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OBJECTIVES AND EXPERIMENTS CONDUCTED, BY LOCATION, TO ACCOMPLISH 
OBJECTIVES: 
The overall objective of this project is to develop fertilizer guidelines for California rice growers which 
are economic viable and environmentally sound. Toward this objective, in 2016 the following specific 
objectives were addressed. 

1. Determine the potassium status of rice soils.  
2. Develop management practices for growing rice under conditions of alternate flooded/dry soil 

conditions. 
3. Understand and quantify rice yield variability in the Sacramento Valley  
4. Mid-season N status and accessing the need to topdress. 
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SUMMARY OF 2016 RESEARCH (major accomplishments), BY OBJECTIVE: 
 
1. Determine the potassium status of rice soils. 
 In 2012 and 2013, 55 rice fields were identified. From each field, soils samples (from the top, middle and 
bottom checks), water samples (twice each season from inlet) and flag leaf samples at heading were all 
analyzed for K. In addition, each grower was asked about historical (past 5 years) yields from fields, 
straw management and winter flooding practices.  

Soil K values ranged from 35 to 350 ppm (critical level-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 pattern we saw was that soil K values were lowest in the south-east, followed by north-east and 
north-west. Highest values were in south-west. All fields below 60 ppm (critical value) were on the east 
side of the valley. 

The critical flag-leaf K value is considered to be 1.2%. When soil K values were below the critical value 
of 60 ppm then 50% of the flag leaves sampled had K values below the critical range and when soil K 
ranged from 60 to 120 ppm, 8 flag leaf samples (24%) had K levels below the critical range (Fig. 1). 
Based on this data, we suggest when soil K levels are below 120 ppm, that K fertilizer should be 
considered.  

 
Figure 1. The relationship between soil K and flag leaf K values in 2012 and 2013 fields where K 
fertilizer was not applied. 

There was a significant difference in the concentration of K in irrigation waters. Of the two primary 
rivers, the Sacramento River had the highest K values (1.18 ppm) while the Feather River averaged 0.79 
ppm. Well water had the highest overall K concentration (2.3 ppm) but it was also highly variable. 
Recycled irrigation water averaged 1.4 ppm and was also variable. 
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K fixation can significantly impact soil K. When K is fixed, it is trapped within soil particles, making it 
unavailable to plants and absent in soil K tests. K fixation is suspected to be why no relationship was 
found between the amount of K added or removed from a field and soil K. In 2016, to understand how 
much K these rice soils can fix, the K fixation potential (Kfix) was measured. Kfix is a metric of the soil’s 
potential to fix or release K. Kfix values ranged from 242 ppm K (fixing 242 ppm) to -554 ppm K 
(releasing 554 ppm). Of the 160 total soil samples (from 55 fields), 25 samples fixed K and 135 samples 
released K. There is a clear relationship in which soils that fix K are likely to have lower soil K (Figure 
2). Also, all soils that fix K have a soil K concentration under 200ppm, indicating that soils with lower K 
levels are possibly fixing K.   

 
Figure 2. The relationship between K Fixation and Soil K. The soils circled in red are those that fix K. 

K fixing soils were primarily found in the eastern Sacramento Valley (Figure 3a).  Of the 25 soil samples 
that fixed K, 22 (88%) were east of the Sacramento River. As mentioned, soil K follows a similar 
distribution in which soils in the eastern Sacramento Valley had lower soil K values (Figure 3b). Of the 
59 soil samples deficient in K, 51 (86%) were also east of the Sacramento River. As some soil types fix K 
while others do not, Web Soil Survey information was used to identify which soil types (using SSURGO 
map units) are capable of fixing K (Figure 4). Map units 824, 825 and 886 were soils that fixed K, while 
all other map units studied did not fix K. Growers can use the interactive Web Soil Survey to understand 
if their fields contain these K fixing soils and potentially adjust their management practices. In 2017, we 
plan to determine the mineralogy of these soils which will make it easier to identify K fixing soils and 
thus for growers to make fertility adjustments. 
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 Figure 3a. This map shows the distribution of soil 
K levels. The soils with K levels below the critical 
value of 120 ppm are mostly located to the east of 
the Sacramento River. 

Figure 3b. This map shows the distribution of the 
K fixation. Fields marked with red and yellow 
circles fix K, while those marked with blue and 
green circles release K. Soils that fix K are also 
mostly located to the east of the Sacramento River. 

