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OBJECTIVES AND EXPERIMENTS CONDUCTED, BY LOCATION, TO ACCOMPLISH 
OBJECTIVES: 
 

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, in 2020 the 
following specific objectives were addressed. 

1) Assessing top-dress N needs through remote sensing using GreenSeeker and drones 
2) Potential N losses early in the season due to flooding/draining events  
3) Alternative N fertilizer management strategies 

 
SUMMARY OF 2020 RESEARCH (major accomplishments), BY OBJECTIVE: 
 
Objective 1. Assessing top-dress N needs through the use of remote sensing 
 
Overview 

This study was initiated in 2015 to evaluate the potential of sensor-based technologies to access 
N status in rice and determine the need for top-dress applications. Based on our studies thus far, 
we have found that NDVI measured with a GreenSeeker at PI is a strong predictor of crop N 
uptake and final grain yield (Rehman et al. 2019). One limitation of GreenSeeker NDVI is that 
NDVI values plateau (saturate) at high levels of crop N uptake, thus making it difficult to 
identify differences between fields. However, data collected with the drone during the 2018 and 
2019 growing seasons demonstrated that NDRE was also a strong predictor of crop N uptake but 
did not plateau at high crop N uptake values like NDVI does.  

A Response Index was developed at each experimental site using the following formula: 
 

Response Index = NDVI (or NDRE) in N excess plot / NDVI (or NDRE) in treatment plot 
 

From a practical standpoint the test plot in our experiments are what the farmer would consider 
his/her field. We have found based on a preliminary analysis of the data that an RI of 1.10 or 
greater is likely to result in a significant yield increase to a top-dress N fertilizer application. 

In 2020, our objectives were, first, to refine the response index (RI) for both the NDVI and the 
NDRE using a more advanced analysis. Secondly, we know there is a lot of variation among 
fields in there response to top-dress regardless of the RI. We aim to better understand this 
variation. We plan to test the hypothesis that the variation can be explained by how the field has 
been managed in terms of how much the field has been flooded over the past year. We know that 
phenols build up in soils that experience a lot of flooding. Phenols can bind fertilizer N and make 
that N unavailable for plant uptake. We plan to analyze our soils for phenols and look at crop 
response to top-dress in rice fields that are coming out of a fallow period (last growing season 



  PROJECT NO. RM-4 

fallow and not flooded over the winter) compared to fields that have been in continuous rice with 
winter flooding to decompose rice straw.  

Once completed, the products of this research will provide farmers a robust decision support tool 
to guide them in their mid-season N fertilizer management.  

Methodology 2020 

To analyze for the critical RI index, a modeling approach was used to analyze data across years 
and preplant N fertilizer treatments.  

To analyze the soils for phenols, a graduate student took soil samples from the 2018 and 2019 
field studies to the National Laboratory for Agriculture and the Environment in Ames, Iowa. Soil 
phenol analysis is not a routine analysis and requires a lot of time and special equipment that I do 
not have in my lab.  

For the field test, two pairs of fields were identified in 2020. Fields were located near Grimes 
and Biggs. In each of the pairs of fields there was a field with (1) continuous rice and winter 
flooding and a field which was either coming out of a fallow (last growing season fallow and no 
winter flood) (Biggs) or coming out of production of upland crops (Grimes). There were two 
treatments: with and without top-dress fertilizer. Treatment plots were randomized and replicated 
four times. Plots set up with 40 ftP

2
P metal rings that were eight inches above soil surface to 

prevent any movement of top-dress fertilizer.  

Results     

Identifying the critical Response Index (RI) value 
 
In our previous analysis (which was more rudimentary), we identified the critical RI value of 
1.10 as the value which a top-dress N application would provide a yield response. Based on our 
most recent analysis, we were able to refine our results and found that for the Green Seeker a RI 
of 1.07 or greater is a better value to determine a likely response to top-dress N (Figure 1). The 
data show that an RI below this value is not likely to result in a positive yield response. Above 
this value, a yield response is likely. Furthermore, the large the RI, the greater the potential yield 
increase. The data analysis of the drone NDRE data also show that an RI of 1.07 is the value 
where a yield response become likely. When a top-dress was needed and applied, yields 
increased by roughly 200 to 1000 lb/ac. 
 
