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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. Potassium status of rice soils. 

4. Quantify availability and losses of preplant N fertilizer following application. 

 

CONCISE GENERAL SUMMARY OF CURRENT YEAR’S RESULTS: 

1. In 2012, greenhouse gas (GHG) emissions were determined (1) under different N 

management practices and (2) for different varieties. We evaluated the effect of aqua-

ammonia, and urea N sources and the effect of subsurface N applications on CH4 and 

N2O emissions. Results from this study were inconclusive due to problems establishing 

rice (planted twice due to bird damage), poor weed control as a result of two planting 

times, and an aqua rig that was difficult to calibrate accurately. While we did see 

differences in emissions, these differences may be due to other factors besides N 

management or variety. Based on our experience this year, we will not conduct research 

at this facility again unless absolutely necessary. 

2. In 2012, we followed up on work that was initiated in 2010. In 2012, we directly 

quantified NO3 leaching in rice systems. Our results show that before planting NO3-N 

levels below the root zone was always less than 10 ppm – confirming results from 

2010.After fertilizing and flooding, below root zone water NO3-N levels were highest at 

the beginning of the season but never above 10 ppm. As the season progressed NO3 levels 

became non-detectable. Using labeled fertilizer N (
15

N) indicted that fertilizer N was not 

the primary source of NO3 below the root zone. At most, fertilizer N contributed at most 

only 15% (usually a lot less) of the NO3 below the root zone. Data from 2010 and 2012 

suggest that NO3 leaching in rice fields is not a major concern. This can be explained by 

the impermeability of many rice soils and N dynamics/chemistry by which much of the 

NO3 is lost rapidly to the atmosphere as N2 gas rather than being leached. 

3. In 2012 we accessed the K status of 31 rice fields in the Sacramento Valley. This 

involved grower surveys to determine the history of each field (fertilizer and straw mgmt., 

yields and water source), soil samples from three checks within each field, water samples 

twice in the season and flag leaf samples at heading. We found that 14 of the 31 fields 

were usually fertilizer with K with the average rate being 27 lb K2O/ac; however soil K 

levels (ranged from 35 to 350 ppm) were not related to fertilizer history. All of the fields 

(3) with soils below the critical threshold of 60 ppm of K were located east of hwy 99 and 

all fields with soil K levels below 100 were located on the east side of the valley. On the 

west side of the valley all of the fields had K levels above 100 ppm regardless of K 

fertilizer management. Fields on the west side are irrigated with Sacramento River water 

which had the highest K concentration (1.2 ppm) of all irrigation waters tested. On the 

east side of the valley which is irrigated by the Feather, Yuba and Bear Rivers the average 

K concentration was lower and averaged less than 0.8 ppm. This may be one factor 

causing lower soil K values on the east side of the valley. Soils with K levels below 100 

ppm had lower flag leaf K values unless they were fertilized with K. We suggest adding 
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K fertilizer if soil test values are below 100 ppm. We would like to expand this study in 

2013 to include more sites where K is not used and where straw is routinely removed. 

4. Following N application, planting is sometimes delayed due to rainfall. This delay in 

planting can result in N losses due to denitrification or ammonia volatilization. A study 

was initiated to quantify these N losses so that growers would have a better idea of how to 

manage N following such an event. In this study N (aqua-ammonia and urea) was applied 

at 15, 10, 5 and 0 days before flooding and planting. Weather conditions during this 

period were very dry with no rainfall. As a result we saw less than 1 lb N/ac lost as either 

NH3 or potentially through denitrification (NO3 did not accumulate in the soil). Therefore 

under these dry conditions there was not a perceived negative benefit of delaying 

flooding. However, we do not recommend delaying flooding following a nitrogen 

application. 

 

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. 

 

In 2012, we continued this research with the goal of investigating N management options and 

effect of variety on CH4 emissions. In the first field experiment we evaluated the effect of 

fertilizer N source and placement on CH4 and N2O emissions. Experiments were replicated and 

gas measurements carried out over the entire length of the growing season using static chambers. 

