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OBJECTIVES AND EXPERIMENTS CONDUCTED, BY LOCATION, TO 
ACCOMPLISH OBJECTIVES: 
 
OBJECTIVE 1) To evaluate current and new fungicides for management of stem rot, 
aggregate sheath spot (AGSS), and kernel smut. 
 
Methods 
 
Elven fungicide trials were conducted during 2020 at several location in the Sacramento Valley. 
Products used, their active ingredient, Fungicide Resistance Action Committee (FRAC) code 
number, and price per acre for products registered on rice are listed in table 1. Three trials 
targeted stem rot, four AGSS, and two kernel smut. Locations, variety, and dates are presented in 
table 2. Treatments were applied to 10x20 ft plots using a CO2-powered sprayer and replicated 
four times. All fungicide treatments included the surfactant Dyne-Amic at a rate of 5 pints/100 
gal, except for the Erickson Rd smut trial, in which the surfactant was Natural Wet at a rate of 1 
oz/gal. 
 



Stem rot and AGSS trials 
 
The stem rot trials were all conducted at the Rice Experiment Station in Biggs, CA, on a basin 
with a history of stem rot problems. Trials were fertilized pre-plant with 150 lb N/a as aqua 
ammonia and topdressed with 30 lbs/a of N as ammonium sulfate at the panicle initiation (PI) 
stage to promote disease development.  
 
In the silica trial, the effect of two silica-based amendments on stem rot incidence and severity 
were tested. MagmaHume (Specialty Granules LLC, MD) is a combination of 22% SiO2 and 
0.75% humic acids. Charmian Mill Fines (Specialty Granules Inc, MD) is basalt, with a 
composition of 4-12% SiO2. Both products were broadcasted over the soil pre-flood and lightly 
incorporated using a rake.  
 
In the RES trial, the products Flint and Tilt were used at rates that would provide the same 
amount of trifloxystrobin and propiconazole as Stratego applied at 19 oz/a. Flint is not registered 
on rice but was used because the sample of Stratego ran out. 
 
AGSS trials were conducted in commercial rice fields with a history of the disease. The Hwy 99 
trial was overspread with azoxystrobin two days before the treatment applications were made. 
Nevertheless, results are presented in this report. In this trial, only one application timing was 
tested because severe nutritional deficiencies caused heading to occur earlier than expected. 
 
Application timings were the mid boot and early heading stages. Mid boot treatments were 
applied when the panicle developing inside the main tiller was about 2-5 inches in length. This 
timing was included in the trials in response to the recent increase in kernel smut incidence and 
severity in the northern part of the Sacramento Valley. Research has shown that mid boot is the 
best time to apply fungicides to prevent kernel smut. However, early heading is the 
recommended application timing to manage stem rot and AGSS. If these two diseases could be 
managed with applications at the mid boot stage, then it would be possible to combine kernel 
smut with stem rot or AGSS fungicide applications, saving in application costs.  
 
To assess disease incidence and severity, tiller samples were taken from each plot at drain time. 
Samples consisted of tillers cut below the water level randomly from the front, middle, and back 
of each plot. A subset of 25 tillers per sample were used to rate stem rot or AGSS incidence and 
severity using the scale presented in table 3.  
 
To calculate disease incidence and severity, the following formulas were used: 
 

• % disease incidence = (number of tillers in categories 1-4) / total tillers*100 
• Disease severity = [å(number of tillers per category*category)] / total tillers 

 
Blast was observed on the Maxwell trial. To determine the incidence of blast, the number of 
blasted collars, panicles nodes, or panicles were counted in the tiller samples. 
 
 
 



Kernel smut trials 
 
Smut trials were conducted in fields with a history of high kernel smut incidence. In both trials, 
the effect of two nitrogen rates on smut incidence were tested in addition to fungicide treatments.  
 
In the Aguas Frias Rd trial, 130 lbs N/a were applied as aqua ammonia pre flood. Then, plots 
were topdressed at PI with 20 or 40 lbs N/a as ammonium sulfate. In the Erickson Rd trial, 
established in an organic field, 80 lbs N/a were applied as True Organics 4-4-2 pre flood. Plots 
were topdressed at PI with 20 or 40 lbs of N/a as True Organics 12-3-0. 
 
For both trials, fungicide treatments were applied at the mid to late boot stage. At harvest, grain 
samples were collected and processed using KOH. The KOH method consists in soaking three, 
25 g grain samples in a 0.27 M KOH solution (15 gr/lt) for 24 hours to clear the hulls and then 
counting the number of smutted kernels by placing the grain in a petri dish filled with water.  
 
Grain yield and milling quality determination 
 
All trials were harvested using a small plot combine. Grain samples were collected at harvest, air 
dried to 14% moisture content and then stored until milled. Determinations included milling 
yield, head rice yield, and kernel whiteness (for kernel smut trials only). Equipment used for 
milling is standard for the industry. 
 
Analysis 
 
The stem rot and AGSS trials were conducted as randomized complete blocks. The smut trials 
were conducted as split-plots, with N level as main plots and fungicide treatment as sub plots. 
Analysis of variance was used to detect differences among treatment means for parameters 
evaluated. When significant differences were detected, contrasts or Tukey’s range test were used 
to compare treatment means to untreated plot means. The level of a used was 0.10. 
 
Results and Discussion 
 
Stem Rot 
 
RES trial 
 
Stem rot incidence and severity in this trial was moderate to high (table 4). Incidence and 
severity were significantly affected by the treatments (P=0.009 and P<0.001, respectively). 
Quadris applied at the boot or early heading stages reduced incidence and severity by 50% and 
70%, respectively, compared to the control. Trifloxystrobin+propiconazole (Flint + Tilt) 
significantly reduced the severity of stem rot when applied at the boot stage, but only by 30%. 
OSO had no effect on the disease. 
 
Grain from plots treated with Quadris at the boot stage had a significantly lower moisture content 
than grain from control plots. This was unexpected; typically grain from Quadris treated fields 
have higher moisture content than untreated fields. However, this might not be relevant given 



that the difference is small and that grain moisture content was lower than recommended for 
harvest. Yield and grain quality were not significantly affected by the fungicide treatments.  
 
Silica trial 
 
Incidence was not significantly affected by the treatments, but severity was (P = 0.002) (table 5). 
All plots treated with Quadris, regardless of amendment treatment, had a significantly lower 
stem rot severity score than plots not treated with Quadris. On average, Quadris reduced stem rot 
severity 57% compared to the control.  
 
