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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 field ring plots.  

 1.1.a) evaluation of conventional insecticides for rice water weevil control 

 1.1.b) evaluation of a biological insecticide for rice water weevil control. 

 

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 insecticides applied pre-flood, early post-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) Efficacy of Coragen® on Rice Water Weevil with a natural infestation in replicated field plots. 

 

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

populations of non-target invertebrates in rice.  

 

1.5) Tadpole Shrimp control – Evaluation of efficacy with registered and experimental 

insecticides. 

 

Objective 2: To evaluate the physical and biological factors that result in fluctuation and 
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movement of populations of the Rice Water Weevil, Tadpole Shrimp, and Armyworms so as to 

better time control options such as insecticide applications. 

 

2.1) Evaluation of the movement of Rice Water Weevil populations that result in economic injury 

to rice plants.  Monitor seasonal trends (timing and magnitude) in the flight activity of the Rice 

Water Weevil. 

 

2.2) Quantify the relative susceptibility of commonly grown rice varieties to Rice Water Weevil 

infestation and the yield response of these varieties to Rice Water Weevil 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) Interaction between rice variety and Rice Water Weevil density on the rice plant growth, 

development, and yield.  

 

2.4) Creating a better understanding of Tadpole Shrimp biology so as to facilitate IPM programs. 

 

2.5) Armyworm monitoring using pheromone traps to enhance timing of field sampling and 

management.  

 

Objective 3: To study the insect-related causes of pecky rice and the factors influencing the 

incidence of this damage.  

 

3.1) Investigate the extent of rice damage (kernel damage and potential yield loss) from Stink 

Bugs.  

 3.1.a) Investigate the susceptibility of a range of rice varieties to stink bug damage. 

3.1.b) Investigate the ability of Conchuela stink bug (Chlorochroa ligata) to damage rice 

panicles and kernels. 

3.1.c) Investigate the effects of a well-timed late-season insecticide application on stink 

bug damage to panicles.  

 

Objective 4: Conduct appropriate monitoring, exploratory research, and educational activities on 

emerging and new exotic rice invertebrate pests. 

 

4.1) Investigate the potential of the recently invaded pest, Brown Marmorated Stink Bug, to 

damage rice. 

 

4.2) Investigate the occurrence of Brown Marmorated Stink Bug and other species of stink bugs in 

the Sacramento Valley using pheromone traps. 

 

4.3) Investigate the occurrence of Bagrada Bug, an invasive stink bug species, in the Sacramento 

Valley.  

 

SUMMARY OF 2016 RESEARCH BY OBJECTIVE: 

 

Objective 1: 

 



PROJECT NO. RP-3 
 

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

 

 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 totality for ease 

of comparison across treatments and the conclusion from each sub-objective will be reported.  

Each treatment was replicated four times.  Eighteen 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 26 May and seeded with 100 lbs./A of M-202 on 27 May.  Prior to seeding, seed was 

soaked for 2 hrs. in 5% Clorox Ultra solution (for Bakanae control), followed by 22 hrs. in water, 

drained, and held for 24 hrs.  The application timings were as follows: 

 15 May, treatment 15;  

 25 May, pre-flood applications;  

 10 June, early post-flood applications (1-2 leaf stage [ls]);  

 17 June, post-flood (3-leaf stage) applications;  

 27 June, rescue (5-6 leaf stage) application 

 

Granular treatments were sprinkled into the rings and liquid treatments were applied with a 

CO2 pressurized sprayer at 15 GPA.  The natural rice water weevil (RWW) infestation was 

supplemented with 10 adults placed into each ring on 13 June followed by 5 more RWW adults 

added on 21 June.  The standard production practices were used.  Granite (May 31) and Cerano 

(June 7) were applied and nitrogen was top-dressed in July.  The following sample dates and 

methods were used for this study: 

 

Sample Dates:  

Adult Leaf Scar Counts: 17 June and 23 June 

Larval Counts: 5 July and 19 July 

 Rice Yield: 10 October 

 

Sample Method:  

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

newest leaves (50 plants per ring per date) 

Larval Counts: 44 in3 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: 
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 Rice water weevil (RWW) research was challenging in 2016 but overall successful.  With 

the up-tick in acreage in 2016 compared with 2015, the RWW populations also increased.  We 

monitor flight with a light trap at the Rice Experiment Station.  In 2015, only 163 adults were 

captured.  This compared with 822 in 2014, and over 4000 RWW in 2012 and 6000 in 2009.  In 

2016, the numbers were up to 662. We primarily establish the infestation in the rings by 

introducing adults which are collected from nearby fields.  This was done successfully.   

 In 2016, there was a level of phytotoxicity from the herbicide applications.  We used a 

standard treatment and it has been used in previous years on this study; the “burn” was not as bad 

as in 2015 but was still a factor.  I do not think this impacted the efficacy of treatments against 

RWW but the yields were affected.  The yields are sort of artificial anyway due to the metal ring 

situation.   

 

Adult Leaf Scar Counts 

  RWW adult feeding scars were counted twice at a 7-day interval.  The two counts and the 

average of these two dates are shown in Table 2. Rice plant leaf scarring ranged from 10.5 to 32% 

on the first date and from 26 to 63% on the second date.  Research in California has shown that a 

damaging level of RWW larvae is associated with a RWW feeding scar incidence of ~20%. For 

the average values, the scarring was highest in the untreated, Belay 3 leaf treatment, Coragen 10 

days before flooding treatment, and Mustang 3-leaf entries at 40% or greater.  Several of the 

preflood treatments, Warrior, Belay, and Coragen reduced leaf scarring significantly.   

   

Larval Counts 

  RWW larval counts were made twice during the season (Table 3).  The use of two sample 

timings allows the residual control of the products to be examined.  For the first sampling, all the 

treatments significantly reduced the larval numbers relative to the untreated.  Control (%) ranged 

from 79 to 100%.  For the second sample timing, all the treatments except for Bacillus 

thuringiensis spp galleriae at 8 lbs. provided a significant level of RWW control relative to the 

untreated. Curiously, the 4 lbs. rate of this product performed better than the 8 lbs. rate.   

 

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.  Grain yields 

ranged from ~700 to 5000 lbs./A.  

  

 In summary, the results were excellent.  However, a couple of observations will be made 

about the average values. 

 The “rescue” application of Belay and Coragen, i.e., treatments 8 and 18 respectively, were 

successful and offer options for growers in these cases of need.  A higher rate was used for 

these applications, however. 

 Aza-Direct showed promise. This product was tested several years ago in the field and the 

results were not as good.  Greenhouse studies a couple of years ago showed good results, 

however.   

 Across the board, the efficacy with several products appears to be slipping slightly.  

Perhaps I am just being overly critical and maybe it was just the 2016 year (every year is 

different) but in this type of ring plot testing I used to commonly see 100% control values.  

Of course, 97% control is great but some of the products were in the 80% range which is 

problematic in my opinion.  
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 Bacillus thuringiensis spp. galleriae applied preflood has good activity on RWW.  I have 

no explanation why the 4 lbs. rate performed better than the 8 lbs. rate.   

 Belay and Coragen will be useful options for the rice industry as we move forward with 

rice IPM. 

    

1.3) Efficacy of Coragen on Rice Water Weevil with a natural infestation in replicated field plots. 

 

 Coragen is a new insecticide active ingredient (an anthranilic diamide insecticide) that was 

registered for California rice in December 2016.  This material is registered in southern rice as a 

seed treatment but this method of application was evaluated under California conditions and the 

RWW control was only moderate.  The fact that Coragen is not a pyrethroid or a neonicotinoid 

insecticide is an advantage for the industry.  Insecticide resistance is starting to show up to the 

pyrethroid insecticides and the neonicotinoid insecticides have questions (real or perceived) about 

pollinators.  Coragen appears to have a fairly clean slate, at this point.  

 

 We have been examining this product using various methods of application, timings, and 

rates.  Coragen has worked well in ring plots; the goal of this objective has been to look at the 

performance under more “real-world” conditions than the ring plots, i.e., open plots.  Previous 

years’ studies have shown that the preflood application timing appears to be most appropriate for 

Coragen on RWW and the 6.1 to 7.7 fl. oz. per acre rate is effective.   

 

 One of the key questions with preflood applications is how long before the flood water can 

the application be made as well as is incorporation needed.  The label calls for application up to 5 

days (or less) before flooding. Of course, the industry has experience with preflood insecticides for 

RWW with the use of Furadan for many years in the 1980-90’s.  The goals of the 2016 studies 

were to address these key questions.   

 

 The area used for this study had moderate RWW populations and we avoided the 

phytotoxicity problem seen for the studies in subobjectives 1.1 and 1.2.  One advantage which 

facilitates doing this type of open plot testing with Coragen is that this product does not move after 

being applied to the soil; it stays exactly where it is applied.  This allows plots to be set-up without 

barriers that may be needed to separate treatments.  A barrier would to some extent disrupt the 

RWW adult infestation and movement. 

  

Methods: 

 Coragen was examined in ~600 sq. ft. plots at the Rice Experiment Station in 2016.  The 

treatments as shown in Table 5 were evaluated.  All treatments were applied preflood.  Two rates 

of Coragen were tested (0.08 and 0.10 lbs. AI/A), with Warrior II used as a standard, and an 

untreated. 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 in Coragen, does not move 

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

barrier/levees were used. Warrior was treated similarly as it binds to organic matter.   

 

Seedling emergence, leaf scarring, RWW population levels, and grain yields were 

evaluated.  Methods used were as described in subobjectives 1.1 and 1.2 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: 
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 15 May, 20 May, 25 May - pre-flood applications 

 26 May - flooding 

27 May – seeding 

17 June and 23 June - adult leaf scar counts 

7 July and 21 July - larval counts 

10 October - rice yield 

 

Results: 

 Stand establishment was generally good in this study.  Phytotoxicity was very slight and 

growth was good.  RWW adult leaf scarring was evaluated twice (Table 6).  The percentage 

scarring values were low; all the averages were less than 10% and most were below 5%.  I 

generally consider 20% scarred plants to be the level that can result in a damaging larval 

population.  It appears that Coragen, especially the highest rate, applied the farthest time from 

seeding (10 days) reduced the adult feeding the most.  Killing adults (and reducing oviposition) is 

one way to bring about control of the damaging RWW larval stage but directly killing the larvae is 

probably the preferred method.  A combination of mortality to both stages is another option.  

Coragen resides in the soil and likely largely impacts larvae.  It is reported to be somewhat slow to 

act.  RWW larval populations were moderate in this plot.  On the first sample date, RWW 

immature numbers ranged from 0.25 to 2.25 RWW per sample (Table 8). Populations were similar 

in the second sampling ranging from 0.5 to 2.0 RWW per sample.  The higher rate of Coragen 

(0.10 lbs. AI/A) tended to work the best on RWW larvae; this was tested with a 10 day weathering 

period only.  It does not appear that this product is very susceptible to weathering and may actually 

perform better with some amount of weathering.  In the southern rice production area, it is used as 

a seed treatment and in their drill-seeded system, the RWW does not invade until the permanent 

flood is applied (perhaps 3-4 weeks later).  Grain yields ranged from 10075 to 13600 lbs./acre 

(Table 9).  Although there were some significant differences, they did not totally correspond with 

RWW levels.  The highest Coragen rate (0.10 lbs. AI/A) tended to have one of the highest yields.  

The 10000+ lbs./acre grain yields were very respectable yields.  Percentage grain moisture values 

at harvest were tightly clustered within 2% (18.7 to 20.9%).    

 

Overall, Coragen appears to have a good fit for RWW control with a preflood timing.  This 

product will be a good complement to Belay which is best used postflood at the 1-3 leaf stage.  

The question of weathering of Coragen residues is still unclear.  In 2015, it appeared that the 

product should probably not be applied more than 5 days before flooding as it is potentially 

impacted by the environmental conditions (sunlight?).  However, in 2016 studies, the treatments 

with longer weathering actually provided slightly better RWW control. 

 

1.4) Evaluation of the influence of applications of registered and experiential insecticides on 

populations of non-target invertebrates in rice.   

 

 West Nile Virus (WNV) continues to be an important mosquito-borne virus in California 

and mosquito-borne viruses overall.  Many disease specialists predict with the developing climate 

change phenomena that additional organisms will become prevalent in this area.  That being said, 

it is important to minimize the production of mosquitoes from aquatic environments.  This number 

cannot be taken to zero but by using “Best Management Practices”, the production can be 

minimized and a “good neighbor” policy maintained with the nearby urban residents.   
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 WNV disease was very prevalent in 2016; in fact California had the highest incidence in 

the U.S. with 251 cases and 18 deaths (TX exceeded CA in cases but CA was unfortunately top-

ranked in deaths) https://www.cdc.gov/westnile/statsmaps/preliminarymapsdata/histatedate.html.  

Mosquitoes are required for WNV transmission and clearly mosquitoes arise from numerous 

sources.  Standing water is required for rice production in California and is also a requirement for 

mosquito reproduction and development.  The rice industry has developed “best management 

practices” and maintaining and refining these is an example of the industry being a good steward.  

Water “use” can be manipulated to minimize the production of mosquitoes from rice fields while 

still optimizing rice production. In our water-seeded system, it is not possible to produce rice 

without water and also probably not possible to produce rice without also producing some 

mosquitoes. But well-designed IPM programs and keeping the impacts of crop production 

chemicals in mind when making applications can be key.  
 

Several species of mosquitoes have evolved to use the aquatic rice system in their lifecycle.  