 

Figure 3The map on the left shows the distribution  

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. A “box-and-whisker” plot of the K fixation potential of the different soil 
types analyzed (based on SSURGO data). Soils that reach above the red line fixed K.  
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To improve our understanding of K fixation in Sacramento Valley rice fields, we are in the process of 
analyzing soil mineralogy. Our analyses have revealed which soils fix K, but understanding exactly where 
K is fixed will help guide K management. Currently, underway is an x-ray diffraction analysis of soil 
mineralogy to identify if it is vermiculite, smectite, or other minerals that are trapping the K that growers 
are applying. Once the mineralogies of these soils are known, our improved understanding of K fixation 
will help develop improved K management guidelines to help growers overcome plant K deficiencies.  

2. Develop management practices for growing rice under conditions of alternate 
flooded/dry soil conditions. 

While the conventional system of growing rice under continuously flooded conditions produces good 
grain yields and maintains high nitrogen use efficiency, California rice growers need to be prepared for 
situations where they might face legislative pressure to implement alternative water management 
strategies.  For example, concerns have been raised about the high greenhouse gas emissions associated 
with continuously flooded rice fields, as well as arsenic uptake by rice plants and methyl-mercury 
formation in flooded soils.  The alternation of wet (flooded) and dry (drained) conditions, known as 
AWD, has the potential to mitigate some of the aforementioned problems.  While these problems don’t 
currently necessitate an alternative water management strategy, it is important to evaluate the agronomic 
viability of AWD as a potential option. 

Experiments in 2013 and 2014 on alternate wetting and drying found that yield in both water and dry 
seeded systems could be maintained when soils were allowed to dry down to 35% volumetric moisture 
content.  In addition, we found that (1) the optimum N rate required to achieve maximum yields was 
similar to conventional water systems, (2) the Global Warming Potential (GWP) was reduced by 
approximately 60 to 80%, and (3) grain As concentrations were reduced by 50%. While such results are 
encouraging and show the possibility of these systems, it is not clear how easy it would be to implement 
at the field scale. Therefore, in 2015 and 2016, we addressed two objectives: 

1. Determining how dry the soil can get during the drying events before yields are reduced. 
Understanding this will help us determine the critical window for when soils can be drained 
without loss in yield. 

2. Determine which growth stages are most sensitive to unsaturated soil conditions.  

Field experiment 

In order to address objective one, we set up a field experiment at the RES systems site. The experiment 
had three treatments each replicated 3 times: 

1. WS-Control: Water seeded conventional flooded (control) 
2. WS-AWD35: Water seeded AWD with dry downs to 35% volumetric water content (similar 

to previous years). 
3. WS-AWD 25: Water seeded AWD with dry downs to 25% volumetric water content (drier 

than the previous treatment). 
4. WS Safe AWD (2016 only): Reflooded when soil water table drops to 15 cm below soil level. 

During the 2015 and 2016 growing season this experiment was implemented using M206. The drain 
periods began after canopy closure which ensures weeds do not become a problem and that preplant 
fertilizer N has been taken up. The AWD treatments involved flooding the field every time the volumetric 
water content dropped to 35% or 25% or water table below 15 cm for Safe AWD.  Each AWD treatment 
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experienced 2 dry down events between 45 days after planting and heading. Greenhouse gas emissions 
(GHG-methane and nitrous oxide) were monitored daily to weekly using non-flow-through vented flux 
chambers.  At the end of the season, plots were harvested, yields were determined. Grain samples were 
processed for As analysis. Root biomass was monitored at various stages during the season and yield 
components determined. 

In 2015, rice grain yields in all treatments were above 11,800 lb/ac. (Figure 1). There was also no 
difference in yield or yield components between the treatments. The period the soil remained unsaturated 
during the dry down events was 7 days in the AWD-35 and ranged from 8 to 11 days in the AWD-25. 
This suggests that soils during this period can be drained for up to 11 days. Grain arsenic concentration 
was determined for both white and brown rice (Figure 2). Across brown and white rice, reductions in total 
arsenic concentration ranged from 60 to 68% and were not different between AWD-35 and AWD-25. The 
organic species DMA (dimethylarsinic acid) and the inorganic species As(III) were detected in CF, while 
only As(III) was detected in the AWDs. Although the total arsenic concentration did not differ between 
the two AWDs, As(III) concentration in brown rice was AWD-25 < AWD-35 < CF. 