Yield was not significantly affected by the treatments (table 5). However, there was a significant 
(P=0.029, r2=0.198) relationship between stem rot severity and yield, indicating a 270 lb/a yield 
reduction for every one unit increase in stem rot severity (fig. 1). 
 
Albaugh trial 
 
Treatments did not have a significant effect on stem rot incidence but had a significant effect on 
severity (P=0.025). The reduction of stem rot severity was similar for all treatments, between 31 
and 43% from the control (table 6).  
 
Treatments had a significant effect on yield (P=0.013) (table 6). Treatment with Propistar + 
Azoxystar, ALB4010 + ALB4008, and ALB4003 + ALB4010 resulted in significant yield 
increases when compared to the control; these yield increases were 620, 768, and 931 lbs/a, 
respectively. Even though treatment with Azoxystar alone significantly reduced stem rot 
severity, it did not significantly increase yield.  
 
Treatments had a significant effect on milling (P=0.003) and head rice yield (P=0.086) (table 6). 
All treatments increased milling yield one point. ALB4003+ALB4010 increased milling yield 
three points. 
 
Azoxystar’s active ingredient is azoxystrobin. Trials conducted in the past  have shown that 
azoxystrobin can reduce sterm rot incidence and severity. Propistar’s active ingredient is 
propiconazole, which has no activity on stem rot and is used for smut management. It is unclear 
why the combination of both active ingredients resulted in higher yields than the treatment with 
Azoxystar alone. The reduction in stem rot severity by both treatments was similar. 
 
In this trial, there was a significant (P=0.038) linear relationship between stem rot severity and 
yield, with yields decreasing 330 lbs/a for every unit increase in stem rot severity (fig. 2). There 
was no relationship between disease severity and milling or head rice yield.  
 
 
 
 
 
 
 



Aggregate Sheath Spot 
 
Maxwell trial 
 
In this trial, disease level was low. During 2019, the main disease observed in this location was 
stem rot. In 2020, AGSS was the main disease. Blast was also observed in this trial, but at low 
levels.  
 
Fungicide treatments had a significant effect on AGSS incidence and severity (P=0.012 and 
P=0.009), with Quadris applied at heading resulting in significantly lower incidence (P=0.024) 
and severity (P=0.066) than the control (table 7).  
 
Yields were significantly (P=0.043) affected by the treatments (table 7). Plots treated with 
Quadris, Stratego at boot, and Serenade had significantly higher yields than the control. The 
yield advantage for all these treatments was similar and averaged 1,098 lbs/a. Stratego applied at 
heading did not result on a significantly higher yield than the control, however, the P level was 
close to significant (P=0.120). Treatments did not affect milling or head rice yield. 
 
Fungicide treatments had no significant effect on blast (table 7). However, there was a significant 
(P<0.001) linear relationship between the incidence of collar and neck blast and yield (fig. 3), 
while there was no relationship between AGSS incidence or severity and yield. This indicates 
that yield differences are due to blast.  
 
On average, across all treatments neck blast incidence was 0.7% and collar blast 3.4%. Neck 
blast is usually the most damaging form of the disease. In this trial, neck blast incidence was 
very low. Collar blast does not produce blanked panicles like neck blast, but it can affect the flag 
leaf and other leaves that play a role in grain filling. Tiller samples were taken when the field 
was being drained, 120 days after seeding. It is possible that the level of blast was higher than 
what the evaluation showed, the timing of tiller evaluation being too late to detect the true blast 
level. Additionally, blast was not uniformly distributed across the trial area, and that may be why 
treatments did not have a significant effect on blast incidence. 
 
Results of this trial indicate that Quadris applied at heading reduced AGSS incidence and 
severity. While the application at boot did not produce a significant reduction of the disease on 
this trial, previous trials have shown that Quadris can be effective against AGSS when applied at 
boot. Quadris, Stratego, and Serenade, applied at boot or heading, seemed to have had an effect 
on the incidence of blast, even though blast levels were not significantly different among 
treatments, and resulted in significantly higher yields than the control. 
 
Richvale trial 
 
Disease level in this trail was moderate. Treatmetns significantly affected AGSS incidence and 
severity (P<0.001 for both). Quadris, Excalia, and QuiltXcel significantly reduced both incidence 
and severity with respect to the control (table 8). The reduction in disease level was similar for 
the three products and timings. On average, AGSS incidence and severity of significant 
treatments was reduced 64% and 77% respectively, when compared to the control. 



 
Yields were significantly affected by treatments (P=0.028) (table 8). Treatments that reduced 
AGSS incidence and severity significantly increased yield. Additionally, Stratego applied at the 
boot stage also increased yield significantly (P=0.06) even though the treatment did not have an 
effect on the disease. Yield increases for significant treatments were similar and ranged from 440 
to 880 lbs/a, averaging 630 lbs/a.   
 
The linear relationships between disease incidence or severity and yield were significant 
(P=0.004 for incidence and P=0.006 for severity) (fig. 4). Yields decreased 290 lbs/a for a one 
unit increase in disease severity. 
 
Milling and head rice yield were significantly affected by the treatments (P=0.088 and P=0.052, 
respectively) (table 8). Application of Stratego at the boot stage resulted on a one point increase 
over the control in milling yield. Application of Quadris at heading and Stratego at boot 
produced a 3 and 4 point increase, respectively, in head rice yield over the control.  
 
Quadris and QuiltXcel both contain azoxystrobin, which has activity against AGSS. At the tested 
rates, the same amount of azoxystrobin was applied per acre for both products (114 gr/a). Results 
for both fungicides were similar. Excalia’s active ingredient is inpyrfluxam, a new active 
ingredient for California. In this and previous trials, Excalia has shown excellent activity against 
AGSS. Stratego’s active ingredient, trifloxystrobin, belongs to the same group as azoxystrobin, 
the strobularin fungicides. However, in this trial, Stratego did not have a significant effect on 
AGSS incidence or severity. 
 
Hwy 99 Trial 
 
This trial was oversprayed with azoxystrobin two days before treatments were applied. However, 
some information can be gained from this trial.  
 
Disease incidence and severity were significantly affected by the treatments (P=0.086 and 
P=0.062, respectively). The only treatment that reduced both parameters was Excalia applied at 2 
oz/a (table 9). Previous trials have shown that Excalia is very active against AGSS. 
 