Culex spp. flourish in rice cropping systems and also vector WNV.  Recently, Aedes aegypti, the 

yellow-fever mosquito, was found in the Bay Area and in Fresno Co.  This species does not breed 

in rice fields but is a concern as a disease vector. Correspondingly, several species of invertebrates 

have evolved as important predators of aquatic mosquito stages, eggs, larvae, and pupae.  A 

healthy system will have a balance of predators that feed on available prey items such as mosquito 

larvae and help to keep populations in check.   
 

 Insecticides are key inputs for rice production.  As new insecticides are brought forward for 

the registration process, it is important to document the effects they have on the animal fauna in 

the overall rice system.  These inputs are used annually on ~40-45% of the rice acreage.  Most of 

the usage is during the first 14-21 days after seeding and also the majority of insecticides are 

applied in the area (50-75 feet) adjacent to the levees.  Both of these characteristics are positive in 

terms of protecting populations of non-target invertebrates and for therefore minimizing 

populations of mosquitoes.  However, an increasing number of applications are being made to the 

entire basin to manage tadpole shrimp and armyworm populations.  Using insecticides that have 

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

high level of natural control of mosquitoes within the flooded rice system. 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.  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 and impacts on populations of mosquito larvae as well as the 

control of key invertebrate pests.   

 

 As new insecticides are tested for efficacy on key pests and are proposed for registration, 

the fit of these into the rice system is a critical consideration.  Belay and Coragen are recent 

examples of this. Bacillus thuringiensis spp. galleriae is another example of an experimental 

insecticide being considered.   

  

Methods:  

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

were as described in subobjectives 1.1 and 1.2 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: 

https://www.cdc.gov/westnile/statsmaps/preliminarymapsdata/histatedate.html
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1 June – preflood applications 

2 June - flooding 

3 June – seeding 

Herbicides - Granite (6 June), Cerano (13 June) 

27 June and 5 July – leaf scar evaluations 

24 June – 3-leaf stage applications 

14 July and 28 July – RWW larval counts 

22 July – applied armyworm timing application 

18 October - rice yield 

 

Sample Methods: 

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

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

Quadrant samples – confines a 0.55-ft2 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 from ~ June to September 

 

 Collecting the samples for this study during the growing season is done weekly.  However, 

the largest effort for this project is separating, counting, and identifying the specimens in the 

laboratory which occurs during the “off-season”.  This quantification often takes 12 months and 

therefore the data summaries are often “1 year” behind when the field samples were collected.  The 

treatments used the last 4 years are listed in Table 9.  The treatment list changes annually so 

experimental products that could potentially have a fit in rice can be evaluated.  Data from 2015 

will be discussed in detail.  The procedures followed are similar for each year. The dates used in 

2016 are listed above and the treatments evaluated in 2016 are listed in Table 10.   

 

 Numerous taxa are counted and tabulated.  The list is shown in Table 11.   

 

Results: 

 Non-Target Populations – This study attempts to sample all aquatic invertebrates that are 

present in the plots. There is no attempt to separate these into beneficials (predators), seed and 

plant feeders (pests) or those that have neither positive nor negative effects.  The 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 of the conditions 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 treated plots 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.   

Data from the quadrant samples will be shown and discussed. 

 

 In 2015, four active ingredients were studied – Belay, Coragen, and Warrior were all 

applied preflood and at the 3-leaf stage; Bacillus thuringiensis spp. galleriae was applied only 

preflood.  Warrior was also timed in the July period as for armyworm control.  The data from 2015 

showed the least impact of the preflood and 3-leaf treatments on non-target populations that I 

recall over the years.  This speaks well of the types of “reduced risk” insecticides that are being 

developed. 
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 Preflood applications:  

 Quadrant samples: Aquatic Insects – The impacts of the four treatments applied preflood 

were minimal for really the entire post-application sampling period in 2015 (Fig. 1a).  This again 

reflects the types of insecticides being used.  Slight reductions at 11 days after treatment (DAT) 

were seen for Warrior (~50%) and for Coragen (certainly not significant).  At 18 DAT, Warrior 

again showed some detrimental effects (~30%) and Belay also reduced numbers of aquatic insects 

by about 20%.  At 25 DAT, all the insecticides slightly reduced numbers of aquatic insects by 25 

to 50%.  We commonly see this type of reduction at about 3 to 4 weeks after application.  This 

seems to be independent of the insecticide evaluated.  I theorize that these reductions are related to 

environmental and/or water conditions.  Coragen had the most detrimental effect of the four 

insecticides.  In the later sample dates, the reductions in levels of aquatic insects were minimal for 

all the preflood treatments. Other Aquatic Invertebrates – Results with populations of other aquatic 

organisms (non-insects) showed slightly more impacts from the preflood insecticides than with 

aquatic insects but still not totally damaging (Fig. 1b). On the first sample date (11 DAT), all four 

of the insecticides reduced numbers by an average of 60 to 100%.  On all the later sample dates 

(18 and 25 DAT), the effects were minimal and there were no reductions.  Even later samples out 

to 9 weeks after application, showed no negative effects. 

 3-Leaf stage applications:  

 Quadrant samples: Aquatic Insects – All three 3-leaf stage treatments, Warrior, Coragen, 

and Belay, reduced populations of aquatic insects at 4 DAT (Fig. 2a).  This is not surprising since 

these are “beetle-control” products and beetles are one of the common taxa collected in these 

samples.  The reductions were most severe with the former two products (~80%) compared with 

that with Belay (35%).  Sample dates at greater intervals after application of these products 

showed minimal impacts on non-target insects; a slight reduction from Belay and actually 

increased levels from Warrior and Coragen.  After a 3-week interval, the effects had mostly 

dissipated. Belay is recommended for use at the 3-leaf timing thus the moderate, at worst, impacts 

on non-targets is a definite advantage. Other Aquatic Invertebrates – Some detrimental effects 

were seen near the time of application from the 3-leaf stage applications.  All three insecticides 

(Warrior, Coragen, and Belay) reduced numbers of other aquatic invertebrates (non-insects) by an 

average of 70% at 4 DAT and from Coragen and Belay at 13 DAT by an average of 22% 

respectively (Fig. 2b).  Later samples showed no major effects. 

 Armyworm timing: 

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

applied for armyworm management.  

 Quadrant samples: Aquatic Insects and Other Aquatic Invertebrates – The mid-season 

Warrior application had very minimal effects on populations of aquatic organisms (Fig. 3a, b); 

perhaps eight of the 18 samples showed any effects and most of those were several weeks 

following application so it is doubtful the Warrior caused the effect. Samples were collected nine 

times for about nine weeks post-treatment.   

 

 Mosquito Populations – Mosquito larval populations in 2015 were at low levels.  Some 

larvae were found in six of the nine treatments with the highest numbers in the July-applied 

Warrior treatment (Fig. 4).  Numbers were highest on the last sample date (11 Aug.).   

 

 In summary, the results from the 2015 samples were somewhat different that that seen in 

previous years but the lack of negative effects is very positive data.  The preflood applications of 



PROJECT NO. RP-3 
 

Belay, Coragen, Warrior and Bacillus thuringiensis spp. galleriae all showed slight reductions in 

numbers of aquatic insects at 11 and 18 days after treatment – 50% or less. Results with 

populations of other aquatic organisms (non-insects) showed slightly more impacts from the 

preflood insecticides than with aquatic insects but still fairly minimal; at 11 DAT, all four of the 

insecticides reduced numbers by an average of 60 to 100% but later samples were not impacted.  

The 3-leaf stage applications were fairly mild in terms of system effects.  All three 3-leaf stage 

treatments, Warrior, Coragen, and Belay, reduced populations of aquatic insects at 4 DAT from 35 

to 80%.  Sample dates at greater intervals after application of these products showed minimal 

impacts on non-target insects. Some detrimental effects were seen near the time of application 

from the 3-leaf stage applications on other aquatic invertebrates but minimal. The July Warrior 

application had no impacts on non-target organisms.  This treatment normally is fairly impactful 

but not in 2015.  

 

1.5) Tadpole shrimp control – Evaluation of efficacy with registered and experimental insecticides. 

 

Tadpole shrimp (family Triopsidae) are a component of aquatic systems worldwide 

including in freshwater, brackish, and saline waters, as well as in shallow lakes.  There are two 

genera and Triops is a pest pf rice.  This organism is considered a living fossil as it has not 

changed morphologically for 250 million years. Triops can feed on other aquatic organisms but in 

rice the concern is their burrowing behavior which uproots small seedlings.  Tadpole shrimp (TPS) 

has been a part of the rice system since rice cultivation started in California, but it was not reported 

as a pest until the 1940s. Since then, the main method for control of this pest in rice has relied 

heavily on insecticides, starting with DDT (1960s), organophosphate insecticides (1970-1990s), 

copper sulfate (1990s to present but less so since ~2005), and pyrethroids (2000 to present).  

Parathion was a mainstay for TPS control in the 1990’s but resistance developed to this product.  

Copper sulfate has been relied upon but in recent years, its efficacy as an algicide has been 

compromised due to the presence of straw residue in the field, which binds up the copper sulfate, 

since straw burning was limited in the early 2000s.  Pyrethroid use continues to increase in the rice 

system with TPS being one of the primary targets.  New insecticides are sought for this use.  In 

recent years, TPS levels have increased greatly and developed into a significant problem for the 

industry.   

 

 TPS is a very unique creature.  There is variation in the mode of reproduction, with some 

populations reproducing sexually, some are self-fertilized females, and some showing a mix of 

the two. The frequency of males in populations is therefore highly variable. Tadpole shrimp 

eggs, once deposited in a rice field, can lay “dormant” in dry soil for ~10 years and still remain 

viable.  Once the water is added, the eggs will readily hatch. The hatchlings grow and develop 

very fast and upon reaching a “large” size, they can inflict damage to a rice stand. They will feed 

upon the seeds and seedlings but the more serious damage is from their digging and burrowing 

actions. This dislodges seedlings and creates turbidity in the water.   Growers have been relying 

on pyrethroid treatments and they are effective in the short-term but perhaps do not provide the 

residual control.  Thus TPS levels continue to build-up, although the damage is minimized by the 

treatment (after the initial rice establishment period TPS do not damage to the crop).  Thus, there 

is the need for alternative management methods.   

 

Methods: 

A field study was conducted on tadpole shrimp control in 2016 in ring plots (standard 10.7 
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square feet aluminum rings).  To facilitate finding the shrimp (dead or alive in the rings), a subplot 

of a 56 quart plastic storage bin was placed within the ring and also infested.  The bins had 3 inch 

diameter screen inserts cut in each side to allow for water flow.  This study evaluated registered 

and experimental products.  Treatments evaluated are listed in Table 12.  Four replicates in a 

randomized complete block design were used. 

 

The key dates were as follows: 

 1 June, pre-flood (PF) applications  

2 June, flooding 

3 June, seeding (‘M-202’) 

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

with 10 TPS placed into each metal ring and each plastic bin; rice was in the ~1-2 ls 

 17 June, post-flood applications 

  

Sample Dates:  

17 June - stand count per ring and per plastic basin, live tadpole shrimp in rings and plastic bins 

20 June – live tadpole shrimp in rings and plastic bins, floating seedlings in rings 

27 June - RWW adult leaf scar counts 

14 July - RWW larval counts 

14 October - rice yield  

 

Sample Method:  

Floating Seedling Counts: dislodged seedlings counted in aluminum ring 

Tadpole Shrimp Mortality: tadpole shrimp 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 structures per date) 

RWW Larval Counts: 44 in3 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: 

TPS efficacy: Tadpole shrimp that were alive were counted from the plastic bin enclosure 

as well as from the larger ring (Table 13) on 17 June; also stand counts were made.  This was 

before the post-flood applications were made so the data reflect the efficacy of the pre-flood 

applications. Of course, stand counts were highest in the plots where TPS were not added.  Among 

the PF treatments, stand counts (averaging the ring and plastic basin plots) were intermediate to 

high in the Coragen and both PF Warrior treatments. The Belay PF treatment was not effective; 

this timing is not typical of that recommended for Belay.  Similarly for the PF Aza-Direct 

treatment.  The alive TPS numbers were fairly erratic for both the ring plots and the smaller bins 

but again they are difficult to see especially thru the muddy water. The numbers generally lined up 

with the stand count numbers. 

 

After the post-flood applications were made (3 days after), live TPS were not found in the 

any of these treatments - Belay 2.13 SC, Coragen, Dimilin 2L, Warrior II, and Copper Sulfate 

(Table 14). Live TPS were still found in some of the PF treatments at much the same levels as they 

had been seen 3 days earlier – on 17 June.  
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For floating seedlings, the extremes were 93 (Belay preflood) and 67 (untreated but TPS 

were added) and 0.75 (untreated but without TPS added) and 0 (Warrior dual application) (Table 

15).  Most of the other treatments were in the 50-60 range for floating seedlings except for the 

following. 

1.) higher (93 seedlings) for PF Belay 

2.) lower (13.5 seedlings for PF Coragen 

3.) lower (17.5 seedlings for PF Warrior 

4.) lower (0 seedlings for PF + post-flood Warrior)  

 

 RWW Data: RWW damage and larval populations were sampled in this study but this pest 

was uncommon in this plot.  The incidence of RWW scarred plants was low with only one 

treatment having any scars and that averaged only 3%.  Only a trace of RWW larvae was found in 

these plots; only one treatment had any larvae and this averaged 0.25 RWW per sample.  Given the 

low levels, data will not be reported.   