The data also show that the ideal top-dress N rate varies with higher N rates giving slightly 
higher yields. This data needs to be taken with a bit of caution. In only one year, did we look at 
more than one top-dress N rate. Most farmers apply top-dress at a rate of around 30 lb N/ac and 
this is the rate we used in all other years.  
 
These data are encouraging and provide a more robust tool to accurately access a rice field 
during PI to determine if a top-dress is likely to provide a yield increase.  
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Figure 1. The relationship between the NDVI Response Index and grain yield. Data shows 
response to two rates of N top-dress.  Data is from 12 sites established throughout the 
Sacramento Valley during the 2016 to 2019 growing season. 
 

 
Figure 2. The relationship between PI total N uptake and NDVI and NDRE measured with a 
drone. Data is from 10 sites established throughout the Sacramento Valley during the 2018 
and 2019 growing season. 
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Objective 2. Potential N losses early in the season due to flooding/draining events  
 
Background 
This is study relates to questions I am often asked by growers wonder how much N is lost when 
fields get drained either on purpose of by accident. For example: 
 

1. I applied my fertilizer and flooded my field to plant, however, a levee broke and I lost all 
the water in my field. How much N have I lost? 

2. I applied my aqua and then it rained and I could not get the roller on the field, so my 
flood date has been delayed by a week. How much N fertilizer have I lost? 

3. I am drill seeding and I applied aqua before drill seeding. I then flooded and drained my 
field. I came along with a permanent flood at 4 weeks. Did I lose any N fertilizer from 
this practice? 

4. I would like to practice a stale seedbed to control my herbicide resistant weeds. However, 
I want to apply my N as aqua before I do the stale seed-bed flush. Will my N fertilizer still 
be available for the crop? 

 
These are all excellent questions to which we do not have a solid answer.  In conventionally 
managed rice fields, the fields are flooded shortly after aqua N is applied. Flooding protects the 
aqua N fertilizer from converting to nitrate (NOR3R) because the field is anaerobic. This practice 
results in good N use efficiency. However, when we drain a field that still has a lot of aqua N in 
the soil, we introduce oxygen. That oxygen also microbes to convert the ammonium (NHR4R) to 
NOR3R through a process called nitrification. When the field is reflooded, if the plant have not 
taken up the NOR3R (likely have not as early in season the plants take up very little N), the NOR3R 
denitrifies. That is it is lost as NR2R gas to the atmosphere. This is not a problem gas (such as a 
greenhouse gas) but it is a loss of N fertilizer. 
 
We know well that this process occurs. What we do not know is how fast it occurs. Particularly, 
how fast nitrification (NHR4R to NOR3R) occurs. The process will be driven by how aerobic (dry) the 
soils get during the dry down period, soil temperatures and some soil properties such as texture 
and carbon content.  
 
Therefore the objective of this study is to determine how fast this conversion of NHR4R to NOR3R 
takes under different soils and drying conditions. With this information, we can help growers 
who have the questions raised above, to have a better idea of how much N is still available in the 
soil so that they can make more informed management decisions. This study involves both a 
field and laboratory component.  
 

Methodology 

In 2020, a field study was conducted at the RES. In 2019, field studies were conducted at the 
RES and one on-farm site. Due to lack of control in on-farm field studies, we decided against 
having an on-farm field study in 2020. In 2020 we had four treatments replicated 4 times:  

1. Aqua-N (continuous flood) 
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2. 0N (continuous flood) 
3. Aqua-N (drained twice) 
4. 0N (drained twice) 

 

In this study we kept the “flooded” treatments, flooded using rings to maintain a flood height. In 
the drained treatments, the field was under typical management for a dry-seeded field. That is, 
after seeding the fields were flushed twice (7-10 day drying period between flushes) until a 
permanent flood was established after the stand was established. In the aqua-N treatment, N was 
applied at a rate of 150 lb N/ac. Soil samples in all treatments were taken from before flooding 
and N application through the drain periods and until a week after permanent flooding. All soil 
samples were analyzed for NHR4R and NOR3R to monitor the changes that took place during the 
establishment period.  In addition, in all treatments we quantified soil moisture and temperature. 
Soil samples from each field will be taken to determine texture, organic C and N, pH, and EC. 

