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OBJECTIVES AND EXPERIMENTS CONDUCTED, BY LOCATION, TO 
ACCOMPLISH OBJECTIVES: 
 
Objective 1: To evaluate timing and potential of fungicide applications for aggregate sheath 
spot, stem rot, and kernel smut management. 
 
Disease levels 
 
To accomplish objective 1, several fungicide trials were conducted in commercial fields and at 
the Rice Experiment Station (RES) in Biggs. In these trials, stem rot and aggregate sheath spot 
were present at various levels, with stem rot being the prevalent disease (figure 1). Kernel smut 
was not found in any of the trials.  
 
Relationship between incidence and severity 
 
Data from all fungicide trials showed that for stem rot, disease incidence increased linearly until 
it reached 100% when the disease severity rating reached approximately 2. After that, the 
incidence remains high, but the severity continues to increase until it reached its maximum of 4 
(figure 2). Because aggregate sheath spot levels were low, the relationship between incidence 
and severity was not clear. For stem rot, the relationship indicates that when rating the levels of 
stem rot, severity is a better measure because it gives more resolution into what degree of disease 
is present in the field. For example, a field with 100% incidence can be at a severity level  2, 3 or 
4. 
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Fig. 1. Incidence and severity of stem rot and aggregate sheath spot ± SEM in fungicide trials 
conducted during 2017. Stem rot was the dominant disease. Severity is on a scale of 0 to 4, see 
the fungicide trials methods for description of scale. 
 
Effect of diseases on rice yield and milling quality 
 
In the trials, the standard product used for comparing treatments was Quadris or its active 
ingredient azoxystrobin applied at heading, which is used in almost 50% of the rice acreage. This 
fungicide has been in use since the identification of blast in California in the late 1990s. Its 
efficacy on blast and aggregate sheath spot has been well established, but positive results in 
controlling stem rot were not obtained until trials conducted in 2012 and 2013. These results 
have been validated in our fungicide trials as well. 
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Fig. 2. Relationship between incidence and severity for stem rot and aggregate sheath spot for 
fungicide trials conducted in 2017. Levels of stem rot ranged from low to high, while levels of 
aggregate sheath spot were mostly low. 
 
Compiling the data from all trials, it is possible to assess the effect of stem rot, the main disease 
observed on the trials, on grain, milling and head rice yield. Grain, milling and head rice yields 
were transformed to relative terms by dividing the yield of each plot by the yield of plots treated 
with azoxystrobin at heading for its corresponding replication.  
 
Stem rot severity was significantly related to grain, milling, and head rice yield (P<0.001, 
P<0.001, and P=0.003, respectively) (figure 3). High levels of stem rot can reduce grain yield by 
10%, milling yield by 2% and head rice yield by 5%. These levels of reduction have been 
observed in experiments and in affected commercial fields in the past. Aggregate sheath spot 
severity did not significantly relate to any of the relative yields. Most likely, this is because of 
the low levels of this disease on the trials.  
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Fig. 3. The relationship between grain, milling and head rice yield and stem rot severity. All 
three measures decreased as the level of stem rot increased. 
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Fungicide trials 
 
Eleven fungicide trials were conducted during 2017. The objective of the trials were to: 

a. Confirm the efficacy of Quadris against stem rot. 
b. Test a “propanil” application timing (45 days after seeding, DAS) for Quadris to 

control stem rot. 
c. Test new and experimental fungicides for control of stem rot and aggregate sheath 

spot. 
 
A list of all products, active ingredients, and Fungicide Resistance Action Committee (FRAC) 
group is presented in table 1. The FRAC group can be used to establish rotation patterns to avoid 
the development of resistance of the pathogens to the fungicides. 
 
Table 1. List of products used in the 2017 fungicide trials. 
 

Product Active Ingredient FRAC Group 
Quadris azoxystrobin 11 (strobularin) 
Sercadis fluxapiroxad 7 (succinate-dehydrogenase inhibitor) 
Amistar Top azoxystroin + difeconazole 11 (strobularin) + 3 (triazole) 
Cover XL azoxystrobin 11 (strobularin) 
Serenade Bacillus subtilis strain QST 713 44 (microbial) 
Sonata Bacillus pumilus strain QST 2808 44 (microbial) 
SP2700 Fermentation from soil bacteria unknown 
Regalia Reynautria sachalinensis P05 (plant extract) 
 
A. Commercial field fungicide trials 
 
Methods 
 
These trials were conducted at three commercial field locations. Additionally, trials were also 
established at the Rice Experiment Station (RES) in Biggs at a basin managed just as a 
commercial field (no other experiments in this basin). At each location, two trials were 
established. One of the trials compared Quadris, Sercadis and Amistar Top. The second trial 
looked at two new fungicides, Sonata and Sercadis, used at different rates and timings. All 
fungicide treatments were applied to 10 x 20 ft plots using a CO2-powered sprayer. 
 
Variety and dates are presented in table 2. Fields were managed using standard agronomic 
practices. Fields where the trials were established did not receive a fungicide application. To 
promote disease development, plots were topdressed with 20 lbs/a of N at PI in addition to the 
total N rate used by the grower (table 2). All fungicide treatments included the surfactant Dyne-
Amic at a rate of 5 pints/100 gal. 
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Table 2. Trial locations, varieties and dates for commercial fields fungicide trials. 
 

Trial 
location 

Variety Planting 
date 

45 DAS 
application 

85 DAS 
application 

Disease 
sampling 

Harvest 
date 

Total N 
(lb/a) 

Maxwell M-206 11 May 27 June 24 July 28 Aug 27 Sept 150 
Colusa CM-101 23 May 30 June 10 August 5 Sept 7 Oct 120 
Williams M-206 24 May 6 July 11 August 11 Sept 11 Oct 150 
Biggs M-206 8 June 11 July 21 August 2 Oct 25 Oct 150 
 
To assess disease incidence and severity, tiller samples were taken from each plot right before or 
after the fields were drained for harvest. Samples consisted of a subsample of tillers cut below 
the water level randomly from the front, middle, and back of each plot. Two subsets of 25 tillers 
per sample (10 tillers in the Biggs trial) were used to rate stem rot or aggregate sheath spot 
incidence and severity using the scale presented in table 5.  
 
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 lessions 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 

 
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 = [∑(number of tillers per category*category)] / total tillers 

 
Plots were harvested using a small plot combine. Grain samples from each plot were collected at 
harvest, air dried to 14% moisture content and then stored until sent for milling and head rice 
yield determination at California Agri Inspections (Sacramento, CA). The samples taken from 
the Colusa trial were not large enough for milling quality determination, and therefore milling 
and head rice yield for that trial were not obtained. 
 
The experiments were conducted as randomized complete blocks with 4 replications. Analysis of 
variance was used to detect differences among treatment means for parameters evaluated.  
To separate treatment means of significant effects, Tukey’s honestly significant difference 
(HSD) or Least Significant Difference (LSD) test were used. The level of α used for all analyses 
was 0.05. 
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Quadris, Sercadis and Amistar Top Trials 
 
Table 4. Quadris, Sercadis and Amistar Top trial treatments. 
 