 

Yields: (Table 16).  Moisture values were tightly grouped and ranged from 18 to 19% 

across the 12 treatments.  The grain yields were over 9000 lbs./A for the Warrior dual timing and 

the untreated without added TPS treatments.  The lowest yielding treatments, ~6300 lbs./A, were 

the Belay PF and Copper Sulfate treatments.  The biomass (straw + grain) data are also presented.    

 

 In summary, Warrior, especially with the preflood timings, provided excellent TPS control 

and as well as the Coragen preflood.  Belay applied at the early post-flood timing (3 days after the 

infestation) was fairly effective but the preflood application of Belay was not effective. Results 

with copper sulfate were poor along with Aza-Direct.  Dimilin was intermediate in efficacy; 

floating seedling counts were checked daily until 23 June but there was really no change in the 

numbers.  Reasons for this were that there was already significant damage so not room for much 

more damage to occur and the TPS grew very fast due to hot weather which also took them out of 

the feeding period.   

 

Summary – Objective 1 (Management of key invertebrate pests of rice) 

 

 Rice Water Weevil 

 The “rescue” application of Belay and Coragen, were successful and offer options for 

growers in these cases of need.  A higher rate was used for these applications, however. 

 Aza-Direct showed promise. This product was tested several years ago in the field and the 

results were not as good.  Greenhouse studies a couple of years ago showed good results, 

however.   

 Across the board, the efficacy with several products appears to be slipping slightly.  

Perhaps I am just being overly critical and maybe it was just the 2016 year (every year is 

different) but in this type of ring plot testing I used to commonly see 100% control values.  

Of course, 97% control is great but some of the products were in the 80% range which is 

problematic in my opinion.  

 Bacillus thuringiensis spp. galleriae at applied preflood has good activity on RWW.  I have 

no explanation why the 4 lbs. rate was better performing than the 8 lbs. rate.   

 Belay and Coragen will be useful options for the rice industry as we move forward with 

rice IPM. 
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 Coragen appears to have a good fit for RWW control with a preflood timing.  This product 

will be a good complement to Belay which is best used postflood at the 1-3 leaf stage.  The 

question of weathering of Coragen residues is still unclear.  In 2015, it appeared that the 

product should probably not be applied more than 5 days before flooding as it is potentially 

impacted by the environmental conditions (sunlight?).  However, in 2016 studies, the 

treatments with longer weathering actually provided slightly better RWW control. 

 

 Tadpole shrimp 

 Warrior, especially with the preflood timings, provided excellent TPS control and as well 

as the Coragen preflood.  Belay applied at the early post-flood timing (3 days after the 

infestation) was fairly effective but the preflood application of Belay was not effective. 

 Results with copper sulfate were poor along with Aza-Direct.   

 Dimilin was intermediate in efficacy; floating seedling counts were checked daily until 23 

June but there was really no change in the numbers.  Reasons for this were that there was 

already significant damage so no room for much more damage to occur and the TPS grew 

very fast due to hot weather which also took them out of the feeding period.   

 

Rice System 

 The results from the 2015 samples were somewhat different that that seen in previous years 

but the lack of negative effects is very positive data.  The preflood applications of Belay, 

Coragen, Warrior and Bacillus thuringiensis spp. galleriae all showed slight reductions in 

numbers of aquatic insects at 11 and 18 days after treatment – 50% or less. Results with 

populations of other aquatic organisms (non-insects) showed slightly more impacts from 

the preflood insecticides than with aquatic insects but still fairly minimal; at 11 DAT, all 

four of the insecticides reduced numbers by an average of 60 to 100% but later samples 

were not impacted.   

 The 3-leaf stage applications were fairly mild in terms of system effects.  All three 3-leaf 

stage treatments, Warrior, Coragen, and Belay, reduced populations of aquatic insects at 4 

DAT from 35 to 80%.  Sample dates at greater intervals after application of these products 

showed minimal impacts on non-target insects. Some detrimental effects were seen near the 

time of application from the 3-leaf stage applications on other aquatic invertebrates but 

minimal.  

 The July Warrior application had no impacts on non-target organisms.  This treatment 

normally is fairly impactful but not in 2015.  

 

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

movement of populations of the Rice Water Weevil, Tadpole Shrimp, and Armyworms so as to 

better time control options such as insecticide applications. 

 

2.1) Evaluation of the movement of Rice Water Weevil populations that result in economic injury 

to rice plants.  Monitor seasonal trends (timing and magnitude) in the flight activity of the Rice 

Water Weevil. 

 

 Populations of RWW have declined in recent years.  This species has been in California for 

nearly 60 years.  It was first found here in 1958 (although it was likely here for a few years 

earlier).  How did this species get to California and from where?  Even decades ago, invasive / 

non-native species were a concern and this is a prime example.  One has to question how many 
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millions of dollars (crop losses, costs of control, etc.) this invasive species has cost the industry 

over the years.  This species is native to the marshlands of the Mississippi basin, with populations 

as far north as Canada and east towards New England. The earliest report of damage by this insect 

is from 1881-82 where it was damaging rice fields in Savannah, Georgia. The second recorded 

report of damage came from Texas in 1904 followed by a report from 1909 from Louisiana. A 

small area of rice production in North Carolina has RWW populations.  This pest has now spread 

to Asia (Japan, Taiwan, Korea, China and others) and Europe (Italy, France, Spain, and others).  A 

very similar species damages rice in South and Central America.   

 

 This pest has been the subject of considerable research in California and the southern rice 

states.  One aspect of the biology that has been examined for 50+ years in California is the timing 

and intensity of spring flight of the adults.  The insect is in a diapause (hibernation) state during the 

late fall, winter, and early spring and hidden in the soil, under debris, etc. for protection during the 

winter.  The diapause is genetically programmed into the adults and triggered by some (unknown) 

environmental factor.  As they break out of this diapause in the spring, the adults feed on grasses 

on the levees and other areas.  These nutrients cause the flight muscles to develop and the RWW 

adults to be able to fly.  They do not, however, fly “at random or at will” but instead fly only on 

evenings that have warm (70-80F) with calm winds.  These types of evenings can be fairly rare, 

depending on the year.  The flight appears to be more on a local scale (field-to-field, within farm) 

than long-range flight.  The flight monitoring allows us to assess the flight level and the peak flight 

timing(s).  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.   

 

Methods: 

 A light trap is located at the Rice Experiment Station.  This has an 18 watt black light bulb 

and this unit readily attracts night-active insects.  When in flight, the insects hit metal baffles and 

fall into a collection bucket.  The nightly capture is collected every morning from mid-March to 

mid-June and stored in a freezer until counted.  The samples are transported to the lab at UC-Davis 

and the RWW adults are removed and counted.  This sounds simple but on some nights more than 

2-3 gallons of insects are collected and the RWW adults are very small (~ 1/8 inch long) and 

nondescript. 

 

Results:  

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

800F) and calm winds (<5 MPH) are optimal. With the up-tick in acreage in 2016 compared with 

2015, the RWW populations also increased.  In 2015, only 163 adults were captured.  This 

compared with 822 in 2014, and over 4000 RWW in 2012 and 6000 in 2009.  In 2016, the 

numbers were up to 662. Flight numbers were at this same level in 2004 at ~700 RWW captured 

and 5 years later numbers were over 6000 (Fig. 5).  Peaks in flight in 2016 occurred from April 29 

to May 4 and May 9 to May 16.   

 

2.2) Quantify the relative susceptibility of commonly grown rice varieties to Rice Water Weevil 

infestation and the yield response of these varieties to Rice Water Weevil infestation. 

 

Host plant resistance is an important part of IPM programs.  This tactic has the best fit on 

crops with 1.) lower values, 2.) large acreages, 3.) pests inflicting indirect damage (do not damage 

the harvested part of the crop), and 4.) crop species with a wide genetic diversity.  Some of the 
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success of host plant resistance depends on the specific combination of crop, pest, location, and 

availability of other effect management tactics.  Wheat and corn are examples where host plant 

resistance has been maximized.  Rice is another crop that world-wide has an excellent fit with 

host-plant resistance.  Many of the plant disease-vectoring insect pests, stem borers, and other 

pests are best managed with host-plant resistance in world rice culture. 

 

Studies on RWW and host-plant resistance began in the 1960’s.  Initially this pest would 

appear to be an excellent target for host-plant resistance but the lack of genetic diversity in rice 

with activity on RWW has hindered the research.  For instance in 1970’s and 1980’s research, out 

of the thousands of lines tested one variety in California and only four of exotic origins were found 

to show any resistance to RWW. In addition, these lines were overall weak for grain quality and 

agronomy aspects.   

 

Host plant resistance can be very useful even if only partial control of the pest is achieved.  

In fact, this “moderate efficacy” is preferred as a means to keep the pest from overcoming the host 

plant resistance.  Just as with insecticides and insect resistance, pests can evolve to overcome the 

plant resistance.  While this moderate level of host plant resistance may not be effective enough to 

totally control the pest, it may reduce the pest to a non-economic status is some fields or allow this 

tactic to be combined with a cultural control measure, for instance, to result in the pest being non-

economic.  In both cases, the result is that other control measures such as insecticides are not 

needed and the grower saves treatment costs.  

  

Other control measures for the key rice invertebrate pests include cultural measures (crop 

fertility, planting dates, field preparation, etc.) and insecticides.  Biological controls (predators and 

parasitoids) and mechanical methods (row covers, etc.), are not viable options in California rice 

culture.  The use of insecticides is a challenge in the aquatic rice agroecosystem and this is likely 

to intensify but a challenge that can be met through effective research and development. 

 

Examining the commercial rice cultivars to see if there are any differences in the ability of 

key invertebrate pests to feed upon and damage these plants is one method to facilitate this goal.  

As new varieties are developed and production practices improve, the rice plants are more 

vigorous, i.e., higher yielding, and this may influence the pest interactions and responses.  There 

may also be differences in the ability of a pest such as RWW to infest and survive on some 

cultivars.  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 2016.   

 

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

 

Methods: 

Four varieties, M-202, M-209, L-206, and a PI experimental line, were grown in 10.7 sq. ft. 

aluminum rings as detailed in subobjectives 1.1 and 1.2 for assessing adult scarring, larval 

populations, and yields.  These varieties were selected to represent a range of genotypes (grain 

types) within California rice and also to evaluate the newest one, M-209.  The rings were infested 

with RWW adults to insure that a population was present and examining yield loss was the 

primary goal. Within each variety, there were two treatments 1.) uninfested rings that were also 

treated with Dermacor seed treatment at 2.5 fl. oz. per 100 lbs. seed and Warrior II at 1.28 fl. oz. 
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per acre applied preflood on 25 May to make sure no damage occurred and 2.) the natural rice 

water weevil infestation which was supplemented with RWW adults placed into each ring. The 

plots were flooded on 26 May and seeded on 27 May.  A seeding rate of 100 lbs./A was used.  

Prior to seeding, seed was soaked for 2 hrs. in 5% Clorox Ultra solution (for Bakanae control), 

followed by 22 hrs. in water, drained, and held for 24 hrs.   

 

Sample Dates:  

Adult Leaf Scar Counts: 17 June and 23 June 

Larval Counts: 5 July and 19 July 

 Rice Yield: 12 October 

 

Results: 

 RWW adult feeding scars were evaluated (Table 17). The treatments in which RWW was 

controlled had a lower incidence of adult feeding than the treatments with no controls for RWW.  

Feeding in infested plots increased from an average of 12.3 to 35.9% from sample 1 to sample 2. 

This level of adult feeding indicates a substantial RWW infestation. Numerically, scarring was 

highest in the M-209 and PI experimental lines. L-206 tended to have a lower amount of adult 

feeding.  RWW larval populations (Table 17) and grain yield (Table 18) are reported.  Larval 

populations were highest in the infested L-206 and PI experimental lines averaging over 1 RWW 

per sample.  Levels were lower in the other two varieties (infested) at ~0.5 RWW per sample. 

Grain yields ranged from 1125 to 7592 (no RWW infestation) and 1527 to 6016 (with RWW 

infestation).  Yields were highest in L-206 and lowest in the PI experimental line.  The RWW 

infestation significantly reduced the grain yield in L-206, M-202, and M-209 by 20.8 to 68.7%; 

there was no yield loss in the PI experimental line. 

 

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

 

Methods: 

The rice varieties as shown in Table 19 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 27 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 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:  

8 June and 15 June - RWW adult leaf scar counts 

5 July and 19 July - RWW larval counts 

17 October - rice yield - 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 

 

Results:  

This plot had a low RWW infestation which compromised the study.  Leaf scarring 

averaged only 3.0% across all the treatments (Table 20) with a peak of only 5.8% (M-105).  RWW 
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larval counts averaged 0.2 RWW per core sample (Table 20) with a peak of 0.35 RWW per core 

sample (Calmochi-203).  Due to the very low population, there were no differences between the 

treated and untreated plots or across the varieties.   

 

Grain yields averaged 6890 lbs./A.  Ignoring the RWW treatment (since populations were 

too low to impact yields), M-105 yielded the highest (7,315 lbs./A ) with M-208 yielding ~50 lbs. 

less (Table 21).  This plot area has failed to produce a viable RWW populations the last three years 

even though numbers are good to the immediate north and south of this area.  

 

2.3) Interaction between rice variety and Rice Water Weevil density on the rice plant growth, 

development, and yield. 

 

 A study was conducted from 2011 to 2013 to examine the impacts of rice variety (M-202 

and M-206), rice seeding rate (50, 100, 150, and 200 lbs./A), and RWW pressure (ranging from 

none to high levels) on rice grain yield.  This study revealed some interesting trends although the 

results were not exactly as predicted. These results are now published.  This work was done to 

evaluate RWW thresholds under some of the current-day conditions, i.e., rice variety and seeding 

rates.  The seeding rate component of this previous study produced few interesting results.  

