
Project No. RP-3 

ANNUAL REPORT 

COMPREHENSIVE RESEARCH ON RICE 

 

January 1, 2021- December 31, 2021 

 

PROJECT TITLE: Rice protection from invertebrate pests. 

 

PROJECT LEADERS: Ian Grettenberger 

    Cooperative Extension Specialist 

    Department of Entomology and Nematology 

    University of California, Davis 

Davis, CA 

73 Briggs 

 

 

PRINCIPAL UC INVESTIGATORS: 

 

Luis Espino  

Rice Farming Systems Advisor 

Colusa, Glenn and Yolo Counties 

UC Cooperative Extension 

100 Sunrise Blvd, Suite E 

Colusa, CA 95948 

(530) 635-6234 

 

COOPERATORS: 

Kevin Goding, Staff Research Associate, UC Davis 

Ray Stogsdill, Staff Research Associate, UC Davis 

Kent McKenzie, Director, Rice Experiment Station, Biggs, CA 

 

LEVEL OF FUNDING: $50,476 

  



Project No. RP-3 

OBJECTIVES AND EXPERIMENTS CONDUCTED BY LOCATION: 

OBJECTIVE 1. Identify effective management tactics of rice invertebrate pests 

while considering environmental quality 
 

1.A Management of tadpole shrimp (TPS) with insecticides, insecticide resistance, 

and improving scouting/treatment timings (led by Grettenberger) 
 

Tadpole shrimp (TPS) are aquatic crustaceans adapted to live in vernal pools. Conditions in rice 

fields, and their seasonality, make them a great habitat for this arthropod. TPS have been a 

problem in California rice since the 1940s. Insecticides have been used to control them, and they 

have evolved resistance to some of the insecticides used in the past (organophosphates). 

Recently, resistance to pyrethroid insecticides has been observed in some areas. Additionally, 

pyrethroid use is being scrutinized by regulatory agencies due to surface water contamination. 

New alternatives for control are needed as is a better understanding of how alternative materials 

could be used in terms of timing and rates. Pyrethroids are heavily relied upon due to efficacy 

and cost. For materials that are more expensive, timing will be important because treatment will 

likely be delayed until it is clear that a population of shrimp has developed, at which point they 

may be on the larger side. 

 

 

Rings – natural infestation 

 

We again used metal rings to assess control methods for TPS. We have previously used leveed 

plots in a basin with high levels of TPS at the Rice Experiment Station (RES). However, based 

on available space at the RES, we decided to focus on ring plots this season. This year’s trial 

focused on a number of different materials, including a number a few more novel materials 

(some repetition from last season) and a material not currently labelled in rice. 

 

Methods 

Metal rings were placed in a basin at the RES prior to flooding. This field has a high shrimp 

population because it is untreated for pests year after year. A total of 20 treatments were tested, 

including multiple active ingredients and timings, replicated five times (Table 1). Each ring was 

10.7 square feet. The field was flooded on 26 May, and planted on 28 May with rice variety M-

206 at a seeding rate of 150 lbs per acre. Each ring was seeded with 16.7 grams (dry weight 

before soaking) of M-206 seed. Seed was prepared using RES protocol wherein seed was put in a 

2-hour 5% bleach soak, rinsed, soaked in clean water for 22 hours, drained, and allowed to air 

dry for one day prior to planting. Treatment timings consisted of preflood, early post flood, and 

late post flood timings, applied on 25 May, 28 May, and 4 June, respectively. Late treatments 

were used to mimic a rescue treatment, although shrimp were not especially large. We were 

testing if alternative materials (at tested rates) could still be effective and could reduce damage. 

CocoBear (unregistered in rice) is an oil-based product used for mosquito management 

(larvicide). We wanted to time the treatment when shrimp were larger and going to the surface 

more, where they would have the opportunity to interact with the material on the surface. 

 

We started collecting data on 4 June, consisting of a timed visual count of tadpole shrimp for 30 
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seconds in each ring, water clarity rating (clear, murky, hazy), and count of any floating rice 

seedlings were counted and removed from each ring to prevent them from being recounted on 

later sampling dates. Data points were taken at approximately 72 hour intervals. We summed 

shrimp counts across the multiple assessment points for visual counts. On 14 and 16 June, a final 

total count of tadpole shrimp was conducted by netting all the shrimp out of each ring using an 

aquarium net, with this conducted over two separate days to catch all of the shrimp. Harvest data 

was collected at the end of the season by hand cutting each ring, weighing each bundle, then 

machine threshing to obtain grain weights for moisture analysis and yield calculations. Stand 

counts were also determined after harvest, which appeared more accurate than counting 

emerging rice seedlings in the early season.   

 

Data analysis: Effects on response variables of treatment were tested with linear models with 

fixed factors for treatment and block. When treatment was significant for linear models, posthoc 

comparisons were made with a Holm correction for multiple comparisons. The level of α used 

was 0.05.  

 

Results and Discussion 

Overall, the results from our ring trial with natural infestations of TPS again produced some 

interesting results and help build on prior years or work. First, we demonstrated the efficacy of a 

number of treatments at managing shrimp as measured at the end of the trial, with a significant 

effect of treatment (F19,80
 
=

 
8.10, P < 0.001, Figure 1). This data point is the most reliable in 

terms of evaluating if treatments killed shrimp. There is the potential though that late timings 

could be too late to prevent damage even if they do work. Warrior II early (pre-flood/soil-applied 

or immediately post-flood), as expected, was very effective at controlling TPS. Meanwhile, we 

were able to cut rates of Belay to 1 and 2 oz/ac and still effectively eliminate TPS. Clam shrimp 

appeared to be unaffected by Belay at these rates. Dimilin, even at the lower rates we tested (2 

and 4 oz) still eliminated shrimp at either timing, as did the high rate of 8 oz. When analyzing 

summed shrimp counts for the three sampling points after all treatments had been applied 

(specifically the late treatment), the results were generally similar. The treatments that performed 

well for the “end of season” counts also performed well for summed shrimp counts (F19,80
 
=

 

10.16, P < 0.001). There is a bit more variability in these counts because when populations are 

high, the water is very murky and shrimp can be difficult to count. We saw that treatments that 

retained 10+ shrimp in the rings had water that was very murky. 