For the laboratory study, we collected six soil samples that represent soils from around the rice-
growing region in the valley. In the laboratory, we added soil to 50 ml tubes. Half the tubes 
received aqua-N fertilizer at a rate equivalent to rates typically used by growers. The other half 
of tubes received no fertilizer. Tubes were flooded with water and then allowed to dry over a 
two-week period in an incubator. Every other day during the during period, tubes were removed 
and weighed (to determine moisture content) and analyzed for NHR4R and NOR3R. In 2020, only two 
sets of soil were analyzed and this process is ongoing. We want to identify how much different 
soils vary in the rate of NOR3R accumulation during the dry-down period and what soil properties 
(i.e soil organic matter) determine this difference.   

This information will be able to guide growers to make better informed decisions on their N 
management. 

Results 
 
Results of changes in soil NHR4R and NOR3R over time are shown in Figure 3. Only data for the rings 
which were drained are shown (when the rings were not drained there was no NOR3R accumulation 
in the rings). The shading in the Figure represent the period the soils were drying out between 
flush events. Soil NO3 increased during the drying events as expected due to nitrification. Most 
of the nitrification was from fertilizer N as the NOR3R did not increase much in the 0N treatment. 
After the drying event and reflooding the field, the soil NO3 went back to zero. This N is lost 
due to denitrification. In the drying events, soil NO3 peaked at 13 and 24 kg NO3-N/ha. 
Summing these is 37 kg NO3-N/ha (this equates to 33 lb NO3-N/ac) and this is the amount that 
is lost and would need to be replaced. We need to verify that this indeed is lost and this will be 
verified when we analyze the plant samples taken at harvest.  If this is lost, we expect to see a 
similar reduction in plant N uptake between the drained and continuously flooded fields. At this 
stage, plant samples are being prepared for analysis.  
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Soil NHR4R was very low in the 0N treatment as expected and was high in the 150 N treatment due 
to fertilizer application. In general, NHR4R changed little during the early part of the season due to 
water management. This is somewhat expected. During this early season  there is very little plant 
N uptake as the plants are very small. Furthermore, there is mineralization of organic matter 
which can increase soil NHR4R, nitrification during the dry down periods in which NHR4R is 
converted to NOR3R, and denitrification (NOR3R to NR2R gas) in which N is lost.  
 

 
 
 
Figure 3. Soil extractable mineral N (NOR3R and NHR4R) at 2020 RES site. Shaded area indicates 
drying periods. 
 
Compared with data from 2019, results of this season are similar. This year the NO3 
accumulation (and hence loss) is a bit higher than 2019, and this is likely due to longer drying 
times in 2020. In 2019 we reported roughly 20-25 lb NO3-N potentially being lost. At the RES 
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where we did a plant N analysis at harvest, we also saw a similar reduction in plant N uptake (27 
lb N/ac reduction) when fields were drained early in the season.    
 
All this data suggest that from these soils, early season dry downs will result in a loss of 20 to 33 
lb Nacre and will depend on the length of the dry down periods and how many dry downs there 
are. This is the question we will now be asking. This will also likely depend on soil type to some 
degree.  
 
In 2020, the methodology was refined and two soils were analyzed. One soil was from the RES 
(Same as used in the current field study) and the other from a grower’s field from the RD108 
irrigation district. In the lab study only one drying period was used. In this we see three things, 
first, NOR3R increased linearly with drying time (Figure 4). This was expected and is similar to 
what we see in the field. Second, we see little to no difference in the treatments receiving n or 
not receiving N. This suggests that most of the NOR3R is from nitrification of soil N – not fertilizer 
N. We see a bit of this occurring in Figure 3 during the first drain event where NO3 from the 0N 
treatment is significant. Third, soils vary in their potential for NOR3R accumulation during dry 
down periods. In this case, the Rehman field accumulated almost twice as much NOR3R as the RES 
field. Understanding the reason for these differences will be a focus of our 2021 research.  
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Figure 4. Soil extractable mineral NNOR3R in two soils, with and without added N, during a dry 
down in a laboratory study.  
 
 
Objective 3. Alternative N fertilizer management strategies 
Background 

Most rice in California receives the majority of N fertilizer in the form of preplant aqua-
ammonia (Aqua). Some top-dress N is applied before planting or delayed by a few weeks. This 
strategy is efficient and effective. However, in 2019 rains forced many growers to plant their rice 
before any fertilizer was applied. This resulted in growers having to apply N after planting using 
a wide range of approaches – some effective and others not. There has not been any research 
done in this area and so growers did not have any recommendations to go on. Given the 
uncertainty, we conducted a small test in 2019 comparing aqua to urea and ammonium sulfate 
(AS) applied in 4 splits. We found that aqua and AS did better than urea (Figure 5). However, 
treatment possibilities were limited and based on these findings we tested this again with other 
fertilizer sources and combinations. 