Yields were not significantly affected by treatments. Yields were low. Foliar analysis showed 
that the field had a severe deficiency of potassium, with an average level of 0.3%. The critical 
level for deficiency is 1.2%. Past research has shown that AGSS severity is linearly related with 
potassium level, with more disease in fields with low potassium levels.  
 
Milling and head rice yield were not affected by the treatments. Head rice yields were very low. 
The area where the trial was established headed earlier than the rest of the field, most likely 
because of the deficiency of phosphorus and potassium and by the time the trial was harvested, 
grain moisture was on average 12.8%. This very low harvest moisture resulted in very low head 
rice yields. M-210 should be harvested at 19-22% moisture content to maximize head rice yield. 
 
To conclude, this trial shows that Excalia applied at heading at 2 oz/a can aid in reducing AGSS 
incidence and severity. 



 
Yuba City Trial 
 
In this trial, AGSS levels were moderate. Incidence and severity were significantly affected by 
the treatments (P=0.01 for both). Quadris applied at boot significantly reduced disease incidence 
and severity by 52 and 58%, respectively, compared to the control (table 10). Quadris applied at 
heading did not significantly reduce disease levels. Stratego significantly reduced AGSS 
incidence and severity by 41 and 61%, respectively. When applied at boot, Excalia significantly 
reduced disease incidence  and severity by 92 and 95%; when applied at heading, incidence and 
severity reduction was 51 and 69%. Yields were not significantly affected by the treatments.  
 
Treatments had a significant effect on milling and head rice yield (P=0.004 and P=0.003, 
respectively) (table 10). Milling yield was increased one point by application of Quadris at 
heading and OSO at boot. Head rice yield was increased one and a half points by application of 
Quadris at heading. Grain moisture content was affected by the treatments (P=<0.001); moisture 
content was significantly reduced when Excalia was applied at boot or heading. This is the first 
time this effect has been observed. The reduction was only 1%, but it affected milling and head 
rice yield, which were significantly lower than the control. Even though there were significant 
differences among treatments in grain quality, the differences were small. 
 
Unlike previous trials, in this trial application of Quadris at heading did not reduce disease 
levels. Excalia reduced disease levels at both timings, with the boot timing being highly 
effective. Stratego had a beneficial affect when applied at the heading stage.  
 
Kernel Smut 
 
Aguas Frias Trial 
 
Level of smut in this trial was low to moderate, ranging from 2 to 29 smutted kernels/25 g in 
untreated plots. For smut level, there was a significant (P=0.022) interaction between nitrogen 
level and treatment, indicating that some treatments behaved differently at each level of nitrogen 
tested. 
 
When the nitrogen level was 150 lbs/a, QuiltXcel significantly reduced the number of smutted 
kernels/25 g compared with the control (43% lower) (table 11). All other treatments resulted in 
smut levels not significantly different than the control. When the nitrogen level was 170 lbs/a, 
Tilt, QuiltXcel, quinoa extract at 64 oz/a, and ThermX, significantly reduced smut level (table 
11). Those treatments resulted in a 75, 51, 36, and 38% reduction in the number of smutted 
kernels/25 g compared to the control. 
 
When comparing untreated plots for each nitrogen level, the number of smutted kernels when the 
nitrogen rate was 170 lbs/a was significantly higher than when the nitrogen rate was 150 lbs/a. 
The extra 20 lbs/a of nitrogen doubled the amount of smut (table 11). 
 
When averaging the number of smutted kernels/25 g for both nitrogen rates, the treatment main 
effect was significant (P<0.001). The application of Tilt, QuiltXcel, and quinoa extract at the low 



rate resulted in a significant reduction in the level of smut when compared with the control (fig 
5). Tilt and QuiltXcel produced a 50% reduction in smut levels, while the quinoa extract reduced 
smut levels by 23%. When using the quinoa extract at the high rate, a reduction was not 
observed.  
 
There was a significant interaction between nitrogen and treatment for yield (P=0.043). When 
the nitrogen rate was 150 lbs/a, the use of QuiltXcel and ThermX resulted in significantly higher 
yields than the control, increasing yield 9 and 8%, respectively (table 11). While QuiltXcel 
reduced the level of smut, ThermX did not. When the nitrogen rate was 170 lbs/a, quinoa extract 
at 64 oz/a resulted in significantly higher yield than the control. The yield of plots treated with 
Tilt were not significantly different than the control but tended (P=0.114) to be higher. Both Tilt 
and quinoa extract reduced smut and increased yield by 6%. 
 
Milling yield was not affected by the interaction between nitrogen and treatment but was affected 
by treatment (P=0.03). QuiltXcel and quinoa extract at the high rate resulted in significantly 
higher milling yield than the control; however, the difference was small (0.6 for both treatments) 
and not practically meaningful. Head rice yield was not affected by nitrogen level, treatment or 
their interaction. For kernel whiteness, there was a significant interaction between nitrogen level 
and treatment (P=0.071). When nitrogen level was 150 lbs/a, treatment with quinoa extract at the 
low rate resulted in significantly higher kernel whiteness than the control (table 11). This result 
can not be explained by effect of the product on smut given that smut level for this treatment was 
not significantly different than the control. When nitrogen level was 170 lbs/a, none of the 
treatments produced kernel whiteness significantly different from the control. 
 
In this trial, there was no relationship between level of smut and grain yield, milling yield, or 
head rice yield per plot. Smut levels may not have been high enough to affect these parameters. 
Kernel whiteness was affected by the level of smut in the plots (P<0.001, r2=0.314). At low smut 
levels kernel whiteness was above 40%, while at high levels it was close to 38% (fig. 6). Linear 
regression shows that an increase in 10 smutted kernels/25 g reduced kernel whiteness by almost 
2 points. Grain moisture content did not affect milling or head rice yield. Head rice yield was 
poor, most likely due to the low moisture content at the time of harvest.  
 
In this trial, QuiltXcel was consistent in reducing the level of smut under both nitrogen levels 
tested. Tilt was highly effective in reducing smut only under the higher nitrogen level. The lack 
of significant effect of Tilt under the low nitrogen level may have been due to the lower level of 
smut. Similarly, at the higher nitrogen rate tested, quinoa extract at the 64 oz/a rate and ThermX 
significantly reduced smut when compared to the control; however, the reduction was not as 
large as with Tilt. While plot smut levels did not affect plot yields, treatment with QuiltXcel and 
quinoa extract reduced smut and increased yield, indicating a benefit of using these two products. 
Effects of the fungicides on other diseases may have also contributed to the effect on yield of 
these fungicides. 
 