In 2016, the drying periods lasted 3, 8 and 11 days in the Safe-AWD, AWD-35 and AWD-25, 
respectively. Grain yields were overall lower than in 2015 but again there was no difference between the 
treatments (Figure 3). As regards to yield components, AWD-25 had the lowest harvest index and the 
highest number of tillers per square meter (Figure 4). The percentage of unproductive tillers (average = 
1.16%), number of grains per panicle (average = 91), blanking (average = 8.5%), and grain size (average 
= 29.7 g/1000 grains at 14% moisture content) did not differ between the treatments. 

 

 
Figure 1: Rice grain yields of the three water management treatments for the 2015 and four water 
treatments for 2016 growing seasons. 
 

 
 

Figure 2: Grain arsenic concentration in white (A) and brown (B) rice among the three water 
management treatments for the 2015 growing season. As(III)=arsenite, DMA=dimethylarsinic acid. 
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Figure 3: Harvest index and number of tillers per square meter of the four water management treatments 
for the 2016 growing season 
 
In terms of greenhouse gas emissions, nitrous oxide (N2O) emissions were close to zero or below zero for 
all AWD treatments, but methane (CH4) emissions were reduced on average by 70% in the AWD (35 and 
25) treatments in 2015 and 57% in 2016 (Table 1). In the Safe AWD treatment (only 2016), CH4 
emissions were reduced by 42%.  There was no benefit or penalty to letting the soils dry further in terms 
of GHG emissions or yield. The global warming potential (GWP) and yield-scaled GWP of the AWD 
treatments was lower by roughly the same magnitude as the reduction in CH4 (Table (Fig. 5; Table 1). 
These results indicate that AWD can maintain rice grain yields while significantly reducing the GHG 
emissions associated with rice cultivation. 
 
Table 1: Mean (SE) cumulative CH4 and N2O emissions for each water management treatment with total 
GWP and yield-scaled GWP for the 2015and 2016 growing season (2016 N2O data not yet finalized). 

N fertilizer mode of 
application 

Total CH4 emissions Total N2O emissions Global warming potential 

  2015  
 kg CH4-C 

ha-1 

season-1 

kg CO2 
eq ha-1 
season-1 

g N2O-N 
ha-1 

season-1 

kg CO2 
eq ha-1 
season-1 

kg CO2 eq 
ha-1 
season-1 

kg CO2 eq 
Mg-1 season-

1 
       
Flooded 338a 11,288a -57a -15a 11,262a 948a 
AWD 35 92b 3,055b -111a -52a 3,003b 253a 
AWD 25 111b 3,696b -32a -27a 3,681b 305b 
  2016  
Flooded 214      
Safe AWD 129      
AWD 35   97      
AWD 25   87      
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Figure 5: Methane emissions (CH4 - means ± SE) during the 2015 and 2016 growing seasons for the 
water-seeded continuous flood and AWD treatments (AWDS= Safe AWD). N2O emissions in both seasons 
were low to negative (not shown). 

 
Bin experiment (2015) 
 
In order to address the second objective and understand which growth stages are most 
susceptible to dry down events we set up an experiment at the RES systems site. This experiment 
was con ducted in 2015 and 2016; however, at time of reporting the 2016 data were not 
available. Below we report on the 2015 trial which had the following treatments. Each treatment 
is when a single dry down was done. 
 

1. Continuous flood (CF) 
2. Panicle initiation drain (PI) 
3. Booting drain (BOOT) 
4. Heading drain (HEAD) 

 
These experiments were set up in plastic bins which were buried in the field so that the height of 
soil in bin was the same level as the surrounding field soil.  The top rim of each bin was above 
the flood water level in the main field. Holes were placed at the side of each bin at soil level so 
that the water height could be maintained within each bin. For the drain, the holes were plugged 
and water pumped out until the water level was at soil level. The soils were allowed to dry down 
to 35% volumetric water content after which the plugs were removed and the bins reflooded with 
water. 
 
Yields (data not shown) were similar among treatments but the data were highly variable. Grain 
arsenic concentrations were evaluated for both brown and white rice (Fig. 1). Compared to CF, 
total arsenic concentration was reduced by 65% (white rice) and 60% (brown rice) in PI and 45% 
(white rice) and 40% (brown rice) in BOOT. No reductions were observed with HEAD, for both 
white and brown rice. In all samples, only the organic form DMA and the inorganic species 
As(III) were detected in the analyses. In white rice, As(III) and DMA concentrations behaved as 
total As, being lower in PI and BOOT than in CF and HEAD. In brown rice, only PI showed 
lower As(III) levels than CF. Further, DMA levels in brown rice were PI < BOOT < HEAD < 
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CF. These results suggest that the lowest levels of arsenic, including the As(III) species which is 
the most toxic, is obtained when the drying event is imposed during panicle initiation. 
 