Sampling will occur at least every week but more frequently around management events 

(irrigation, drainage, fertilizer applications) that influence GHG emissions. In the second 

experiment, we evaluated how variety choice may affect emissions. Much of the CH4 and N2O 

pass through the rice plant so varieties do affect net GHG emissions and this has been shown 

elsewhere. The focus will be on the major varieties grown in California. This experiment will be 

replicated with sampling at least every two weeks from static chambers. 

 
 

Objectives  

 

 Determine the effect of N source and placement on GHG emissions. 

 Determine effect of rice variety on GHG emissions. 
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 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  

 

GHG emissions under different N management practices 

Both field experiments were located on the UCD grounds west of campus. The experiment was 

laid out in a randomized complete block design with three replications. Four treatments were 

evaluated: 

1. 0N control, 

2. Aqua-N (120 kg N/ha or 108 lb N/ac) injected at 2-4 inches below soil surface, 

3. Urea-N (120 kg N/ha or 108 lb N/ac) broadcast to soil surface, 

4. Urea-N (120 kg N/ha or 108 lb N/ac) applied in bands 204 inches below soil surface.  

 

In each N treatment all of the N was applied just before planting and P and K fertilizer was 

applied to ensure these nutrients were not limiting. The field was planted to M104. Due to geese 

and duck damage, the field was replanted 2 weeks later (without draining field). This improved 

overall emergence; however weeds were a big problem and we were only able to hand weed 

around the GHG chambers.  

 

GHG emissions from different rice varieties 

This experiment was set up as a randomized complete block design with three replications. The 

treatments were six varieties: 3 from California (M206, L206 and CT202) and three from the 

southern US (CLXL 745, CLXL 751 and Francis). Due to poor stand establishment (ducks and 

geese), the trial had to be replanted. In this case (unlike the N trail) the field was drained and 

sprayed with round-up before reflooding and planting. This practice is similar to a “stale 

seedbed” system and gave better weed control than in the adjacent N trail. Even with teh second 

planting the stand establishment was not uniform. The GHG measurement collars were placed in 

areas with the best establishment and yields were determined from within the collars as well. Due 

to having to replant, the final planting was delayed and resulted in the variety Francis not 

reaching maturity (no harvestable yield). 

 

GHG measurements 

GHG emissions for each treatment were quantified using a vented cylindrical surface chamber, 

with 14.7 cm diameter and varying chamber height (15.2- 30.5 cm) as rice growth progressed 

was placed within each 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, 

crop biomass after harvest and rice grain yields at 14% moisture content. 

 

Results  

 

GHG emissions under different N management practices 

Results need to be interpreted with extreme caution due to the poor weed control that was 

achieved in this field (we hand weeded around gas chambers), having to replant, and that an old 

aqua rig was used to apply the aqua-NH3. The latter is a problem because we are not sure if the 

rate of N was the same for both urea and aqua N sources.  



  Project No. RM-4 

  5 

 

In brief, we did see a significant response to N fertilizer as would be expected. The highest yields 

were achieved with urea N that was banded and the lowest in aqua-N that was injected (Table 1). 

These results are not what we have seen in other studies. Usually injecting or banding a fertilizer 

into the soil improves N uptake, N efficiency and yields. It is for this reason that we question the 

amount of aqua-N applied. It was an old rig and we are not sure if it was properly calibrated. 

Therefore the N response data is suspect and should not be used to make recommendations. 

 

With respect to GHG emissions there was no N2O emissions measured from this study (Table 1). 

This is not unexpected as the soils stayed continuously flooded through the growing season. 

Methane emissions ranged from 6 to over 13 kg CH4-C/ha but N management did not have a 

significant effect on the emissions. 

 

 

Table 1. Seasonal GHG emissions, grain yield, and global warming potential of various modes 

of N fertilizer applications
*
. 

N fertilizer mode  Total CH4 

emissions 

Total N2O 

emissions 

GWP Grain 

Yield 

Yield-scaled 

GWP 

 g CH4-C ha
-1

 
season

-1
 

g N2O-N ha
-1

 
season

-1
 

kg CO2 eq 
ha

-1
 season

-1
 

Mg ha
-1

 kg CO2 eq Mg
-1

 
season

-1
 

      

Control 6295 0 204 4.1c 46 

Aqua NH3 injected 11347 0 372 8.9b 45 

Urea-Broadcasted 12235 0 385 11.1a 33 

Urea-Banded 13556 0 440 12.2a 35 
*GHG emissions and GWP values followed by same letter are not significantly different at 
α=0.05. 
 