 

Figure 5. Rice yields when aqua (AQ), ammonium sulfate (AS) and urea were applied as the N 
source. All treatments received 150 lb N/ac. Urea and AS-N were applied in 4 splits (2,4,6 and 7 
weeks after planting at 20, 50, 50 and 30 lb N/ac). 

Methodology 

The study was conducted in a replicated trial at the RES. There were 15 treatments all receiving 
150 N/ac plus a control (0N) (Table 1). Treatments were replicated 4 times. The treatments were 
designed to examine different sources as well as timing of fertilizer. Time was preplant, 
immediately after planting, two weeks after planting and split applications. The treatment plots 
were established using galvanized metal rings. These rings were around the plot to prevent 
movement of fertilizer. The rings were 8 inches high. Cerano was used as part of the herbicide 
program. The metal rings surrounding the plots prevent water movement and some plots 
experienced sever dmage and were removed from the analysis.  
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During the season biomass was monitored using a Green Seeker (NDVI). At harvest, yields were 
taken with from a 1 mP

2
P area of the plot. These samples were also used to quantify the N 

concentration of grain.  

 

Table 1. Treatments in the 2020 granular N fertilizer study at the RES. 

# Fertilizer TRT Application number Timing 
1 0N control  Control 
2 Aqua-Injected 1 pre-flood-Control 
3 Urea-all preplant 1 pre-flood 
4 AS-all preplant 1 pre-flood 
5 AS 1 post-flood 
6 Urea 1 post-flood 
7 SuperU 1 post-flood 
8 Agrotain 1 post-flood 
9 ICL fertilizer (coated) 1 post-flood 
10 AS 1 post-flood-delayed 2 wk 
11 Urea 1 post-flood-delayed 2 wk 
12 SuperU 1 post-flood-delayed 2 wk 
13 Agrotain 1 post-flood-delayed 2 wk 
14 ICL fertilizer (coated) 1 post-flood-delayed 2 wk 
15 Urea-split 4 (20-30-30-20) post-flood 
16 AS-split 4 (20-30-30-20) post-flood 

 

 
Results 
 
Only yield results are available at this time. Plant tissues have been sent to the lab for N analysis.  
 
I have some concerns regarding this study. First, I have done a lot of research comparing aqua-
NHR3R to urea and ammonium sulfate (AS). In all of these studies, I have found that aqua NHR3R is 
equal or superior to urea and AS applied either all up front or in split applications (see Figure 5 
as an example of typical results). In this study, aqua-NHR3R performed poorly compared to almost 
all other treatments. I am not sure of the reason for this but it may be that our aqua rig was not 
well calibrated. Another reason for these results may be that our fertilizer treatment rings were 
circular. In all treatments with the exception of aqua, the granular fertilizer was applied by hand. 
It is very difficult to uniformly apply granular fertilizer in a ring. The tendency is to over apply 
in the middle of the ring. We harvested our yield plots from the middle of the ring and thus the 
part of the ring with potentially more fertilizer. Given this, I think it is fair to compare the 
fertilizer applications done after planting as they all received fertilizer in the same way.   
 
Some general findings focusing on the post-planting fertilizer applications are: 

1. All fertilizers increased grain yields relative to the 0N control (Figure 6).  
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2. In general, applying granular fertilizer in a single dose 2 weeks after planting was better 
than applying it all immediately after planting. This make sense as immediately after 
planting N uptake is low and the fertilizer is prone to loss.  

3. Split applications (we used 4 splits) resulted in the highest yields. 
4. Of the enhanced efficiency fertilizers, Anvol applied immediately after planting and ICL 

applied two weeks after planting showed some promise.  
In 2021, we would like to repeat this study in two locations. Modifications will be that plots will 
be made larger so rings are not necessary.  
 
 

 
Figure 6. Yield (lb/ac at 14% moisture) results of granular fertilizer applications using different 
N sources and timing. Red stars indicate significantly different yields from other N sources when 
applied at the same time. 
 
Objective 4: Other experiments 
 
Lodging in M-205 and M-206 
In 2020, a trial was conducted at the RES to evaluate lodging in M-105 and M-206. Growers 
have been concerned with lodging in M-105 and in some cases have stopped growing it due to 
lodging potential. This study was designed to determine the extent of lodging in these two 
varieties and see if N management might help reduce lodging potential.  
 