Therefore, a variation of this study was started in 2014 emphasizing the RWW aspect and 

responses of M-202 and M-206.  Two deficiencies of the previous study were addressed, 1.) the 

RWW sampling and other human activities within the rings often created stresses/damage on the 

other plants in the rings and 2.) having only a one-time snapshot of the plant growth and 

development at season-end was not sufficient to study the plant responses.   

 

Methods:   

 Two rice varieties, M-202 and M-206, were used.  These were planted in ring plots (10.7 

sq. ft. aluminum rings).  Within each variety, four RWW infestation regimes were used – 0, 0.2, 

0.4, and 0.6 RWW adults per plant (100 plants per ring). Therefore the rings received either 0, 20, 

40, or 60 RWW and these were introduced 2/3 on 23 June and 1/3 on 30 June.  These were 

intended to set-up a range of RWW larval densities.  The measurements collected included RWW 

leaf scarring (twice) and RWW larval levels (twice), and weekly measurements of number of 

tillers, root length (cm), stem length (cm), length of the newest fully developed leaf (cm) and of 

the next newest leaf (cm), total dry weight (g), and root dry weight (g), panicle density at harvest, 

and grain yield.  A diagram of the plant sampling is shown in Fig. 6.  Eight replicates of each 

treatment were used; four replicates were used for plant sampling and the other four were left 

untouched until yield sampling.  Key dates are as follows: 

2 June - flooding 

3 June - seeding 

23 June (2/3) and 30 June (1/3) – RWW infestation 

27 June and 5 July – scar evaluations 

14 July and 28 July – RWW larval counts 

13 October - rice yield 

 

Results: 

 This study was conducted as planned with good stand establishment, few weed problems, 

and good plant growth.  RWW adults were collected from the same field (other end of the field) 

and quickly introduced into the rings. The plant scarring responded to RWW infestation level.   In 
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M-202, scarring peaked out at 64% damaged seedlings in the two highest RWW infestation levels 

compared with a steady increase in percentage scaring in M-206 peaking out at 91% damaged 

seedlings (Fig. 7).  The level of damage in M-206 at the low RWW infestation level was equal to 

that in M-202 at the two highest RWW levels.  Most of the scarring took place in the 4 days after 

the RWW were introduced into the rings with only slight additional accumulation after during the 

next 8 days.  Similar results were seen with RWW larval populations (Fig. 8). Larval numbers 

reached a maximum in M-202 at 6 per core sample within the two highest infestation regimes.  

This was approximately twice the number seen in the low infestation level (3.5 per core sample).  

However, within M-206, larval populations increased with each successive infestation level and 

peaked at 11.5 per core sample.   

 

 Plant tillering responded differently between M-202 and M-206.  Both varieties started 

with 1 to 2 tillers per plant at 5 weeks after seeding (the first evaluation).  Over the following 6+ 

weeks, at the none and 0.2 RWW infestation levels (the two lowest levels), M-202 produced a high 

number of tillers initially in the none RWW infestation level followed by the low RWW infestation 

level (Fig. 9).  On the final sample date, M-202 had 5.8 tillers in the no infestation plots compared 

with 2.2 tillers where the plants were stressed by higher levels of RWW.  In M-206, on the final 

sample date, tiller numbers ranged from 2.3 (no RWW infestation) to 1.4 (high RWW infestation).  

Root length data were similar to the tillering data (showing similarity between an above ground vs. 

below ground parameter) (Fig. 10).  At 14 days post-infestation, in both varieties the root length 

was reduced in the two highest RWW levels likely due to the larval root pruning.  This reached a 

maximum at 28 days post-infestation.  On the final sample date, root length values in M-202 

averaged 26.8 cm for the no RWW treatment and averaged ~21 cm for the three RWW infestation 

levels.  However, in M-206, root length responded to RWW level ranging from 21.8 cm to 18.2 

cm.  Finally, grain yields responded differently between the two varieties (Fig. 11).  Yields 

declined with increasing RWW levels in both varieties.  M-206 was higher yielding than M-202 

with no RWW infestation by ~2650 lbs./A.  Yield loss in M-202 occurred especially at the high 

RWW infestation level. In M-206, yield loss occurred progressively as the RWW infestation 

increased.  At the highest RWW density, M-206 still outyielded M-202 by 2200 lbs./A.  This 

occurred in spite of the higher RWW density achieved, i.e., twice the larval population, in M-206 

than in M-202.  It appears that M-206 supports more RWW adults (higher adult leaf scarring) and 

larvae than M-202 but it is able to withstand this higher damaging population better and still 

produce a higher yield.   One reason for this result may be that M-202 appears to have a propensity 

to invest resources into tillering more than M-206 when damaged by RWW larvae.  These tillers 

may produce panicles and grain if the season “allows” but in many cases the production of tillers 

simply removes energy, i.e., photosynthates that could go to producing panicles and grain. 

 

 In summary, M-206 appears to have enhanced tolerance mechanisms relative to M-202 that 

allows it to partially withstand infestations and damage from RWW.  M-206 supports higher 

populations of RWW likely resulting in more damage (stress) to the plant but this variety is still 

able to “protect” yield better than M-202 which supports fewer RWW.  One reason for this is that 

M-202 appears to invest resources into tillering when damaged by RWW more than M-206.  

Production of additional tillers may be a viable strategy to compensate for RWW feeding if the 

length of the season allows these to produce panicles, but that apparently was not possible in this 

present study.   

 

2.4) Creating a better understanding of tadpole shrimp biology so as to facilitate IPM programs. 
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 High TPS populations are disrupting rice IPM.  For the last 5-8 years, many fields must be 

treated with an insecticide to get an acceptable rice stand.  With the increase of TPS management 

challenges for rice growers, a better understanding of the biology of this pest is needed.  Research 

has recently been conducted on insecticidal control of TPS (Objective 1.5) but questions remain as 

to why this pest has increased in severity.  Little research has been conducted on the biology of this 

pest in rice systems in recent years.  Dr. Grigarick, the UC-Davis rice entomologist in the 1970’s-

90’s, published on this pest in 1978-9.  More recent research in the mid-1990’s has been published 

on ways to enhance TPS populations in pasture systems as a means to control mosquito levels.   

 

 A graduate student in the Godfrey lab at UC-Davis has selected studies on TPS biology and 

management as her dissertation project.  She is being co-advised by Luis Espino and supported by 

the Dept. of Entomology and Nematology, a SARE grant, and RRB funding.  Several studies are 

ongoing as detailed below: 

 1.) Effect of N fertilizers on TPS survivorship – This is a laboratory bioassay consisting of 

4 treatments: Control, CuSO4 (negative control), Urea and Aqua.  TPS survivorship was compared 

for this in-progress study. 

 2.)  Effects of before and after straw burning on TPS - Soil was collected from 10 points in 

each field before burning and in the same locations after burning. Soil moisture and temperature 

data were also collected. From each soil sample, five 500 gram subsamples were taken and flooded 

in trays in the greenhouse to observe hatching rates before and after treatment (burning). 

 3.)  Before and after tilling effects on TPS – In each field, samples are collected in a 7x7 

grid (49 samples total/field) in fall (before tilling sample) and in the spring (after tilling sample). 

TPS cyst (egg) distribution and hatching rate are quantified for each field which could lead to 

better cultural management of TPS and a greater understanding of TPS population dynamics.  A  

SADIE analysis is being used so the within field distribution of TPS, i.e., near the borders, 

throughout the field, near the boxes, etc., can be statistically determined. 

 4.) Cultural management effects on TPS (Mesocosm Study) - A mesocosm study was 

conducted in an effort to evaluate the effect of three winter cultural cultivation practices on TPS 

hatching. Each mesocosm (a kiddie pool located in Field 8 at RES) was filled with rice soil 

densely populated with TPS cysts spanning the entire surface of the mesocosm one inch in depth. 

Dried rice straw was added to all experimental units at a rate of 9 t/ha. Each treatment (Flood, 

Fallow, & Burn) was replicated four times. From each mesocosm, we collected five one liter soil 

subsamples before the treatments were applied (January 22, 2016) and three months after 

treatments were applied (April 7, 2016).  Samples were dried completely and 500 grams (1.1 lbs.) 

from each sample was flooded in trays and TPS hatching rate recorded daily via removal. While all 

treatments demonstrated a reduction in TPS from pre-treatment to post-treatment samples, these 

reductions were not statistically significant according to the paired t-tests. However it is worth 

noting that the flooding treatment exhibited the greatest reduction in TPS hatching among all three 

treatments and was close to significant (P= 0.08). 

 

2.5) Armyworm monitoring using pheromone traps to enhance timing of field sampling and 

management. 

 

 Armyworms were a significant problem for rice growers in 2015.  A unique set of 

conditions in 2015 resulted in populations starting earlier, damage occurred from June to Sept., and 

populations were higher than normal.  It soon became clear that the registered insecticides, 
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pyrethrids, Sevin®, and B.t, could not adequately control these outbreak populations.  Intrepid® 

was available under a Section 18 label and this was continued into 2016.  In all cases, the best 

control was obtained when applications were made to small-size larvae; however, detecting 

armyworm eggs or even these small larvae was very hard.  They are often buried deeply within the 

plant canopy, not obvious (hidden) during daylight hours, on ricefield weeds as well as on rice 

plants, etc.   

 

 There are very effective pheromone traps for both species of armyworms that infest rice 

fields. These consist of a trap (various types can be used) baited with a lure containing the sex 

attractant for the species – different attractant for each species.  The two species of concern are 

true armyworm, Mythimna (= Pseudaletia) unipuncta, and western yellowstriped armyworm, 

Spodoptera praefica. These traps/lures attract the male moths and each lure lasts about 3-4 weeks 

in the field. 

 

Methods: 

 In 2016, pheromone traps (the bucket type was used) were place adjacent to rice fields in 

Glenn, Colusa, Richvale, Knights Landing, Yuba, Gridley, and in the Delta production area 

(Fig.12).  Three traps for each species were used at each location.  Moths were collected weekly 

and counted and numbers posted on numbers posted on UC Rice website.  Sampling was done July 

through September. 

 

Results: 

 True armyworm moths were primarily captured in August with a peak capture in mid-

August.  The highest numbers were in Knights Landing with Yuba and Glenn locations next with 

only about 1/3 as many (Fig. 13).  The western yellowstriped species was also most common in the 

Knights Landing traps but the peak in capture was not nearly a distinct as for the other species 

(Fig. 14).  It was also slightly more common in the Delta location relative to the true armyworm 

species. 

 

 The Godfrey lab conducted pheromone monitoring of armyworms from 2003 to 2005 in 

Butte and Colusa counties.  In those years, the western yellowstriped armyworm was more 

commonly trapped than the true armyworm, the peak levels ranged from early to mid to late 

August across the 3 years, and the numbers trapped reached a maximum of 10 to 30 moths per day.  

This compares with 80 moths trapped per day for 2016 study. 

 

 The possible uses of these data are several.  Peak armyworm catches can be used to time 

the need for increased field monitoring of armyworms.  The traps capture males; allow time for 

mating to occur, for eggs to develop and for oviposition in the field and that should correspond 

with the need for more field monitoring.  These biological events are temperature-driven and 

degree-days models exist to predict when they will happen.  This information could be delivered to 

growers electronically.  What the trap data is not good for is to predict the intensity of larval 

infestation based on the magnitude of peak capture. 

 

 We wanted to also conduct some field studies with armyworms in 2016 – chemical control, 

damage per larva, point where panicles can no longer be damaged, etc.  But we could not find 

consistent enough populations to do this research.  With many insect species, the eggs can be 

purchased (with the proper permits in place) and numbers developed in the laboratory for field 
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release.  But with these species of interest, we could not find a source.  Over the summer, we 

developed a laboratory colony from collections of larvae from rice fields and this colony is now 

flourishing and should be available for use in 2017. 

 

 In summary, pheromone traps were viable methods for sampling armyworm moth 

populations and showed promise as an IPM tool for the industry.  In 2016, the true armyworm was 

more commonly collected and found at all seven locations than the western yellowstriped 

armyworm.  Peak levels of true armyworm moths were found in mid-August.  Numbers of 

captured moths were 3 to 4 times that seen in studies conducted from 2003-5.  Data collected from 

pheromone traps could help with defining the optimal time to increase field sampling for 

armyworm eggs and/or small larvae.   

 

Summary – Objective 2 (Biology of key rice invertebrate pests - Rice Water Weevil, Tadpole 

Shrimp, and Armyworms) 

 

 Rice Water Weevil 

 Rice water weevil populations, as indicated by light trap samples, were about 4x higher in 

2016 than in 2015.  However, the numbers trapped were still a fraction (about 1/10) of the 

numbers trapped in 2009. 

 Studies continued on the relationship between RWW populations and damage and rice 

plant response.  A moderate level of host plant resistance can improve rice IPM and this 

appears to be achievable through some of the new rice varieties.  This resistance takes the 

form of tolerance in that the improved cultivars compensate/tolerate the RWW damage.   

 The study screening 12 rice varieties was hindered by low RWW populations. Small plot 

studies were successful and M-206 appears to have enhanced tolerance mechanisms 

relative to M-202 that allows it to partially withstand infestations and damage from RWW.  

M-206 supports higher populations of RWW likely resulting in more damage (stress) to the 

plant but this variety is still able to “protect” yield better than M-202 which supports fewer 

RWW. 