 

For the late treatments, we applied them and then assessed shrimp populations three days later 

per our normal schedule. At this point, all of them had “worked” and had killed the shrimp in the 

rings. It is possible that some treatments (e.g., Belay) may have acted faster than others (possibly 

Dimilin) based on mode of action, although we did not evaluate the shrimp populations at a finer 

temporal scale. 

 

For plant data, we measured summed dislodged seedlings and ring yields. The dislodged 

seedlings generally matched the shrimp results although effects were much more muted/variable 

and all treatments had some dislodged seedlings (F19,80
 
=

 
3.55, P < 0.001, Figure 2). All of the 

treatments with poor shrimp control also had many dislodged seedlings. While not significantly 

different than the untreated, CocoBear and Intrepid did have numerically lower seedling counts, 

which matched the shrimp numbers as well. There was also a marginally significant effect of 

treatment on ring yield (F19,80
 
=

 
1.78, P = 0.039, Figure 3). The untreated treatment had the 
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lowest yields (~28% lower than the top three), although the top-yielding treatments did not 

necessarily align with the results for shrimp or floating seedling counts. We are interpreting plant 

data with some caution because algae appeared to be especially problematic in our trial, which 

led to floating seedlings across treatments. 

 

Conclusions 

Based on these results, there are a number of alternative materials that could serve as alternatives 

to pyrethroids. In addition, we found that rates could be reduced for a number of materials, 

which is promising in terms of providing viable, “cost-competitive” options compared to 

pyrethroids. We tested the mosquito larvicide CocoBear again, but it did provide anywhere near 

sufficient control. Intrepid was included given its use for armyworm, although we did not have 

any expectations going in on its efficacy. It did not prove to be effective against shrimp, with 

only a hint of possible effects on shrimp at the rate tested. Finally, we tested an unlabeled 

material that provided excellent control at a range of rates and different timings, including both 

pre- and post-flood. This is very promising, and this material is also being considered for 

management of rice water weevil and armyworm. 

 

 

Buckets inside of rings – addition of shrimp (plus natural infestation outside of ring) 

 

Methods 

In addition to the natural infestation trial, we performed a smaller study consisting of 12 

treatments using the same metal rings with a nested modified bucket to allow water flow. This 

method allowed us to expose a precise number of shrimp to each treatment. We can then 

accurately count the shrimp by removing the bucket, allowing the water to drain, then counting 

the exposed shrimp. The timing was comparable to the “later” post-flood treatment. This study 

was conducted in the same field (J-7 at the RES) as the ring study, with flood up occurring on 26 

May. Some rice seed was placed in each ring for weed management, but yield and stand counts 

were of no interest for this study. On 3 June, ten small tadpole shrimp were placed into each 

bucket. On 4 June, treatments were applied after checking to make sure no mortality had 

occurred. Initial data collection started on 7 June and taken approximately every 72 hours after, 

where each bucket was checked for tadpole shrimp mortality. Similarly, on 16 Jun a final bucket 

count and outer ring count were taken, with all shrimp caught, counted, and removed from each 

ring using an aquarium net. No end of the year yield data was collected for this study as the 

bucket interferes with rice production in each ring. 

 

Data analysis: We analyzed the TPS data for this trial using Kruskal Wallis tests (non-

parametric) and Dunn tests, with a Holm correction, for posthoc comparisons. 

 

Results and Discussion 

In this trial, the focus was primarily on the 10 shrimp we had put in the bucket. However, given 

that their numbers declined through time (after 4 DAT) and we had substantial shrimp also in the 

rings, similar to our open ring trial, we also focused on the “ring” data for this trial, similar to our 

open ring trial. For the bucket shrimp counts, there was an effect of treatment, with most 

treatments effective, and with the untreated having 6.8 shrimp on average (Figure 4). The only 

two treatments that did not kill all of the shrimp were CocoBear and Dimilin at 2 oz., although 

they were not significantly different than the control. Dimilin at 2 oz was basically zero on 



Project No. RP-3 

average, however. For the “whole-ring” counts, the untreated ring had similar counts to the open 

ring trial (~60 TPS) and there was a significant effect of treatment (Figure 5). The only rings that 

had any shrimp were the CocoBear rings and Belay at 2 oz. Both of these were intermediate 

between the rings with zero and the untreated. Similar to the bucket counts, CocoBear seemed to 

perform slightly better (non-significantly) than in the open ring trial. It is not quite clear why the 

Belay treatment still had shrimp given the open-ring trial, although there were on average very 

few shrimp in this treatment.  

  

Conclusions 

The results from the bucket (+ring) trial generally matched the open ring trial and provide the 

same overall conclusions. With this slightly different method (and later timing), we found that a 

number of treatments again provided excellent control of TPS at a number of rates for some 

materials. CocoBear again did not provide good control, which is something that we have seen 

repeatedly.  

