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OBJECTIVES OF THE PROPOSED RESEARCH 
 
Our overall objective of this project is to develop fertilizer guidelines for California rice growers 
which are economic viable and environmentally sound. Toward this objective, we proposed the 
following specific objectives for 2011: 
 
1. Quantify N2O and CH4 emissions in California rice systems.  
2. Quantify N losses due to NO3 leaching in California rice systems. 
3. Development of a web based decision tool to help growers determine how long they will need 

to keep their fields flooded for different weeds-based on P applications and temperature and 
weeds. Done in conjunction with Albert Fisher. 

 
CONCISE GENERAL SUMMARY OF CURRENT YEAR’S RESULTS: 

1. Research on greenhouse gas (GHG) emissions highlight the importance between 
agronomic management and environmental quality in rice systems, where management 
practices appear to regulate GHG emissions more than N fertilizer rate.  Nitrification 
appears to be the major process involved in N2O emissions in flooded rice systems, 
although denitrification during the dry down periods may also contribute to overall 
emissions. Methane emissions were not directly affected by addition of fertilizer N but 
high fertilizer N application may lead to high crop residue inputs which eventually increase 
CH4 emissions. Frequent flood-drain cycles resulted to high N2O emission events. To 
mitigate emissions, continuous flooding practices and avoid flood-drain cycles during the 
growing season may reduce nitrogen losses from rice fields and consequently lower global 
warming potentials.  Also, applying N deep into the soil as aqua ammonia may reduce 
N2O losses compared to surface N applications. Application of high N fertilizer does not 
necessarily increase the Global Warming Potential (GWP) provided that rice is grown with 
best management practice resulting in high resource use efficiency. 

2. Soil NO3 beneath (to a depth of 7 ft) rice fields were low. The reasons that NO3 levels are 
low are due to a combination of the following factors: 

a. Soil nitrate levels are low in the surface soil to begin with (0.4 to 4.2 ppm) 
i. Winter weeds take up 

ii. Straw immobilizes 
b. Growers do not (should not) apply NO3 fertilizer 
c. Soils remain flooded for much of the season preventing nitrification (NH4 to NO3) 
d. Denitrification rates are very high (NO3 to N gas) 
e. Hydraulic conductivity is very low - preventing downward movement of NO3. 

3. The overarching goal of this research is to develop a site-specific, web-based decision 
support tool that assists rice growers in planning for and implementing alternative stand 
establishment systems for weed control by predicting the minimum time to emergence for 
Echinochloa spp. and Cyperus difformis (smallflower umbrellasedge).  In 2011 we: 1) 
quantified the spatial variability of species-specific physiological temperatures for for the 
period of rice establishment in the Sacramento Valley; 2) quantified the field-scale 
variability of weed emergence predictions (variability between years, between locations 
and within a single field) in stale-seedbed and drill-seeded fields; and 3) initiated 
construction of an online interface that will deliver the information from these particular 
emergence models to rice growers and serve as a platform for the delivery of information 
from future rice-related models.  This work is being done in cooperation with Albert 
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Fischer and his students and serves as an initial step toward applying, in the field, the more 
elaborate germination, emergence and early growth models that have been/are being 
developed at the lab and greenhouse scales.     

 
EXPERIMENTAL PROCEDURE TO ACCOMPLISH OBJECTIVES: 
 
OBJECTIVE 1: QUANTIFY N2O AND CH4 EMISSIONS IN CALIFORNIA RICE SYSTEMS  
 
California rice is produced by direct seeding into standing water with permanent flood for most of 
the season. Limited acreage is drill seeded and also uses permanent flood after crop establishment. 
Flooding the rice fields lead to conditions favorable for production of greenhouse gases (GHG) 
such as methane and nitrous oxide. Methane (CH4) a greenhouse gas is about 20 times more 
potent than carbon dioxide, and accounts for a fifth of the global atmosphere’s warming potential. 
Methane emission from rice fields is the net effect of CH4 production (methanogenesis) and CH4 
oxidation (methanotrophy). Incorporation of organic matter in flooded fields stimulates CH4 
emissions. Nitrous oxide (N2O) is about 296 times warming potential than CO2 with atmospheric 
lifetime of 114 years. Main source of N2O in rice systems is application of synthetic N fertilizers. 
In response to growing demand for rice in the US, the use of synthetic fertilizers is projected to 
increase, which in turn may accelerate the rate of increase of atmospheric N2O content. Improved 
quantitative estimates of the amounts of CH4 and N2O coming from the rice fields are needed to 
prioritize effective mitigation rice practices. 
 