Tadpole Shrimp 

 Studies are ongoing on TPS biology and management.  The effect of N fertilizers, of straw 

burning and tillage on TPS populations, and of winter flood, fallow, and burn on TPS 

survivorship cyst (egg) is being studied.  A  SADIE analysis is being used so the within 

field distribution of TPS, i.e., near the borders, throughout the field, near the boxes, etc., 

can be statistically determined. 

Armyworms 

 Pheromone traps were used to monitor armyworm moth populations.  This method for 

sampling armyworm moth populations showed promise as an IPM tool for the industry.  In 

2016, the true armyworm was more commonly collected and found at all seven locations 

than the western yellowstriped armyworm.  Peak levels of true armyworm moths were 

found in mid-August.  Numbers of captured moths were 3 to 4 times that seen in studies 

conducted from 2003-5.  Data collected from pheromone traps could help with defining the 

optimal time to increase field sampling for armyworm eggs and/or small larvae.   

 

 

Objective 3: To study the insect-related causes of pecky rice and the factors influencing the 

incidence of this damage.  
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 Stink bugs overall are flourishing as pests within California.  There are several species of 

native stink bugs in the state that are documented pests.  Within the UCIPM Pest Management 

Guidelines, stink bugs are listed as a significant pests for nut crops, e.g., almonds, pistachio, fruit 

crops, e.g., peaches, apricots, apples, etc., field crops, e.g., cotton, dry beans, and vegetable crops, 

e.g., artichokes, cole crops, tomatoes, etc. The severity of damage from these species vary from 

year-to-year.  Presently, there are severe outbreaks of these pests and ongoing research programs 

on tomatoes, cruciferous crops, and fruit and nut crops.  Stink bugs have several properties that 

make them severe pests.  Natural areas act as refuges for stink bugs and these are more common 

today in the form of refuges, fallow fields, etc., increased crop diversity, and use of cover crops 

facilitate stink bug populations.  The other factor is the introduction of new stink bug species into 

the U.S. and eventually into California.  Stink bugs are prone to movement (hitch-hiking) through 

international trade, shipping containers, movement via people/tourists, etc.  Two species of this 

type will be discussed.  They tend to search out dark, confined areas and this makes them ideal 

subjects for this type of movement.  Finally, regardless of native or invasive, stink bugs tend to be 

difficult to kill with insecticides as they hide within foliage making coverage with insecticide 

applications challenging.   

 

3.1) Investigate the extent of rice damage (kernel damage and potential yield loss) from Stink 

Bugs.  

 3.1.a) Investigate the susceptibility of a range of rice varieties to stink bug damage. 

 3.1.b) Investigate the ability of Conchuela stink bug (Chlorochroa ligata) to damage rice 

panicles and kernels. 

 3.1.c) Investigate the effects of a well-timed late-season insecticide application on stink 

bug damage to panicles.  

 

 Since 2013, Luis Espino and I have been researching the role native stink bugs may have 

on grain quality in California.  We have concentrated most of our studies on one species, the 

redshouldered stink bug (RSSB), Thyanta custator accerra.  This insect has been reported from 

Mississippi as a pest damaging rice as well as this species was mentioned in a report from 1965 as 

damaging rice in 1939 in California.  Also we sampled this species at low levels from rice fields 

that had some degradation in grain quality in recent years.  It appears that this species is at this 

time the most common native stink bug species in rice fields.  Studies from 2013 and 2014 

documented the damage potential of this species to M-202 by caging adult stink bugs on to rice 

panicles in three stages of development.  Kernel damage of up to 5.5% was noted and perhaps as 

important was a reduction in kernel weight produced by the panicles, i.e., stink bug feeding was 

causing kernels to abort and cause a reduction in yields.  In 2014, research was expanded to 1.) 

examine RSSB damage potential to a range of rice varieties and 2.) investigate the late-season 

stink bug populations in grower rice fields across the Sacramento Valley.  The studies on several 

rice varieties were continued in 2015 and in 2016 with a slightly different slate of entries.  Also, in 

2015, the ability of RSSB nymphs to inflict damage was studied as well as infestations of larger 

cages enclosing several plants with lower, more realistic stink bug numbers was conducted. 

 

 In the 2014 survey of 49 rice fields across the six counties, RSSB, southern green stink 

bugs, and consperse stink bug were commonly found along with some conchuela stink bug, 

Chlorochroa ligata, and Say stink bug (and three unidentified species).  Conchuela stink bug was 

common in 2016 so it was evaluated for damage to rice panicles.  In recent years, some reports of 
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“pecky” rice have been received from parts of the Sacramento Valley.  While not a widespread, 

severe problem, this damage does appear to be on the increase.  The standards for seed damage are 

relatively low (0.5% damage) and the grain quality in the state is of utmost importance and a key 

to the marketability. In other parts of the rice production area of the U.S., the rice stink bug 

(Oebalus pugnax) is a key rice pest.  This species feeds on the developing kernels and distorts and 

discolors the kernels.  Sampling, treatments, costs, resistance development, etc. are some of the 

issues faced annually for management of the rice stink bug.  This insect species is not known to 

occur in California.   

 

 Finally, in 2016, a late-season application of Warrior was made to field plots that contained 

RSSB to see if this would have a positive impact on grain quality. 

 

3.1.a) Investigate the susceptibility of a range of rice varieties to stink bug damage. 

 

Methods:  

 Redshouldered stink bugs (RSSB) were caged onto rice plants/panicles to determine the 

amount of kernel damage at harvest.  The RSSB were collected in Yolo Co. from weeds and 

maintained in the UC-Davis laboratory.  Individual panicles were infested with RSSB.  Small 

cages were made from an empty 16 oz. plastic bottle with sections removed and replaced with 

screening to allow ventilation.  These were slipped over the developing panicle and secured.  

RSSB adults (2 per cage) were placed in these cages when the rice was in the milk stage (5 cages 

per treatment).  Stink bugs were checked weekly and those dying were replaced with live ones 

(mortality was rare).  Cages were left on the panicles until maturity.  Uninfested cages were used 

for comparison.  Grain weight and kernel damage were determined.  Seven rice varieties were used 

- M-202, M-206, Calmochi-203, Calhikari-202, S-102, L-206, and M-209. 

 

Results: 

 The uninfested cages yielded grain with 0 to 0.69% pecky rice across the seven varieties. 

As shown in Table 22, the damage ranged from a low of 1.5% in Calmochi-203 to a high of 8.0% 

in Calhikari-202.  Grain weights per panicle were more severely and erratically impacted.  L-206 

suffered no yield loss from 2 RSSB adults in the milk stage. Whereas M-206 and Calhikari-202 

suffered over 40% yield losses.  These losses occur I believe because the feeding by the RSSB 

adults in the milk stage causes kernels to abort. 

 

3.1.b) Investigate the ability of Conchuela stink bug (Chlorochroa ligata) to damage rice panicles 

and kernels. 

 

Methods:  

 The same methods used in 3.1.a were used for this objective with Conchuela stink bug 

except that only M-206 was used. 

 

Results: 

 The uninfested cages had 0% pecky rice whereas the infested cages (two adult Conchuela 

stink bugs at the milk stage) had 3.4% pecky rice.  Percentage white rice yield loss from the stink 

bugs was 10.9%.   

 

3.1.c) Investigate the effects of a well-timed late-season insecticide application on stink bug 
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damage to panicles/grain. 

 

Methods: 

An application of Warrior II at 2.56 fl. oz./A was made to rice at the milk stage of 

development (19 Sept.).  This field (J-7) at RES had a substantial population of RSSB (Fig. 15).  

Four replications with a plot size of 30 x 30’ were used.   

 

Grain yields were determined with the small plot harvester on 18 Oct. and yields were 

corrected to 14% moisture. 

 

Results: 

 The Warrior II treated plots averaged 0.2% pecky rice whereas the untreated plots averaged 

1.0% pecky rice.  For rough rice yields (lbs. per A), the Warrior II treated plots averaged 8116 

lbs./A compared with 8005 lbs./A for the untreated. 

 

 In summary, studies with native stink bugs continue to show the potential of these species 

to damage developing rice panicles and kernels.  Across seven commonly-grown varieties, 

percentage pecky rice peaked at 8.0% and all varieties suffered some damage from two 

redshouldered stink bugs.  Similarly two varieties had a 40% grain loss due to the stink bug 

feeding.  Conchuela stink bugs were very common in 2016 and this species also inflicted damage 

to developing rice panicles similar to redshouldered stink bugs.  Finally, a mid-Sept. application of 

Warrior to rice in the milk stage of development resulted in a reduction in pecky rice and a ~100 

lb./A grain increase. 

 

Summary – Objective 3 (insect-related causes of pecky rice and the factors influencing the 

incidence of this damage.) 

 

 Redshouldered stink bugs damaged (pecky rice) all seven rice varieties that were evaluated 

with up to 8% damage.  As importantly, yield reductions as high as 40% were noted. Conchuela 

stink bug, a species noted previously studied in rice, damaged developing panicles and kernels 

similar to RSSB.  Finally, an application of Warrior in mid-September reduced kernel damage by 

80% and increased grain yield by 100 lbs./A compared with the untreated situation. 

 

Objective 4: Conduct appropriate monitoring, exploratory research, and educational activities on 

emerging and new exotic rice invertebrate pests. 

 

4.1) Investigate the potential of the recently invaded pest, Brown Marmorated Stink Bug, to 

damage rice. 

 

 The brown marmorated stink bug, Halyomorpha halys, is a relatively new invader to the 

U.S.  It was first found in Pennsylvania in 1998 and initially spread throughout the eastern coastal 

area.  This pest has now spread (or been moved) to the west coast. As of June 2016, the brown 

marmorated stink bug (BMSB) had been detected in 43 states and two Canadian provinces. In 

California, BMSB is established (reproducing) in 9 counties and it has been intercepted/detected in 

another 20 counties.  This pest is a voracious feeder that damages fruit, vegetable, field, and 

ornamental crops in North America.  Over 200 hosts have been identified for this pest with berries, 

corn, cotton, beans, cherry, peaches, apple, etc. being common hosts.  Rice has not been studied 
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with regard to this pest as it is just now infesting the southeastern and southern U.S.  We wanted to 

evaluate the relationship of brown marmorated stink bug and rice.  It 2014, studies were done in 

the Contained Research Facility just west of the Davis campus.  This is a secure environment for 

research on invasive plant pests.  It was shown that BMSB would feed on and reproduce on rice.  

But evaluation of damage to panicles/grain could not be done because the plants did not head well 

under these conditions.  In 2015, studies were done in the UC-Davis laboratory since the 

regulatory status of BMSB now allows for laboratory colonies.  Studies were continued in 2016. 

 

Methods:  

 Rice was grown under conditions of 30 C and 16L: 8D photoperiod. Each pot was 

inoculated with BMSB, 2 males and 2 females, during four different stages of plant growth, 1.), 

pre-grain fill, 2.) early grain filling (milk stage), 3.) panicle ripening (soft dough stage) and 4.) 

panicle maturation (hard dough).  Each pot (ten replicates used for each timing) was encased in a 

plastic tube with an organdy mesh to prevent a buildup of humidity and to prevent the BMSB 

escape. Uninfested plants were similarly caged and monitored. The BMSB were left on the rice 

plants for 3 weeks or until panicles fully matured.  Panicles were removed and examined for signs 

of “peckiness” and grain spotting.  

 

Results:  

 BMSB adults inflicted significant damage to developing rice panicles (Fig. 16 a,b,c,d).  

Dehulled kernel weights per panicle was significantly reduced by BMSB feeding at the early and 

milk stages; no effects were seen on weights at the two later stages.  Pecky rice was significantly 

increased by BMSB feeding at the early and milk stages.  The highest damage was 29.8% at the 

early stage.  Yield loss (rough rice) was impacted by BMSB feeding but again significant only at 

the two earliest stages of development.  The percentage of blank kernels was 2.5X more with 

BMSB exposure at the early stage of development but with infestations at the milk, soft dough, 

and hard dough stages no effects were seen. 

 

4.2). Investigate the occurrence of Brown Marmorated Stink Bug and other species of stink bugs in 

the Sacramento Valley. 

 

 A pheromone lure has been developed for Brown Marmorated Stink Bug.  The goal of this 

study was to evaluate if BMSB occurred in the rice production area of the Sacramento Valley.  It is 

known to occur in the counties but more so within urban areas.  Three scenarios were evaluated, 

1.) BMSB lure placed in a commercial 4 foot tall pyramid trap, 2.) BMSB lure placed in a 1 gallon 

plastic jar trap, and 3.) general stink bug pheromone lure placed in the 1 gallon plastic trap.  These 

three set-ups were placed in six locations adjacent to rice fields – two each in Butte, Colusa, and 

Sutter counties.  Traps were checked approx. weekly from August through October.    

 

Results: 

 No BMSB were trapped.  Native stink bugs were trapped in five of the 11 sample periods 

including each month.  Consperse stink bug and RSSB were the common species trapped. 

 

4.3). Investigate the occurrence of bagrada bug, an invasive stink bug species, in the Sacramento 

Valley.  

 

 Bagrada bug (Bagrada hilaris) is another invasive stink bug that was first found in 



PROJECT NO. RP-3 
 

California in 2008 (LA County).  This was the first report of this species in the U.S.  It is a major 

pest of brassica crop plants, but will feed on numerous species when the favored hosts are not 

present.  This species was initially a major IPM concern in the desert vegetable cropping system of 

southern California but has now spread northward throughout the southern half of the state and is 

documented as far north as Yolo County.  In October 2015, this species was found in Butte County 

feeding on mustard weeds on a levee.  No bagrada bugs were found in 2016 in Butte County. 