 

 

Management of tadpole shrimp with biological control (Grettenberger) 

 

This study expands on prior work examining biological control of TPS. Specifically, we focus on 

management of TPS using mosquitofish, Gambusia affinis. These fish are already used by vector 

control districts to manage mosquitoes, although typically later in the season in rice fields. They 

are however very abundant in canals. 

 

Methods 

For this study, two trials were conducted, one trial each in two fields that have TPS populations 

located at the RES, field J-7 and Systems field. The former has much higher populations than the 

latter given long-term management in these fields. Each study was identical, except a positive 

control was added to the J-7 study, and the Systems field was flooded before J-7. In each field, 

10×10 ft plots were set up using metal strips that were sealed into the mud so fish and tadpole 

shrimp could not escape. The four fish treatments were 0, 10, 25 and 40 fish per plot, and in field 

J-7 a positive control was added using the growth regulator Dimilin to control tadpole shrimp. 

Each treatment was replicated four times. Dimilin was chosen as it is commonly used as a fish 

louse control treatment in aquaculture and so should have minimal effects on fish (even if the 

insecticide leaked out of the plots).  

 

For the Systems field, the water was started on 21 May, with fish and rice seed introduced on 24 

May. Each plot received 156.2 grams of rice seed, variety M-206 dry weight prior to undergoing 

the standard RES seed protocol. Sampling started on 28 May, consisting of inserting a 5 square 

foot PVC ring into each plot and using an aquarium net to remove and count any TPS caught. 

Presence or absence of mosquito fish was noted for each plot, as well as a clarity evaluation 

(clear, murky, hazy). Data was collected once a week and ended on 14 Jun. On 25 Aug., stand 

counts were taken for each plot in a 1’ x 6’ area along one edge. For the J-7 trial flood up 

occurred on 26 May. Rice and fish were placed into the plots on 28 May, again at 0, 10, 25, and 

40 fish treatments replicated 4 times. On 4 June, Dimilin was applied to the positive control 

plots. Data collection started on 7 Jun as described above. On 8 June, fifteen plants from each 

plot were taken and measured for root and shoot length to rate TPS damage to floating seedlings. 

On 14 Jun final data collection occurred. On 25 Aug., stand counts were taken for each plot in a 
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1 x 6 ft area along one edge. Plots were machine harvested on 12 Oct. using a 75 ft
2
 area (7.5 x 

10 ft) for grain yield and moisture measurements.  

 

Data analysis: Data were analyzed with linear models, with treatment as fixed factors for most 

variables and for both trials. Posthoc comparisons were made when treatment was significant 

with a Holm correction for multiple comparisons. For the Systems trial, summed shrimp counts 

were analyzed using a Kruskal Wallis non-parametric test and a Dunn test for posthoc 

comparisons. 

 

Results and Discussion 

Overall, our results in this study were informative. In the J7 trial, the tadpole shrimp pressure 

was very high. When tadpole shrimp were unmanaged, the water was extremely murky. The one 

caveat to the trial in J7 was that some plots had more shrimp than we expected, we think because 

the fish were affected by some herbicide drift from an aerial application to a different field. 

There was an effect of treatment on summed shrimp counts, with the 0 fish having the 

numerically highest number of shrimp; 25 and 40 fish were intermediate (P = 0.004, Figure 6). 

Stand counts were not influenced by treatment (but it was marginally significant), with the most 

plants in the 25 fish treatment followed by 40 fish (P = 0.059, Figure 7). There was an overall 

effect of treatment on root length, although individual treatments were not significantly different 

(P = 0.028, Figure 8). There was no effect of treatment on yields at the end of the trial (P = 

0.37). We had issues here too with floating seedlings across the board, likely due to algae. 

 

In the Systems trial, shrimp populations were much lower overall. This meant that nearly every 

plot that had fish nearly zeroed out tadpole shrimp in this trial. We saw a significant effect of 

treatment on shrimp numbers (P = 0.004). The treatment with 10 fish did have significantly less 

shrimp than the zero fish treatment (~80% reduction). The 25 fish and 40 fish treatments reduced 

shrimp populations to functionally zero. However, we had issues here too with floating seedlings 

across the board so stand/yield likely are not especially useful here. That said, there was no effect 

of treatment on stand count (P = 0.56) or yield (P = 0.84). 

 

Conclusions 

Several densities of fish appear to have potential to suppress fish populations, although we 

possibly had fish not surviving in several replicates, adding to variability. Even with very high 

shrimp populations, we did see an effect of fish on shrimp populations and plant measurements. 

Under lower shrimp populations, fish were especially effective, even at lower densities. The 

results from our trials could help inform the use of fish as biological control agents and by 

examining density, we are beginning to understand the rate of fish that might be needed. We did 

not alter timing because we know that getting fish into the fields quickly will be critical to make 

this a viable tactic. 
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Bioassays for insecticide resistance (Grettenberger) 

 

Methods 

We have continued work to test for insecticide susceptibility/resistance in TPS. To conduct these 

assays, we collected soil from a number of fields known to have TPS this season and still had 

some additional soil from the prior season. For some of the populations, we then flooded this soil 

in trays with water, generating an F1 population. We cycled these out in the greenhouse, 

producing eggs that would become the F2 generation, which we would use for testing. Having an 

effective assay is critical to generating good assay data. We based our assay design based on 

what had previously worked for the dose response curve assays. We have been using 64 oz 

canning jars for the assays. These jars were filled with water and then a range of concentrations 

of lambda-cyhalothrin (technical grade). We  

 

Results and Discussion 

We had some initial issues getting good runs with the assays in the prior season, but we were 

able to get several successful runs. This past year however, we continued to have issues with the 

assays, so no results are presented. We plan to continue to work on the methods to generate 

useable data because any assays that have control mortality >20%, which has been the issue, are 

not reliable for this type of testing. While TPS are voracious pests out in the field, they can be 

sometimes finicky to work with in the lab. We do have soil stored that hopefully has sufficient 

TPS eggs and that we can use for successful runs.  

