study, 2010-12. 

Product 

Rate 

(lbs. 

AI/A) Timing Rationale 2010 2011 2012 

1. Untreated --- --- Comparison X X X 

2. Warrior 0.03 3-leaf Registered standard X X X 

3. Warrior 0.03 Preflood Registered standard X X X 

4. Warrior 0.03 

July 

armyworm 

timing 

Registered standard X X X 

5. Dimilin 2L 0.125 3-leaf Registered standard X   

6. Trebon 3G 0.18 3-leaf 
Under development; 

discontinued 
X   

7. Belay 2.13 SC 0.092 Preflood 
Under development; 

on registration track 
X X  

8. Belay 2.13 SC 0.092 3-leaf 
Under development; 

on registration track 
X X X 

9. Dermacor X-100 5FS 0.10 Preflood 

Under development; 

considered for 

registration 

X X  

10.Dermacor X-100 5FS 

2.50 

oz/100 

lbs. seed 

seed 

treatment 

Under development; 

discontinued as seed 

treatment 

X   

11. Coragen 0.12 Preflood 

Under development; 

considered for 

registration 

  X 

12. Declare 0.02 3-leaf Registered   X 
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  Table 15. Treatments evaluated for tadpole shrimp control studies, 2012. 

 

Product 

Rate (lbs. 

AI/A) 

Formulation 

per A Timing 

1. Untreated-no TPS --- --- --- 

2. Belay 2.13 SC 0.09 5.5 fl. oz. preflood 

3. Coragen 0.1 7.7 fl. oz. preflood 

4. Mustang 0.05 4.3 fl. oz. early post-flood 

5. Copper sulfate  10 lbs. early post-flood 

6. Belay 2.13 SC 0.075 4.5 fl. oz. early post-flood 

7. Untreated with TPS --- --- --- 

8. Warrior II 0.03 1.92 fl. oz. early post-flood 

9. Warrior  II 0.03 1.92 fl. oz. preflood 

10. MAR-12  4 lbs. early post-flood 

11. MAR-12  8 lbs. early post-flood 

12. MAR-12   16 lbs. early post-flood 

 

Table 16. Influence of treatments for tadpole shrimp on mortality and seedling damage, 14 June 

2012. 

   

0.75 diam. ring 10.7 sq. ft. ring 

Product 

Formulation 

per A Timing 

Live 

TPS  

Dead 

TPS 

Floating 

Seedlings 

Live 

TPS 

Dead 

TPS 

Floating 

Seedlings 

1. Untreated-no 

TPS 

--- --- 

0 0.25 0 0 0 0.5 

2. Belay 2.13 SC 5.5 fl. oz. preflood 0 0 0 0 0 1 

3. Coragen 7.7 fl. oz. preflood 0 0.5 0.5 0 0 0.25 

4. Mustang 4.3 fl. oz. post-flood 0 0.25 1 0 0 3 

5. Copper sulfate 10 lbs. post-flood 0 1 0.5 0 1.75 0.5 

6. Belay 2.13 SC 4.5 fl. oz. post-flood 0 0 0.25 0 0 1 

7. Untreated with 

TPS 

--- --- 

1.75 1.75 2 0 0.25 1 

8. Warrior II 1.92 fl. oz. post-flood 0 0.25 0.25 0 0.5 0.75 

9. Warrior  II 1.92 fl. oz. preflood 0 0 0.5 0.25 0 0.25 

10. MAR-12 4 lbs. post-flood 0 0 2.25 0.25 0.5 1.5 

11. MAR-12 8 lbs. post-flood 0.25 0.5 0.75 0 0 1.75 

12. MAR-12 16 lbs. post-flood 0 0 0.75 0 0 0.5 

 

 

 

 

 

 

 

 



PROJECT NO. RP-3 
 

Table 17.Influence of treatments for tadpole shrimp on established seedlings 20 and 29 June, 2012. 

   

20-Jun 29-Jun 

Product 

Formulation 

per A Timing 

Established 

seedlings - 

0.75 diam. 

ring 

Established 

seedlings -  

10.7 sq. ft. 

ring 

Established 

seedlings -  

0.75 diam. 

ring 

Established 

seedlings -  

10.7 sq. ft. 