 

Summary – Objective 4 (new exotic rice invertebrate pests) 

 The brown marmorated stink bug, a recent invader into California, has the potential to 

negatively affect rice grain quality.  BMSB adults inflicted significant damage to white rice 

kernels and rough rice kernels in terms of pecky rice.  The incidence of blank kernels and 

was also increased by this pest.  In all cases, the damage was worst with exposure at the 

pre-grain fill and milk stages.   

 Pheromone traps for stink bugs captured no brown marmorated stink bugs near rice fields 

in the Sacramento Valley.  This pest is commonly present in several urban locations. 

 No bagrada bugs were seen in Butte County in 2016.  This is another invasive stink bug 

that was seen in 2015. 
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CONCISE GENERAL SUMMARY OF CURRENT YEARS (2016) RESULTS: 

Larry D. Godfrey and Luis Espino 

 

Research was conducted in 2016 on the biology and management of key invertebrate pests of 

California rice.  Four groups of invertebrate pests were the subjects of the research including 1.) 

rice water weevil, 2.) tadpole shrimp, 3.) armyworms, and 4.) stink bugs.  Tadpole shrimp, 

armyworm, and stink bug research was conducted as planned and was successful. The stink bug 

research included work with native species that appear to be increasing in pest status 

(redshouldered stink bug and others) and with invasive species (brown marmorated stink bug) that 

are recent invaders in the Sacramento Valley. Tadpole shrimp has increased in importance the last 

~5-8 years and studies were conducted to improve management of this pest.  Armyworms have 

been a severe pest of rice, especially in 2015.  Studies on rice water weevil were more successful 

in 2016 than in 2015 as the weevil populations were at higher levels in 2016.  One major study was 

inhibited by too low rice water weevil populations and a moderate level of herbicide phytotoxicity 

was problematic in one weevil test plot.  However, the other rice water weevil studies were fully 

successful. The overall 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: 

Ring studies with insecticides targeting rice water weevil (RWW) showed excellent efficacy with 

Coragen and Belay.  Coragen (registered in Dec. 2016) appears to have a good fit for RWW 

control with a preflood timing.  This product will be a good complement to Belay which is best 

used postflood at the 1-3 leaf stage.  The question of weathering of Coragen residues is still 

unclear.  In 2015, it appeared that the product should probably not be applied more than 5 days 

before flooding as it is potentially impacted by the environmental conditions (sunlight?).  

However, in 2016 studies, the treatments with longer weathering (10 days) actually provided 

slightly better RWW control. The “rescue” application of Belay and Coragen, were successful and 

offer options for growers in these cases of need.  A higher rate was used for these applications, 

however. Belay and Coragen will be useful options for the rice industry as we move forward with 

rice IPM.  The efficacy with several products appears to be slipping slightly.  Perhaps being overly 

critical and maybe it was just the 2016 year (every year is different) but in this type of ring plot 

testing I used to commonly see 100% control values.  Of course, 97% control is great but some of 

the products were in the 80% range which is problematic in my opinion. Aza-Direct showed 

promise for RWW control. This product was tested several years ago in the field and the results 

were not as good.  However, greenhouse studies a couple of years ago showed good results.  

Bacillus thuringiensis spp. galleriae applied preflood has good activity on RWW.  I have no 

explanation why the 4 lbs. rate performed better than the 8 lbs. rate.   

 

Studies were continued on the fit of insecticides used for rice IPM with optimal mosquito 

management and best management practices in rice.  The results from the 2015 samples (samples 

from 2016 are still being processed) were somewhat different that that seen in previous years but 

the lack of negative effects is very positive data.  The preflood applications of Belay, Coragen, 

Warrior and Bacillus thuringiensis spp. galleriae all showed slight reductions in numbers of 

aquatic insects at 11 and 18 days after treatment – 50% or less. Results with populations of other 

aquatic organisms (non-insects) showed slightly more impacts from the preflood insecticides than 

with aquatic insects but still fairly minimal; at 11 DAT, all four of the insecticides reduced 
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numbers by an average of 60 to 100% but later samples were not impacted. The 3-leaf stage 

applications were fairly mild in terms of system effects.  All three 3-leaf stage treatments, Warrior, 

Coragen, and Belay, reduced populations of aquatic insects at 4 DAT from 35 to 80%.  Sample 

dates at greater intervals after application of these products showed minimal impacts on non-target 

insects. Some detrimental effects were seen near the time of application from the 3-leaf stage 

applications on other aquatic invertebrates but minimal. The July Warrior application had no 

impacts on non-target organisms.  This treatment normally is fairly impactful but not in 2015.  

 

Rice water weevil populations, as indicated by light trap samples, were about 4x higher in 2016 

than in 2015.  However, the numbers trapped were still a fraction (about 1/10) of the numbers 

trapped in 2009.  Peaks in flight in 2016 occurred from April 29 to May 4 and May 9 to May 16.  

Studies continued on the relationship between RWW populations and damage and rice plant 

response.  A moderate level of host plant resistance can improve rice IPM and this appears to be 

achievable through some of the new rice varieties.  This resistance takes the form of tolerance in 

that the improved cultivars compensate/tolerate the RWW damage.  The study screening 12 rice 

varieties was hindered by low RWW populations. Small plot studies were successful and M-206 

appears to have enhanced tolerance mechanisms relative to M-202 that allows it to partially 

withstand infestations and damage from RWW.  M-206 supports higher populations of RWW 

likely resulting in more damage (stress) to the plant but this variety is still able to “protect” yield 

better than M-202 which supports fewer RWW. 

 

Tadpole Shrimp: 

Warrior, especially with the preflood timings, provided excellent TPS control and as well as the 

Coragen preflood.  Belay applied at the early post-flood timing (3 days after the infestation) was 

fairly effective but the preflood application of Belay was not effective. Results with copper sulfate 

were poor along with Aza-Direct.  Dimilin was intermediate in efficacy; floating seedling counts 

were checked daily for 5 days post-treatment but there was no change in the numbers.  Reasons for 

this were that there was already significant damage so no room for much more damage to occur 

and the TPS grew very fast due to hot weather which also took them out of the feeding period.   

 

Studies are ongoing on TPS biology and management.  These studies may provide insights into 

why this invertebrate has developed into such a major pest in recent years.  The effects of nitrogen 

fertilizers, of straw burning and tillage on TPS populations, and of winter flood, fallow, and burn 

on TPS survivorship cyst (egg) are being studied.  A  SADIE analysis is being used so the within 

field distribution of TPS, i.e., near the borders, throughout the field, near the boxes, etc., can be 

statistically determined. 

 

Armyworms: 

Pheromone traps were used to monitor armyworm moth populations.  This method for sampling 

armyworm moth populations showed promise as an IPM tool for the industry.  In 2016, the true 

armyworm true armyworm, Mythimna (= Pseudaletia) unipuncta, was more commonly collected 

(found at all seven locations) than the western yellowstriped armyworm, Spodoptera praefica.  

Peak levels of true armyworm moths were found in mid-August.  The western yellowstriped 

species was most common in the Knights Landing traps but the peak in capture was not nearly as 

distinct as for the other species; it was also slightly more common in the Delta location relative to 

the true armyworm species.  Numbers of captured moths were 3 to 4 times that seen in studies 

conducted from 2003-5.  Data collected from pheromone traps could help with defining the 
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optimal time to increase field sampling for armyworm eggs and/or small larvae.  

 

Stink Bugs: 

Redshouldered stink bugs damaged (pecky rice) all seven rice varieties that were evaluated with up 

to 8% damage.  As importantly, yield reductions as high as 40% were noted. Conchuela stink bug, 

a species not previously studied in rice, damaged developing panicles and kernels similar to RSSB, 

i.e., 3.4% pecky rice and a yield loss of 10.9%. Finally, an application of Warrior in mid-

September (milk stage) reduced kernel damage by 80% and increased grain yield by 100 lbs./A 

compared with the untreated situation. 

 

Invasive Pests: 

The brown marmorated stink bug, a recent invader into California, has the potential to negatively 

affect rice grain quality.  BMSB adults inflicted significant damage to white rice kernels (18.3% 

damage) and rough rice kernels in terms of pecky rice.  The incidence of blank kernels (18.0%) 

was also increased by this pest.  In all cases, the damage was worst with exposure at the pre-grain 

fill and milk stages.  Pheromone traps for stink bugs captured no brown marmorated stink bugs 

near rice fields in the Sacramento Valley. This pest is commonly present in several urban 

locations.  Another invasive pest, the bagrada bug, was not seen in Butte County in 2016.  This 

invasive stink bug that was seen in 2015. 
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  Table 1. Treatment list for RWW management ring study, 2016. 

Product 

Rate 

(lbs. 

AI/A) 

Product 

per A (fl. 

oz.) Timing Type of chemistry 

1. Dimilin 2L 0.25 16 3-leaf (8 June) Insect growth regulator 

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

3. Warrior II 0.04 2.56 Preflood (25 May) Pyrethroid insecticide 

4. Warrior II 0.04 2.56 3-leaf (17 June) Pyrethroid insecticide 

5. Belay 2.13 SC 0.075 4.5 Preflood (25 May) Neonicotinoid insecticide 

6. Belay 2.13 SC 0.075 4.5 
early post-flood 

(10 June) 
Neonicotinoid insecticide 

7. Belay 2.13 SC 0.075 4.5 3-leaf (17 June) Neonicotinoid insecticide 

8. Belay 2.13 SC 0.092 5.5 5-6 leaf (27 June) Neonicotinoid insecticide 

9. Mustang  0.05 4.3 3 leaf (17 June) Pyrethroid insecticide 

10. Bacillus thuringiensis 

spp galleriae 
 4 lbs. Preflood (25 May) 

Biological insecticide – 

bacteria 

11. Bacillus thuringiensis 

spp galleriae 
 8 lbs. Preflood (25 May) 

Biological insecticide – 

bacteria 

12. Aza-Direct  32 Preflood (25 May) Organic insecticide 

13. Bacillus thuringiensis 

spp galleriae + Aza-Direct 
 

8 lbs.+ 32 

fl. oz. 
Preflood (25 May) 

Biological (bacteria) + 

organic insecticide 

14. Coragen 0.08 6.1 Preflood (25 May) 
Anthranilic diamide 

insecticide 

15. Coragen - 10 days 

before flood 
0.08 6.1 Preflood (15 May) 

Anthranilic diamide 

insecticide 

16. Coragen 0.1 7.7 Preflood (25 May) 
Anthranilic diamide 

insecticide 

17. Coragen 0.12 9.2 Preflood (25 May) 
Anthranilic diamide 

insecticide 

18. Coragen 0.12 9.2 5-6 leaf (27 June) 
Anthranilic diamide 

insecticide 

 

Table 2. Rice plant damage from RWW adults in chemical ring study, 2016. 

Product 

Product 

per A 

(fl. oz.) Timing 

% Scarred 

Plants–17 

June  

% Scarred 

Plants-23 

June  

Avg. % 

Scarred 

Plants 

1. Dimilin 2L 16 3-leaf 19 abc 43 abc 31 

2. Untreated --- --- 26.5 ab 61.5 a 44 

3. Warrior II 2.56 Preflood 10.5 c 26 c 18.25 

4. Warrior II 2.56 3-leaf 20 abc 42.5 abc 31.25 

5. Belay 2.13 SC 4.5 Preflood 11.5 c 37 abc 24.25 

6. Belay 2.13 SC 4.5 

early 

post-

flood 

22 abc 53 abc 37.5 

7. Belay 2.13 SC 4.5 3-leaf 20.5 abc 59.5 ab 40 

8. Belay 2.13 SC 5.5 5-6 leaf 13.5 bc 31 bc 22.25 
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9. Mustang  4.3 3 leaf 26.5 ab 63 a 44.75 

10. Bacillus thuringiensis 

spp galleriae 
4 lbs. Preflood 32 a 58.5 ab 45.25 

11. Bacillus thuringiensis 

spp galleriae 
8 lbs. Preflood 17.5 bc 51.5 abc 34.5 

12. Aza-Direct 32 Preflood 18 bc 45 abc 31.5 

13. Bacillus thuringiensis 

spp galleriae + Aza-

Direct 

8 lbs.+ 

32 fl. oz. 
Preflood 18 bc 57 ab 37.5 

14. Coragen 6.1 Preflood 19 abc 45 abc 32 

15. Coragen - 10 days 

before flood 
6.1 Preflood 26 ab 55 abc 40.5 

16. Coragen 7.7 Preflood 21.5 abc 53 abc 37.25 

17. Coragen 9.2 Preflood 14 bc 33.5 abc 23.75 

18. Coragen 9.2 5-6 leaf 16 bc 39.5 abc 27.75 

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

differences test (ρ <0.05). 
 

Table 3. RWW immature density in chemical ring study, 2016. 

Product 

Product 

per A 

(fl. oz.) Timing 

RWW per 

Core Sample 

– 5 July  

RWW 

per Core 

Sample 

– 19 July  

Avg. 