 

 

1.B Control of armyworms using insecticides (led by Espino, outside of modified 

proposal scope) 
 

Insecticide trial 

 

One trial was conducted during 2021 to test insecticides against true armyworm. Finding 

locations for trials this year was a challenge given the low armyworm populations across the 

region in terms of caterpillars in fields. 

 

Methods 

Plots 10x20 ft plots were established in a M-206 field in Butte County where armyworms and 

defoliation were observed. The trial was established when plants were at the mid to late-tillering 

stage. Treatments were applied on 7/2 using a CO2-powered backpack sprayer. Insecticides used, 

active ingredient, and resistance management group are presented in Table 2. All treatments 

included the surfactant Dyne-Amic (3 pints/100 gal). Armyworm density was determined by 

conducting three to five, 2-min searches per plot before treatments were applied and on 7/6 and 

7/9. Before treatments were made, larvae were collected for identification and instar 

determination.  

 

The trials were established as randomized complete blocks with three replications. Number of 

live larvae/2 min search were analyzed using ANOVA and treatment means compared to 

untreated plots using contrasts. The level of  used was 0.05. 
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Results and Discussion 

Armyworm larval population at the trial site was low, averaging 1.5 larvae per 2 min search 

before treatments were made. At this time, the number of larvae was not significantly different 

among treatments (table 2). Larvae collected were between the 4
th

 and 5
th

 instars. 

 

Four and seven days after application, there were significant differences among treatments (P = 

0.004 and P < 0.001, respectively, Table 3). For both dates, larval population was significantly 

reduced by treatment with Javelin, Vantacor, Intrepid and SpearLep+Leprotec. The highest 

reduction was obtained with Intrepid and Vantacor at 1.7 oz/a, reaching 95% reduction a week 

after treatments were made. Vantacor at 1.2 oz/a reduced larval populations by 85%. While 

Javelin and SpearLep + Leprotec significanlty reduced the number of larvae, the reduction was 

only between 60 and 70%. Mustang Max, Dimilin and Leprotec applied alone did not 

significantly reduce the number of larvae compared to untreated plots.  

 

Vantacor at the rate of 1.7 oz/a provided good control of armyworms, comparable to the standard 

Intrepid. Dimilin did not significantly reduce armyworm larval populations. In trials conducted 

in previous years, Dimilin at 8 oz/a has provided good control of armyworms. It is not clear why 

in this trial Dimilin provided no control.  

 

SpearLep, in combination with Leprotec, was applied at 1 and 2 pts/a. Both rates significantly 

reduced larval populations four days after treatment, but only the lower rate provided a 

significant reduction in the number of larvae seven days after treatment, achieving 66% control. 

Leprotec applied alone did not have activity on armyworms. 

 

Javelin provided between 60 and 70% control of armyworms in this trial. This level of control is 

similar to other Bacillus thuringiensis insecticides tried in previous years. When armyworm 

populations are high, 60 to 70% reduction is not enough to avoid significant defoliation or 

panicle injury. The pyrethroid Mustang Max did not provide control of armyworms. This 

confirms previous years’ observations regarding pyrethroid insecticides. 

 

Conclusions 

This trial provided good information on management of armyworms with insecticides. Vantacor 

applied at 1.7 oz/a provided the same level of control as Intrepid, the standard product used for 

control of armyworms in rice. Other products that significantly reduced armyworm populations 

only provided 60-80% control. As expected, the pyrethroid Mustang Max did not provide 

control. 

 

 

Larvae density was similar among treatments before treatments were applied, with an average 

density of 2.2 larvae/2 min search. Four days after treatments were made, plots treated with 

Intrepid and Prevathon had significantly lower number of larvae than untreated plots and plots 

treated with DiPel (Error! Reference source not found.). Six and 11 days after treatment, the 

three treatments had significantly lower number of larvae than the untreated and they did not 

differ significantly among each other. However, the reduction in the number of larvae in plots 

treated with Intrepid and Prevathon was numerically larger than with DiPel. At the end of the 

trial, the reduction in the number of larvae with Intrepid and Prevathon compared to pre-
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treatment levels was higher than 90%, while with DiPel the reduction was only 43%. The 

number of larvae in untreated plots increased to almost double the number found at the 

beginning of the trial. 

 

Sixty days after the treatments were made, the number of injured panicles/ft
2
 were significantly 

affected by the treatments (P<0.001). Number of injured panicles was lower in plots treated with 

Intrepid and Prevathon (Error! Reference source not found.). In these plots, the number of 

injured panicles were 90% lower than in untreated plots. In plots treated with DiPel, the number 

of injured panicles was significantly higher than in untreated plots.  

 

This trial confirms previous year’s trials and field observations that Intrepid and Prevathon can 

provide good control of armyworms in rice. DiPel, a bacterial insecticide based on Bacillus 

thuringiensis, only reduced populations 40%. In this trial, the infestation level was moderate and 

defoliation level did not reach threshold. When infestation levels are high, control is difficult 

because of the high number of larvae. Under those conditions, efficacy may be reduced and 40% 

control would not be acceptable. 

 

Intrepid and Prevathon resulted in lower number of injured panicles/ft
2
 sixty days after the 

application. This result is remarkable and brings up a few questions about how this residual 

effect was achieved.  