Objectives  
 

• Quantify GHG emissions for conventional and drill seeded rice production systems in the 
Sacramento Valley  as affected by nitrogen (N) fertilizer rates, flooding, and rice seeding 
practices 

• Determine environmental variables and management practices affecting GHG emissions  
• Identify mitigation strategies for N fertilizer (e.g.  rate, timing, source, placement) and 

crop management to reduce GHG emissions 
• Link annual GHG emissions with grain yields and develop a new metric for assessing 

mitigation practices in rice cropping systems in California 
 
Materials and Methods  
 
Two on-farm experiments were implemented in 2011 at sites with contrasting rice establishment 
practices.  The conventional field was aerially seeded (M-206), and a permanent flood was 
maintained for the duration of the growing season.   In the drill seeded site rice seed (Koshihikari) 
was drilled into the soil. The field was flooded for several days and then drained to provide an 
aerobic environment for seedling emergence.  Water management during crop establishment 
differed compared to the conventional system, as the field was flushed a couple of times before 
the permanent flood was applied approximately one month after seeding.  At both sites the field 
was drained approximately one month prior to harvest.   
At the conventional site, N rates ranging from 0 to 260 kg N ha-1 were applied in the form of aqua 
ammonia injected three to four inches below the soil surface (Table 1).  As growers often apply 
the majority of their N as aqua ammonia and a smaller portion of their N to the soil surface, we 
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included an additional split N treatment of 80 + 60 kg N ha-1 (N140sur = subsurface aqua 
ammonia plus surface applied urea, respectively) to assess the effects of N placement on 
emissions.  Also, since growers often apply a topdress N application and that sulfate applications 
are known to reduce methane emissions an additional treatment (N140as) was added where 80 
kg/ha was applied as aqua before flooding and 60 kg N/ha of ammonium sulfate (AS) was applied 
35 days after seeding (DAS).  
At the drill seeded site, N rates ranging from 0 to 200 kg N ha-1 were applied as urea to the soil 
surface immediately prior to the permanently flood, which occurred approximately thirty days 
after seeding (Table 1).  As growers often apply a small amount of N at planting in drill seeded 
systems and the majority before the permanent flood, we included an additional split N treatment 
(25 kg N ha-1 preplant + 75 kg N ha-1 preflood) to assess the effects of N application timing on 
emissions. In addition we evaluated the application of 100 kg N/ha urea as Super U (an 
nitrification and urease inhibitor) (N100inhib). 
 
Table 1. Fertilizer N treatments and rates for each system 

Wet seeded  Drill seeded 
N treatment N rate 

(kg/ha) 
 N treatment N rate 

(kg/ha) 
N0 0  N0 0 
N80 80  N50 50 
N140 140  N100 100 
N260 260  N150 150 
N200 200  N200 200 
N140sur (80 aqua/60 surface) 80/60  N100split (N app at planting and perm flood) 25/75 
N140as (80 aqua/60 kg/ha AS applied 35 DAS) 80/60  N100inhib (Super U) 100 

 
GHG emissions for each N rate were quantified using a vented cylindrical surface chambers, with 
14.7 cm diameter and varying chamber height (15.2- 30.5 cm) as rice growth progressed was 
placed within each N treatment plot. GHG measurement were taken at least once a week and 
more frequently during changes to irrigation or N management. Other ancillary soil and plant 
variables related to GHG emissions were measured such as soil and air temperatures, flood water 
depth, soil exchangeable NH4-N and NO3-N at 15 cm soil depth, plant N uptake, crop biomass 
after harvest and rice grain yields at 14% moisture content. 