 

GHG emissions from different rice varieties 

As with the N trail, results need to be interpreted with care due to difficulties encountered in 

stand establishment, an overall weak stand and a late planting date (delayed ripening of some 

varieties – especially Francis which had no yield).  

 

M 206 had the highest yields followed by L206 and the two hybrids and then CT202 (Table 2). 

Overall N2O emissions were low (0-91 g N2O-N/ha/season) as would be expected in 

continuously flooded conditions (Table 2). CH4 emissions ranged from 5,800 to 21,000 g CH4-

C/ha/season but due to high variability these differences were not significant. Yield-scaled 

emissions which is the amount of GHG emitted per unit of production was similar for all 

varieties.  

 

 

Table 2. Seasonal GHG emissions, grain yield, and global warming potential of different rice 

varieties. 

 
Rice 

Variety 

Origin Total CH4 

emissions 

Total N2O 

emissions 

GWP Grain 

Yield 

Yield-scaled 

GWP 

  g CH4-C ha
-1

 g N2O-N ha
-1

 kg CO2 eq Mg ha
-1

 kg CO2 eq Mg
-1
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season
-1

 season
-1

 ha
-1

 season
-1

 season
-1

 

       

CT202 CA 5795 81 232 9.1c 25 

L206 CA 13355 67 477 12.3ab 39 

M206 CA 14906 67 529 14.2a 39 

CLXL 751 TX 9795 0 314 11.6b 27 

CLXL 745 TX 10503 57 377 12.5ab 31 

Francis AR 20989 91 743 0 - 

 

Conclusions 

Unfortunately, these experiments did not turn out as we would have liked, due largely to factors 

outside of our control. These data must be interpreted with caution. Based on our experience this 

year, we will not be conducting research at this facility again unless absolutely necessary.   

 

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 

funded project we have addressed NO3 in surface waters. This project is focusing 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 which will 

provide a basis upon which legislators can make sound decisions. 

 

In 2010 we analyzed soil samples for NO3 to a depth of 7 feet (2m) (Fig 1). Based on our results, 

soil NO3 levels beneath rice fields are 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 immobilizes 

• 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) 

• Hydraulic conductivity is very low preventing downward movement of NO3 . 
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Figure 1. Location of field sites where soils samples were collected for NO3 analysis.  

 
 
 
 

 
Figure 2. Soil NO3 across soil depths in 8 California rice soils. Site numbers refer to those in 

Table 1and Figure 1. 
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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 

 

 

The primary limitation of this study was that we did not measure NO3 leaching directly. Our 

approach was to determine if NO3 may be an issue in rice fields. Our results suggest it is not; 

however, the Irrigated Lands Regulatory Program found it insufficient on those grounds and 

requested that we measure leaching directly.  

 

 

Materials and Methods  

 

In 2012, our objective was to directly measure NO3 leaching from rice fields. For this study we 

chose four fields that were sampled in the 2010 survey work discussed above.  These were fields 

1, 3, 7 and 8 (Fig. 1, 2 and Table 1). In early spring, before land preparation soil samples were 

taken to a depth of 1 m. Soils were separated into four layers (0-15 cm, 15-33, 33-66 and 66-

100cm). Soil from each depth were analyzed for NO3, NH4, dissolved organic N (DON), and 

total N. Before fertilizer applications in the spring we set up three rings (30” in diameter) in each 

field. Steel rings were hammered 6” into the ground to prevent N fertilizer from moving in our 

out of the ring. Two pore water samplers were placed in each ring: one located in the root zone 

(about 3 inches below soil surface) and the other located below the root zone (about 18 inches 

below soil surface). The lower sampler was sealed from surface water using bentonite. Before 

flooding field ammonium sulfate at a rate of 150 lb N/ac was applied 3” below soil surface to 

each ring. This fertilizer was labeled with a tracer (
15

N) so we could track where it moved in teh 

soil. 