 

Armyworm moth flight peaks at two times, late June/early July and mid August. Egg laying 

starts as number of moths start increasing, usually in late May/early June for the first peak and in 

late July/early August for the second peak. Our insecticide application occurred in early July. It 

is possible that some insecticide residue was still present by this time. Experiences from the 

registrant indicate that the residual activity of Intrepid lasts up to 21 days. Early instar larvae 

hatching from eggs laid in late July/early August could have been affected by insecticide residue. 

Early instar larvae would probably only require a small amount of insecticide to be affected. 

However, it is unlikely that larvae hatching from eggs laid later, mid to late August, would be 

affected. Nevertheless, at this time, panicles are already emerged and tissue might not be as 

desirable as food source for armyworms. During the second infestation peak, armyworms hide 

and consume lower leaves. These leaves were exposed to the insecticide, and may be providing 

the residue needed to kill the young instars. 

 

Another possibility is that in plots treated during the first population peak, larvae did not 

complete their cycle and resulted in fewer moths that would then produce the next generation of 

larvae. This explanation is unlikely given the small size of the plots. Moths emerging from 

untreated plots or from nearby areas of the plots would have resulted in a even distribution of 

eggs and larvae, and later injury, assuming the moths are laying the gees in the rice.  

 

Something to note is that the amount of panicle injury on untreated or DiPel treated plots and 

was low. On average (n=12), plots had 61 panicles/ft
2
, resulting on a percent injury of 5.2 and 

8.3% for untreated and DiPel treated plots, respectively. The economic threshold for panicle 

injury is 10%. Percentage panicle injury for Intrepid and Prevathon treated plots was less than 

0.4%. 
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OBJECTIVE 2. Evaluate physical and biological factors that affect population 

dynamics and movement of key rice invertebrate pests.  
 

2.A Rice water weevil flight monitoring (led by Grettenberger) 
 

 

Long-term light trap 

 

The RWW is native of the southern US, where it is considered the most damaging insect pest of 

rice. Since RWW was found in California in 1958, research has focused on many aspects of its 

biology and management. One aspect that has been addressed for many years is the timing of its 

spring flight and overall population levels. This work helps track populations through time. 

 

The insect is in an overwintering (hibernation) state during the late fall, winter, and early spring 

hidden in the soil and under debris. As RWW emerge from overwintering sites in the spring, the 

adults feed on grasses on levees and other areas. Nutrients from this feeding cause the flight 

muscles to develop and enable the RWW adults to fly. They fly only on evenings that have warm 

(70-80 °F) temperatures with calm winds. 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 population 

levels and flight timing. This also allows us 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. 

 

RWW adults are very small (approximately 1/8-inch long) and nondescript, and on some nights 

two to three gallons of insects are collected. This means that sorting samples for RWW can be 

time consuming, which prevents us from providing RWW flight numbers to the industry in real 

time. 

 

Methods 

A light trap is maintained at the RES. The trap has an 18-watt black light bulb and readily 

attracts nocturnal insects. When in flight, the insects hit the metal baffles and fall into a 

collection bucket. The nightly capture is collected every few days from mid-March to July and 

stored in a freezer. The samples are later sorted and RWW adults counted.  

 

Results and Discussion 

This year, the trap was initiated in March, continuing our effort to keep the trap on the timing 

that it had been on historically. This will likely be especially important as temperatures over 

winter and into spring shift warmer, although last year the weevils did not fly until later in the 

spring. We are still working through the black light samples from 2021 so we do not have results 

to report at this time. We did not hear of fields with substantial weevil damage the last year. It 

appears that this pest has still maintained the low populations we have seen in recent years.  
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2.B Armyworm flight monitoring using pheromone traps (led by Grettenberger, 

outside of modified proposal scope) 
 

Armyworms have been considered a secondary pest in California rice, but are now one of the 

key arthropod pests in rice, although they have been problematic sporadically. In late June 2015, 

an armyworm outbreak caught the industry by surprise. In 2016, armyworm infestations were not 

as bad as in 2015. In 2017, infestations appeared to be as widespread and severe as in 2015. 

Armyworms have continued to be a pest of concern although populations were very low in 2021, 

both in terms of larval infestations in the field and adult captures in the pheromone trap 

monitoring network operated by Espino. 

 

One challenge when managing armyworms is that their on-the ground scouting has largely been 

based on defoliation. Small armyworms are difficult to find. When defoliation is noticeable, 

armyworms are already on the 5
th

, or 6
th

 instar, and they are much more difficult to control using 

insecticides. Similarly, infestations during the heading stage are difficult to detect before injury 

occurs to the panicle. To improve on armyworm monitoring, pheromone traps were established 

in the Sacramento Valley in seven locations in 2016 and 2017 with additional locations, 

including in the Delta, added in subsequent years. While these monitoring efforts are very 

valuable, there has still been uncertainty about how reliable individual traps (or small groups of 

traps are) in terms of capturing temporal patterns or spatial variability. 

 

 

Trapping grid: spatial and temporal variability in pheromone traps 

 

While we are developing and testing pheromone traps (and using them in the trap network), we 

do not have a great understanding of the spatial and temporal variability among traps. We simply 

do not know if a given trap (and area) always catches the most moths through the course of the 

season, or if that fluctuates. Similarly, we do not know to what degree captures vary across a 

field or the landscape. This information is also relevant if growers/PCAs want to deploy traps or 

if more expensive, automated traps are going to be used. Specifically, we addressed the research 

questions: 1) Are trap captures related temporally, for A) successive dates for individual traps, B) 

Peaks 1 and 2 for individual traps, and C) successive years for individual traps (Peaks 1 and 2) 

and 2) Are trap captures aggregated spatially for given time points. 