Treatment Application Timing Rate/a 
Untreated - - 
Sercadis Heading 0.13 lb (6.8 fl oz/a) 
Quadris 45 DAS 15.5 fl oz 
Quadris Heading 15.5 fl oz 
Amistar Top Heading 14 fl oz 
 
Results and Discussion 
 
Maxwell 
 
Stem rot incidence and severity were significantly affected by the treatments (F=4.388; d.f.=4, 
12; P=0.02 and F=4.194; d.f.=4, 12; P=0.024). Amistar Top and Quadris applied at heading 
significantly reduced the incidence and severity of stem rot when compared to the untreated. 
Stem rot in plots treated with Sercadis and Quadris at 45 DAS were similar to the untreated. 
 
Table 5. Stem rot incidence and severity for the Maxwell trial. 
 

Treatment Timing Incidence (%) Severity 
Untreated - 67.05 b 1.22 c 
Sercadis Heading 69.24 b 1.15 c 
Quadris 45 DAS 49.58 ab 1.05 bc 
Quadris Heading 29.77 a 0.59 ab 
Amistar Top Heading 35.89 a 0.47 a 
 
Aggregate sheath spot incidence and severity were significantly affected by the treatments 
(F=6.168; d.f.=4, 12; P=0.006 and F=6.694; d.f.=4, 12; P=0.005). None of the fungicides 
significantly reduced the incidence or severity of the disease when compared to the untreated; 
however, plots treated with Quadris at heading and Amistar Top had tended to have lower 
incidence and severity than the untreated plots. Plots treated with Sercadis had significantly 
higher aggregate sheath spot incidence and severity than the untreated plots and plots treated 
with Quadris at heading and Amistar Top. 
 
Table 6. Aggregate sheath spot incidence and severity for the Maxwell trial. 
 

Treatment Timing Incidence (%) Severity 
Untreated - 25.85 ab 0.35 ab 
Sercadis Heading 52.96 c 0.73 c 
Quadris 45 DAS 37.75 bc 0.46 bc 
Quadris Heading 11.25 a 0.13 a 
Amistar Top Heading 12.00 a 0.13 a 
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Grain moisture content at harvest and yield were not significantly affected by the treatments. 
However, yield of plots treated with Quadris at 45 DAS and heading and Amistar Top tended to 
have higher yields than the untreated plots, averaging 400 lbs/a more. 
 
Table 7. Grain harvest moisture and yield for the Maxwell trial. 
 

Treatment Timing Harvest moisture (%) Yield (lb/a) 
Untreated - 18.83 8,310 
Sercadis Heading 18.45 8,357 
Quadris 45 DAS 18.45 8,611 
Quadris Heading 18.64 8,905 
Amistar Top Heading 18.64 8,652 
 
Milling and head rice yield were not significantly affected by any of the treatments. 
 
Table 8. Milling quality for the Maxwell trial. 
 

Treatment Timing Milling yield (%) Head rice yield (%) 
Untreated - 72.50 66.75 
Sercadis Heading 72.50 65.00 
Quadris 45 DAS 72.25 65.25 
Quadris Heading 72.75 66.50 
Amistar Top Heading 72.50 65.50 
 
Colusa 
 
Incidence and severity of both diseases were not significantly affected by the treatments. 
However, there was a tendency for plots treated with Quadris at 45 DAS to have lower incidence 
and severity of stem rot. This field was planted with a short grain variety and was fertilized with 
a lower rate of N than standard medium grains. Research has shown that low rates of N reduce 
the levels of diseases.  
 
Table 9. Stem rot incidence and severity for the Colusa trial. 
 

Treatment Timing Incidence (%) Severity 
Untreated - 17.26 0.47 
Sercadis Heading 18.00 0.32 
Quadris 45 DAS 5.00 0.07 
Quadris Heading 21.00 0.41 
Amistar Top Heading 11.00 0.20 
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Table 10. Aggregate sheath spot incidence and severity for the Colusa trial. 
 

Treatment Timing Incidence (%) Severity 
Untreated - 19.78 0.26 
Sercadis Heading 32.00 0.42 
Quadris 45 DAS 23.29 0.39 
Quadris Heading 16.47 0.20 
Amistar Top Heading 14.00 0.17 
 
Grain moisture content was affected by the treatments (F=0.511; d.f.=4, 12; P=0.023). All 
treatments resulted in slightly lower grain moisture contents than the untreated. This was 
unexpected, since typically, fungicide treatments tend to extend the period of grain maturity and 
keep plants greener for longer, resulting in slightly higher moisture content at harvest. However, 
the difference in grain moisture content between treated and untreated plots is small. Yields were 
not significantly affected by the treatments. 
 
Table 11. Grain harvest moisture and yield for the Colusa trial. 
 

Treatment Timing Harvest moisture (%) Yield (lb/a) 
Untreated - 16.75 b 7,316 
Sercadis Heading 16.01 a 7,361 
Quadris 45 DAS 15.83 a 7,496 
Quadris Heading 16.01 a 7,338 
Amistar Top Heading 16.19 a 7,415 
 
Williams 
 
The treatments did not significantly affect stem rot incidence (although the P value was low, 
indicating almost a significant effect) but they did affect severity (F=6.023; d.f.=4, 12; P=0.007). 
Stem rot severity was significantly reduced by Quadris at 45 DAS or heading. Stem rot severity 
in Sercadis and Amistar Top was not significantly different from untreated plots. 
 
Table 12. Stem rot incidence and severity for the Williams trial. 
 

Treatment Timing Incidence (%) Severity 
Untreated - 75.22 1.57 bc 
Sercadis Heading 84.96 1.98 c 
Quadris 45 DAS 45.00 0.94 a 
Quadris Heading 56.00 1.04 a 
Amistar Top Heading 67.00 1.12 ab 
 
Aggregate sheath spot incidence and severity were low in this trial, and were not significantly 
affected by the treatments.  
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Table 13. Aggregate sheath spot incidence and severity for the Williams trial. 
 

Treatment Timing Incidence (%) Severity 
Untreated - 23.06 0.30 
Sercadis Heading 16.89 0.26 
Quadris 45 DAS 15.00 0.16 
Quadris Heading 15.00 0.19 
Amistar Top Heading 11.00 0.11 
 
Grain moisture content at harvest was significantly affected by the treatments (F=6.273; d.f.=4, 
12; P=0.006). Plots treated with Sercadis, Quadris or Amistar Top resulted in higher moisture 
content than the grain from untreated plots. Yield was not significantly affected by the 
treatments. However, the use of Quadris at heading and Amistar Top tended to increase yields by 
250 lbs/a with respect to the untreated plots. 
 
Table 14. Grain moisture content at harvest and yield for the Williams trial.  
 

Treatment Timing Harvest moisture (%) Yield (lb/a) 
Untreated - 16.58 a 8,664 
Sercadis Heading 17.07 b 8,849 
Quadris 45 DAS 17.22 bc 8,841 
Quadris Heading 17.61 c 9,051 
Amistar Top Heading 17.64 c 8,810 
 
Milling yield was not significantly affected by the treatments, but head rice yield was (F=4.280; 
d.f.=4, 12; P=0.022). The use of Quadris at heading and Amistar Top resulted in an almost 3 
point increase in head rice yield with respect to the untreated. 
 
Table 15. Milling quality for the Williams trial. 
 