ring 

1. Untreated-no 

TPS 

--- --- 

18 58 19.75 68.75 

2. Belay 2.13 

SC 

5.5 fl. oz. preflood 

12 51 24.75 84.25 

3. Coragen 7.7 fl. oz. preflood 19.75 52.25 32.75 74 

4. Mustang 4.3 fl. oz. post-flood 14.5 29.5 21 42.5 

5. Copper 

sulfate 

10 lbs. post-flood 

17.5 64.75 27 94.25 

6. Belay 2.13 

SC 

4.5 fl. oz. post-flood 

13.5 43.5 28.75 71 

7. Untreated 

with TPS 

--- --- 

21.75 70.25 22.5 74.5 

8. Warrior II 1.92 fl. oz. post-flood 24.25 55.75 29.75 68 

9. Warrior  II 1.92 fl. oz. preflood 17.75 48.25 27 72.75 

10. MAR-12 4 lbs. post-flood 16 55.5 26 64.5 

11. MAR-12 8 lbs. post-flood 18 62.25 16 71.75 

12. MAR-12 16 lbs. post-flood 15 41.25 25.75 74.5 

  LSD value 10.5 29.8 18.2 32.5 

 

Table 18. Influence of treatments for tadpole shrimp on rice water weevil populations, 2012. 

Product 

Formulation 

per A Timing 

% RWW 

Scarred 

Seedlings - 

20 June 

% RWW 

Scarred 

Seedlings 

- 29 June 

RWW per 

Core 

Sample 

1. Untreated-no 

TPS 

--- --- 

1.5 9 0.2 

2. Belay 2.13 SC 5.5 fl. oz. preflood 0 4 0 

3. Coragen 7.7 fl. oz. preflood 0 8 0 

4. Mustang 4.3 fl. oz. post-flood 0 1 0 

5. Copper sulfate 10 lbs. post-flood 10 14 0.15 

6. Belay 2.13 SC 4.5 fl. oz. post-flood 0 2 0 

7. Untreated with 

TPS 

--- --- 

6.5 8.5 0.25 

8. Warrior II 1.92 fl. oz. post-flood 0 2.5 0.05 

9. Warrior  II 1.92 fl. oz. preflood 0 2 0 

10. MAR-12 4 lbs. post-flood 9 11 0.35 

11. MAR-12 8 lbs. post-flood 0 8.5 0.25 

12. MAR-12 16 lbs. post-flood 0 4 0.35 

  LSD value 8.9 8.9 0.28 
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Table 19. Influence of treatments for tadpole shrimp on rice yield, 2012. 

Product 

Formulation 

per A Timing 

% 

Moisture 

Grain 

Yield 

(lbs/A) 

Straw + 

Grain 

Wt (t/A) 

1. Untreated-no 

TPS 

--- --- 

14.6 4745.6 4.8 

2. Belay 2.13 SC 5.5 fl. oz. preflood 14.4 4453.5 5.1 

3. Coragen 7.7 fl. oz. preflood 14.5 5924.7 5.8 

4. Mustang 4.3 fl. oz. post-flood 14.2 4051.0 4.2 

5. Copper sulfate 10 lbs. post-flood 15.0 4823.2 4.2 

6. Belay 2.13 SC 4.5 fl. oz. post-flood 14.5 4498.1 4.9 

7. Untreated with 

TPS 

--- --- 

15.1 7180.1 6.1 

8. Warrior II 1.92 fl. oz. post-flood 15.9 5068.7 5.7 

9. Warrior  II 1.92 fl. oz. preflood 14.9 3821.6 5.5 

10. MAR-12 4 lbs. post-flood 14.1 4110.7 4.5 

11. MAR-12 8 lbs. post-flood 14.8 5391.6 5.5 

12. MAR-12 16 lbs. post-flood 14.4 5462.7 5.6 

  LSD value 1.2 3278.5 1.9 

 

 

 

Table 20. RWW plant scarring and immature density (first and second sample dates and average) 

in variety response ring study, 2012. 

Rice 

Cultivar 

RWW 

Infestation 

% Scarred 

Plants 

RWW per 

Core Sample 

– 18 July 

RWW per 

Core Sample 

– 30 July 

Average 

RWW per 

Core Sample 

M-202 None-treated 24.5 ab 0.05 b 0.0 c 0.03 

S-102 None-treated 22.0 ab 0.15 b 0.05 c 0.1 

L-206 None-treated 8.5 b 0 b 0.2 c 0.1 

PI None-treated 24.5 ab 0.15 b 0.05 c 0.1 

M-202 Yes-infested 39.5 ab 0.45 b 2.5 a 1.25 

S-102 Yes-infested 38.0 a 0.55 ab 0.95 bc 0.7 

L-206 Yes-infested 29.0 a 1.15 a 1.35 b 1.25 

PI Yes-infested 25.8 a 0.30 b 1.05 bc 0.68 

Means within columns followed by same letter are not significantly different; least significant 

differences test (ρ <0.05). 
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Table 21. Rice biomass and grain yields from rice cultivar response to RWW ring study, 2012. 