Increasing the amount of nitrogen topdress 20 lbs/a resulted in a doubling of smut level, while 
not improving yield or grain quality. This indicates that managing the use of nitrogen to 
maximize yield but avoiding excess is an important component of smut management. 
 



Erickson Rd Trial 
 
Level of the smut in this trial were high and concentrated on the south west end of the trial. The 
number of smutted kernels/25 g in untreated plots ranged from 11 to 107. The aggregation of the 
disease may have affected the results of the trial. 
 
For number of smutted kernels/25 g, a significant (P=0.002) interaction was found between 
nitrogen rate and treatment. When the nitrogen rate was 100 lbs/a, application of OSO and 
quinoa extract reduced the level of smut compared to the control (table 12). Quinoa at 128 oz/a 
reduced smut the most (60% reduction from the control). However, when the nitrogen rate was 
120 lbs/a, none of the treatments resulted in a significant reduction of smut. It is unclear why the 
level of smut was affected by the treatments when the nitrogen rate was 100 lbs/a but not when 
the rate was 120 lbs/a. Nitrogen rate did not affect the level of smut. When averaging the number 
of smutted kernels/25 g by treatment only, the application of quinoa extract at 128 oz/a resulted 
in significantly (P=0.043) fewer smutted kernels/25 g than the control; however, the reduction 
was only 25% (fig. 7). 
 
Yield was not affected by treatment but it was significantly (P<0.001, r2=0.643) affected by smut 
level (fig. 8). As smut increased, yields decreased. The slope of the line relating smut and yield 
was 17.84, indicating that for each 10 smutted kernels, yields decreased 178.4 lbs.  
 
Milling or head rice yield were not significantly affected by nitrogen rate, treatment, or their 
interaction. Milling yield was significantly affected by smut level (P<0.001, r2=0.193) but head 
rice yield was not. Kernel whiteness was not affected by the treatments, but it was affected by 
level of smut (P<0.001, r2=0.493) (fig. 10). As smut increased, whiteness decreased linearly. For 
every 10 smutted kernels, whiteness percentage decreased 0.3 points. 
 
Because this was an organic trial, the level total nitrogen used was lower than what is typically 
used in conventional rice. This explains the lack of nitrogen effect on smut. The treatment effects 
were not consistent at the two nitrogen rates, making it difficult to draw conclusions about the 
fungicides tested. Smut level had a significant effect on grain, milling yield, and whiteness. Past 
research has shown that smut can also affect head rice yield. Head rice yield in this trial was very 
low; this low head rice yield may have been caused by errors during milling and not by kernel 
smut.  
 
Richvale Trial 
 
This trial was set up to test the efficacy of fungicides against AGSS but kernel smut was also 
present at low levels. There was a significant (P<0.001) effect of the treatments on the number of 
smutted kernels/25 g of grain (table 8). Treatment with QuiltXcel at boot or heading significantly 
reduced the number of smutted kernels/25 g compared to the control. None of the other 
treatments significantly reduced the level of smut, although treatment with Stratego resulted in a 
numerically lower level than the control.  
 
The fungicide propiconazole, present in QuiltXcel and Stratego, has activity against kernel smut. 
In this trial, only QuiltXcel significantly reduced the level of the disease. At the rates used, 



QuiltXcel provided 98 g/a of propiconazole, while Stratego provided 70 g/a. This might explain 
the lack of smut reduction with Stratego. As a comparison, application Tilt at its maximum label 
rate provides 128 g/a of propiconazole. 
 
At the levels of smut present in this trial, effects on yield or quality were not expected. 
 
 
OBJECIVE 2) Test methods to rate kernel smut and determine the effect of kernel smut on 
the yield and quality of rice. 
 
The effect of kernel smut on yield and quality of rice was explored in the kernel smut fungicide 
trials presented above. The work on rating methods is presented below. 
 
The kernel smut fungus produces spores that infect flowers and replaces the content of the kernel 
with a mass of spores. Infections occur probably during flowering, but the signs of the disease 
are not visible until approximately 30 days before harvest. At this time, it is too late to take any 
corrective action. Quantifying the level of smut could help growers explain yield or quality 
issues and plan for management actions the following season. The standard method to assess the 
level of kernel smut is to take a grain sample, soak it in KOH for 24 to clear the hulls, and then 
count the number of smutted kernels in the sample. This method is time consuming and difficult 
to implement. A field method to rate kernel smut could aid growers and PCAs evaluate their 
management actions and estimate the level of smut in their fields. 
 
Methods 
 
Two variety trials, Butte and Yuba, were selected to evaluate a field rating method. In the trials, 
plots of varieties M-105, M-206, and M-209 were selected a few days before harvest. Each 
variety was replicated four times. On these plots, three, 10-panicle samples were inspected in 
three different areas of the plot, for a total of 90 panicles inspected. For each panicle, the number 
of smutted kernels was recorded. Data was summarized as proportion of infected panicles per 
sample (panicles with at least one smutted kernel) or average number of smutted kernels per 
sample. 
 
For each plot, a grain sample was taken during harvest and processed using KOH as described in 
the fungicide trial methods. The relationship between the kernel smut field inspection and the 
KOH method was explored using linear regression. 
 
Results 
 
In the Butte variety trial smut levels were low to moderate, with M-105, M-206, and M-209 
averaging 5.1, 9.4 and 7.8 smutted kernels/25 g, respectively. The relationship between the 
average number of smutted kernels/10 panicles or the average proportion of infected panicles 
was not significantly related to the number of smutted kernels/25 g.  
 
In the Yuba variety trial smut levels were moderate to high. Smut levels were 9.2, 4.9, and 14 
smutted kernels/25 g, respectively. As in the Butte variety trial, the relationship between the 



average number of smutted kernels/10 panicles or the average proportion of infected panicles 
was not significantly related to the number of smutted kernels/25 g. However, the data shows a 
linear tendency (fig. 10). The lack of significance in both trials may be due to the low sample 
size. Only 12 data points were obtained for each trial.  
 
In the field, the proportion of infected panicles in a 10 panicle sample could be determined 
relatively easy. If this method is used, this year’s data indicate that when 50% of panicles are 
infected, the number of smutted kernels/25 g is about 10. Smut levels were not high on this trial, 
therefore is hard to predict the level of smut when the proportion of smutted kernels is higher 
than 60%. Data from field with a range of infections is needed to obtain better results.  
 