Treatment Timing Milling yield (%) Head rice yield (%) 
Untreated - 71.50 55.75 a 
Sercadis Heading 71.50 55.25 a 
Quadris 45 DAS 71.75 55.25 a 
Quadris Heading 71.75 58.25 b 
Amistar Top Heading 72.25 58.50 b 
 
Biggs 
 
Stem rot incidence and severity were significantly affected by the treatments (F=6.077; d.f.=4, 
12; P=0.007 and F=7.614; d.f.=4, 12; P=0.003). Stem rot incidence and severity were 
significantly reduced by more than half by Quadris applied at heading. Incidence and severity in 
plots treated with Quadris at 45 DAS, Amistar Top, and Sercadis were not significantly different 
from the control.  
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Table 16. Stem rot incidence and severity for the Biggs trial. 
 

Treatment Timing Incidence (%) Severity 
Untreated - 75.68 bc 2.41 bc 
Sercadis Heading 94.72 c 2.91 c 
Quadris 45 DAS 82.50 bc 2.95 c 
Quadris Heading 25.00 a 0.50 a 
Amistar Top Heading 59.45 b 1.28 ab 
 
Aggregate sheath spot incidence and severity were significantly affected by the treatments 
(F=15.661; d.f.=4, 12; P<0.001 and F=3.521; d.f.=4, 12; P=0.040). Aggregate sheath spot 
incidence was significantly lower in plots treated with Quadris at heading and Amistar Top; 
severity was significantly lower than the untreated in plots treated with Amistar Top only. 
 
Table 17. Aggregate sheath spot incidence and severity for the Biggs trial. 
 

Treatment Timing Incidence (%) Severity 
Untreated - 27.50 b 0.28 b 
Sercadis Heading 17.50 b 0.18 ab 
Quadris 45 DAS 30.00 b 0.30 b 
Quadris Heading 5.00 a 0.08 ab 
Amistar Top Heading 0.00 a 0.00 a 
 
Grain moisture content and yield were not significantly affected by the treatments. However, 
yields of plots treated with Quadris at heading and Amistar Top tended to be higher than yield 
from untreated plots. In average, these treatments resulted in yields that were 700 lbs/a higher 
than the untreated. 
 
Table 18. Grain moisture content at harvest and yield for the Biggs trial. 
 

Treatment Timing Harvest moisture (%) Yield (lb/a) 
Untreated - 17.16 8,208 
Sercadis Heading 17.42 8,150 
Quadris 45 DAS 17.42 8,110 
Quadris Heading 17.56 8,967 
Amistar Top Heading 17.52 8,905 
 
Milling yield was significantly affected by the treatments (F=3.875; d.f.=4, 11; P=0.033). 
Treatment with Sercadis and Quadris at heading resulted in significantly higher milling yield 
than untreated plots. Head rice yield was not significantly affected by the treatments. 
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Table 19. Milling quality for the Biggs trial. 
 

Treatment Timing Milling yield (%) Head rice yield (%) 
Untreated - 68.25 a 58.50 
Sercadis Heading 69.25 bc 59.75 
Quadris 45 DAS 69.00 ab 60.00 
Quadris Heading 70.00 c 61.25 
Amistar Top Heading 69.00 abc 59.75 
 
Summary of the four locations 
 
Application of Quadris at the heading stage resulted in significant reductions in stem rot 
incidence and severity in two and three of the trials, respectively. Stem rot incidence reduction 
from untreated plots ranged from 46 to 67%; severity reduction ranged from 34 to 79%. Amistar 
Top significantly reduced stem rot incidence and severity in one trial by 46 and 61%, 
respectively. Application of Quadris at 45 DAS significantly reduced stem rot severity in one 
trial by 40%. Sercadis did not result in stem rot incidence or severity reductions in any of the 
trials. 
 
Quadris applied at heading reduced the incidence of aggregate sheath spot in one trial by 82%. 
Amistar Top significantly reduced incidence and severity of aggregate sheath spot by in one trial 
by 100%.Use of Sercadis did not result in a reduction of aggregate sheath spot levels in any of 
the trials. 
 
Yields were not significantly affected by the treatments in any of the trials; however,  
treatment with Quadris at heading and Amistar Top consistently tended to produce higher yields 
than untreated plots in three of the trials. These yield increases ranged from 250 to 700 lbs/a. It is 
important to notice than in these trials Quadris applied at heading and Amistar Top significantly 
reduced disease levels. 
 
Milling yield was significantly increased by 2 points in the Biggs trial by treatment with Quadris 
at heading and Sercadis. In this trial, while Sercadis did not have any effect on disease levels, 
Quadris did. Head rice yield was increased by 3 points in the Williams trial by Quadris at 
heading and Amistar Top. In this trial, Quadris at heading reduced stem rot severity, but Amistar 
Top did not have a significant effect on yield. 
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Sonata and Sercadis Rates and Timings Trials 
 
Table 20. Sonata and Sercadis trial treatments. 
 

Treatment Application Timing Rate/a 
Untreated - - 
Sonata 45 DAS 1 qt 
Sonata 45 DAS 4 qt 
Sonata 45 DAS + 85 DAS 4 qt + 4 qt 
Sercadis 45 DAS 6.8 fl oz 
Sercadis 45 DAS + 85 DAS 6.8 fl oz 
Regalia + Quadris 45 DAS 1 pint + 6 fl oz 
Sonata + Quadris 45 DAS 1 qt + 6 fl oz 
 
Results and Discussions 
 
Maxwell 
 
The effect of the treatments on the incidence of stem rot was significant (F=2.630; d.f.=7, 20; 
P=0.042). However, the mean separation does not show any major difference between 
treatments. Treatment with Sercadis at 45 DAS + 85 DAS and Sonata + Quadris resulted in the 
lowest incidence of stem rot, although not statistically significantly different from the untreated. 
The severity of stem rot was not affected by the treatmetns. 
 
Table 21. Stem rot incidence and severity for the Maxwell trial. 
 

Treatment Timing Incidence (%) Severity 
Untreated - 67.05 ab 1.22 
Sonata 45 DAS, 1 qt 47.88 ab 0.92 
Sonata 45 DAS, 4 qt 79.29 b 1.10 
Sonata 45 + 85 DAS 55.11 ab 1.20 
Sercadis 45 DAS 60.02 ab 0.99 
Sercadis 45 DAS + 85 DAS 36.92 a 0.83 
Regalia + Quadris 45 DAS 48.88 ab 0.76 
Sonata + Quadris 45 DAS 38.50 ab 0.68 
 
Aggregate sheath spot incidence and severity were not affected by the treatments. Overall, the 
incidence of aggregate sheath spot at this location was low and the severity was very low. 
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Table 22. Aggregate sheath spot incidence and severity for the Maxwell trial. 
 

Treatment Timing Incidence (%) Severity 
Untreated - 25.85 0.35 
Sonata 45 DAS, 1 qt 33.21 0.44 
Sonata 45 DAS, 4 qt 35.50 0.40 
Sonata 45 + 85 DAS 42.08 0.54 
Sercadis 45 DAS 40.00 0.49 
Sercadis 45 DAS + 85 DAS 33.69 0.39 
Regalia + Quadris 45 DAS 38.72 0.44 
Sonata + Quadris 45 DAS 25.95 0.34 
 
Moisture content of the grain at harvest was not affected by the treatments and yield was 
significantly affected (F=3.533; d.f.=7, 19; P=0.013). Treatments of Sonata at 45 DAS, 4 qt; 
Sercadis 45 DAS + 85 DAS; and Regalia + Quadris 45 DAS had the highest yields of the trial; 
and while they were not significantly different from the untreated, on average produced 428 lbs/a 
more than the untreated. Milling quality was not affected by the treatments. 
 