Results  
 

Conventional field: 
Yields ranged from 4.7 to 13.1 t/ha (Fig. 1). Yields were not significantly different for N rates 
above 140 kg N/ha. Cumulative seasonal CH4 emissions varied significantly among N rates with 
emissions being lowest in the N0 treatment (Fig 2). CH4 emissions were similar for all treatments 
where N was added, although the N260 was trending lower possibly due to the presence of a high 
amount of ammonium which has been reported to reduce net CH4 fluxes in rice by enhancing CH4 
oxidation.  Unlike CH4 emissions, mean daily N2O emissions increased as fertilizer N rate 
increased. At N rates >100 kg N ha-1, N2O emission increased 6 to 8 times relative to the optimal 
N rate and highest daily N2O emissions were measured in the N260 treatment. Global warming 
potential was lowest in the N0 treatment but was similar across the treatments where N was 
added (Figure 3). Methane constitute mostly of the GWP value due to high emissions in this rice 
field. Yield-scaled GWP was lowest in the three highest N rates and highest when no N was 
added. This confirms data from other studies indicating that the best management practice (from a 
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farmers and environmental point of view) to achieve the lowest yield-scaled GWP is when optimal 
N rates are applied. This allows for optimal yields while minimizing the amount of GHG emissions 
per unit of yield. 
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Figure 1. 2011 rice yields at the wet seeded site 
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Figure 2. 2011 seasonal methane and nitrous oxide emissions from wet-seeded site. 
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Figure 3. 2011 GWP and yield-scaled GWP for wet seeded site. 
 
For the mitigation options, which evaluated the applying all of the N as aqua-ammonia or applying 
a portion of the N rate as ammonium sulfate there was no significant difference among treatments 
with respect to yield, GHG emissions or GWP (Table 2). The use of ammonium sulfate as 
alternative fertilizer N source did reduced CH4 emissions by 7% compared to conventional liquid 
ammonia N (not significant) as might be expected as sulfate has been shown to reduce CH4 
emissions in other studies. Other studies have also shown that deep applications of N tend to 
reduce CH4 emissions. While not significant, the application of aqua only is slightly lower than 
when some of the N was applied to the surface of the soil. The yield-scaled GWP was similar 
across mitigation options but significantly lower than when no N was applied. 
 
Table 2. Evaluation of mitigation options on yield, GHG emissions and GWP at the drill seeded 
site. 

 
Drill Seeded site: 

 
Yields ranged from 6.0 to 9.8 t/ha (Fig. 4). The highest yields were achieved in the N100 
treatment. Seasonal CH4 emissions were similar to the wet seeded site and N2O emissions were 
higher (Fig 2 and 5). Unlike the wet seeded site however, both CH4 and N2O emissions did not 
vary significantly across N rates; although N2O emission did tend to increase with increasing N 
rate as would be expected.  

N management Yield CH4 N2O GWP 
Yield-scaled 
GWP 

 
kg/ha kg C/ha g N/ha kg CO2eq/ha kg CO2eq/kg grain 

0N 4723 b 110 b 6 3686 b 0.784 a 

140: aqua ammonia (AA) 11739 a 149 a 53 4987 a 0.431 b 

140: 80 AA/60 urea 12281 a 166 a 61 5578 a 0.454 b 

140 80 AA/60 ammonium sulfate 35 DAS 11560 a 138 ab 35 4261 ab 0.398 b 



  Project No. RM-4 

  7 

Mitigating  N treatments such the use of urea with nitrification and urease inhibitors at 100 kg N 
ha-1 (N100) rates showed no effect on seasonal  CH4 and N2O emissions (Table 3). 
 