 
Figure 4: Grain arsenic concentration in white (A) and brown (B) rice in the four treatments 
(CF=continuous flooded, PI=panicle initiation, BOOT=booting and HEAD=heading. As(III)=arsenite, 
DMA=dimethylarsinic acid. 

 

3. Understand and quantify rice yield variability in the Sacramento Valley  
California rice yields are amongst the highest in the world; however, over the past 15 to 20 
years’ yields have stagnated. Our objective is to identify ways to further increase yields through 
improved management that optimizes the yield potential of the varieties being developed.  
 
Broadly the objectives of this research are as follows: 
 

• Create a database of Statewide Variety Trials, state and county yield data, grower yields, 
and other yield data that is accessible to multiple research groups for analysis. 

• Analyze yield trends across time, estimating the impact of soils, management, and 
climate variability. 

• Conduct a Yield Gap Analysis 
• Highlight areas of improvement or future research in support of increased yield and yield 

stability in CA rice production. 
 
In 2016, we calibrated and validated the ORYZA crop model for California rice systems, and 
then used this model to conduct a Yield Gap Analysis (YGA). This YGA identified the 
maximum yields possible (yield potential) and compared this to the yields that are being 
achieved. The difference between these two values is the yield gap.  
 
We have compiled a complete database of UCCE Statewide Variety Trials, state and county 
yields, and grower yields. We have also created a data base of climate and soils data that is 
paired with each of the yield data bases. This database is as follows: 
 

• Compiled all Statewide Variety Trial data from 1995-2015 into a central database, 
including error checking (approximately 30,000 data points) 

• Linked yield data to site-specific daily climate (CIMIS and NCDC) 
• Created a procedure to calculate climate variables (e.g. – average temperature during 

flowering) specific to each data point in the Statewide Variety Trials.  
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In 2016, using this database (and from the southern US) our specific objectives were to:  
 

1. Calibrate and validate the ORYZA model to quantify the maximum yield potential of US 
rice production systems  

2. Use this maximum potential yield estimate and county level data to determine the yield 
gap (difference between potential and achieved yields). 

3. Investigate avenues for improving yields. 
4. Quantify the impact of temperature on yield variability, specifically the effects of 

temperature stresses during reproductive stages and warmer seasonal temperatures.   
 

Methods: 

• ORYZA crop model was validated against data for both Clearfield XL745 and M-206 using 
data from well managed experimental plots. 

• The ORYZA model was used to estimate yield potential for 14 different zones that 
collectively represented 87% of all harvested acres in US rice production. 

• Yield potential was compared to average yields within each zone, as calculated by a 
weighted average of USDA reported yields. 

• A separate probability based model was constructed to quantify the effects of increased 
seasonal Tmin, Tmax, and point stresses during reproduction (i.e., cool and heat induced 
sterility during the booting and flowering stages). Data from the Statewide Variety Trials 
from 1995-2015 were used to estimate the impacts of each temperature effect. 
  

Results: 
A summary of our results is as follows: 
 

1. ORYZA was able to model yield potential in the Southern US (CXL745) after only basic 
calibration compared to CA (M-206). ORYZA was less able to simulate yield potential in 
CA (M-206) rice production systems in the Delta region due to cold induced sterility.  
This work was published in Field Crops Research, Volume 193 (May), 2016 titled 
“Estimating yield potential in temperate high-yielding, direct-seeded US rice production 
systems.” 

2. The current attainable yield potential in California rice systems with modern medium 
grain varieties was between 11,200 to 12,500 lbs/acre, while the Southern US had 
generally lower yield potential between 10,500 to 11,200 lbs/acre (Fig 1a & 1e). Of this, 
85% is typically assumed to be attainable by farmers.  

3. The actual statewide yields in CA averaged between 7,700 to 8,600 lbs/acre (Fig 1b).  
4. The yield gap (the room for potential improvement) is therefore smaller in CA (between 

1,000 to 1,500 lb/acre) and larger for Southern US systems (between 1,500 lbs/acre to 
2,600 lbs/acre) (Fig. 1d & 1h).  