Table 23. Grain moisture content and yield for the Maxwell trial. 
 

Treatment Timing Harvest moisture (%) Yield (lb/a) 
Untreated - 18.83 8,310 ab 
Sonata 45 DAS, 1 qt 18.45 8,576 ab 
Sonata 45 DAS, 4 qt 18.64 8,713 b 
Sonata 45 + 85 DAS 18.64 8,025 a 
Sercadis 45 DAS 18.64 8,577 ab 
Sercadis 45 DAS + 85 DAS 18.72 8,395 ab 
Regalia + Quadris 45 DAS 18.64 8,766 b 
Sonata + Quadris 45 DAS 18.62 8,737 b 
 
Table 24. Milling quality for the Maxwell trial. 
 

Treatment Timing Milling yield (%) Head rice yield (%) 
Untreated - 72.50 66.75 
Sonata 45 DAS, 1 qt 73.00 64.33 
Sonata 45 DAS, 4 qt 72.50 66.50 
Sonata 45 + 85 DAS 72.33 66.00 
Sercadis 45 DAS 72.50 66.00 
Sercadis 45 DAS + 85 DAS 72.25 66.25 
Regalia + Quadris 45 DAS 72.33 66.33 
Sonata + Quadris 45 DAS 72.50 66.00 
 
Colusa 
 
In the Colusa trial, none of the parameters evaluated were significantly affected by the 
treatments. The incidence and severity of both stem rot and aggregate sheath spot was low. 
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While not statically significant, the Sonata+Quadris treatment produced the lowest incidence and 
severity of both diseases. 
 
Table 25. Stem rot incidence and severity for the Colusa trial. 
 

Treatment Timing Incidence (%) Severity 
Untreated - 17.26 0.47 
Sonata 45 DAS, 1 qt 13.00 0.28 
Sonata 45 DAS, 4 qt 18.08 0.46 
Sonata 45 + 85 DAS 13.18 0.34 
Sercadis 45 DAS 22.00 0.49 
Sercadis 45 DAS + 85 DAS 15.35 0.30 
Regalia + Quadris 45 DAS 12.00 0.24 
Sonata + Quadris 45 DAS 6.00 0.13 
 
Table 26. Aggregate sheath spot incidence and severity for the Colusa trial. 
 

Treatment Timing Incidence (%) Severity 
Untreated - 19.78 0.26 
Sonata 45 DAS, 1 qt 15.65 0.22 
Sonata 45 DAS, 4 qt 27.42 0.31 
Sonata 45 + 85 DAS 23.74 0.32 
Sercadis 45 DAS 26.46 0.33 
Sercadis 45 DAS + 85 DAS 20.17 0.26 
Regalia + Quadris 45 DAS 18.13 0.27 
Sonata + Quadris 45 DAS 10.00 0.14 
 
Table 27. Grain moisture content and yield for the Colusa trial. 
 

Treatment Timing Harvest moisture (%) Yield (lb/a) 
Untreated - 16.75 7,316 
Sonata 45 DAS, 1 qt 16.38 7,693 
Sonata 45 DAS, 4 qt 16.38 7,348 
Sonata 45 + 85 DAS 16.57 7,190 
Sercadis 45 DAS 16.57 7,502 
Sercadis 45 DAS + 85 DAS 16.94 7,438 
Regalia + Quadris 45 DAS 16.94 7,354 
Sonata + Quadris 45 DAS 16.57 7,354 
 
Williams 
 
The treatments had a significant effect on stem rot incidence (F=8.504; d.f.=7, 20; P<0.001) and 
severity (F=6.873; d.f.=7, 20; P<0.001). Application of Sonata+Quadris resulted in significantly 
less incidence of the disease than the untreated, reducing it almost by half. Sonata+Quadris also 
produced the lowest stem rot severity; however, it was not significantly different from the 
untreated.  
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Table 28. Stem rot incidence and severity for the Williams trial. 
 

Treatment Timing Incidence (%) Severity 
Untreated - 75.22 bc 1.57 ab 
Sonata 45 DAS, 1 qt 85.22 bc 2.13 b 
Sonata 45 DAS, 4 qt 88.22 c 2.02 b 
Sonata 45 + 85 DAS 78.00 bc 1.84 b 
Sercadis 45 DAS 66.00 abc 1.31 ab 
Sercadis 45 DAS + 85 DAS 82.92 bc 2.03 b 
Regalia + Quadris 45 DAS 58.00 ab 1.36 ab 
Sonata + Quadris 45 DAS 39.53 a 0.82 a 
 
Treatments had a significant effect on aggregate sheath spot incidence (F=2.865; d.f.=7, 21; 
P=0.029) and severity (F=2.980; d.f.=7, 21; P=0.025). The level of aggregate sheath spot 
incidence was reduced the most by the Sonata + Quadris treatment. Although not statically 
different from the untreated, the reduction was over 90%. The lowest severity was found with the 
Sonata + Quadris treatment as well. 
 
Table 29. Aggregate sheath spot incidence and severity for the Williams trial. 
 

Treatment Timing Incidence (%) Severity 
Untreated - 23.06 ab 0.30 ab 
Sonata 45 DAS, 1 qt 35.47 b 0.50 b 
Sonata 45 DAS, 4 qt 24.44 ab 0.34 ab 
Sonata 45 + 85 DAS 37.46 b 0.49 b 
Sercadis 45 DAS 24.29 ab 0.34 ab 
Sercadis 45 DAS + 85 DAS 34.58 b 0.50 b 
Regalia + Quadris 45 DAS 21.46 ab 0.30 ab 
Sonata + Quadris 45 DAS 2.00 a 0.02 a 
 
Grain moisture was not significantly affected by the treatments. Yield was significantly affected 
by the treatments, but barely so (F=3.556; d.f.=7, 21; P=0.011). The test of means was not able 
to significantly separate any yield means. However, the yields of the Regalia+Quadris and 
Sonata+Quadris treatments tended to be higher than the yield from the untreated plots. Yields 
from these treatments were over 600 lbs/a higher than yield from the untreated plot. Milling 
quality was not significantly affected by the treatments. 
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Table 30. Grain moisture content and yield for the Williams trial. 
 

Treatment Timing Harvest moisture (%) Yield (lb/a @ 14% 
MC) 

Untreated - 16.58 8,664 
Sonata 45 DAS, 1 qt 16.77 8,739 
Sonata 45 DAS, 4 qt 16.73 9,143 
Sonata 45 + 85 DAS 16.68 8,642 
Sercadis 45 DAS 16.55 8,856 
Sercadis 45 DAS + 85 DAS 16.64 8,970 
Regalia + Quadris 45 DAS 16.94 9,268 
Sonata + Quadris 45 DAS 16.96 9,308 
 
Table 31. Milling quality for the Williams trial. 
 

Treatment Timing Milling yield (%) Head rice yield (%) 
Untreated - 71.50 55.75 
Sonata 45 DAS, 1 qt 71.50 56.75 
Sonata 45 DAS, 4 qt 71.50 54.75 
Sonata 45 + 85 DAS 72.00 56.25 
Sercadis 45 DAS 71.25 54.25 
Sercadis 45 DAS + 85 DAS 72.00 55.00 
Regalia + Quadris 45 DAS 71.50 57.25 
Sonata + Quadris 45 DAS 71.50 56.50 
 
Biggs 
 
None of the parameters evaluated were significantly affected by the treatments. The disease 
parameters may not have been significant because only 10 tillers were evaluated for each 
disease, instead of 25 as in the other trials.  
 