Rice 

Cultivar 

RWW 

Infestation 

% Grain 

Moisture 

Grain 

Yield (lbs./A) 

Loss from 

RWW 

(lbs./A) 

Loss from 

RWW 

(lbs./A)* 

% 

Yield 

Loss 

Biomass 

(Straw+Grain) 

(t/A) 

M-202 None-treated 14.6 a 6361.5 a 1076.6 882 13.9 6.1 a 

S-102 None-treated 12.2 c 4416.8 abc 1092.3 1821 41.2 4.8 abc 

L-206 None-treated 14.4 a 5119.0 abc 0 0 0 5.3 ab 

PI None-treated 14.3 ab 4305.9 abc 186 321 7.4 5.9 a 

M-202 Yes-infested 14.9 a 5284.9 abc    3.9 bc 

S-102 Yes-infested 12.8 bc 3324.5 c    3.4 c 

L-206 Yes-infested 14.6 a 6015.4 ab    5.6 ab 

PI Yes-infested 14.2 ab 4119.9 bc    4.1 bc 

* assuming 1 RWW per core sample 

Means within columns followed by same letter are not significantly different; least significant 

differences test (ρ <0.05). 

 

 

Table 22. California rice cultivars (and one experimental line) evaluated in small plot study 

designed to evaluate susceptibility to RWW, 2012. 

Variety 

RWW 

Controlled * 

RWW Present at 

Natural Levels 

1. M-105 X X 

2. Calhikari-202 X X 

3. PI experimental 

line 

X X 

4. Calmochi-101 X X 

5. L-206 X X 

6. M-104 X X 

7. M-202 X X 

8. M-205 X X 

9. M-206 X X 

10. M-208 X X 

11. M-401 X X 

12. S-102 X X 

 * Warrior II @ 2.56 fl. oz./A preflood + Dermacor 2.5 fl.oz./100 lbs. seed 
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Table 23. RWW adult feeding damage and larval populations in small plot variety susceptibility 

comparison to RWW study, 2012. 

Variety 

RWW 

Status 

% Scarred 

Plants - 20 

June 

% Scarred 

Plants - 29 

June 

RWW per 

Core Sample 

– 19 July 

RWW per 

Core Sample – 

2 Aug. Average 

M-105 Controlled 8.0 c 15.0 bcd 0 c 0.35 cdef 0.18 

Calhikari-202 Controlled 6.5 c 10.0 bcd 0.1 c 0.05 ef 0.08 

PI experimental 

line 
Controlled 7.0 c 10.0 bcd 0.25 bc 0.15 def 0.2 

Calmochi-101 Controlled 5.5 c 4.5 d 0 c 0.05 ef 0.03 

L-206 Controlled 10.5 c 15.5 abcd 0.05 bc 0.25 cdef 0.15 

M-104 Controlled 6.5 c 10.5 bcd 0.25 bc 0 f 0.13 

M-202 Controlled 22.0 a 27.0 a 0.1 c 0.15 def 0.13 

M-205 Controlled 10.5 c 7.5 bcd 0.3 bc 0.06 ef 0.18 

M-206 Controlled 9.5 c 6.0 cd 0.25 bc 0 f 0.13 

M-208 Controlled 14.5 abc 12.0 bcd 0.05 c 0.05 ef 0.05 

M-401 Controlled 10.0 c 9.0 bcd 0.05 c 0.15 def 0.1 

S-102 Controlled 11.0 c 9.5 bcd 0 c 0 f 0.0 

M-105 Present 12.5 abc 10.0 bcd 0.9 a 0.65 abcdef 0.43 

Calhikari-202 Present 10.5 c 5.5 cd 0.05 c 0.9 abc 0.28 

PI experimental 

line 
Present 13.0 abc 15.0 bcd 0.3 bc 0.75 abcde 0.53 

Calmochi-101 Present 8.0 c 7.5 bcd 0.35 bc 0.4 cdef 0.38 

L-206 Present 9.0 c 10.0 bcd 0.35 bc 0.8 abcd 0.58 

M-104 Present 13.5 abc 7.5 bcd 0.7 ab 1.2 ab 0.95 

M-202 Present 12.0 bc 17.0 abc 0.75 ab 1.25 a 1.0 

M-205 Present 10.5 c 13.5 bcd 0.3 bc 0.65 abcdef 0.48 

M-206 Present 12.0 bc 12.5 bcd 0.45 abc 0.25 cdef 0.35 

M-208 Present 12.5 abc 18.5 ab 0.75 ab 0.4 cdef 0.58 

M-401 Present 21.5 ab 15.5 abcd 0.3 bc 0.5 bcdef 0.4 

S-102 Present 9.5 c 10.5 bcd 0.9 a 0.8 abcd 0.85 

Means within columns followed by same letter are not significantly different; least       

significant difference test (P< 0.05). 
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Table 24. Yield data in small plot variety susceptibility comparison to RWW study, 2012. 

