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The development of resistance in major weed species of rice in California, including 
Cyperus difformis L. (smallflower umbrellasedge) and Echinochloa phyllopogon (Stapf) 
Koss (late watergrass), has necessitated the search for management options that utilize 
cultural controls such as alternative tillage and irrigation methods. In order to effectively 
apply these controls, weed germination and emergence under a variety of tillage and 
irrigation methods needs to be understood. Recently developed laboratory models of 
germination and emergence for C. difformis and E. phyllopogon have accurately 
predicted timing of germination and emergence using soil moisture and temperature 
(hydro- and thermal-time models) in controlled environments. The long-term goal is to be 
able to utilize these models to predict weed emergence in the field, and thus, assessments 
were begun in 2013 to determine the models’ validity under field conditions. Two 
locations known to have large seedbanks with susceptible populations of each species 
were selected. Beginning from the initial flood or flush, daily counts of emerged C. 
difformis and E. phyllopogon seedlings were conducted under two irrigation treatments: 
continuously flooded (water maintained at approximately 10 cm above the soil), and 
flushed (flush irrigated when the top layer of soil became dry). Plants were counted until 
no more plants emerged (45 days for smallflower umbrellasedge, and 40 days for late 
watergrass).  Volumetric water content (m3/m3) and air and soil temperature (°C) were 
recorded continuously for the duration of the counts. In order to compare the field data to 
the laboratory-generated data, percent daily emergence was calculated per growing 
degree-day (GDD), using laboratory-determined averaged base temperature (Tb) for two 
biotypes of susceptible California smallflower umbrellasedge (18.39°C), and laboratory-
determined base temperature for the susceptible biotype HR for late watergrass (9.03 °C). 
When expressed in growing degree-days (GDD), smallflower umbrellasedge initiated 
emergence from the flushed treatment at between 103 (±6) (GDD ± S.E.) and 113 (±6) 
GDD, whereas under the continuously flooded irrigation, emergence was initiated much 
earlier, between 63 (±2) and 73 (±2) GDD (both p = 0.0037). The average total number 
of plants that emerged under a continuous flood was 315 (±36) (average total number of 
plants ± S.E.), which was greater (p = 0.0014) than the average total number of plants 
that emerged from the flushed treatments (25±3). Late watergrass initiated emergence 
between 96 (±3) and 109 (±3) GDD in the flushed treatments. Timing of emergence in 
the continuously flooded treatments was between 104 (±2) and 117 (±2) GDD (no 
different from the flushed treatments, p = 0.1069 and p = 0.1134, respectively). The 
average total number of plants that emerged under flush irrigation was 24 (±3), which 
was no different (p = 0.3549) from the average total number that emerged from the 
continuously flooded treatment (36±10). When compared to the predicted emergence 
curves generated using the thermal time model with laboratory-generated parameters, G= 
[log tg – (log θT(50) – log (T– Tb))] / σθT, there are differences between the predicted data 
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generated in the laboratory and observed emergence in the field. Reasons for the 
differences remain to be further evaluated.  
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