5. California rice production systems generally had higher yield potential compared to 
production systems in the Southern US. However, production systems in CA also showed 
lower annual yield improvements compared to the Southern US (Fig. 2), suggesting that 
CA rice systems might be closer to a yield ceiling. 
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6. Using the probability based model, the impact of cool stress during booting had the 
largest impact on grain yield (up to 2,500 lbs/acre yield loss; Fig. 3). Cooling or heat 
stress during flowering were found to have the next largest impact on grain yield behind 
cooling stress during booting. Warmer seasonal Tmin and Tmax were found to have much 
smaller impact on yield (less than 400 lbs/acre yield loss; approximately 1-2% per ℃; 
Fig. 3). This estimate of yield losses due to increased seasonal Tmin is much smaller than 
previous estimates (10% loss per ℃; Peng et al., 2004).  

7. Sensitivity to cooling and heating stress during booting varied by grain type, with 
medium and short grain types estimated to be more resistant to cooling stress and long 
grains estimated to be more sensitive (Table 1). Sensitivities to cool stress during 
flowering were similar between grain types. Long grains were found to be the least 
sensitive to heat stress during flowering compared to short and medium grains (Table 1). 
 
 

 
 

Figure 1: Simulated rice yield potential (a & e), attained yields (b & f), attained yields expressed as a percentage of 
yield potential (c & g), and the estimated exploitable yield gap (d & g) for US rice production in California (top 
row) and the Southern US (bottom row). Each was estimated for 14 zones which together represent 87% of US rice 
production area. Here, the exploitable yield gap is calculated as the difference between 85% of yield potential and 
the attained yield. (10 Mg/ha = 10,000 kg/ha = 8900 lb/ac = 89 cwt/ac). 
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Figure 2: Annual yield increases from 1999 – 2014. California (a.) experienced lower rates of annual yield 
increase compared to most of the Southern US (b.). Yield increases were estimated by linear regression of 
yearly estimated attained yields within each zones. Attained yields were estimated as the area-weighted 
average of county-level reported data from the USDA National Agricultural Statistics Service from 1999 – 
2014. (100 kg/ha = 89 lb/ac) 
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Figure 3: The estimated yield losses in rice of reproductive point stresses (cool stress during 
booting, cool stress during flowering, and heat stress during flowering) and respiratory losses 
(mean Tmin and Tmax over the season and during the grain-fill stage). Boxes cover the quartile of the 
marginal posterior distributions of the losses from 27,021 observations over the period 1995 to 
2015 in the Sacramento Valley, California, USA. (1 Mg/ha = 1000 kg/ha = 890 lb/ac) 
 
 
Table 1: The estimated impact of cool and heat stress during the reproductive stages of booting and 
flowering for rice, the threshold below which the crop is estimated to experience stress, and the 
maximum accumulated degrees below the threshold observed over the period 1995 to 2015 in the 
Sacramento Valley, California 

 Median 95% CI Threshold 

 ( kg ha-1 °C-1 ) ( °C ) 

Cooling Booting 
    Long 14.4 13.1 – 15.6 17.2 
    Medium 64.6 58.9 – 70.4 13 
    Short 24.2 20 – 28.6 13.8 
Cooling Flowering 
    Long 38.9 21.7 – 55.5 11.9 
    Medium 34 8.2 – 64.1 10.9 
    Short 25.6 4.9 – 53 11.6 
Heating Flowering 
    Long 70.8 42.1 – 97.2 38.7 
    Medium 19.8 14.2 – 24.9 35.7 
    Short 31.9 22.8 – 40.4 36.6 

 

Conclusions and future work: 

ORYZA can adequately simulate yield potential for most US rice production systems (the 
Sacramento Delta region being an exception). Using the model to estimate yield potential 
showed that CA has a higher yield potential compared to the Southern US. Comparing to 
achieved yields, the yield gap is smaller in CA, though annual improvements in yield are also 
lower. The adoption of hybrid rice varieties could explain more rapid annual improvements in 
the Southern US, and could provide an avenue for improvement in CA.  

Cooling stress during booting has a large impact on yield in CA rice systems, much larger than 
general warming over the season. Differences between grain types suggest that short and 
medium grain types support better yield stability in CA rice systems. Different sensitivities to 
cool stress during booting may suggest opportunities for improvement through genetic selection.    
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We are in the process of using the compiled Variety Trial data from 1995 – 2015 and state wide 
yield data to investigate the impact of variation in solar radiation on grain yield. Conventional 
wisdom suggests uniformly high solar radiation in CA, but preliminary investigation has 
revealed (1) variation in solar radiation between years and (2) a moderate to strong relationship 
between solar radiation and state average rice yields. We are in the process of finding appropriate 
sources of solar radiation data to further investigate the possibility of a solar radiation effect and 
a potential correlation to air-borne particulates (pollution). 