Table 32. Stem rot incidence and severity for the Biggs trial. 
 

Treatment Timing Incidence (%) Severity 
Untreated - 75.68 2.41 
Sonata 45 DAS, 1 qt 80.00 2.68 
Sonata 45 DAS, 4 qt 92.50 2.97 
Sonata 45 + 85 DAS 100.00 3.25 
Sercadis 45 DAS 82.50 2.78 
Sercadis 45 DAS + 85 DAS 85.46 2.86 
Regalia + Quadris 45 DAS 75.23 2.59 
Sonata + Quadris 45 DAS 86.84 2.96 
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Table 33. Aggregate sheath spot incidence and severity for the Biggs trial. 
 

Treatment Timing Incidence (%) Severity 
Untreated - 27.50 0.28 
Sonata 45 DAS, 1 qt 17.50 0.23 
Sonata 45 DAS, 4 qt 22.81 0.23 
Sonata 45 + 85 DAS 25.00 0.25 
Sercadis 45 DAS 22.50 0.25 
Sercadis 45 DAS + 85 DAS 25.00 0.30 
Regalia + Quadris 45 DAS 25.00 0.33 
Sonata + Quadris 45 DAS 30.00 0.35 
 
Table 34. Grain moisture content and yield for the Biggs trial. 
 

Treatment Timing Harvest moisture (%) Yield (lb/a @ 14% 
MC) 

Untreated - 16.57 8,208 
Sonata 45 DAS, 1 qt 16.75 8,386 
Sonata 45 DAS, 4 qt 16.57 7,603 
Sonata 45 + 85 DAS 16.57 7,696 
Sercadis 45 DAS 16.57 7,750 
Sercadis 45 DAS + 85 DAS 16.57 8,489 
Regalia + Quadris 45 DAS 17.13 7,493 
Sonata + Quadris 45 DAS 16.94 8,155 
 
Table 35. Milling quality for the Biggs trial. 
 

Treatment Timing Milling yield (%) Head rice yield (%) 
Untreated - 68.25 58.50 
Sonata 45 DAS, 1 qt 68.00 57.75 
Sonata 45 DAS, 4 qt 68.50 57.75 
Sonata 45 + 85 DAS 68.50 59.25 
Sercadis 45 DAS 68.33 58.00 
Sercadis 45 DAS + 85 DAS 68.75 60.00 
Regalia + Quadris 45 DAS 68.75 59.00 
Sonata + Quadris 45 DAS 69.00 58.25 
 
Summary of the four locations 
 
Significant reductions in disease levels were only observed in one of the locations. In the 
Williams trial, the application of Sonata + Quadris significantly reduced the incidence of stem 
rot by 47% when compared with the untrated plots. Stem rot severity was reduced by about the 
same; however, the reduction was not significant. Similarly, the application of Sonata + Quadris 
reduced aggregate sheath spot incidence and severity by more than 90%, although the reduction 
was not significant. 
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In other locations, the treatment of Sonata + Quadris also resulted in lower stem rot and 
aggregate sheath spot levels, though not significantly different from disease levels in untreated 
plots. In Colusa, disease incidence was reduced by 49 to 65%, while severity was reduced by 46 
to 72%.  
 
Yields and milling quality were not significantly affected in any of the trials, but in the Maxwell 
and Williams trials, the use of Quadris in combination with Regalia or Sonata seemed to increase 
yields from 400 to 600 lbs/a. 
 
B. Rice Experiment Station Trials 
 
Several trials were conducted at the RES. These trials tested the fungicide Cover XL (a generic 
azoxystrobin) the biological fungicide Serenade, and the microbial product SP2700. Methods for 
all the RES trials were similar. 
 
Methods 
 
For the azoxystrobin and Serenade trials, seed was broadcasted over dry soil on 4 June and field 
flooded on 6/5. For the SP2700 trial, plots were water seeded on 8 June. Seeding rate was 150 
lbs/A. All trials used M-206. Seed was soaked for 1 h in 5% bleach and dried before 
broadcasting, except on the SP2700 trial, where seed was soaked on water or on the product prior 
to water seeding. Plots were 200 ft2 (20 ft l x 10 ft w) and the plots were fertilized with 150 lbs/a 
of N, x 40 lbs/a of P2O5 and 22 lbs/A of K2O. Ammonium sulfate was applied as topdress 
fertilizer by hand at the panicle initiation stage on 21 July at a rate of 20 lbs/a of N. All trials 
were harvested using a small-plot combine on 24 October. The area harvested per plot was 151 
ft2. Yields were converted to lbs/A at 14% grain moisture. 
 
Field evaluations 
1. Disease ratings: these were conducted as in the commercial field trials discussed earlier. On 
the Serenade trials, only 10 tillers were evaluated by plot and disease. 
2. Yield 
3. Milling and head rice yield were determined by California Agri Inspections. 
 
Statistics 
The experiments were conducted as randomized complete blocks with 4 or 6 replications. 
Analysis of variance was used to detect differences among treatment means for parameters 
evaluated. The Least Significant Difference (LSD) or Tukey’s honestly significant difference 
(HSD) test was used to compare means. The level of α used for all analyses was 0.05. 
 
Generic Azoxystrobin Trial 
 
In addition to azoxystrobin, one of the treatments included the product ALB3000, a proprietary 
product from Albaugh included to test its effect on yield and quality. Treatments were sprayed on 
18 August using a CO2 spray rig for a total spray volume of 25 gal/a. 
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Table 36. Treatments for generic azoxystrobin trial. 
 

Product Rate/a 
Cover XL 21 oz 
Cover XL + ALB 3000 21 oz + 8 oz 
Untreated - 
 
Results and Discussion 
 
Treatments did not significantly affect the incidence of stem rot. However, the Cover XL 
treatment tended (P=0.055) to reduce stem rot incidence when compared to the untreated. Stem 
rot severity was significantly affected by the treatments (F=15.269; d.f.=2, 10; P=0.001). 
Treatment with Cover XL and CoverXL+ALB3000 significantly reduced severity by half with 
respect to the untreated, but both treatments did not differ significantly.  
 
Table 37. Stem rot incidence and severity for generic azoxystrobin trial. 
 

Treatment Incidence (%) Severity 
Cover XL 84.42 1.21 a 
Cover XL + ALB 3000 89.37 1.40 a 
Untreated 99.31 2.27 b 
 
Treatments affected aggregate sheath spot incidence and severity significantly (F=20.825; d.f.=2, 
10; P<0.001 and F=23.901; d.f.=2, 10; P<0.001). Cover XL and CoverXL+ALB3000 reduced 
the incidence and severity of aggregate sheath spot significantly when compared to the untreated. 
 
Table 38. Aggregate sheath spot incidence and severity for generic azoxystrobin trial. 
 

Treatment Incidence (%) Severity 
Cover XL 9.42 a 0.10 a 
Cover XL + ALB 3000 9.28 a 0.09 a 
Untreated 33.92 b 0.41 b 
 
Grain moisture content was not significantly affected by the treatments. However, there was a 
tendency for the untreated to have lower moisture content than the Cover XL and Cover 
XL+ALB3000 treatments. Yield was significantly affected by the treatments (F=0.5418; d.f.=2, 
10; P=0.025), with the Cover XL+ALB3000 yielding significantly more (600 lbs/a more) than 
the untreated. Yield from plots treated with Cover XL alone were not significantly different than 
yields from untreated plots; however there was a tendency (P=0.091) to higher yields when plots 
were treated with Cover XL only. 
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Table 39. Grain moisture content and yield for generic azoxystrobin trial. 
 