 

After flooding the field for planting, water samples from each pore water sampler were taken at 

regular intervals (approximately 1X/wk) throughout the growing period.  Water samples were 

analyzed for NO3, NH4 and DON. If the sample contained nitrate, the nitrate was analyzed for 
15

N. At the end of the growing season, plants from within each ring were harvest to determine 

grain yield and N uptake. In addition soil samples were taken to a depth of 18” to determine if 

our labeled N had moved down into the soil profile.  

 

Rice straw was returned and incorporated back into the rings. During the winter we will continue 

sampling each ring for NO3 leaching as described above. 
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Results 

 

Soil samples to a depth of 1 m (40 in) were analyzed for NO3, NH4 and dissolved organic N 

(DON). Total dissolved N (DON=sum of all other fractions) never exceeded 13 ppm and 

generally decreased at deeper depths. At depths below the root zone (lower than 15 cm) NO3-N 

levels never exceeded 8 ppm and in all but one case was less than 1 ppm. The site 1 NO3 levels 

are higher than that reported for the same site in 2010 (Fig. 2) at the same depth while all of the 

others were similar or less. Similar to the 2010 study, these data suggest that NO3 levels below 

the rice root zone are not a concern in these rice systems. 

 

 
 

Figure 3. Soil N content at sites1, 3, 7, and 8 prior to the 2012 season. (soil samples were taken 

on April.19, 2012). Dissolved organic N (DON) total dissolved N (TDN=sum of NO3, NH4 and 

DON).All values are given as ppm-N. 
 
Soil water sampling began shortly after initial flooding in preparation for flooding. At site 1water NO3-N in the root 
zone was 7.5 ppm at the first sampling (Fig. 4). After that all root zone samples had no detectable NO3. Below the 
root zone, NO3 levels were highest at sites 1 and 7 – which also had the highest NO3 values in this soil profile prior to 
the start of the season (Fig. 3). While NO3 values at Sites 1 and 7 were the highest and ranged between 5 and 9 ppm 
the never exceed 10 ppm and after June fell to levels below 1 ppm. At the other two sites soil NO3 levels were less 
than 1 ppm throughout the season. 
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Figure 4. Soil water N content at sites1, 3, 7, and 8 taken in and below the root zone through the 

2012 season. Dissolved organic N (DON) total dissolved N (TDN=sum of NO3, NH4 and DON). 

 

 

One objective in our study was to identify the movement of applied fertilizer N using labeled 

fertilizer N. Very low amounts of fertilizer was found below the root zone. The highest amount 

found was 1 ppm at site 1 during the first sample event and almost 1 ppm at site 7 in the second 
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sampling event. All other measurements were less than 0.25 ppm. These data show low levels of 

NO3 below rice systems and that the origin of this NO3 is less than 15% from fertilizer N. 

 

 

 

 

 
 

 
 

 

Figure 5. Soil water NO3-N and NO3-
15

N content at sites1, 3, 7, and 8 taken in and below the 

root zone through the 2012 season. NOTE break in Y-axis and that units for Y-axis are in ppb. 

 

Future work 

We plan to continue monitoring NO3 water levels through the 2012/13 winter. After which we 

will take a final soil sample to a depth of 1 m to determine the fate of fertilizer N. We are also 

working with Dr. Thomas Harter to examine well water NO3 concentrations in rice areas. 

Preliminary data show that these well have low NO3 concentrations – confirm our field level 

studies. Finally, we plan to publish this data as it will be important to have this data available for 

legislators. 

 

OBJECTIVE 3: POTASSIUM STATUS OF RICE SOILS.  

 

Site 1 

Site 8 Site 7 

Site 3 
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Rice takes up from the soil about the same amount of potassium (K) as nitrogen (N) – roughly 

150 lb/ac. However, at harvest about 80% of the K is in the straw and 20% in the grain; whereas 

for N about 20% is in the straw and 80% in the grain. Thus, with current straw management 

practices, in which straw is retained in the field, most of the K is conserved in the soil; however 

about 20-30 lb K/ac is removed in the grain each year. Given enough time, this continual removal 

(or mining) of K from the soil will eventually lead to K deficiencies unless K is replaced by the 

use of fertilizer or some other means. Due to the heavy clay soils which contain a lot of K 

reserves, K deficiencies have not been a large problem for most CA rice growers (the exception 

is the red soils on the eastern side of the valley), despite the fact that most growers do not apply 

K fertilizer. However, in recent years there seems to be an increasing number of fields that are 

showing signs of K deficiency. In addition, there is increasing talk about the use of rice straw for 

off-site purposes. Removal of rice straw will accelerate the mining of K from soil since much of 

the K is stored in the straw at harvest. The value of this K is information for growers considering 

removing straw from their fields. 