4. Mid-season N status and accessing the need to topdress. 
 

Although some tools (i.e. the Leaf Color Chart) are available to help rice farmers make 
midseason topdressing decisions, for the most part they are limited in their scope and the amount 
of information they provide. Generally, farmers don’t have adequate information to assist them 
in making determinations about applying topdress N to their crop. This often leads to wasteful 
fertilizer application in cases where topdress was not needed, or reduced yields in cases there 
was insufficient supply of nitrogen to the crop. Remote sensing is an emerging field of research 
that could potentially provide farmers with a new and comprehensive tool to determine the 
nitrogen status of their crop. Remote sensing provides information about vegetative systems by 
measuring the amount of light being reflected from plants. This reflectance data is then analyzed 
using various vegetative indices to correlate with physiological characteristics of plants. The 
advantage of this approach is that it could provide farmers a quick and easy way to access the 
nitrogen status of an entire field in real time without having to undergo the time-consuming 
process of sampling individual plants and sending them to a lab for analysis. Therefore, our 
objective was to examine the potential of remotely sensed NDVI as a tool to detect midseason 
nitrogen deficiencies and determine the need for a topdress N application.  

Methods: 

Preliminary research from 2015 found that NDVI does not correlate well with total biomass or 
nitrogen content individually across different sites and sampling times. However, when the two 
are multiplied together to get aboveground N uptake, a strong correlation is observed across sites 
(Figure 1). In 2016, research was carried out to further examine this correlation and develop a 
yield prediction curve (Figure 2) as well as a response index to topdress application at varying 
levels of aboveground N uptake (Figure 3 & 4). Nitrogen trials were set up at three locations: 
Davis, Marysville, and the Rice Experiment Station in Biggs. Rice variety M-206 was grown 
under five different nitrogen rates: 0, 75, 125, 175, and 225 kg N ha-1 (0-200 lb N/ac) in a 
randomized complete block design. At panicle initiation a GreenSeeker was used to measure 
NDVI and aboveground biomass was sampled from each plot for analysis. At this time, each plot 
was further split into three subplots receiving 0, 25, or 50 kg N ha-1 (0, 22 and 44 lb N/ac) 
topdress. At physiological maturity 1 m2 quadrats were harvested from every plot and yield data 
was recorded.   
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Results: 

Results from both 2015 and 2016 indicate:  
1. NDVI (from a Green Seeker) accurately determines total N uptake by the crop at time of 

measurement (in this case around PI) (Figure 1). In contrast it was a poor indicator of 
biomass or N concentration (data not shown-see 2015 report).  

2. Based on studies from four rice fields, the amount of N in the crop at PI needs to be 120 
to 130 lb/ac (this number is a preliminary estimate). If N uptake is lower, then yields are 
likely to be lower. Therefore, a top-dress N application may be necessary (Figure 2). 

3. The Green Seeker can determine if the crop has less than 130 lb N/ac. Our estimates are 
that a Green Seeker value of less than 0.75 (a preliminary estimate) would indicate the 
need for a top dress (Figure 1).  

4. Analysis of yield data from field trials confirm our findings that if N uptake at PI is 
below 120 to 130 lb N/ac then a top-dress N application results in a yield gain (Figure 3 
and 4).   

 
Based on these findings, we plan to replicate 2016 field trials. From 2015 and 2016, we only 
have four field trials so this needs to be expanded to improve the accuracy of our estimates. 
Second, to data our research has used hand held equipment (proximal remote sensing). We 
would like to use a drone as well, which is likely to have wider application. We plan to 
coordinate with LaserMan to have them fly their drones over our field experiments. We would 
use this data to develop a similar program to estimate top-dress nitrogen needs.  
 

 

Figure 1: Data from the 2015 and 2016 rice season shows a strong relationship between aboveground N 
uptake and GreenSeeker NDVI across sites and years. (15 g N/m2 = 133 lb N/ac) 
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Figure 2: Relationship between grain yield of 0 N topdress treatments and aboveground N uptake from 
2015 and 2016 rice season. A consistent relationship is observed across sites and years. Yields are 
presented in kg/ha to covert multiply kg/ha by 0.89. For example, 10,000 kg/ha is equivalent to 8,900 
lb/ac. 