Treatment Harvest moisture (%) Yield (lb/a ) 
Cover XL 16.43 b 7,997 ab 
Cover XL + ALB 3000 16.42 b 8,259 b 
Untreated 15.89 a 7,651 a 
 
Milling quality was not significantly affected by the treatments. However, the effect of the 
treatments on milling yield was very close to significant (F=3.750; d.f.=2, 10; P=0.061). The 
LSD test revealed significant differences between the treatments that included Cover XL and the 
untreated, with milling yield of plots treated being 1 point higher than in untreated plots. Head 
rice yield was not significantly affected by treatments, even though head rice yield from treated 
plots was about 4 points higher than untreated plots. 
 
Table 40. Milling quality for generic azoxystrobin trial. 
 

Treatment Milling yield (%) Head rice yield (%) 
Cover XL 70.17 b 49.33 
Cover XL + ALB 3000 70.17 b 48.33 
Untreated 69.17 a 44.17 
 
Serenade Trials 
 
Serenade is a biological fungicide that will be available for use in California rice soon. 
Fungicides were applied using a CO2 pressurized spray-rig, with a spray volume of 25 gal/a. The 
adjuvant Dyne-Amic was included in all treatments at a rate of 5 pints/100 gal of mix. 
 
Table 41. Treatments used in Serenade trial. 
 

Product Rates/a Application timing Application date 
Serenade @ 45 das 2 qt 45 das 13 July 
Serenade @ heading 2 qt Heading 18 Aug 
Quadris 15.5 oz Heading 18 Aug 
Serenade + Quadris 1 qt + 10 oz Heading 18 Aug 
Untreated - - - 
 
Results and Discussion 
 
The use of Serenade or Quadris did not significantly affect the incidence or severity of the 
diseases. There was a tendency to lower incidence of aggregate sheath spot when Serenade was 
used 45 days after seeding or when Quadris was used alone at heading, but the differences were 
not statistically significant. The lack of major differences could be due to the small size of the 
sample used to rate the diseases. 
 
 
 



Project No RP-2 

 

Table 42. Stem rot incidence and severity for Serenade trial. 
 

Treatment Incidence (%) Severity 
Serenade @ 45 DAS 77.50 1.50 
Serenade @ heading 90.18 2.04 
Quadris @ heading 76.43 1.26 
Serenade + Quadris @ heading 97.50 2.75 
Untreated 73.18 1.83 
 
Table 43. Aggregate sheath spot incidence and severity for Serenade trial.. 
 

Treatment Incidence (%) Severity 
Serenade @ 45 DAS 20.00 0.20 
Serenade @ heading 60.00 1.05 
Quadris @ heading 22.50 0.23 
Serenade + Quadris @ heading 52.50 0.53 
Untreated 70.00 1.70 
 
Grain moisture at harvest and yield were significantly affected by the treatments (F=5.006; 
d.f.=4, 12; P=0.013 and F=4.180; d.f.=4, 12; P=0.024); however the patterns are not clear. 
Treatment with Quadris alone at heading resulted in the highest grain moisture content, but it 
was not significantly different from the untreated. At the same time, the use of Serenade + 
Quadris resulted in significantly lower moisture content than the use of Quadris alone. 
 
Yields from untreated plots were not significantly different from yield of any of the treatments. 
The only significant differences in yield were from the application of Serenade 45 DAS and 
Serenade+Quadris at heading, with the application done 45 DAS resulting in higher yield. The 
treatments did not significantly affect milling or head rice yield. 
 
Table 44. Grain moisture content and yield for Serenade trial. 
 

Treatment Harvest moisture (%) Yield (lb/a) 
Serenade @ 45 das 17.07 ab 8,591 b 
Serenade @ heading 16.51 a 8,534 ab 
Quadris@ heading 17.35 b 8,424 ab 
Serenade + Quadris @ heading 16.62 a 8,170 a 
Untreated 16.68 ab 8,311 ab 
 
Table 45. Milling quality for Serenade trial. 
 

Treatment Milling yield (%) Head rice yield (%) 
Serenade @ 45 das 68.75 54.00 
Serenade @ heading 69.50 52.75 
Quadris @ heading 69.50 56.00 
Serenade + Quadris @ heading 69.33 53.33 
Untreated 69.50 54.25 
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SP2700 Trial 
 
The trial tested several fungicide programs. Each program consisted in the application of two 
different formulations of SP2700 at different timings and in combination with Quadris or alone. 
When applied with Quadris, the program was considered an IPM program.  
 
Table 46. Trial programs consisted in several applications of different products at different 
timings. 
 
Program/Timing Seed treatment 3 lsr Midseason Heading 

Untreated - - - - 
SP2700 56% SP2700 56% SP2700 56% SP2700 56% SP2700 56% 
SP2700 56% IPM SP2700 56% SP2700 56% SP2700 56% Quadris 
SP2700 8% SP2700 8%  SP2700 8% SP2700 8%  SP2700 8%  
SP2700 8% IPM SP2700 8% SP2700 8% SP2700 8% Quadris 
Standard - - - Quadris 
 
For the seed treatments, seed was soaked in the treatment solution for 24 h and then drained for 
24 h. Seed not treated was soaked in water only. None of the seed soaking included sodium 
hypochloride. Fungicides were applied using a CO2 pressurized spray-rig, with a spray volume 
of 25 gal/a. All applications of SP2700 were mixed with Capsil, a proprietary adjuvant. 
Application of Quadris was made with the adjuvant Dyne-Amic. Rates are presented in table 2. 
 
Table 47. Rates of fungicides and adjuvants used in the trial. 
 

Product Rate 
SP2700 8% as seed treatment 3% v/v 
SP2700 56% as seed treatment 0.5% v/v 
SP2700 8% 44 fl oz/a 
SP2700 56% 7.8 oz/a 
Quadris 12 fl oz/a 
Capsil 12 fl oz/100 gal 
Dyne-Amic 5 pints/100 gal 
 
Application dates were 22 June for the 3 leaf stage of rice application, 24 July for the midseason 
application, and 21 August for the heading application. In this trial, stand was evaluated on 20 
June. 
 
Results and Discussion 
 
All SP2700 programs received a seed treatment. Stand was not significantly affected by the seed 
treatments.  
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Table 48. Seedlings per square foot for SP2700 trial. 
 

Program Stand (plants/ft2) 
Untreated 39.63 
SP2700 56% 39.63 
SP2700 56% IPM 34.50 
SP2700 8% 38.50 
SP2700 8% IPM 34.13 
Standard 32.50 
 
The fungicide programs did not have an effect on stem rot incidence, but it did affect its severity 
(F=6.155; d.f.=5, 15; P=0.003). In the programs where Quadris was used, the severity of stem rot 
was the lowest. When only SP2700 was used, stem rot severity was not significantly different 
from the untreated.  
 
Table 49. Stem rot incidence and severity for SP2700 trial. 
 