 
OBJECTIVE 3) Determine the susceptibility of California varieties to kernel smut. 
 
Methods 
 
Kernel smut was observed in two of the eight statewide variety trials conducted in 2020, Butte 
and Yuba. Advanced entries were evaluated by collecting a 400 g grain sample from each plot at 
harvest.  Three, 25 g subsamples were soaked in KOH for 24 h to clear hulls, and then the 
number of smutted kernels counted, as described in objective 1. For each advanced entry the 
average number of smutted kernels per 25 g was calculated and compared using Tukey’s test 
(a=0.1). 
 
Results and Discussion 
 
Overall smut levels were higher in Yuba (fig. 11). In both trials CH-202 had the lowest smut 
levels when compared with other varieties. Among the long grains, L-207 had higher levels of 
smut than L208. There were some inconsistencies between the trials. In Butte, M-211 and M-206 
had similar levels of smut than M-209, while in Yuba M-209 had significantly more smut than 
M-206 and M-211. In general, short grains had low levels of smut, except for the non-
commercial short grains in the Butte trial. 
 
In previous years, M-209 has been shown to be more susceptible to smut than other medium 
grains. This was observed in Yuba trial, but not in the Butte trial. Similarly, past trials have 
shown that long grains are more susceptible than medium and short grains, and that short grains 
tend to be the least susceptible. With a few exceptions, this was also observed this year. 
Differences in smut levels among varieties between the trials may be due to differences in 
environment, fertility, disease level, or sampling error.  
 
 
 
 
 
 
 
 



OBJECTIVE 4) Start epidemiological studies to better understand kernel smut 
distribution, incidence, and severity. 
 
4.1. Does seed soak with sodium hypochlorite (NaOCl) prevent smut dispersal? 
 
In 2018, a rice kernel smut epidemic occurred in the northern part of the Sacramento Valley. 
Growers and PCAs reported yield reductions and quality issues. Since then, application of 
propiconazole has been adopted to prevent kernel smut infection. Information developed in 
California in 1984 indicated that a 1% NaOCl seed treatment could inhibit the germination of 
spores found on the surface of the seed. To investigate if NaOCl can prevent smut dispersal, a 
study was conducted in collaboration with Casandra Swett, UC Davis Extension Plant 
Pathologist, and Shane Zhou, Texas A&M Rice Plant Pathologist. 
 
Methods 
 
Rice seed used was collected in 2018 from a heavily infested M-206 and L-206 trial. Rice seeds 
were soaked in three different treatments: sterile water, 2.5, and 5% Clorox solution. For the 
sterile water and 2.5% Clorox treatment, rice seeds were soaked for 24 h, and for the 5% Clorox 
treatments, seeds were soaked in the 5% solution for 2 hours and then in sterile water for 22 
hours. After treatments, seeds were shipped to Texas A&M Rice Research Center, Beaumont, to 
assess spore germination. Teliospores were collected from smutted seeds from different 
treatments. Collected teliospores were plated in 2% water agar and incubated at 28oC for two 
weeks, and then teliospore germination assessed. All primary sporidia germinated from the 
teliospores were transferred to potato dextrose agar and the kernel smut fungus identification 
confirmed.  
 
Results 
 
Germination of teliospores collected from the seed treatments were not consistent in different 
replications. Overall, teliospore germination was higher in seed treated with 5% Clorox (table 
13). In rice variety L-206, teliospore germination was higher in seeds treated with 2.5% and 5% 
Clorox than in seeds treated with sterile water. In rice variety M-206, teliospore germination was 
higher in seeds treated with 5% Clorox and lowest in seeds treated with 2.5% Clorox. 
 
Overall, this study suggests that treatment with a 2.5 or 5% Clorox solution does not inhibit 
spore germination. The discrepancy with previous results may be due to the concentration of 
Clorox used. In the 1984 study, seed was soaked for 24 h in a 1% NaOCl solution. It is unclear if 
the authors used a 1% solution of a commercial product. Given that the concentration of Clorox 
is 6% NaOCl, a 1% NaOClsolution would require using 16.6 gal Clorox/100 gal of water. This 
concentration would affect seed germination. Another possible explanation for the discrepancy is 
that in the 1984 study the spores used were obtained by washing off the surface of the seed after 
the soak. Perhaps spores within the kernel are less affected by the soak than those on the surface 
of the seed. 
 
 
 



4.2. Can viable spores be found in straw residue in field with history of smut? 
 
Work to accomplish this objective was not conducted this year.  
 
 
CONCISE GENERAL SUMMARY OF CURRENT YEAR’S RESULTS 
 
OBJECTIVE 1) To evaluate current and new fungicides for management of AGSS, stem 
rot, and kernel smut. 
 
Three stem rot trials were conducted in 2020.  

• In two trials, Quadris applied at boot or heading reduced incidence and severity of the 
disease. Azoxystar, a product with the same active ingredient as Quadris, also reduced 
stem rot severity. Yield increases from these fungicides ranged from 330 to 620 lb/a. 

• In two stem rot trials, as stem rot increased, yield decreased. This reduction ranged from 
270 to 330 lbs/a for every one unit increase in the stem rot severity scale. 

• Trifloxistrobin (the active ingredient of Stratego) had a small effect on stem rot when 
applied at boot. 

 
Four AGSS trials were conducted in 2020.  

• Quadris, QuiltXcel, and Excalia reduced AGSS incidence and severity when applied at 
boot or heading. Excalia was highly effective.  

• In only one trial Stratego produced a reduction in AGSS levels. 
• In one trial, yield increased on average 630 lbs/a when using Quadris, QuiltXcel or 

Excalia. 
• In one trial, the relationship between AGSS severity and yield showed a reduction of 290 

lbs/a for every one unit increase in the AGSS severity scale. 
 
Two kernel smut trials were conducted in 2020.  

• Application of Tilt or QuiltXcel reduced the levels of kernel smut by over 50%, resulting 
in a yield advantage of 480 lbs/a. 

• Quinoa extract reduced kernel smut levels by 25%. 
• Increaseing the topdress rate from 20 to 40 lbs/a resulted in doubling of the smut level. 
• For variety A-201, yield losses due to kernel smut increased 178 lb/a for every 10 

smutted kernels/25 g. 
 
OBJECIVE 2) Test methods to rate kernel smut and determine the effect of kernel smut on 
the yield and quality of rice. 
 