RWW per 

Core 

Sample 

1. Dimilin 2L 16 3-leaf 0.15 b 0.3 bc 0.225 

2. Untreated --- --- 1.45 a 0.9 a 1.175 

3. Warrior II 2.56 Preflood 0.05 b 0.15 bc 0.1 

4. Warrior II 2.56 3-leaf 0 b 0.15 bc 0.075 

5. Belay 2.13 SC 4.5 Preflood 0.05 b 0.1 c 0.075 

6. Belay 2.13 SC 4.5 

early 

post-

flood 

0.2 b 0.2 bc 0.2 

7. Belay 2.13 SC 4.5 3-leaf 0.05 b 0.2 bc 0.125 

8. Belay 2.13 SC 5.5 5-6 leaf 0.05 b 0 c 0.025 

9. Mustang  4.3 3 leaf 0.15 b 0.3 bc 0.225 

10. Bacillus thuringiensis 

spp galleriae 
4 lbs. Preflood 0.1 b 0.15 bc 0.125 

11. Bacillus thuringiensis 

spp galleriae 
8 lbs. Preflood 0.3 b 1.05 a 0.675 

12. Aza-Direct 32 Preflood 0.05 b 0.15 bc 0.1 

13. Bacillus thuringiensis 

spp galleriae + Aza-

Direct 

8 lbs.+ 

32 fl. oz. 
Preflood 0.15 b 0.5 b 0.325 

14. Coragen 6.1 Preflood 0 b 0.05 c 0.025 

15. Coragen - 10 days 

before flood 
6.1 Preflood 0.05 b 0.1 c 0.075 

16. Coragen 7.7 Preflood 0.05 b 0.15 bc 0.1 
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17. Coragen 9.2 Preflood 0.2 b 0.1 c 0.15 

18. Coragen 9.2 5-6 leaf 0.1 b 0.05 c 0.075 

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

differences test (ρ <0.05). 

 

Table 4. Effect of RWW populations on rice biomass and grain yields in ring study, 2016. 

Product 

Product 

per A 

(fl. oz.) Timing 

% Grain 

Moisture  

Grain 

Yield 

(lbs./A)  

Biomass 

(Straw + 

Grain) (t/A)  

1. Dimilin 2L 16 3-leaf 20.8 bcd 3965.1 abc 5.7 ab 

2. Untreated --- --- 20.7 bcd 2298.9 c-f 3.7 c-f 

3. Warrior II 2.56 Preflood 22.7 a 1989.2 c-f 2.3 f 

4. Warrior II 2.56 3-leaf 21.4 a-d 4328.4 ab 5.6 abc 

5. Belay 2.13 SC 4.5 Preflood 21.0 a-d 4710.0 ab 7.3 a 

6. Belay 2.13 SC 4.5 
early 

post-flood 
21.3 abc 3192.4 a-e 4.8 bcd 

7. Belay 2.13 SC 4.5 3-leaf 22.6 ab 2832.6 a-e 3.7 c-f 

8. Belay 2.13 SC 5.5 5-6 leaf 19.1 d 4835.8 a 5.1 bcd 

9. Mustang  4.3 3 leaf 21.6 abc 1354.8 ef 2.4 f 

10. Bacillus thuringiensis 

spp galleriae 
4 lbs. Preflood 22.4 ab 746.2 f 2.1 f 

11. Bacillus thuringiensis 

spp galleriae 
8 lbs. Preflood 20.4 cd 1749.5 ef 3.3 def 

12. Aza-Direct 32 Preflood 20.8 a-d 1945.5 def 3.2 def 

13. Bacillus thuringiensis 

spp galleriae + Aza-

Direct 

8 lbs.+ 

32 fl. oz. 
Preflood 22.0 abc 1763.8 ef 2.7 ef 

14. Coragen 6.1 Preflood 21.3 abc 1641.9 ef 2.2 f 

15. Coragen - 10 days 

before flood 
6.1 Preflood 20.8 bcd 3783.9 a-d 4.5 b-e 

16. Coragen 7.7 Preflood 19.3 d 4445.1 ab 5.9 ab 

17. Coragen 9.2 Preflood 20.3 cd 2831.1 b-e 3.2 def 

18. Coragen 9.2 5-6 leaf 19.4 d 4679.3 ab 5.7 ab 

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

differences test (ρ <0.05). 

 

Table 5. Treatment list for Coragen open plot study, 2016. 

Treatment  Fl. Oz./A Rate Timing 

Weathering 

(days) 

Appl. 

Date 

1. Coragen 6.1 0.08 Preflood                                                0 25 May 

2. Coragen 7.7 0.1 Preflood                                                0 25 May 

3. Coragen 6.1 0.08 Preflood                                                5 20 May 

4. Coragen 6.1 0.08 Preflood                                                10 15 May 

5. Coragen 6.1 0.08 Preflood                                                10 incorporated 15 May 

6. Warrior II 2.56 0.04 Preflood                                                0 25 May 

7. Untreated --- --- --- --- --- 
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Table 6. RWW scarred seedlings and stand ratings from Coragen open plot study, 2016. 

Treatment 

Fl. 

Oz./A 

Application 

Date 

% Scarred 

Plants 

17 June 

% Scarred 

Plants 

23 June 

Average % 

Scarred Plants 

1. Coragen 6.1 25 May 4 ab 9 a 6.5 

2. Coragen 7.7 25 May 3 ab 2.5 a 2.75 

3. Coragen 6.1 20 May 1.5 b 2 a 1.75 

4. Coragen 6.1 15 May 5 ab 4.5 a 4.75 

5. Coragen 6.1 
15 May 

(incorporated) 
6 ab 6 a 6 

6. Warrior II 2.56 25 May 8 a 3.5 a 5.9 

7. Untreated --- --- 3.5 ab 7 a 5.25 
Means within columns followed by the same letter are not significantly different with least significant 

differences test (P<0.05).  
 

Table 7. RWW populations from Coragen open plot study, 2016. 

Treatment 

Fl. 

Oz./A 

Application 

Date 

RWW per 

Core – 7 July 

RWW per 

Core – 21 July 

Avg. RWW 

per Core 

1. Coragen 6.1 25 May 1 ab 1.75 ab 1.38 

2. Coragen 7.7 25 May 1.25 ab 0.5 b 0.88 

3. Coragen 6.1 20 May 1.25 ab 1.5 ab 1.38 

4. Coragen 6.1 15 May 0.25 b 1.25 ab 0.75 

5. Coragen 6.1 
15 May 

(incorporated) 
2.25 a 2 a 2.13 

6. Warrior II 2.56 25 May 1 ab 2 a 1.5 

7. Untreated --- --- 0.75 b 1.75 ab 1.25 
Means within columns followed by the same letter are not significantly different with least significant 

differences test (P<0.05). 

 

Table 8. Yield results from Coragen open plot study, 2016. 

Treatment  

Fl. 

Oz./A 

Application 

Date 

% Grain 

Moisture 

Grain 

Yield (lbs./A) 

1. Coragen 6.1 25 May 19.6 ab 10075.4 c 

2. Coragen 7.7 25 May 18.8 ab 12087.9 b 

3. Coragen 6.1 20 May 20.9 a 13440.5 a 

4. Coragen 6.1 15 May 20.8 a 12746.8 ab 

5. Coragen 6.1 
15 May 

(incorporated) 
20.1 ab 13613.5 a 

6. Warrior II 2.56 25 May 18.7 b 13235.6 ab 

7. Untreated --- --- 19.1 ab 13042.9 ab 
Means within columns followed by the same letter are not significantly different with LSD test (P<0.05). 
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Table 9. Treatments evaluated in nontarget study, 2013-16. 

Product 

Rate (lbs. 

AI/A) Timing Rationale 2013 2014 2015 2016 

1. Untreated  --- --- Comparison X X X X 

2. Warrior  0.03 3-leaf Registered standard X X X X 

3. Warrior  0.03 Preflood Registered standard X X X X 

4. Warrior  0.03 
July armyworm 

timing 
Registered standard X X X X 

5. Belay 2.13SC  0.092 Preflood Registered X X X X 

6. Belay 2.13SC  0.092 3-leaf Registered X X X X 

7. Coragen  0.12 Preflood Registered (12/2016) X X X X 

8. Coragen  0.12 3-leaf Registered (12/2016) X X X X 

9. Bacillus 

thuringiensis spp. 

galleriae 

8.0 lbs. Preflood 
Under development; 

considered for registration 
 X X X 

10. Doubletake 0.12 3-leaf 
Under development; 

considered for registration 
  X  

 

Table 10. Treatment list for nontarget study, 2016. 

Treatment 

Product per 

A (fl. oz.) 

Rate (lbs. 

AI/A) Timing 

Appl. 

Date 

1. Warrior II 2.56 0.04 3-leaf 18 June 

2. Warrior II 2.56 0.04 PF 23 May 

3. Warrior II 2.56 0.04 
July armyworm 

timing 
16 July 

4. Coragen 9.2 0.12 PF 23 May 

5. Belay 2.13 SC 5.5 0.09 PF 23 May 

6. Coragen 9.2 0.12 3-leaf 18 June 

7. Belay 2.13 SC 5.5 0.09 3-leaf 18 June 

8. Bacillus thuringiensis 

spp. galleriae 
8.0 lbs./A  PF 23 May 

9. Untreated --- --- --- --- 

 

Table 11. Taxa quantified in nontarget study, 2016. 

Order Family Common name 

Cladocera Daphniidae Daphnia 

Coleoptera Staphylinidae Rove beetle 

Coleoptera Curculionidae RWW/weevil 

Coleoptera Dytiscidae Predaceous diving beetle 

Coleoptera Melyridae Soft-winged Flower Beetle 

Coleoptera Hydrophilidae Water scavenger beetle 

Diptera Ceratopogonidae Biting midge 

Diptera Chaoboridae Midge 

Diptera Chironomidae Midge 

Diptera Culicidae Mosquito 
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Diptera Ephydridae Shore fly 

Diptera Stratiomyiidae Soldier fly 

Diptera Tephritidae Fruit fly 

Ephemeroptera Ephemerellidae Mayfly 

Ephemeroptera Caenidae Mayfly 

Ephemeroptera Baetidae Mayfly (Callibaetis) 

Gastropoda Physidae Snail 

Hemiptera Belastomatidae Giant Water Bug 

Hemiptera Corixidae Water Boatman 

Hemiptera Notonectidae Backswimmer 

Hirudinea 
 

Leech 

Nematoda 
 

Nematode 

Notostraca Triopsidae Tadpole shrimp 

Odonata Gomphidae Dragonfly 

Odonata Libellulidae Dragonfly 

Odonata Aeshnidae Dragonfly 

Odonata Coenagrionidae Damselfly 

Diptera Tipullidae Cranefly 

Podocopida Cyprididae Ostracoda 

Oligochaeta Tubificidae Worm 

Crustacea Malacostraca Crayfish 

Trichoptera 
 

Caddisfly 

Copepoda 
 

Copepod 

 

Table 12. Treatment list for Tadpole Shrimp study, 2016. 

Product 

Rate (lbs. 

AI/A) 

Product per 

A (fl. oz.) Timing 

1. Untreated-no TPS --- --- --- 

2. Belay 2.13 SC 
 

4.5 PF 

3. Coragen 0.1 7.7 PF 

4. Belay 2.13 SC 0.075 4.5 early post-flood* 

5. Coragen 0.1 7.7 early post-flood* 

6. Dimilin 2L 0.25 16 early post-flood* 

7. Untreated with TPS --- --- --- 

8. Warrior II 0.04 2.56 early post-flood* 

9. Warrior II 0.04 2.56 PF 

10. Warrior II 0.04 2.56 PF and early post-flood* 

11. Aza-Direct 
 

32 PF 

12. Copper Sulfate 10 lbs./A 
 

early post-flood* 

* ~1 day after the TPS are introduced into the rings 
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Table 13. Treatment evaluations for Tadpole Shrimp study – Stand and TPS survival, 2016. 

Product 

Product 

per A 

(fl. oz.) Timing 

Rice 

Stand – 

Plastic 

Bin  

Rice 

Stand –

Metal 

Ring  

Live 

TPS 

1. Untreated-no TPS 

added 
--- --- 52.0 a 46.25 a-d 0.25 

2. Belay 2.13 SC 4.5 PF 4.75 e 9.5 f 8.25 

3. Coragen 7.7 PF 22.5 bcd 52.25 abc 0.75 

4. Belay 2.13 SC 4.5 
early post-

flood* 
18.75 b-e 35.75 b-e 0 

5. Coragen 7.7 
early post-

flood* 
13.25 cde 29.5 c-f 0 

6. Dimilin 2L 16 
early post-

flood* 
10.75 de 24.25 def 0 

7. Untreated with TPS --- --- 14.25 b-e 18 ef 11.5 

8. Warrior II 2.56 
early post-

flood* 
11.25 de 21 ef 0 

9. Warrior II 2.56 PF 29.75 b 55.75 ab 0 

10. Warrior II 2.56 

PF and 

early post-

flood* 

28.5 bc 67.75 a 0 

11. Aza-Direct 32 PF 11.75 de 17.5 ef 2 

12. Copper Sulfate 10 lbs./A 
early post-

flood* 
6.5 e 8 f 0 

Means within columns followed by same letter are not significantly different; LSD test (ρ <0.05). 
 

Table 14. Treatment evaluations for Tadpole Shrimp study – TPS survival, 2016. 

Product 

Product 

per A (fl. 

oz.) Timing 

TPS – 

Plastic Bin  

TPS – 

Metal 

Ring  

1. Untreated-no TPS added --- --- 0 b 0.25 c 

2. Belay 2.13 SC 4.5 PF 7.75 a 7.5 a 

3. Coragen 7.7 PF 0.75 b 3.25 b 

4. Belay 2.13 SC 4.5 early post-flood* 0 b 0 c 

5. Coragen 7.7 early post-flood* 0 b 0 c 

6. Dimilin 2L 16 early post-flood* 0 b 0 c 

7. Untreated with TPS --- --- 8.25 a 8.25 a 

8. Warrior II 2.56 early post-flood* 0 b 0 c 

9. Warrior II 2.56 PF 0.75 b 1.5 bc 

10. Warrior II 2.56 
PF and early post-

flood* 
0 b 0 c 

11. Aza-Direct 32 PF 6.5 a 7 a 

12. Copper Sulfate 10 lbs./A early post-flood* 0 b 0 c 

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

differences test (ρ <0.05). 
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Table 15. Treatment evaluations for Tadpole Shrimp study – floating seedlings, 2016. 