Treatment Incidence (%) Severity 
Untreated 78.41 1.57 bc 
SP2700 56% 87.23 1.72 c 
SP2700 56% IPM 65.81 0.98 ab 
SP2700 8% 80.96 1.63 c 
SP2700 8% IPM 77.00 1.21 abc 
Standard 62.67 0.90 a 
 
Aggregate sheath spot incidence and severity were significantly affected by the fungicide 
programs (F=7.846; d.f.=5, 15; P=0.001 and F=11.078; d.f.=5, 15; P<0.001). The use of Quadris 
in any of the programs resulted in significantly lower aggregate sheath spot incidence and 
severity than the untreated, while the programs using only SP2700 did not differ significantly 
than the untreated.  
 
Table 50. Aggregate sheath spot incidence and severity for SP2700 trial. 
 

Treatment Incidence (%) Severity 
Untreated 37.00 b 0.46 c 
SP2700 56% 28.54 ab 0.35 bc 
SP2700 56% IPM 7.00 a 0.07 ab 
SP2700 8% 34.57 b 0.42 c 
SP2700 8% IPM 9.17 a 0.18 a 
Standard 5.00 a 0.05 a 
 
Grain moisture content at harvest, yield, and grain quality were not significantly affected by any 
of the fungicide programs. 
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Table 51. Grain moisture content at harvest and yield for SP2700 trial. 
 

Treatment Harvest moisture (%) Yield (lb/a) 
Untreated 16.29 7,382 
SP2700 56% 16.44 6,935 
SP2700 56% IPM 16.60 7,550 
SP2700 8% 16.40 7,153 
SP2700 8% IPM 16.74 7,626 
Standard 16.84 7,273 
 
Table 52. Milling quality for SP2700 trial. 
 

Treatment Milling yield (%) Head rice yield (%) 
Untreated 69.25 48.00 
SP2700 56% 68.67 52.33 
SP2700 56% IPM 68.75 46.50 
SP2700 8% 69.33 48.00 
SP2700 8% IPM 70.00 49.75 
Standard 68.00 46.50 
 
Objective 2: To determine the effect of kernel smut on the yield and quality of rice. 
 
Methods 
 
Three fields affected with kernel smut were selected for sampling. Two fields were in Glenn 
County (M-105 and M-209) and one in Colusa County (M-206). In each field, thirty, 1 square 
yard quadrants were hand harvested between 9/18 and 10/9. After tillers were cut, three samples 
of ten tillers were randomly selected from each quadrant and inspected for kernel smut. The 
number of smutted kernels per panicle was recorded. Rice was threshed using a stationary 
thresher and grain moisture and weight determined.  
 
Kernel smut was also evaluated in the lab on grain samples. Two methods were tried, counting 
smutted kernels on 100 g of rice and soaking samples in KOH. Counting smutted kernels was 
time consuming, therefore it was only done in one field sample. 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 count the number of smutted kernels by placing the sample over a light. This 
method allowed for processing of samples quickly. 
 
From each grain sample, 200 g were used for milling. Milling was performed at the RES, using 
standard equipment and procedures used by the RES to evaluate milling quality. Milling and 
head rice yield were determined. 
 
Results and Discussion 
 
The M-105 and M-206 fields had similar levels of kernel smut infection, while the M-209 field 
had much higher levels.  
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Fig. 4. Field evaluation of kernel smut. To determine the mean proportion of infected panicles 
and smutted kernels, three, 10 panicle samples were evaluated per 1 square yard quadrant. Thirty 
quadrants were sampled for each variety. 

 
Fig. 5. Evaluation of kernel smut using KOH. See methods for description. Kernel smut was 
more prevalent in the M-209 field than in the M-105 or M-206 field.  

 
In all three fields, kernel smut was easily noticeable, and growers managing the fields were 
worried by its presence. The M-105 and M-209 fields were next to each other and managed by 
the same grower, therefore the evaluation data seems to indicate that M-209 is more susceptible 
to kernel smut than M-105. However, this needs to be confirmed by evaluating varieties in the 
same field under the same growing conditions. 
 
Three measures of kernel smut were calculated from the field evaluations. Incidence was 
determined as the proportion of panicles infected with kernel smut per sample. Severity was 
calculated as the average number of smutted kernels per panicle or the average number of 
smutted kernels per infected panicle. 
 
Determining incidence in the field was quick. Counting the number of infected kernels per 
panicle (severity) was time consuming. However, there is a significant relationship between the 
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proportion of infected panicles in a sample and the average number of infected kernels per 
panicle (F=1217.569; d.f.=2; P<0.001) or infected panicle (F=70.373; d.f.=2; P<0.001). 
Therefore, determining the proportion of infected panicles would give a good measure of the 
level of kernel smut in a sample. The relationship between proportion of infected panicles and 
smutted kernels per panicle was stronger. 
 

 

 
Fig. 6. Relationship between incidence (proportion of infected panicles) and severity (smutted 
kernels per panicle or infected panicle).  
 
The two methods used for sampling kernel smut seem to be adequate. Proportion of infested 
panicles in three subsamples of 10 panicles each was significantly related to the average number 
of smutted kernels in three 25 g sub samples treated with KOH (F=138.533, d.f.=2, 88; P<0.001). 
This indicates that field evaluation of proportion of panicles infected could be used to quickly 
evaluate the level of kernel smut in the field. 
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Fig. 7. Relationship between proportion of infected panicles evaluated in the field and number of 
smutted kernels in a 25 g sample evaluated in the lab. The relationship shows that the field 
evaluation could be used to determine kernel smut levels. 
 
Kernel smut effect on yield  
 
The effect of kernel smut on yield was not expected to be significant. Anecdotal experience 
indicates that high levels of kernel smut are related to high yields. High levels of N increase the 
incidence and severity of kernel smut, and therefore fields with high levels of N may also have 
higher yields and kernel smut. 
 
The data collected comes from three separate fields and three different varieties; therefore 
aggregating all data is not appropriate. When regressing the proportion of infected panicles or 
number of smutted kernels/25 g (KOH method), no relationship was found to be significant, but 
there was a tendency to lower yields as kernel smut levels increased with M-105 and M-209 
(figure 8). This interpretation should be taken cautiously, since the harvested area was only 1 
square yard per sample. 
 
Kernel smut effect on quality 
 
The regression between milling yield and proportion of infected panicles was significant for M-
206 (F=13.039; d.f.=1, 28; P=0.001) and M-209 (F=4.314; d.f.=1, 28; P=0.047). Similarly, the 
regression between milling yield and number of smutted kernels per 25 g was significant for M-
206 (F=9.016; d.f.=1, 28; P=0.006) and almost significant for M-209 (F=3.786; d.f.=1, 28; 
P=0.062). These results seem to indicate that kernel smut can have a negative effect on milling 
yield (Fig. 9). 
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Fig. 8. Relationship between measures of kernel smut incidence and grain yield. 

 
Regression between head rice yield and proportion of infected panicles or smutted kernels/25 g 
was not significant. This indicates that kernel smut does not affect head rice yield. 
 
Objective 3: To explore the distribution of kernel smut on the rice production area of 
California. 
 
Kernel smut is not a new disease in California. It has been present in the rice production area at 
least since the early 1990s. For the past decade or so, its presence has been considered only a 
nuisance and no reports of problem fields have been received for at least the past 10 years. In 
2015, reports of higher than usual kernel smut infections were reported. Since then, the incidence 
of kernel smut seems to be increasing. This coincides with an increase of kernel smut problems 
in the southern rice producing states as well. 
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Fig. 9. Relationship between measures of kernel smut incidence and milling yield. 
 