• The proportion of panicles infected with kernel smut in the field as a method to rate 
kernel smut level was evaluated. In one field the relationship tended to be linear, showing 
that a level of 50% infected panicles corresponded to 10 smutted kernels/20 g of grain. 

 
 
 
 



OBJECTIVE 3) Determine the susceptibility of California varieties to kernel smut. 
 

• Two variety trials were evaluated for kernel smut. Overall long grains showed higher 
levels of smut than medium and short grains. 

• CH-202 had the lowest level of smut in both trials. 
• L-207 had higher levels of smut than L-208 
• M-209 seemed to be more susceptible in one trial, but similar to other medium grains in 

the second trial. 
 
OBJECTIVE 4) Start epidemiological studies to better understand kernel smut 
distribution, incidence, and severity. 

• Seed soak with 2.5% and 5% Clorox solutions did not reduce the germination of kernel 
smut spores. 

  



Table 1. List of fungicides used in the 2020 fungicide trials. 
 
Product Active ingredient FRAC Group Reference price ($/a) 
QuiltXcel azoxystrobin (13.5%) + 

propiconazole (11.7%) 
11(strobularin) + 3 
(triazole) 

40 

Quadris azoxystrobin (22.9%) 11 (strobularin) 25 

Azoxystar azoxystrobin (22.9%) 11 (strobularin) 15 

Stargus Bacillus amyloliquefaciens 
strain F727 cells and spent 
fermentation media 
(96.4%) 

44 (microbial) -- 

Serenade Bacillus subtilis strain 
QST 713  

44 (microbial) 17 

Regalia extract of Reynautria 
sachalinensis (5%) 

P05 (plant extract) 27 

Excalia  inpyrfluxam 7 (succinate-
dehydrogenase 
inhibitor) 

-- 

OSO polyoxin D zinc salt (5%) 19 (polyoxins) -- 

Tilt propiconazole (41.8%) 3 (triazole) 7 

Propistar propiconazole (41.8%) 3 (triazole) 6 

ThermX70 Saponin extract from 
Yucca schidigera (20%) 

P05 (plant extract) 10 

Stratego trifloxystrobin (11.4%) + 
propiconazole (11.4%) 

11(strobularin) + 3 
(triazole) 

26 

-- Quinoa extract -- -- 

ALB4003 -- -- -- 

ALB4008 -- -- -- 

ALB4010 -- -- -- 

 
  



Table 2. Trial locations, treatment, evaluation, and harvest dates for the 2020 fungicide trials. 
 

Location Target Variety Seeding 
date 

Application dates 
(DAS*, stage) 

Tiller 
samples 

Harvest 
date 

Biggs, 
Butte 
County 
(RES) 

Stem rot M-206 6/1 
8/6 (66 DAS, mid boot) 
8/19 (79 DAS, early 
heading) 

9/21 10/20 

Biggs, 
Butte 
County 
(Silica) 

Stem rot M-206 6/1 
8/19 (79 DAS, early 
heading) 

10/4 10/20 

Biggs, 
Butte 
County 
(Albaugh) 

Stem rot M-206 6/1 
8/19 (79 DAS, early 
heading) 

10/4 10/20 

Maxwell, 
Colusa 
County 

AGSS M-209 4/29 
7/15 (77 DAS, mid boot) 
7/28 (90 DAS, early 
heading) 

8/27 9/15 

Richvale, 
Butte 
County 

AGSS, 
smut 

M-209 5/8 
7/21 (74 DAS, mid boot) 
7/31 (84 DAS, early 
heading) 

9/8 10/1 

Hwy 99, 
Butte 
County 

AGSS M-209 5/2 
7/22 (81 DAS, early 
heading) 

9/2 9/30 

Yuba City, 
Sutter 
County 

AGSS M-209 4/28 
7/14 (77 DAS, mid boot) 
7/27 (90 DAS, early 
heading) 

8/31 9/23 

Aguas 
Frias Rd, 
Butte 
Coutny 

Smut A-201 5/19 8/10 (83 DAS, late boot) - 10/16 

Erickson 
Rd, Butte 
County 

Smut A-201 5/3 8/4 (93 DAS, mid boot) - 10/12 

*=Days after seeding 
  



Table 3. Stem rot and aggregate sheath spot disease severity scale. 
 

Category Stem rot Aggregate sheath spot 

0 No disease No disease 

1 Disease lesions on outer leaf sheath 
Disease affecting second leaf below flag 
leaf or lower 

2 Disease lesions have penetrated into 
inner leaf sheaths 

Disease affecting leaf below flag leaf 

3 Disease lesions on culm Disease affecting flag leaf 

4 Culm is rotted though Disease affecting panicle 

 
  



Table 4. Parameters evaluated for the RES stem rot trial, Biggs, Butte County, 2020. 
 

Treatment Timing Rate 
(oz/a) 

Incidence 
(%) Severity MC Yield 

(lb/a) 
MY 
(%) 

HRY 
(%) 

Untreated -- -- 74.67 1.88 13.93 7,685 66.02 45.70 

Quadris Boot 
15.5 

 
39.31* 0.51* 13.18* 8,235 66.79 43.18 

Quadris Heading 15.5 40.02* 0.58* 13.35 8,167 67.44 46.10 

Flint + Tilt Boot 3 lb + 5 oz 72.94 1.31* 13.40 8,455 68.21 48.78 

Flint + Tilt Heading 3 lb + 5 oz 60.72 1.33 13.63 8,699 68.44 48.70 

OSO Boot 6.5 85.07 1.89 14.13 8,345 67.06 48.80 

OSO Heading 6.5 94.88 2.36 13.95 8,371 67.34 48.85 

MY=Milling yield, HRY=Heard rice yield 
* Significantly different from the untreated (P<0.1) 
  



Table 5. Parameters evaluated for the silica stem rot trial, Biggs, Butte County, 2020. 
 

Treatment Timing Rate/a Incidence 
(%) Severity MC Yield (lb/a) 

Untreated -- -- 87.22 2.56 14.00 7,870 

Magma 
Hume 

Pre-plant 30 lbs 75.38 2.08 13.53 8,567 

Charmian 
Mill Fines 

Pre-plant 200 lbs 84.88 2.29 13.70 8,481 

Magma 
Hume + 
Quadris 

Pre-plant 
+ 

Heading 

30 lbs + 
15.5 oz 

55.53 0.98* 13.30 8,686 

Charmian 
Mill Fines 
+ Quadris 

Pre-plant 
+ 

Heading 

200 lbs + 
15.5 oz 

53.97 0.81* 14.63 8,511 

Quadris Heading 15.5 oz 56.61 1.17* 13.73 8,713 

* Significantly different from the untreated (P<0.1) 
 
  



Table 6. Parameters evaluated for the Albaugh stem rot trial, Biggs, Butte County, 2020. 
 