 
Figure 4. 2011 rice yields at the drill seeded site 
 
 

  
Figure 5. 2011 seasonal methane and nitrous oxide emissions from drill-seeded site. Differences 
among treatments were not significant. 
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Table 3. Evaluation of mitigation options on yield, GHG emissions and GWP at the drill seeded 
site. 
N management Yield CH4 N2O GWP Yield-scaled GWP 

 
kg/ha kg C/ha g N/ha kg CO2eq/ha kg CO2eq/kg grain 

0N 5996 b 147 758 b 5263 0.880 a 

100: urea before permanent flood 9826 a 156 759 b 5564 0.565 b 

100: 25 planting/75 permanent flood 8821 a 150 255 b 5140 0.602 b 

100: Super U urea before permanent flood 9689 a 168 770 b 5969 0.618 b 
 
 
As with the seasonal GHG emissions, there was not a significant effect of N rate (Fig 6) or 
mitigation strategy (Table 3) on either GWP or yield-scaled GWP (Fig. 6). However, similar to 
the wet-seeded site, yield scaled GWP was lowest when N rates were optimal (N100).  
 

  
Figure 6. 2011 GWP and yield-scaled GWP for drill seeded site. Differences among treatments 
were not significant. 
 

Summary 
1. Seasonal CH4 emissions and GWP were similar between the two establishment practices, 

unlike 2010 results which showed the drill seeded system to have lower emissions. 
2. Seasonal N2O emissions were higher in the drill seeded site as was also found in 2010. 
3. For both systems, the lowest yield-scaled GWP occurred when N was applied at rates 

suitable for optimal yields – also similar to 2010 results. 
4. The mitigation strategies tested in 2011 for either site did not have a significant impact on 

either CH4 or N2O emissions; although the trends were what we expected. 
 
OBJECTIVE 2: QUANTIFY N LOSSES DUE TO NO3 LEACHING IN CALIFORNIA RICE SYSTEMS 

 
The irrigated lands program may begin putting water quality restrictions on agricultural 
management practices that allow NO3 to enter surface and ground waters. In a previous CALFED 
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funded project we have addressed NO3 in surface waters. This project will now focus on ground 
water and NO3 leaching. There is very little data available that quantifies NO3 leaching is flooded 
rice systems. Some studies from Asia have reported NO3 leaching below the root zone in rice 
systems (Yoon et al., 2006 and Zhu et al., 2000); however the methodology employed in these 
studies may have caused this leaching. In another study, Bouman et al. (2002) reported potential 
leaching beneath rice fields but that it was minimal compared to other systems. In California, rice 
soil are relatively impermeable and it is thought that the potential for NO3 leaching is minimal due 
to the slow percolation of water downward and the fact that the anaerobic conditions in flooded 
soils would cause the NO3 to denitrify (lost to the atmosphere as gas) before it had a chance to 
leach beyond the rice rooting zone. While this is a good theory it has not been proven in the field. 
The objective of our study is to quantify NO3 leaching losses in rice fields. 

 
Figure 1. Location of field sites where soils samples were collected for NO3 analysis.  

 
In 2010, we collected soil samples to a depth of 2 m (7 ft) from 7 fields that represented typical 
rice fields and one field that was very sandy (#7 unrepresentative) (Fig. 1 and Table 1). Soil 
samples were collected in April of 2010 when it is expected that soil NO3 levels are at their 
highest of the year. Soil samples were stored in a cold room until NO3 analysis (all soils were 
analyzed within one week of sampling). The soil samples were divided into the following sections: 
0-15 cm, 15-33 cm, 33-66 cm, 66-100 cm, 100-133 cm, 133-166 cm and 166-200 cm. Soil 
samples were extracted and analyzed for NO3 using 2M KCl. Additionally we determined the 
denitirifcation potential of the surface soils. We hypothesized that when soils are flooded any NO3 
will be rapidly denitrified and thus will not be available for leaching. The denitrification study was 
conducted in the laboratory. For this we used 10 g soil and added 15 ug NO3-N/g soil, added 15 
ml of water, removed air from head space in tube and incubated at 30oC for various period of time 
up to 12 days. Nitrate remaining in the soil was determined after extraction with 2M KCl.  
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Additional soil cores were sampled from the 20-30 cm soil layer (the layer just below the rooting 
zone of rice) for determination of bulk density and hydraulic conductivity. After removing top soil 
brass rings (8.25 cm in diameter and 6 cm deep) were pushed into the soil and the soil within the 
brass ring removed. Five rings per site were taken. Soils within the ring were saturated with 
0.01M CaCl2 in preparation for determination of hydraulic conductivity. Hydraulic conductivity 
was determined using the falling head method. After determination of hydraulic conductivity the 
soil in the brass rings were oven dried at 110oC and weighed for determination of bulk density. 
 