Given this background, the objectives of this research will be to quantify the K status of soils 

around the Sacramento Valley and identify under what circumstances K deficiencies are likely to 

occur. The factors to be examined will be soil type, fertility management, inputs through 

irrigation water, and straw management. 

Materials and Methods 

In 2012 we identified 31 fields. From each field, soils samples were taken from the top, middle 

and bottom checks before any fertilizers were applied. These soils were analyzed for extractable 

K. Twice during the season water was sampled at the inlet and analyzed for K content. Near 

heading flag leaf samples were taken from plants within each check that the soils had been 

sampled. These leaf samples were also analyzed for K. In addition to these samples, each grower 

was interviewed as asked about historical (past 5 years) yields from fields, straw management 

and winter flooding practices.  

 

Results 

 

Data from this study is still being processed. The results presented here are summary in nature. 

 

Field histories 

In our study 14 of the 31 fields that we investigated had a recent history of K application. The 

average application rate, based on fields where K was applied, was 27 lb K2O/ac. No fields in our 

study had had straw removed regularly.  

 

Variability between checks within a field 

Data from previous experiments on K has shown that K does move readily in the water. Based on 

this we thought that K may accumulate in the lower checks near the outlet as it is “pushed” 

downward. Soil K did vary between checks, however, there was not a consistent pattern. 

However, we need to look at the data and fields more carefully in this regard as some of the 

fields had multiple inlets and outlets. These fields would need to be removed from this analysis. 

 

Soil K values 
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Soil K values ranged widely among fields from as low as 35 ppm to as high as 350 ppm (the 

critical level is 60 ppm). There was no relationship between soil K values and the amount of K 

that had been added and removed (based on recent history data). The primary patterns we saw 

were that (1) all three of the fields where K values were below the critical value were located east 

of highway 99; (2) all fields where soil values were below 100 ppm were on the east side of the 

valley; and (3) none of the fields on the west side of the valley had soil K values below 100 ppm. 

 

Soil K values and fertilizer input 

Fields could be divided into four groups based on soil K levels (assuming adequate=100 ppm) 

and K fertilizer inputs.  

1.  (14 fields) Adequate soil K – No K addition 

2. (9 fields)    Adequate soil K – K addition 

3. (1 field)    Inadequate soil K – No K addition 

4. (6 fields)    Inadequate soil K – K addition 

 

Based on this 20 of the 31 fields had K fertilizer practices that matched the soil K status. That is 

if soils had sufficient K then no fertilizer was added or if K values were low then K fertilizer was 

added. However, in 9 fields K was added when it did not have to be and in 1 field K should have 

been added but it was not. 

 

Soil K values and flag leaf K concentration 

 

The critical flag-leaf K value is 1.2%. In this study only one field had K values in this range and 

one other field had about 1.3%. All other fields had K values well above the critical value 

typically between 1.4 and 1.8%. In fields where K was not added in 2012, flag leaf K values are 

low when soil K values are below 100 ppm (Figure 1).  

 
Figure 1. The relationship between soil K and flag leaf K values in fields where K fertilizer was 

not applied. 

 

K concentrations of irrigation water 

There was a significant difference in the concentration of K in irrigation waters (Fig. 2). The 

Sacramento River had the highest K values (1.2 ppm), followed by the Feather River (0.75 ppm) 

and the Sierra rivers (0.62 ppm). If one assumes only water uptake from evapo-transpiration then 
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this translates into 13 lb K2O/ac being provided in water from the Sacramento River and 8 lb 

K2O/ac from the other water sources.  

 

The west side of the valley is irrigated with Sacramento River water. This difference in irrigation 

water K concentrations may be one of the reasons (there are other reasons such as soil type) we 

did not find any fields on the west side of the valley with soil K values below 100ppm. Where 

irrigation water K levels were low, we observed soil K levels below 100 ppm. 