 

Methods 
To assess the spatial variability of moth captures, we deployed a grid of armyworm traps across a 

number of rice fields. We set up a grid of traps (4 x 6 traps, 24 total, Figure 10). These were 

almost exclusively next to rice fields. We focused on true armyworm because it is a more 

significant pest, so we used a true armyworm pheromone to bait the traps. Lures were replaced 

every two weeks. Traps were checked weekly and moths captured were counted. We tested for 

correlation, using Pearson correlation, in trap captures for given traps between two successive 

dates. We focused on dates were there were at least moderate numbers of moths captured 

because flight lulls are not of interest. We also performed a correlation (Pearson) testing if peak 

numbers are correlated for a given trap as well as Pearson correlations for individual traps across 
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years for each peak across years. Finally, we used SADIE (Spatial Analysis by Distance IndicEs) 

analyses to examine the spatial distribution of moth captures. 

 

Results from both 2020 and 2021 are presented here because additional analyses have been run 

on 2020 data, same as for 2021, and the data are best presented and interpreted when combined. 

Furthermore, we specifically ran an analysis across years. 

 

Results and Discussion 

In the trapping grid, we saw two peaks in moth populations again in 2021 as we did in 2020 (and 

as has been seen consistently in the armyworm moth monitoring network), and there was 

substantial variability in how many moths were captured on each date (Figure 11). 

 

When we examined correlation in captures for two successive dates for all traps, we found that 

the correlation was significant for 4 pairs of dates in 2021 (out of 8) and 4 pairs of dates in 2020 

(out of 7), so approximately half each year (Figure 12). Not all correlations were significant 

leading up to or after the peaks. This indicates that trap captures are sometimes, but not always 

consistent through time for a given location.  

 

There was also no correlation between the peak moth capture for a given trap during the first 

peak and during the second peak (2021: P = 0.44; Figure 13), same as we saw in 2020 (P = 

0.21), demonstrating that trap captures are not consistent for a given location. The two peaks 

have a fair bit of time between them, which could lead to the lack of correlation, although this 

helps interpret relationships, or lack thereof, between the two peaks for traps. There was also no 

correlation between 2020 and 2021 for Peak 1 (P = 0.37) and for Peak 2 (P = 0.35). This showed 

that between years, traps did not consistently capture similar numbers of moths. This means that 

a trap that caught high numbers of moths one year wouldn’t necessarily catch high numbers 

(relative to other potential locations nearby) the following year. 

 

When we examined the spatial aggregation of trap captures (examples in Figure 15), we found 

variable results. (Figure 16). In 2021, for approximately half the time points (4 of 10), the index 

value Ia was significantly greater than 1 (P > 0.05), indicating the spatial pattern of captures 

across the grid was aggregated on those time points. The remaining times, the pattern was 

random. At no time points was the spatial pattern uniform. There were a few more aggregated 

patterns in 2021 than in 2020 (when there were only 2 of 8 time points with an aggregated 

pattern, with the rest random, no uniform). Examining these hot spots through time each year, 

there were not certain parts of the grid that always caught more moths.  

 

Conclusions 

Across years, these results help clarify how pheromone traps can be used for monitoring true 

armyworm. They also identify where there is uncertainty in how we can interpret moth captures. 

They also help identify how pheromone traps could best be deployed and used. We found that at 

short, but not long temporal scales, moth captures are sometimes, but not always consistent. 

There still is variability in trap captures. Trap captures can sometimes be aggregated spatially 

across the landscape, but are not always. The uncertainty/variability in our results mean that 

there is some consistency in trap captures. However, it is not reliable. This means that absolute 

counts for individual traps should be interpreted with some caution. The mixed results for 

temporal correlation for successive dates suggest that it is possible that the “true” moth peak for 
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a given group of fields could be one week or even more different than what the traps suggest, 

which could possibly expand the window for intense scouting or a possible management 

window. As we acknowledged previously, we are trapping male, not female moths with our 

traps. Because we cannot capture female moths with pheromone traps, we have to assume that 

the two sexes likely display somewhat similar patterns. 

 

 

OBJECTIVE 3. Remain informed of new and emerging invertebrate pests of rice in 

California, including those present in the other rice production areas of the U.S. 
 

As previously reported, we are still keeping an eye on the brown marmorated stink bug, an 

invasive stink bug pest. This species has moved into California and is still in some of the rice 

producing counties in terms of “presence.” Research by this project previously showed that the 

brown marmorated stink bug can feed on rice and cause peck. This stink bug has been found 

feeding on rice and problems with brown marmorated stink bug have thus far been in urban 

environments or orchard crops. It has caused issues in field crops in other parts of its invaded 

range.  

 

During 2021, no new arthropod pests were found affecting rice in California, which is a good 

outcome. However, there are still a few organisms of concern in other areas of the US. The 

channeled apple snail remains a pest of concern that has been a problem in the southern states. 

This fresh-water snail is present in California since at least 1997 (Contra Costa, Riverside, San 

Diego, Los Angeles, and Kern counties). If their distribution increases, they could threaten rice 

crops in California as they have in Asia. Currently, management is focused on preventing spread 

of this pest to new areas. In addition, we aim to stay apprised of any developing situations with 

invasive arthropod pests that could hinder California rice production. 

 

In Texas, the rice planthopper (Tagosodes orizicolus) was found damaging ratoon rice in 2015 

and then again in 2018. This planthopper can transmit the “hoja blanca” virus, and is therefore an 

insect of concern. The planthopper was found in Texas in the late 50s and early 60s, but then 

disappeared until 2015. This pest (and the virus) are still being studied in Texas. 