Treatment Timing Rate/a Incidence 
(%) Severity MC Yield 

(lb/a) 
MY 
(%) 

HRY 
(%) 

Untreated -- -- 81.00 2.33 13.84 8,262 67.20 50.63 

Propistar + 
Azoxystar 

Heading 
6 oz + 
15 oz 

66.47 1.33* 14.15 8,882* 68.52* 52.36 

ALB4010 
+ 

ALB4008 
Heading 

6 oz + 
15 oz 

86.00 1.50* 13.85 9,030* 68.12* 49.56 

Azoxystar Heading 15 oz 82.35 1.54* 13.75 8,443 68.79* 52.20 

ALB4003 
+ 

ALB4010 
Heading 22 oz + 

3.76 oz 
86.31 1.60* 14.35 9,193* 68.77* 53.55* 

MY=Milling yield, HRY=Heard rice yield 
* Significantly different from the untreated (P<0.1) 
 
  



Table 7. Parameters evaluated for the Maxwell AGSS trial, Colusa County, 2020. 
 

Treatment Timing 
Rate 
(oz/a) 

 
Incidence 

(%) Severity 
Collar 
blast 
(%) 

Neck 
blast 
(%) 

MC Yield (lb/a) MY 
(%) HRY (%) 

Untreated -- -- 41.23 0.54 1 7 25.67 7,952 69.36 62.69 

Quadris Boot 15.5 26.39 0.31 0 4 25.85 9,204* 69.31 63.15 

Quadris Heading 15.5 18.50* 0.23* 1 3 26.42 8,910* 68.12 60.48 

Stratego Boot 19 45.15 0.61 0 0 26.18 8,992* 69.84 63.71 

Stratego Heading 19 45.16 0.53 0 5 26.23 8,674 69.84 63.89 

OSO Boot 6.5 61.00 0.82 1 5 25.65 8,125 70.44 64.83 

OSO Heading 6.5 54.82 0.88* 1 3 25.33 8,069 68.84 62.41 

Serenade Boot 64 60.83 0.82 1 4 25.75 8,996* 68.69 62.51 

Serenade Heading 64 66.85 0.87 1 0 25.83 9,149* 69.19 62.35 
MY=Milling yield, HRY=Heard rice yield 
* Significantly different from the untreated (P<0.1) 
 



Table 8. Parameters evaluated for the Richvale AGSS trial, Butte County, 2020. 
 

Treatment Timing Rate 
(oz/a) Incidence (%) Severity Smut/ 

25 g MC Yield 
(lb/a) MY (%) HRY (%) 

Untreated -- -- 79.19 1.34 1.33 18.18 9,576 68.78 49.49 

Quadris Boot 15.5 26.62* 0.32* 1.75 18.43 10,177* 68.96 51.50 

Quadris Heading 15.5 26.25* 0.27* 1.08 18.73 10,420* 69.09 52.36* 

Stratego Boot 19 73.62 1.18 0.75 18.55 10,054* 69.35* 53.01* 

Stratego Heading 19 80.16 1.39 0.58 17.75 9,878 68.58 48.66 

Excalia  Boot 2 22.11* 0.24* 0.75 17.98 10,456* 68.31 47.79 

Excalia Heading 2 45.50* 0.50* 1.92 18.35 10,043* 68.97 50.45 

OSO Boot 6.5 93.08 1.79 2.33* 17.83 9,957 68.64 50.15 

OSO Heading 6.5 79.31 1.45 2.00 18.85 9,682 68.39 49.15 

QuiltXcel Boot 27 21.08* 0.21* 0.42* 19.33* 10,019* 68.51 50.44 

QuiltXcel Heading 27 28.30* 0.31* 0.25* 18.95* 10,288* 68.90 50.79 
MY=Milling yield, HRY=Heard rice yield 
* Significantly different from the untreated (P<0.1) 
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Table 9. Parameters evaluated for Hwy 99 AGSS trial, Butte County, 2020. 
 

Treatment Timing Rate 
(oz/a) 

Incidence 
(%) Severity MC Yield 

(lb/a) 
MY 
(%) 

HRY 
(%) 

Untreated -- -- 60.46 1.30 13.13 6,789 66.25 19.39 

Quadris Heading 15.5 47.21 0.95 13.08 6,524 66.29 17.95 

Stratego Heading 19 72.54 1.39 12.95 6,654 65.36 16.51 

OSO Heading 6.5 54.02 1.16 12.80 6,062 65.20 15.54 

OSO Heading 13 57.00 1.23 12.88 6,371 66.23 17.95 

Excalia Heading 1 57.99 1.01 12.75 6,176 65.53 15.69 

Excalia Heading 2 29.00* 0.48* 12.75 5,977 65.71 15.50 

Regalia Heading 64 42.00 0.96 12.80 6,397 65.64 17.09 

Serenade Heading 64 74.05 1.54 12.83 6,499 65.99 18.02 
MY=Milling yield, HRY=Heard rice yield 
* Significantly different from the untreated (P<0.1) 
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Table 10. Parameters evaluated for Yuba City AGSS trial, Sutter County, 2020. 
 

Treatment Timing Rate 
(oz/a) 

Incidence 
(%) Severity MC Yield 

(lb/a) 
MY 
(%) 

HRY 
(%) 

Untreated -- -- 75.15 1.20 18.38 10,508 69.81 64.54 

Quadris Boot 15.5 36.00* 0.50* 18.70 10,643 69.81 64.63 

Quadris Heading 15.5 64.75 0.94 18.73 10,358 70.51* 66.08* 

Stratego Boot 19 62.01 0.95 18.10 10,419 70.03 65.05 

Stratego Heading 19 43.81* 0.46* 18.83* 10,633 70.04 65.19 

Excalia Boot 2 5.85* 0.06* 17.70* 10,829 69.31* 63.01* 

Excalia Heading 2 36.46* 0.37* 17.38* 10,830 69.61 63.53 

OSO Boot 6.5 63.31 1.00 18.28 10,334 70.32* 65.55 

OSO Heading 6.5 47.11* 0.84 18.58 10,523 69.66 64.66 
MY=Milling yield, HRY=Heard rice yield 
* Significantly different from the untreated (P<0.1) 
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Table 11. Parameters evaluated for Aguas Frias Rd smut trial, Butte County, 2020. 
 