 

 

 

 
Figure 2. Average K concentration of irrigation water from various water sources. Sierra Rivers 

include the Yuba and Bear Rivers. 

 

Future work 

We plan to continue this study for one more year to get more fields. We would like to focus on 

fields where K is not being applied and that have a history of straw removal. In addition, there 

are some areas of the valley where we did not sample and we would like to get fields from those 

areas.  

 

 

OBJECTIVE 3: QUANTIFY LOSSES OF PREPLANT N FERTILIZER FOLLOWING APPLICATION. 

Nitrogen is the major nutrient input for CA rice systems. Most of the N is applied before planting 

either as aqua-ammonia (aqua) injected below the soil surface and/or a blended starter fertilizer 

(starter) broadcast on the soil surface. All N is applied as ammonium (NH4) or a form of fertilizer 

that rapidly changes to NH4. In general (following recommendations), soils are flooded almost 

immediately after fertilizer applications. This flooding of the soil prevents the NH4 from 

converting to NO3 (a biological processes call nitrification) which is subject to losses and no 

longer being available to the plant. However, in the past couple of years the spring has been cool 

and wet. It was not uncommon for a grower to have applied N fertilizer but was unable to flood 

the field due to rain. This delayed flooding allows time for nitrification to occur and the fertilizer 

to convert to NO3 which will be lost when the field is flooded. What we do not know is how fast 

this proceeds. If we knew how fast this process takes place we could then recommend to growers 

how much additional N may need to be applied to make up for what was lost. Right now this is 
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largely guess work. Therefore the objective of this project will be to quantify N losses due to 

delayed flooding of both aqua and starter N. 

 

Materials and Methods 

 

The field was located at a UCD facility west of campus. The experiment was set up as a 

randomized complete block design with three replications. The following 9 treatments were 

implemented: 

0N; 

aqua-N at 15, 10, 5 and 0 days before flooding; 

urea-N at 15, 10, 5 and 0 days before flooding. 

 

In each case we applied 120 kg N/ha (108 lb N/ac) and P and K were applied at rates to ensure 

they were not limiting. Soil moisture, ammonia volatilization, NO3 and NH4 were measured 

every 5 days before flooding from control and treatments that received N. Fields were flooded 

and planted with M104. 

 

As mentioned in objective 1, we had many problems with this site. We had to replant 2 weeks 

after initial planting due to bird damage. This replanting created a large and uncontrollable weed 

problem. While were able to get all of the preplant measurements we could not get yields and N 

uptake from these crops as we had anticipated. 

 

Results 

We were able to determine the amount of NH3-N losses due to early application. In each case the 

amount of N losses were almost negligible being less than 1 lb N/ac from either aqua-ammonia 

or urea applications (Fig. 1). These low losses are due to the dry conditions experienced during 

the preplant period. We experienced no rain during this period resulting in very low losses. If we 

had experienced rainfall it is very likely that our losses would have been much higher. 

 

  
Figure 1. Sum of NH3 volatilization (g NH3/ha) under different days of fertilizer application 

before flooding. 
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Nitrate can accumulate following NH4 applications to soil. This NO3 can be lost to the 

atmosphere when the soil is flooded through the process of dentirification. In our study we found 

that regardless of timing and N source (see Fig 2 at 0 days before flooding) only 1-2 ppm NO3-N 

was found in each treatment. As with the NH3 volatilization, these low values are due to dry soil 

conditions during the 15 day preplant period. At planting urea granules applied 15 days before 

were still visible and had not dissolved. Had rainfall occurred it is likely we would have seen a 

much larger build-up of NO3.  

 
Figure 2. Soil NO3-N contents (15 cm layer) after different days of fertilizer application before 

flooding. Soil samples were taken before fertilization in each event. 

 

In summary, results from this study indicate that there is a relatively low potential for N losses 

due to early N applications – provided the soil stays dry (we do not recommend early 

applications). However, we were not able to address the real objective of this study which was to 

determine N losses associated with a rainfall event that would delay N applications.  

 

Future work 

We do not plan to continue this research. It is not possible to do this sort of work on-farm and 

managing rice at the UCD facility is too difficult.     
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