Table 1. Soil classification and map unit for the study sites. Numbers refer to those in Figure 1. 
Bulk density and hydraulic conductivity is for the soil layer immediately below the root zone (20-
30 cm). Results are the mean of five samples.  
Site Soil map unit Soil classification Bulk density Hydraulic conductivity 
   g/cm3 cm/d (std. dev) inches/120d 
1 Clear Lake clay Fine, smetic, thermic Xeric Endoaquerts 1.21 0.011(0.005) 0.34 
2 Hillgate clay loam Fine, smetic, thermic Typic Palexeralfs 1.46 0.003 (0.002) 0.14 
3 Willows clay Fine, thermic Typic Calciaquolls 1.58 0.027 (0.038) 1.28 
4 Lofgren-Blavo complex Very-fine, smetic, thermic Xeric Epiaquerts 1.15 0.074 (0.121) 3.49 
5 San Joaquin loam Fine, mixed, thermic Abruptic Durixeralfs 1.64 0.062 (0.030) 2.92 
6 Clear Lake clay Fine, montmorillonitic, thermic Typic Pelloxererts 1.22 0.037 (0.051) 1.74 
7 Columbia fine sandy loam Coarse-loamy, mixed, thermic Typic Xerofluvents 1.49 1.741 (1.284) 82.23 
8 Clear Lake clay Fine, montmorillonitic, thermic Xeric Epiaquerts 1.56 0.007 (0.007) 0.52 

 
 
Nitrate concentrations in excess of 10 ppm NO3-N is considered a health hazard by the EPA. In 
our study the highest NO3 levels we found were 4.2 ppm and this was in the surface soil (Fig 2). 
In general, surface soils had more NO3 than subsurface soils ranging from about 0.4 to 4.2 ppm. 
These levels are relatively low most likely due to immobilization of N by rice straw and uptake of 
N by winter weeds. Below the rooting zone nitrate levels were all 3 ppm or less. In most cases 
nitrate levels were less than 0.5 ppm. This suggests that NO3-N in subsurface ground waters is not 
a big concern in CA rice systems. At two sites NO3 levels were above 2 ppm below the rooting 
zone. These locations are near Robbins, CA where rice is rotated with other crops. NO3 is likely a 
bigger problem for other crops as there is usually a lot more NO3 in the soil and N fertilizers are 
applied as NO3 or rapidly convert to NO3. 
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Figure 2. Soil NO3 across soil depths in 8 California rice soils. Site numbers refer to those in 
Table 1and Figure 1. 
 
In a laboratory study, the top soil from each of these sites was used to determine the rate at which 
NO3 dentirifies. When NO3 dentirifies it is lost to the atmosphere as N gas. Our results show that 
by 1.5 days over 98% of the NO3 that was in the soil was lost as gas (Fig 3). This shows that 
upon flooding a rice field most of the NO3 that is present in the soil does not have time to leach as 
it is lost to the atmosphere via denitrification. 
 
Finally the hydraulic conductivity of these rice soils was extremely low and ranged from 0.003 to 
0.074 cm/day for the “typical” rice soils (Table 1). In the sandy loam soil which is not typical f 
California rice soils the hydraulic conductivity was much higher (1.74 cm/day). These data 
suggest that given the rapid denitirification of NO3 in flooded soils there is not adequate time for 
NO3 to leach.  
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Figure 3. Soil NO3 during a 12 day anaerobic laboratory incubation. Site numbers refer to those 
in Table 1and Figure 1. 