 

Figure 3: Change in grain yield relative to 0 N topdress treatment across varying levels of aboveground 
N uptake for the 2016 rice season. Results shown are from the Rice Experiment Station. Yields are 
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presented in kg/ha to covert multiply kg/ha by 0.89. For example, 10,000 kg/ha is equivalent to 8,900 
lb/ac. 

 

 

Figure 4: Change in grain yield relative to 0 N topdress treatment across varying levels of aboveground 
N uptake for the 2016 rice season. Results shown are from Davis. Yields are presented in kg/ha to covert 
multiply kg/ha by 0.89. For example, 10,000 kg/ha is equivalent to 8,900 lb/ac. 

 

Top-dress N trials on commercial grower fields: 

A recent trend has developed among growers to withhold some of the crops nitrogen requirement at 
planting time and apply it at a later stage by topdressing. We have generally recommended that a top-
dress N application should not be something a grower plans for, but rather to be used as means to recover 
from midseason nitrogen deficiencies.  This study was aimed at examining split applications in three 
commercial grower’s fields in the Sacramento Valley. Growers were asked to apply three treatments (one 
on each separate check):  

1. preplant fertilizer with no topdress (rate PP),  
2. preplant rate with a topdress application (rate PP + TD) 
3. frontloaded approach with both preplant and topdress rates being combined and applied at sowing 

(rate PP + TD).  
At harvest, yields were determined with a combine equipped with yield monitor or by harvesting a known 
area with a combine and weighing the trailer at the drier. When harvesting with combine we attempted to 
harvest representative areas of each check and avoid highly weedy areas. However, this was not always 
possible so data need to be interpreted with of caution. 
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The objective of this study was to answer the following questions:  
1. Did applying a topdress significantly increase yields compared to just the preplant rate? 

a. This was done by comparing treatment 1 and 2 to see if extra added N at top-dress 
significantly increased yields.  

2. If so, did it make a difference if the N was applied all up front (frontloaded – treatment 3) or if it 
was split (treatment 2)?   

a. This was done by comparing treatments 2 and 3. If treatment 2 was higher than treatment 
3 then splitting the N is a better option than frontloading. 

Results: 

Question 1. Did applying a topdress significantly increase yields compared to just the preplant rate? 

In these fields adding extra N as a top-dress did not increase yields. In other words, the standard 
rate growers were applying at planting was sufficient to achieve maximum yields.  

Question 2. If so, did it make a difference if the N was applied all up front (frontloaded – treatment 3) or 
if it was split (treatment 2)? 

Since the answer to question 1 was “no” then question 2 is not necessary. However, in the 
Willows and RD108 fields we saw higher yields when all N was frontloaded (trt 3) as opposed to 
being split (trt 2). 

While these results confirm our general findings that we have seen elsewhere, these results need to be 
taken with some caution. The reason being, that some of these checks had more weeds than others which 
likely affected yields in addition to the affects the N management may have had.  
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Figure 5: Grain yield for each fertilizer 
treatment. The results do not show significant 
changes in yield between the three treatments, 
except for Willows, where we see the frontloaded 
approach led to higher yields relative to the 
other strategies.   Yields are presented in kg/ha 
to covert multiply kg/ha by 0.89. For example 
10,000 kg/ha is equivalent to 8,900 lb/ac. 
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CONCISE GENERAL SUMMARY OF CURRENT YEAR’S RESULTS: 

Objective 1. Determine the potassium status of rice soils. 

Plant, soil and water data from the 55 fields sampled in 2012 and 2013 have all been analyzed. In 
brief, soil K values ranged from 35 to 350 ppm (critical level-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) suggesting that it is not a good management strategy to try to build up soil K but 
rather apply the amount needed. The primary pattern we saw was that soil K values were lowest 
in the south-east, followed by north-east and north west. Highest values were in south-west. All 
fields below 60 ppm (critical value) were on the east side of the valley. The critical flag-leaf K 
value is considered to be 1.2%. When soil K values were below the critical value of 60 ppm then 
50% of the flag leaves sampled had K values below the critical range and when soil K ranged 
from 60 to 120 ppm, 8 flag leaf samples (24%) had K levels below the critical range (Fig. 1). 
Based on this data, we suggest when soil K levels are below 120 ppm, that K fertilizer should be 
considered.  