 

Variety 

RWW 

Status % Moisture 

Grain Yield 

(lbs./A) 

Grain Yield 

Loss from 

RWW (lbs./A) 

Loss from 

RWW 

(lbs./A)* 

% Yield 

Loss 

M-105 Controlled 16.4 abcde 8439.2 abc 0 0 0 

Calhikari-202 Controlled 15.8 cdefg 8303.8 abc 0 0 0 

PI experimental 

line 
Controlled 14.8 ghij 7828.5 bc 

0 

0 0 

Calmochi-101 Controlled 14.1 ijk 7521.0 c 0 0 0 

L-206 Controlled 14.4 hij 8419.8 abc 253.7 590.0 7.0 

M-104 Controlled 15.8 defgh 8015.2 bc 258.8 315.6 3.9 

M-202 Controlled 17.2 a 9252.9 a 465.9 535.5 5.8 

M-205 Controlled 17.3 a 8708.6 ab 877.0 2923.3 33.6 

M-206 Controlled 16.0 bcdef 8675.3 abc 113.9 517.7 6.0 

M-208 Controlled 15.7 defg 7704.5 bc 0 0 0 

M-401 Controlled 16.9 abc 7654.4  0 0 0 

S-102 Controlled 12.9 k 7766.3 bc 0 0 0 

M-105 Present 15.5 efgh 9309.2 a    

Calhikari-202 Present 15.2 fghi 8752.8 ab    

PI experimental 

line 
Present 15.8 cdefg 8703.3 ab 

 

  

Calmochi-101 Present 13.7 jk 8453.5 abc    

L-206 Present 14.2 ij 8166.1 abc    

M-104 Present 14.9 fghi 7756.4 bc    

M-202 Present 17.1 ab 8787.0 ab    

M-205 Present 16.8 abcd 7831.6 bc    

M-206 Present 16.6 abcde 8561.4 abc    

M-208 Present 15.7 defg 8529.2 abc    

M-401 Present 16.4 cdefg 8023.6 bc    

S-102 Present 12.9 cdefg 7923.4 bc    

* assuming 1 RWW per core sample 

Means within columns followed by same letter are not significantly different; least       

significant difference test (P< 0.05). 
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Figure 1. Rice water weevil population from Btg greenhouse study.  

 

 
 

Figure 2. Influence of preflood insecticide applications on populations of aquatic insects from 

quadrant samples in rice, 2011. 
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Figure 3. Influence of preflood insecticide applications on populations of aquatic animals 

(excluding insects) from quadrant samples in rice, 2011. 
 

 
 

Figure 4. Influence of post-flood (3-leaf) insecticide applications on populations of aquatic 

insects from quadrant trap samples in rice, 2011. 
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Figure 5. Influence of post-flood (3-leaf) insecticide applications on populations of aquatic 

animals (excluding insects) from quadrant trap samples in rice, 2011. 

 

 
Figure 6. Influence of insecticide applications (armyworm timing) on populations of aquatic 

insects from quadrant trap samples in rice, 2011. 
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Figure 7. Influence of insecticide applications (armyworm timing) on populations of aquatic 

animals (excluding insects) from quadrant trap samples in rice, 2011. 

 

 
 

 

Figure 8. Rice Water Weevil flight incidence in spring, 2012 at Rice Experiment Station, Butte 

Co.  

 

 

0

2

4

6

8

10

12

14

14 20 27 35 42 48 56

R
at

io
n

 o
f 

O
th

er
 A

q
u

at
ic

 O
rg

an
is

m
s 

in
 

Tr
ea

te
d

 P
lo

ts
 t

o
 U

n
tr

ea
te

d
 P

lo
ts

 

Days After Treatment 

Warrior II

Untreated

0

500

1000

1500

2000

2500

11-Apr 21-Apr 1-May 11-May 21-May 31-May 10-Jun 20-Jun 30-Jun

R
W

W
 A

d
u

lt
s 

C
ap

tu
re

d
 p

e
r 

C
o

lle
ct

io
n

 P
e

ri
o

d
 



PROJECT NO. RP-3 
 

 
 

Figure 9. Comparison of Rice Water Weevil flight totals from light trap sampling at the Rice 

Experiment Station, 1998-2012. 

 

 
 

Figure 10.Grain yield from open plots in variety, RWW infestation, and rice variety study, 2012. 
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Figure 11. Rice Water Weevil infestation level in ring plots for seeding rate, RWW infestation, 

and rice variety study, 2012. 

 

 
 

Figure 12. Panicle density at harvest in ring plots for seeding rate, RWW infestation, and rice 

variety study, 2012. 
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Figure 13. Grain yield in ring plots for seeding rate, RWW infestation, and rice variety study, 

2012. 
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