 
Research summary 

If leaching is a potential problem in these fields we would expect to see higher NO3 
concentrations below the rooting zone. In summary, we found that soil NO3 beneath the root zone 
of rice was low. The reasons that NO3 levels are low may be due to one or more of the following 
factors: 

• Soil nitrate levels are low in the surface soil to begin with (0.4 to 4.2 ppm) 
– Winter weeds take up 
– Straw immobilization 

• Growers do not (should not) apply NO3 fertilizer 
• Soils remain flooded for much of the season preventing nitrification (NH4 to NO3) 
• Denitrification rates are very high (NO3 to N gas) resulting in the loss of NO3 to the atmosphere as N gas rather 

than leaching 
• Hydraulic conductivity is very low in most rice fields preventing downward movement of NO3 . 

 
OBJECTIVE 3: DEVELOPMENT OF A WEB BASED DECISION TOOL TO HELP GROWERS 
DETERMINE HOW LONG THEY WILL NEED TO KEEP THEIR FIELDS FLOODED FOR 
DIFFERENT WEEDS-BASED ON P APPLICATIONS AND TEMPERATURE AND WEEDS.  

 
Summary 

The overarching goal of this research is to develop a site-specific, web-based decision 
support tool that assists rice growers in planning for and implementing alternative stand 
establishment systems for weed control by predicting the minimum time to emergence for 
Echinochloa spp. and Cyperus difformis (smallflower umbrellasedge).  Our hypothesis is that 
early-season temperatures within the Sacramento Valley are spatially and temporally dependent; 
therefore site-specific, real-time temperatures will improve regional emergence predictions for 
Echinochloa spp. and C. difformis.  In 2011 we: 1) quantified the spatial variability of species-
specific physiological temperatures for for the period of rice establishment in the Sacramento 
Valley; 2) quantified the field-scale variability of weed emergence predictions (variability between 
years, between locations and within a single field) in stale-seedbed and drill-seeded fields; and 3) 
initiated construction of an online interface that will deliver the information from these particular 
emergence models to rice growers and serve as a platform for the delivery of information from 
future rice-related models.  This work is being done in cooperation with Albert Fischer and his 
students and serves as an initial step toward applying, in the field, the more elaborate germination, 
emergence and early growth models that have been/are being developed at the lab and greenhouse 
scales. 

 
Regional variability of physiological temperatures during the period of rice establishment 

Physiological temperatures refer to a range of temperatures that optimizes growth for a 
particular plant species.  Each species (and biotype) has a distinct range of optimum temperatures.  
Using preliminary base temperatures for California biotypes of Echinochloa spp. and C. difformis 
(8C for Echinochloa spp. and 15.5C for C. difformis; A. Fischer, personal communication), in 
combination with daily maximum and minimum air temperatures accurate to 4km2 (Coast to 
Mountain Environmental Transect, COMET; comet.ucdavis.edu) we produced average, site-
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specific (4km2) thermal unit accumulation for the period of rice establishment (4/15-5/31) 
between 2004-2010 in the Sacramento Valley (Figure 1).   

 

 
 
 
 

 
Average physiological temperatures for both Echinochloa spp. and C. difformis were 

spatially heterogeneous between 4/15 and 5/31 for the years 2004-2010, with 2.60 and 2.52 
standard deviations (respectively) separating the warmest and coolest areas of the rice growing 
region (Figure 1).  However, the distribution of the heterogeneity differed between species.  The 
higher base temperature of C. difformis relative to Echinochloa spp. had the effect of increasing 
the relative thermal unit accumulation NNE of Sutter Buttes (as depicted by the increased red 
shading in Figure 1) due to higher average minimum temperatures in this area.  In addition to 
being species-bound, it is likely that the spatial distribution of physiological temperatures is also 
temporally sensitive.  Weed emergence occurs within a much smaller period of time than the 
multiple year, multiple day average depicted in Figure 1.  Thus, the spatial heterogeneity of 
physiological temperatures is likely to change both within and between years.  The extent of these 
interactions and the degree to which they influence the accuracy of model predictions will be 
determined via multi-year simulations using the emergence models presented below.  However, 
this work is not yet complete.  While it is important to emphasize that the relationships are not as 
static as indicated by the averages in Figure 1, the spatial relationships presented do, nonetheless, 
provide a rationale for using site-specific temperatures to improve the accuracy of species-specific 
weed emergence predictions. 