There was a significant difference in the concentration of K in irrigation waters. Of the two 
primary rivers, the Sacramento River had the highest K values (1.18 ppm) while the Feather 
River averaged 0.79 ppm. Well water had the highest overall K concentration (2.3 ppm) but it 
was also highly variable. Recycled irrigation water averaged 1.4 ppm and was also variable. 

In 2016 we found that some soils low in available K also were K fixers. That is the soils could 
bind K in forms that are not available to plants. Such soils require a different K fertility regime. 
K fixing soils were mostly on the eastern side of the Sacramento River and we were able to 
identify certain soil types that were prone to K fixation. Differences in K fixation among soils is 
likely due to differences in soil mineralogy. This will be explored in 2017 and will help refine K 
fertility recommendations.  

Objective 2. Develop management practices for growing rice under conditions of alternate 
flooded/dry soil conditions. 

In 2013, 2014, 2015 and 2016 grain yields in all AWD treatments were the same as the 
conventional water seeded treatment.  Similarly, the optimum N rate required to achieve 
maximum yields was similar among treatments. Further, we have found that AWD reduces GHG 
emissions by 57% or more, grain arsenic by 50%, and methyl mercury production. We also 
tested a Safe AWD system in 2016. In this systems the soils are only allowed to dry for about 2 
days before reflooding. Safe AWD reduced methane emissions by 40% (not yet sure of impact 
on grain As uptake). While such results are encouraging and show the possibility of these 
systems, it is not clear how easy it would be to implement at the field scale. Research suggests 
the “window” during which a field can be safely drained is fairly large as fields could dry down 
to 25% volumetric water content without a yield penalty. This is roughly 12 days, however this 
may vary depending on location and soil type. We hope to have some field trials in 2017.  

Objective 3. Understand and quantify rice yield variability in the Sacramento Valley  
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In 2016, the focus of our efforts was finalizing the Yield Gap Assessment of US rice systems and 
determining the primary temperature stresses that impact rice yields in California.  Specifically, 
to date in this project we have: 

• ORYZA was able to model yield potential in the Southern US (CXL745) after only basic 
calibration compared to CA (M-206). ORYZA was less able to simulate yield potential in 
CA (M-206) rice production systems due to issues with phenology prediction and cold 
induced sterility.   

• The current maximum attainable yield potential in California rice systems with modern 
medium grain varieties was between 11,200 to 12,500 lbs/acre, while the Southern US 
had generally lower yield potential between 10,500 to 11,200 lbs/acre. Of this, 85% is 
typically assumed to be attainable by farmers.  

o The actual statewide yields in CA averaged between 7,700 to 8,600 lbs/acre.  
o The yield gap (the room for potential improvement) is smaller in CA (between 

1,000 to 1,500 lb/acre) and larger for Southern US systems (between 1,500 
lbs/acre to 2,600 lbs/acre).  

• Using the probability based model, the impact of cool stress during booting had the 
largest impact on grain yield (up to 2,500 lbs/acre yield loss). Cooling or heat stress 
during flowering were found to have the next largest impact on grain yield behind 
cooling stress during booting. Warmer seasonal Tmin and Tmax were found to have much 
smaller impact on yield (less than 400 lbs/acre yield loss; approximately 1-2% per ℃; 
Fig. 3). This estimate of yield losses due to increased seasonal Tmin is much smaller than 
previous estimates (10% loss per ℃; Peng et al., 2004).  

• Sensitivity to cooling and heating stress during booting varied by grain type, with 
medium and short grain types being more resistant to cooling stress and long grains more 
sensitive. Sensitivities to cool stress during flowering were similar between grain types. 
Long grains were found to be the least sensitive to heat stress during flowering compared 
to short and medium grains. 

 
Objective 4. Mid-season N status and accessing the need to topdress 
After analyzing data from 2 years (2015 and 2016) and multiple sites, we found the Green 
Seeker NDVI to be a poor indicator of panicle initiation at biomass and of N concentration in the 
plant; however, it was a good indicator of above ground N content (or total plant N uptake). 
Given this, it is a potentially useful tool to determine if a top-dress N application is necessary. 
Our preliminary analysis shows that if N uptake at PI is 120 to 130 lb N/ac, the GreenSeeker 
NDVI value will be 0.75. An NDVI value lower than this indicates a need for a topdress of N 
fertilizer. There are more data from this season that we have yet to analyze; however, given these 
initial promising results, along with the increase availability and use of remotely sensed data, 
further research in this area is warranted in order to make these tools more promising for 
growers. 
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