In 2014, a survey of rice diseases was conducted as part of the process to allow rice growers to 
continue burning straw. Kernel smut was found in all rice producing counties except for 
Sacramento. The disease was found more frequently in Butte, Yuba and Colusa counties. The 
distribution of inspected fields and the incidence of samples with kernel smut are presented in 
figure 10. 
 
In 2016 and 2017, many reports of severe kernel smut problems were received. In some fields, 
yield losses were reported. In two of the UCCE variety trials, kernel smut was present at high 
levels in 2017. We will continue to monitor the presence of kernel smut and its effects on rice. 
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Figure 10. Distribution of kernel smut in the rice production area of California in 2014. Each 
circle is a sampled field. In each field, 30 inspections were performed. Each inspection consisted 
of a 1-minute search in which the scout looked for disease symptoms in nearby plants and 
recorded their presence or absence. 
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SUMMARY OF 2016 RESEARCH, BY OBJECTIVE 
 
Objective 1: To evaluate timing and potential of fungicide applications for aggregate sheath 
spot, stem rot, and kernel smut management. 
 
Stem rot disease levels were higher than aggregate sheat spot levels, therefore most of the 
significant results detected in the trials were for stem rot. Results indicate that use of Quadris 
applied at heading at the maximum label rate is effective in controlling stem rot. The use of 
Quadris early, 45 DAS, does not seem to be very effective in controlling stem rot.  
 
Amistar Top was not as effective as Quadris applied at heading, but some reduction of stem rot 
and aggregate sheath spot were observed. Amistar Top has the same active ingredient as Quadris 
(azoxystrobin) but at a lower concentration, and was used at a lower rate. Therefore, the amount 
of azoxystrobin applied per acre was lower with Amistar Top than with Quadris. Amistar Top 
also has difenoconazole, a triazole fungicide. It is not clear if difenoconazole has activity against 
stem rot or aggregate sheath spot. Tilt, another triazole fungicide, lists suppression of stem rot 
and control of aggregate sheath spot in its label.  
 
Sercadis had no effect on disease levels in our trials. Sercadis is a fungicide used in southern US 
rice for control of sheath blight. Its label also lists aggregate sheath spot, a disease present in 
California. The two diseases are similar in their symptomatology; however, they are caused by 
different pathogens. Sheath blight is caused by Rhizoctonia solani, while aggregate sheath spot is 
caused by Rhizoctonia oryza-sativae. Although they are in the same genus, the difference in 
pathogen susceptibility may be why Sercadis was not effective in our trials. Another reason may 
be that the levels of aggregate sheath spot present in our trials was very low, therefore a response 
to the fungicide was not observed. Sercadis had no effect on stem rot. 
 
Yield increase due to disease control were observed, and they ranged from 250 to 700 lbs/a. 
Milling quality was affected by Quadris applied at heading (two trials), Amistar Top (one trial) 
and Sercadis (one trial). It is not clear why Sercadis increased milling yield on the Biggs trial. 
Effects on milling quality were small. 
 
In trials where most of the treatments were applied 45 DAS, very little control of stem rot or 
aggregate sheath spot was observed. Treatments that had an effect on disease or yield were 
Sonata or Regalia in combination with Quadris. Most likely, the trend to lower disease levels and 
higher yields with these combinations is due to Quadris. The use of Sonata by itself at 1 or 4 qt 
per acre did not result in any benefits. Although Quadris alone was not included in these trials, a 
Quadris alone treatment was included in the previous set of trials conducted in the same 
locations. In these trials, Quadris was effective at reducing stem rot and aggregate sheath spot 
disease levels. 
 
At the RES, Cover XL and CoverXL+ALB3000 reduced stem rot and aggregate sheath spot 
levels similarly when compared to untreated plots. Treated plots tended to have a slightly higher 
grain moisture content than the untreated plots at harvest, which is commonly seen when the 
fungicide azoxystrobin is used. This is generally seen as beneficial, because it is thought that it is 
the result of a plant that senesces slowly and therefore has more time to fill the grain. Yields 
were affected by the treatments, with Cover XL+ALB3000 resulting in a yield advantage of 600 
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lbs/a over the untreated. Plots treated with Cover XL alone tended to also have higher yields than 
the untreated plots. Milling yield was increased by the treatment with Cover XL, however, the 
increase was small. 
 
Serenade trials did not show any conclusive evidence of disease control benefits of Serenade. 
Similarly, application of Quadris at heading did not provide any control of stem rot and only had 
a very small effect on aggregate sheath spot. The location of this trial had a high level of stem rot 
and a moderate level of aggregate sheath spot. This may be why disease control was not 
successful. Yields and grain quality were not affected by the treatments. 
 
SP2700 did not produce any significant reduction in disease levels when compared to the 
untreated. However, when Quadris was used, significant reductions in incidence and severity 
compared to the untreated were observed. The level of disease in the trial did not result in any 
yield reduction, and none of the fungicide programs used provided a yield or milling quality 
advantage. 
 
Objective 2: To determine the effect of kernel smut on the yield and quality of rice. 
 
To sample kernel smut, determining the proportion of infected kernels in a sample of 10 panicles 
could be used to evaluate the level of kernel smut in a field. A tendency to lower yields with 
increasing levels of kernel smut was observed in M-105 and M-209; however, the relationships 
were not significant. Additionally, the samples harvested were small and therefore they might not 
represent yield adequately. Milling yield was significantly affected by kernel smut in M-206 and 
M209, with reductions in milling yield that ranged from 0.15 to 0.4 with each 0.1 increase in the 
proportion of infected panicles. Head rice yield was not found to be affected by kernel smut. 
 
Objective 3: To explore the distribution of kernel smut on the rice production area of 
California. 
 
Kernel smut of rice seems has been present in California for at least 30 years, but has become 
more noticeable in recent years. It is present in all rice producing counties except for 
Sacramento, and seems to be more severe in warmer areas. Monitoring of this diseases and its 
effects on yield and quality should continue. 
 
CONCISE GENERAL SUMMARY OF CURRENT YEAR’S RESULTS 
 
Several fungicide trials were conducted in 2017. Trials indicate that Quadris applied at heading 
can control stem rot. Earlier applications, about 45 days after seeding, were not effective in 
reducing stem rot incidence or severity. The fungicide Sercadis was not effective against stem rot 
or aggregate sheath spot. Testing of Sercadis under high aggregate sheath spot preassure may 
show different results. Amistar Top, a mix of azoxystrobin and difeconzole was marginally 
effective against stem rot. Cover XL, a generic azoxystrobin, worked well in reducing stem rot 
and aggregate sheath spot levels, resulting higher yields. The microbial fungicides Serenade and 
Sonata did not reduce disease levels. 
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In the trials, the main disease was stem rot. Compiling all the data showed that for one unit 
increase in stem rot severity, yields could be reduced by 3%. Milling yield and head rice yield 
were also reduced by stem rot. Each unit increase in stem rot severity decreased milling and head 
rice yield by 0.7 and 2%, respectively. 
 
Kernel smut is widespread across the Sacramento Valley and seems to be more prevalent in 
warmer areas of the valley. Sampling of commercial fields showed that determining the 
proportion of infested panicles in a sample is a good way to evaluate for the disease. Yields 
tended to be lower as kernel smut increased. Milling yield decreased 0.15 to 0.4 points as the 
proportion of infected panicles increased by 0.1. Head rice yield was not significantly affected by 
kernel smut. 