N level Treatment Rate 
(oz/a) 

Smut/ 
25 g MC Yield 

(lb/a) 
MY 
(%) HRY (%) Whiteness 

(%) 
150 
lb/a Untreated -- 6.92  14.09 7,557 63.96 33.81 41.98 

Tilt 10 5.58 14.70 7,805 64.63 35.30 40.95 

QuiltXcel 27 3.92* 14.26 8,266* 64.63 32.33 42.43 

OSO 6.5 8.33 14.41 7,842 64.31 33.49 40.15* 

OSO 13 7.83 14.23 8,005 64.58 33.51 40.63 

Quinoa 
extract 64 6.92 13.63 7,540 63.86 31.63 43.53* 

Quinoa 
extract 128 9.83 14.19 7,818 64.72 33.66 40.95 

ThermX 14 8.33 13.47 8,163* 64.35 33.46 41.50 

170 
lb/a Untreated -- 12.33 15.59 7,776 64.47 32.65 40.70 

Tilt 10 3.08* 14.18 8,239 64.31 31.67 42.15 

QuiltXcel 27 6.00* 14.60 7,899 65.14 33.54 40.78 

OSO 6.5 13.83 14.47 7,673 63.83 32.61 41.10 

OSO 13 10.11 14.68 7,406 64.49 33.77 40.57 

Quinoa 
extract 64 7.83* 14.38 8,265* 64.73 34.54 41.03 

Quinoa 
extract 128 10.17 14.52 7,798 64.98 33.94 41.00 

ThermX 14 7.58* 14.68 7,938 64.81 33.61 41.03 

MY=Milling yield, HRY=Heard rice yield, whiteness based on Kett C-300 calibrations 
For each N level, means followed by * indicate they are significantly different from the untreated 
(P<0.1). 
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Table 12. Parameters evaluated for Erickson Rd Trial, Butte County, 2020. 
 

N level Treatment Rate 
(oz/a) 

Smut/ 
25 g MC Yield 

(lb/a) 
MY 
(%) HRY (%) Whiteness 

(%) 
100 
lb/a Untreated -- 55.08 20.96 7,612 60.43 24.06 42.67 

OSO 6.5 37.92* 19.17 8,194 58.90 15.41 40.63 

OSO 13 37.33* 19.47 7,837 59.69 16.61 41.65 

Quinoa 
extract 64 35.08* 19.05 8,301 60.09 19.41 42.68 

Quinoa 
extract 128 21.50* 18.96 8,097 61.57 23.09 42.63 

ThermX 15 49.75 20.23 7,923 58.74 16.79 42.48 

Serenade 64 48.00 20.56 7,877 61.74 26.15 41.55 

Regalia 64 44.50 20.18 7,938 61.61 27.43 41.65 

120 
lb/a Untreated -- 36.00 19.80 8,291 61.19 22.06 42.88 

OSO 6.5 51.50* 19.99 8,190 60.19 18.01 42.40 

OSO 13 59.08* 20.59 8,014 60.43 23.99 41.17 

Quinoa 
extract 64 43.75 20.17 8,240 60.69 21.78 42.22 

Quinoa 
extract 128 47.67 20.08 8,001 60.88 25.20 40.75 

ThermX 15 48.50 20.04 7,871 61.35 25.25 41.95 

Serenade 64 56.83* 20.16 8,076 61.08 24.60 41.53 

Regalia 64 45.92 19.71 8,068 60.16 22.75 41.83 

MY=Milling yield, HRY=Heard rice yield, whiteness based on Kett C-300 calibrations 
For each N level, means followed by * indicate they are significantly different from the untreated 
(P<0.1) 
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Table 13. Percentage of kernel smut teliospore germination from rice seed collected in California 
in 2018. Beaumont, TX. 2020. 
 

Variety 
 

Smutted 
kernels/25 g 

Treatments 

Sterile water  2.5 % Clorox  5% Clorox  

L-206 28 2.08 % 4.2 % 4.2 % 

M-206 22 3.5 % 3.13 % 15.6 % 
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Fig. 1. Linear relationship between stem rot severity and yield, Silica trial, Biggs, Butte County, 
2020. 
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Fig. 2. Linear relationship between stem rot severity and yield, Albaugh stem rot trial, Biggs, 
Butte County, 2020. 
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Fig. 3. Linear relationship between blast incidence and yield, Maxwell AGSS trial, Colusa 
County, 2020. 
  



Project No RP-2 
 

 

 

 
Fig. 4. Linear relationship between aggregate sheath spot incidence and severity, Richvale AGSS 
trial, Butte County, 2020. 
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Fig. 5. Average number of smutted kernels/25 g of grain, Aguas Frias smut trial, Butte County, 
2020. * Significantly different from the untreated (LSD, P<0.1). 
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Fig. 6. Linear relationship between level of smut and kernel whiteness, Aguas Frias smut trial, 
Butte County, 2020. 
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Fig. 7. Average number of smutted kernels/25 g of grain, Erickson Rd smut trial, Butte County, 
2020. 
* Significantly different from the untreated (LSD, P<0.1). 
  

* 
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Fig. 8. Relationship between number of smutted kernels and yield, Erickson Rd trial, Butte 
County, 2020.  
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Fig. 9. Linear relationship between level of smut and kernel whiteness, Erickson Rd smut trial, 
Butte County, 2020. 
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Fig. 10. Relationship between number of smutted kernels/25 g determined by the KOH method 
and the average number of smutted kernels/panicle or the proportion of infected panicles/sample 
for three medium grain varieties (M-105, M206, and M209), Yuba variety trial, Yuba County, 
2020. 
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Fig. 11. Number of smutted kernels in advanced entries in two variety trials, 2020. Bars labeled 
with different letters differed significantly (Tuckey’s test, P<0.1). S=short grain, M=medium 
grain, L=long grain. 
 
 

Butte a 

abcd 

ab 

cde 
de 

e 

abc 

bcd 

ab 

cde 
bcd 

cde 

ab 

e 

Yuba 

cde 

ef 

bcd 

ef 

def 
ef 

ab 

ef ef 

abc 

ef 
cde 

a 

e 

S L S M M M 

S L S M M M 