 

Rice seed midge (complex of species) was possibly more problematic this year than it has been 

for a few years. It is not a new pest, but we discussed its management this past year and it is a 

pest that has not received much attention recently. We hope to conduct work on this pest moving 

forward.  
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CONCISE GENERAL SUMMARY OF CURRENT YEAR’S (2021) RESULTS: 
 

Research activities outlined in the proposal for 2021 focused on tadpole shrimp, with some 

small-scale work on rice water weevil. We performed additional work on armyworms. The shift 

away from rice water weevil, made nearly complete this year, had been a change made for the 

last two years. Our proposal had been focused only on tadpole shrimp given the budgetary 

constraints, but we still felt that armyworm work was important to the industry and thus included 

this pest in research activities in 2021 and in this report. 

We evaluated a wide range of insecticides for tadpole shrimp management using several 

different study methodologies (rings and buckets+rings) and varied rates and timings for a 

number of materials. We demonstrated that some materials hold promise as alternatives to 

pyrethroids. This included using multiple, lower rates of Dimilin and Belay. In addition, 

Evergreen Pro was very effective, although this material consists of pyrethrins, which are the 

naturally occurring insecticides pyrethroids are based on. CocoBear was again not effective, and 

we learned that Intrepid did not manage shrimp. We tested Vantacor, which is not currently 

labelled for rice in California, and which contains chlorantraniliprole (diamide). It was highly 

effective at all of the rates and timings we tested. We also tested mosquitofish as biological 

control for tadpole shrimp, and they proved effective at certain fish and shrimp density 

combinations. We had issues this season with bioassays for TPS pyrethroid resistance this year, 

but we will be continuing this important work to get a better handle on resistance levels across 

our region. 

We evaluated a number of insecticides for true armyworm management and generated good 

information on efficacy of various insecticides. Vantacor provided the same level of control as 

Intrepid, the current standard for armyworms in rice. Other products that significantly reduced 

armyworm populations only provided 60-80% control. As expected, the pyrethroid Mustang 

Max did not control armyworms. 

The rice water weevil light trap at the RES has been catching very few weevils in the past several 

years. This past year appeared to be another low-pressure year for the industry and while we are 

still working on these samples, we anticipate that the light trap will bear this out. This trend 

would continue the trend seen for the past decade. Questions still remain about what factors are 

driving these region-wide population trends. 

We also continued our work examining the temporal and spatial variability/consistency in true 

armyworm moth captures when using pheromone traps for monitoring. We found that at short, 

but not long temporal scales, moth captures can be consistent for specific traps (relative to 

nearby traps)), but that is not always the case. At a half mile scale, trap captures were sometimes 

aggregated spatially, indicating moth flights were localized to certain fields/parts of fields, but 

this was not always the case. These results help clarify how we can interpret trap captures from a 

monitoring network and also help inform how traps should be deployed (number, location, etc.) 

and captures interpreted if they are used by the industry by growers and PCA’s. 

We remained informed of possible new and invasive arthropod pests that could affect California 

rice. No new rice pests were found in California rice fields, although rice seed midge is an “old” 

pest that proved more problematic than it has tended to be and we hope to address management 

through future research.  
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Figures and Tables 
 

Table 1. Treatments tested in the open ring study for efficacy against tadpole shrimp. Costs given 

are estimates based on rate used and are only for material costs. 

 
  

Trt# Treatment AI Rate (oz/A) Timing Est. cost

1 Untreated  --  --  --

2 Warrior II Lambda-cyhalothrin 1.6 Soil app preflood $1.00

3 Warrior II Lambda-cyhalothrin 1.6 early, immediate postflood $1.00

4 Dimilin 2L Diflubenzuron 2 early, immediate postflood $1.20

5 Dimilin 2L Diflubenzuron 4 early, immediate postflood $3.70

6 Dimilin 2L Diflubenzuron 4 later (~6mm carapace) $3.70

7 Dimilin 2L Diflubenzuron 8 later (~6mm carapace) $7.30

8 Belay Clothianidin 1 early, immediate postflood $2.30

9 Belay Clothianidin 2 early, immediate postflood $4.50

10 Belay Clothianidin 2 later (~6mm carapace) $4.50

11 CocoBear** oil** 192 later (~6mm carapace) $25.50

12 Evergreen Pro 60-6 pyrethrins+piperonyl butoxide 2 early, immediate postflood $5.90

13 Evergreen Pro 60-6 pyrethrins+piperonyl butoxide 8 early, immediate postflood $23.50

14 Vantacor chlorantraniliprole 1.2 Soil app preflood ?

15 Vantacor chlorantraniliprole 1.7 Soil app preflood ?

16 Vantacor chlorantraniliprole 2.5 Soil app preflood ?

17 Vantacor chlorantraniliprole 1.2 early, immediate postflood ?

18 Vantacor chlorantraniliprole 1.7 early, immediate postflood ?

19 Vantacor chlorantraniliprole 2.5 early, immediate postflood ?

20 Intrepid methoxyfenozide 8 early, immediate postflood $16.90
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Figure 1. Total shrimp at end of open ring trial (netted). Timings are indicated by color. Exp. 

indicates the experimental treatment containing chlorantraniliprole. Eight days post-flood is the 

“late” treatment. There was a significant effect of treatment and differences among treatments 

are indicated with letters (treatments not sharing a letter are significantly different). Bars 

represent means and error bars represent ± 1 SE. 
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Figure 2. Summed counts of floating seedlings in the open TPS ring trial. Exp. indicates the 

experimental treatment containing chlorantraniliprole. There was a significant effect of treatment 

and differences among treatments are indicated with letters (treatments not sharing a letter are 

significantly different). Bars represent means and error bars represent ± 1 SE. 
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Figure 3. Yield (grain weight), moisture-corrected and measured at the end of the season for the 

open TPS ring trial. Exp. indicates the experimental treatment containing chlorantraniliprole. 