 
Variability of Echinochloa spp. and C. difformis emergence predictions between years, 
locations, and within fields 

During the 2010 and 2011 field seasons we observed Echinochloa spp. and C. difformis 
emergence in 3 fields: a spring-tilled, stale seedbed field located in Glenn County and two drill-
seeded fields located in Sutter County for a total of 4 year-field combinations.  The water in each 

Figure 1.  Average cumulative thermal unit accumulation for Echinochloa spp. and C. difformis for the period of 
rice establishment (4/15-5/31) between 2004-2010 using base temperatures of 8C and 15.5C (respectively) and 
maximum and minimum air temperatures accurate to 4kim2.  SD = standard deviation. 
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field was managed similarly, with 2 to 3 flushes of irrigation over the course of a 20-30 day period 
to create a saturated but aerobic seedbed.  Emergence was observed in 5-7 plots per field from 
the first day of flooding until no further emergence had occurred in a field for four days.  Each 
plot contained four 0.09m2 subplots, and the plots were located to maximize both the within field 
variability in water depth and timing as well as the number of observable weeds based on 
historical occurrence.  The emergence observations were expressed as the average proportional 
emergence of the four subplots.  They were fit to a non-linear mixed model of the form: 
emergence = 1 / 1 + exp-[ ((T – Tbase) – (t50))/ Erate ] + REyear + RElocation + REfield + Residual, 
where: 
T – Tbase = site-specific cumulative air temperature above a physiological base temperature (8C 
and 15.5C for Echinochloa spp. and C. difformis, respectively); t50 = time to 50% emergence; 
Erate = slope; and RE = normally distributed, random error. 
 
 

 
 
 
           
 
 
        For Echinochloa spp., variability in the time to 50% emergence was relatively small (6-8% 
of the predicted time) and consistent between years, locations and within fields (Figure 2).  In 
contrast, the rate of emergence for Echinochloa spp. was much more variable between years and 
between locations within the same year (70% and 38% of predicted rate, respectively).  Similarly, 
the predicted rate of emergence for C. difformis was more variable across years, locations and 
within fields than was the time to 50% emergence (Figure 2).  Predicted time to 50% emergence 
was much more variable between locations (27% of predicted time) than between years and 
within fields (6%) for C. difformis.  Multi-year simulations run using the above models will 
quantify spatial, inter-, and intra-annual variability of rate of emergence and time to 50% 
emergence for these two species.  Identifying the magnitude of spatio-temporal variation of these 
parameters will enable us to determine how much accuracy is added to the emergence predictions 
by using site-specific temperatures.  As the accuracy of the models improves, the importance of 
site-specific temperatures will increase. 

Figure 2.  Echinochloa spp. and C. difformis emergence over two seasons (2010, 2011) in fields that were 
managed as spring-till stale seedbeds or drill-seeded.  Sources of error as modeled via mixed nonlinear 
regression  
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          As these models are further refined and their predictions are validated, we will begin using 
them to relate information on weed emergence patterns via a web-based tool.  The tool would 
enable a grower to choose their location within the valley, their weed of interest, and the date of 
the first post-tillage flush of water.  The tool would then return the real-time percent emergence 
(with confidence intervals) as well as a historical average time to 100% emergence (in days) for 
the chosen date.  Although the tool is still under development, Figure 3 is included to roughly 
approximate how an interface might appear.  Eventually, this interface could serve as a platform 
to deliver other temperature-based modeling related to California rice, whether weed-related or 
not. 
 

choose your site, 
weed, start date

tool returns real-
time and historic 
emergence 
predictions for 
chosen date
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