Product 

Product per 

A (fl. oz.) Timing 

Floating 

Seedlings 
 

1. Untreated-no TPS 

added 
--- --- 0.75 d 

2. Belay 2.13 SC 4.5 PF 93 a 

3. Coragen 7.7 PF 13.5 d 

4. Belay 2.13 SC 4.5 early post-flood* 59.5 ab 

5. Coragen 7.7 early post-flood* 52.25 ab 

6. Dimilin 2L 16 early post-flood* 65 ab 

7. Untreated with TPS --- --- 67 ab 

8. Warrior II 2.56 early post-flood* 62.25 ab 

9. Warrior II 2.56 PF 17.75 cd 

10. Warrior II 2.56 
PF and early 

post-flood* 
0 d 

11. Aza-Direct 32 PF 74.5 ab 

12. Copper Sulfate 10 lbs./A early post-flood* 63.75 ab 

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

differences test (ρ <0.05). 

 

Table 16. Yield results for Tadpole Shrimp study, 2016. 

Product % Grain 

Moisture  

Grain 

Yield (lbs./A)  

Biomass 

(Straw + 

Grain) (t/A) 

 

1. Untreated-no TPS added 18.6 abc 9055.2 ab 11.2 ab 

2. Belay 2.13 SC-PF 18.5 abc 6330.8 d 8.3 d 

3. Coragen-PF 18.0 c 8837.6 ab 11.1 abc 

4. Belay 2.13 SC-early 

post-flood 
18.4 abc 7059.5 cd 9.1 bcd 

5. Coragen-early post-flood 19.0 a 7408.6 bcd 9.7 bcd 

6. Dimilin 2L-early post-

flood 
18.8 ab 7019.9 cd 9.0 cd 

7. Untreated with TPS 18.6 abc 7470.9 bcd 8.9 d 

8. Warrior II-early post-

flood 
18.3 bc 7435.7 bcd 10.0 bcd 

9. Warrior II-PF 18.5 abc 8527.7 abc 11.1 abc 

10. Warrior II-both timings 19.0 a 9533.8 a 12.4 a 

11. Aza-Direct-PF 18.6 abc 7367.3 bcd 9.7 bcd 

12. Copper Sulfate-early 

post-flood 
18.7 abc 6302.4 d 8.2 d 

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

differences test (ρ <0.05). 
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Table 17. Varietal susceptibility to RWW (ring study with controlled populations) adult feeding 

damage and larval populations, 2016. 

Variety 

RWW 

Status 

% Scarred 

Plants - 17 

June 

% Scarred 

Plants - 23 

June 

RWW per 

Core Sample 

– 5 July 

RWW per 

Core Sample 

– 19 July Average 

1. M-202 Controlled 0 c 0 b 0 b 0 c 0 

2. M-209 Controlled 0 c 0 b 0.1 b 0.1 c 0.1 

3. L-206 Controlled 0 c 1.0 b 0.1 b 0.2 ab 0.15 

4. PI RWW 

experimental line 
Controlled 0 c 0 b 0.2 b 0 c 0.1 

5. M-202 Present 12.0 ab 37.5 a 0.4 b 0.2 ab 0.3 

6. M-209 Present 18.0 a 43.5 a 0.2 b 0.8 b 0.5 

7. L-206 Present 6.0 bc 16.5 b 1.3 a 1.6 a 1.45 

8. PI RWW 

experimental line 
Present 13.0 ab 46.0 a 1.3 a 0.6 ab 0.95 

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

differences test (ρ <0.05). 

 

Table 18. Varietal susceptibility to RWW (ring study with controlled populations) yield, 2016. 

Variety 

RWW 

Status 

% 

Moisture 

Grain Yield 

(lbs./A) 

Grain Yield 

Loss from 

RWW (lbs./A) 

% Grain 

Yield Loss 

1. M-202 Controlled 18.8 b 4728 c 2996 63.3 

2. M-209 Controlled 18.9 b 4944 bc 3395 68.7 

3. L-206 Controlled 15.9 c 7592 a 1576 20.8 

4. PI RWW 

experimental line 
Controlled 21.5 a 1125 d 0 0 

5. M-202 Present 20.2 ab 1732 d   

6. M-209 Present 20.6 a 1549 d   

7. L-206 Present 15.7 c 6016 b   

8. PI RWW 

experimental line 
Present 21.2 a 1527 d  

 

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

differences test (ρ <0.05). 

 

Table 19. California rice cultivars (and one experimental line) evaluated in small plot study 

designed to evaluate susceptibility to RWW, 2016. 

Variety 

RWW 

Controlled 

RWW Present at 

Natural Levels 

1. M-105 X X 

2. Calhikari-202 X X 

3. PI RWW 

experimental line 

X X 

4. Calmochi-203 X X 

5. L-206 X X 

6. M-209 X X 
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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 

 

Table 20. RWW adult feeding damage and larval populations in small plot variety susceptibility 

comparison to RWW study, 2016. 

 

Variety 

RWW 

Status 

% Scarred 

Plants - 17 

June 

% Scarred 

Plants - 23 

June Avg. 

RWW per 

Core Sample 

– 5 July 

RWW per 

Core Sample 

– 19 July Avg. 

1. M-105 Controlled 1 b 1.5 b 1.3 0.1 abc 0.3 ab 0.2 

2. Calhikari-202 Controlled 3.5 ab 7 a 5.3 0.2 abc 0.15 ab 0.18 

3. 
PI RWW 

experimental line 
Controlled 4 ab 2.5 b 3.3 0 c 0.05 b 0.03 

4. Calmochi-203 Controlled 3 ab 3.5 ab 3.3 0.25 abc 0.45 ab 0.35 

5. L-206 Controlled 3 ab 3 ab 3.0 0.35 a 0.2 ab 0.28 

6. M-209 Controlled 2.5 ab 2 b 2.3 0.05 bc 0.2 ab 0.13 

7. M-202 Controlled 1 b 3 ab 2.0 0.3 bc 0.25 ab 0.28 

8. M-205 Controlled 3 ab 1.5 b 2.3 0.1 ab 0.4 ab 0.25 

9. M-206 Controlled 2 ab 2 b 2.0 0.1 abc 0.15 ab 0.13 

10. M-208 Controlled 3.5 ab 2 b 2.8 0.15 abc 0.3 ab 0.23 

11. M-401 Controlled 2.5 ab 2.5 b 2.5 0.2 abc 0.1 ab 0.15 

12. S-102 Controlled 0.5 b 2.5 b 1.5 0.15 abc 0.05 b 0.13 

13. M-105 Present 6.5 a 5 ab 5.8 0.15 abc 0.25 ab 0.2 

14. Calhikari-202 Present 3 ab 2 b 2.5 0.05 bc 0.1 ab 0.08 

15. 
PI RWW 

experimental line 
Present 4 ab 3 ab 3.5 0.1 abc 0.55 a 0.33 

16. Calmochi-203 Present 4.5 ab 3 ab 3.8 0.25 abc 0.35 ab 0.3 

17. L-206 Present 4.5 ab 5 ab 4.8 0.25 abc 0.35 ab 0.3 

18. M-209 Present 1.5 b 3 ab 2.3 0.05 bc 0.1 ab 0.08 

19. M-202 Present 2 ab 1.5 b 1.8 0.15 abc 0.3 ab 0.23 

20. M-205 Present 1.5 b 5 ab 3.3 0.05 bc 0.1 ab 0.08 

21. M-206 Present 2 ab 4.5 ab 3.3 0.35 a 0.3 ab 0.33 

22. M-208 Present 5 ab 2 b 3.5 0.05 bc 0.25 ab 0.3 

23. M-401 Present 4.5 ab 2 b 2.3 0.3 ab 0.35 ab 0.33 

24. S-102 Present 4 ab 4 ab 4.0 0.1 abc 0.25 ab 0.18 

Means within columns followed by same letter are not significantly different; lsd test (ρ <0.05). 
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Table 21. Yield data in small plot variety susceptibility comparison to RWW study, 2016. 

 

Variety 

RWW 

Status % Moisture 

Grain Yield 

(lbs./A) 

Grain Yield Loss 

from RWW (lbs./A) 

1. M-105 Controlled 16.0 ef 6673.4 abc 0 

2. Calhikari-202 Controlled 18.0 abc 6676.8 abc 0 

3. 
PI RWW 

experimental line 
Controlled 16.8 a-f 7679.6 abc 

1129.1 

4. Calmochi-203 Controlled 17.2 a-f 6257.9 abc 0 

5. L-206 Controlled 16.5 c-f 7055.1 abc 23 

6. M-209 Controlled 15.9 ef 6848.8 abc 873.2 

7. M-202 Controlled 16.3 def 6588.6 abc 441.2 

8. M-205 Controlled 16.2 def 7590.6 abc 952.3 

9. M-206 Controlled 16.5 c-f 6673.1 abc 0 

10. M-208 Controlled 16.2 def 6715 abc 0 

11. M-401 Controlled 16.0 ef 5903.2 c 0 

12. S-102 Controlled 17.5 a-e 6903.7 abc 656 

13. M-105 Present 16.6 b-f 7958.2 a  

14. Calhikari-202 Present 17.7 a-d 7144.7 abc  

15. 
PI RWW 

experimental line 
Present 17.2 a-f 6550.5 abc  

16. Calmochi-203 Present 17.4 a-e 7660.2 abc  

17. L-206 Present 18.3 a 7032.1 abc  

18. M-209 Present 15.6 f 5975.6 c  

19. M-202 Present 16.6 b-f 6147.4 bc  

20. M-205 Present 16.1 def 6638.3 abc  

21. M-206 Present 17.0 a-f 7453.1 abc  

22. M-208 Present 16.2 def 7806 ab  

23. M-401 Present 17.6 a-e 7182.8 abc  

24. S-102 Present 18.2 ab 6247.7 abc  

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

differences test (ρ <0.05). 

 

Table 22. Percentage pecky rice and percentage yield loss from redshouldered stink bugs caged on 

panicles of seven rice varieties at the milk development stage, 2016. 

Variety 

Infestation 

(Number/Stage) 

% Pecky 

Rice -

Control 

% Pecky 

Rice -

Infested 

% White Rice 

Grain Loss - 

infested 

M-202 2, adults 0 4.72 10.9 

M-206 2, adults 0.00 2.57 47.3 

Calmochi-203 2, adults 0.61 1.47 7.8 

Calhikari-202 2, adults 0.69 7.96 40.7 

S-102 2, adults 0 3.87 6.7 

L-206 2, adults 0 2.23 0 

M-209 2, adults 0.43 3.90 20.1 
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Fig. 1. a.) Populations of aquatic insects from quadrant samples at specified days after treatment of 

preflood insecticides; b.) Populations of other aquatic invertebrates (not insects) from quadrant 

samples at specified days after treatment of preflood insecticides. 
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Fig. 2. a.) Populations of aquatic insects from quadrant samples at specified days after treatment of 

3-leaf stage insecticides; b.) Populations of other aquatic invertebrates (not insects) from quadrant 

samples at specified days after treatment of 3-leaf stage insecticides. 
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Fig. 3. a.) Populations of aquatic insects from quadrant samples at specified days after treatment of 

July timing insecticides; b.) Populations of other aquatic invertebrates (not insects) from quadrant 

samples at specified days after treatment of July timing insecticides. 
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Fig. 4. Populations of mosquito larvae from dip samples collected weekly. 

 

 
Fig. 5. Populations of RWW adults captured in light trap at the Rice Experiment Station 1998 to 

2016. 
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Fig. 6. Diagram of rice plant biomass sampling. 

 

 

 
Fig. 7. Percentage scarred plants by RWW adults by rice variety and RWW infestation level, 2016. 
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Fig. 8. RWW larval population by rice variety and RWW infestation level, 2016. 

 

 
Fig. 9. Number of rice plant tillers as influenced by days post infestation, rice variety, and RWW 

infestation level, 2016. 
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Fig. 10. Root length as influenced by days post infestation, rice variety, and RWW infestation 

level, 2016. 

 

 
Fig. 11. Grain yield as influenced by rice variety and RWW infestation level, 2016. 
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Fig. 12. Locations of armyworm pheromone traps near rice fields at seven locations, 2016.

 
Fig. 13. Numbers of true armyworm moths captured in pheromone traps near rice fields at seven 

locations, 2016.  
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Fig. 14. Numbers of western yellowstriped armyworm moths captured in pheromone traps near 

rice fields at seven locations, 2016. 

 
Fig. 15. RSSB egg mass on developing rice panicle, 31 August 2016. 
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Fig. 16. Brown marmorated stink bug damage to rice, a.) dehulled grain weight per panicle, b.) 

percentage damaged grain per panicle, c.) percentage yield loss per panicle, d.) percentage blank 

kernels per panicle. 

 

0

5

10

15

20

25

30

35

40

45

Early Milk Soft Dough Hard Dough

M
e

an
 %

 Y
ie

ld
 L

o
ss

 P
er

 P
an

ic
le

 ±
SE

Stage of Rice Development

Control Infested

0

20

40

60

Early Milk Soft Dough Hard Dough

M
ea

n
 %

 B
la

n
k 

Ke
rn

al
s 

p
er

 P
an

ic
le

 ±
SE

Stage of Rice Development

Control Infested