There was a significant effect of treatment and differences among treatments are indicated with 

letters (treatments not sharing a letter are significantly different). Bars represent means and error 

bars represent ± 1 SE. 
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Figure 4. Number of shrimp surviving (out of 10) four days after treatment. There was a 

significant effect of treatment and differences among treatments are indicated with letters 

(treatments not sharing a letter are significantly different). Bars represent means and error bars 

represent ± 1 SE. 
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Figure 5. Number of shrimp netted from the ring twelve days after treatment in the tadpole 

shrimp ring/bucket trial. There was a significant effect of treatment and differences among 

treatments are indicated with letters (treatments not sharing a letter are significantly different). 

Bars represent means and error bars represent ± 1 SE. 
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Figure 6. Effect of treatments in the biological control trial in J7 on summed tadpole shrimp 

counts. There was a significant effect of treatment and differences among treatments are 

indicated with letters (treatments not sharing a letter are significantly different). Values represent 

means and error bars represent ± 1SE. 
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Figure 7. Effect of treatments in the biological control trial in J7 on stand count. Differences 

among treatments are indicated with letters (treatments not sharing a letter are significantly 

different). Values represent means and error bars represent ± 1SE. 
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Figure 8. Effect of treatments in the biological control trial in J7 on root length of floating 

seedlings. There was a significant effect of treatment and differences among treatments are 

indicated with letters (treatments not sharing a letter are significantly different). Values represent 

means and error bars represent ± 1SE. 
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Figure 9. Effect of treatments in the biological control trial in Systems on summed shrimp 

counts. There was a significant effect of treatment and differences among treatments are 

indicated with letters (treatments not sharing a letter are significantly different). Values represent 

means and error bars represent ± 1SE. 
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Table 2. Trade name, active ingredient and resistance management group of products used in 

armyworm trial, Butte County, 2021. 

Treatment Active Ingredient IRAC* Group 

Javelin Bacillus thuringiensis kurstaki 11 

Vantacor Chlorantraniliprole 28 

Mustang Max Zeta-cypertmethrin 3A 

Dimilin Diflubenzuron 15 

Intrepid Methoxyfenozide 18 

SpearLep GS-omega/kappa-Hxtx-Hv1a 32 

Leprotec Bacillus thuringiensis kurstaki 11 

*Insecticide Resistance Management Group 

  



Project No. RP-3 
 

Table 3. Number of armyworm larvae/2 min search before and 4 and 7 days after treatment, 

Butte County, 2021. 

 
DAT=Days after treatment 

For each DAT, means followed by an asterisk are significantly different from the untreated mean 

(P < 0.05) 

  

0 DAT 4 DAT 7 DAT

Untreated -- 1.75 1.42 1.40

Javelin 1.5 lb 1.56 0.33 0.47

Vantacor 1.2 oz 1.22 0.58 0.20

Vantacor 1.7 oz 1.44 0.17 0.07

Mustang Max 4 oz 1 0.75 0.93

Dimilin 8 oz 2.11 0.75 0.80

Intrepid 10 oz 2 0.00 0.07

SpearLep+Leprotec 2pt+1pt 1.22 0.58 1.00

SpearLep+Leprotec 1pt+1pt 1.22 0.17 0.47

Leprotec 1pt 1.44 0.92 0.80

Treatment Rate/a
Number of larvae/2 min search

*

*

*

*

*

*

*

*

*

*

*
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Figure 10. Grid of pheromone traps used for the study in 2021. Traps were on a 0.5 mi grid 

located in Yolo Co. 
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Figure 11. Average trap captures across the trap grid in 2020 and 2021. Values represent means 

of all traps and error bars represent range of captures (upper limit=maximum capture, lower 

limit=minimum). 
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Figure 12. Correlation in moth captures between successive dates during 2020 and 2021. Only 

dates with sufficient moth captures to analyze are presented. Asterisks indicate [positive] 

correlations that were significant between successive dates. No asterisk indicate a non-significant 

correlation with P > 0.05. 

  



Project No. RP-3 

 
Figure 13. Correlation between Peak 1 and Peak 2 moth captures for 2020 and 2021. 

Correlations were separate for each year. Correlations were not significant with P > 0.05. 
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Figure 14. Correlation between peak moth captures for 2020 and captures for 2021. Correlations 

were separate for the first and the second peak. Correlations were not significant with P > 0.05. 
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Figure 15. Example outputs from the SADIE analysis examining spatial relationships for trap 

captures from 2021. Colors represent trap captures for that trap location. The aggregated pattern 

on the left is an example showing an aggregated spatial pattern, with areas with high counts, 

areas with medium counts, and areas with low counts. The random pattern on the right shows a 

“random” pattern in catches across the grid. 

 

  



Project No. RP-3 

 
Figure 16. Results from the SADIE analysis examining spatial relationships for trap captures 

from 2020 and 2021. Only dates with sufficient moth captures to analyze are presented. Options 

for the analysis were aggregated, uniform, or random. No dates had a uniform distribution. Dates 

with an aggregated distribution are marked with an asterisk. Dates with a random distribution do 

not have an asterisk. 

 

 