The experiment was set up as a split-split plot design, with N rate (120, 150, 180 and 210 lb 
N/ac) as main plot, variety M-105 and M-206) as sub-plot and top-dress at PI (none or 30 lb 
N/ac) as sub-sub-plot. Treatments were replicated 4 times and plot size was 20x20ft. The rice 
was planted on May 29 and harvested with a small plot combine on Oct 7. Top-dress N was 
applied on July 17 between PI and panicle differentiation. About a week before harvest, lodging 
was determined in each plot by taking an average of two measurements of canopy height above 
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the soil surface. At the same time, we also measured plant height in each plot. At harvest, the 
crop was more severely lodged than when we took measurements a week earlier. From each plot, 
the yield combine took two measurement of yield, which we took an average of to determine plot 
yield at 14% moisture.  
 
Our results show that yields were not significantly different across N rates or between varieties 
(Figure 7). Yields were highest at 120 lb N/ac and there was a trend for decreasing yields with 
increasing N rate. There was also a trend (not significant) that at the same N rate but with the N 
split between preplant and top-dress that yields were higher.  
 

 
 
Figure 7. Yields (lb/ac at 14% moisture) of M-105 and M-206 as affected by N rate and top-
dress N applications. None of the yield differences shown are significant.  
 
Lodging increased significantly with increasing N rate as would be expected. Also, at the total 
rate of 180 lb N/ac, lodging was higher when the N rate was split than when all of the N was 
applied as preplant. Interestingly, M-206 lodged significantly more than M-105, in contrast to 
what we have been told by some growers.  
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Figure 8. Lodging of M-105 and M-206 as affected by N rate and top-dress N applications. The 
canopy height reflects lodging. A lower canopy height is more lodged than a higher canopy 
height.  Variety, N rate and top-dress all significantly affected lodging. 
 
Looking a plant height, M-206 was taller by 0.5 to 1.5 inches than M-105. Preplant fertilizer 
increased plant height by 2 inches and top-dressing increased plant height by 0.5 inches. All of 
these factors could have contributed to increased lodging. Importantly, at harvest we did note a 
significant amount of disease in the plots (either stem rot or aggregate sheath spot). This could 
have contributed to the lodging observed across all treatments that we noted.  
 
Planting date trials  
In 2020, we initiated planting date trials for the primary medium grain rice varieties grown in 
CA. Planting dates were May 29 and June 12 and 26. Variety treatments were replicated 4 times 
within each plant date. Different plant dates occupied different basins at the RES. Plots were 10 
X 20 ft in size. All plots were harvested with a small plot combine. For the June 26 plant date, 
the irrigation district stopped supplying water at end of XXXX. This resulted in the crop not 
having enough water to properly finish out the season. Harvest dates were October 13, 26 and 
29.  
 
Our results show that overall yields were highest on the June 12 plant date (figure 9). Average 
yields across dates were 88, 90 and 67 cwt/ac for May 29 and June 12 and 26, respectively. Low 
yields for the June 26 planting date may be due to lack of water late in the season. In the first two 
plant dates, M-211 had the highest yields. 
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Figure 9. Yields for different CA rice varieties planted at different times. 
 
Examining time to maturity, the days to 50% heading across varieties averaged 79, 79 and 76 for 
the May 29 and June 12 and 26 planting dates, respectively (Figure 10). This is not much 
difference. In other studies we typically find a two week delay in planting results in a week delay 
in heading. Differences here may be due to the very late planting dates used in this study 
compared to most studies that evaluate planting dates in May. M-105 headed the earliest (76-73) 
days and M-211 the latest (83-80 days). 
 

 
Figure 10. Heading dates for different CA rice varieties planted at different times. 
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The objective of this trail was to test if Envita® (Azotic Technologies) increases N uptake and 
yields in high yielding California rice production systems. It is reported that Envita stimulates 
endophytic N fixation in rice leading to increased N uptake and a lower fertilizer N requirement.  

Experimental Design: The trial 
was laid out as a randomized 
split-plot design with four 
replications at the Rice 
Experiment Station in Biggs, 
California in 2020 (Fig. 1). The 
main plot treatment included 
nitrogen fertilizer additions of 0, 
100, and 200 kg/ha (about 50 and 
100% of recommended rate), 
while subplot (20 ft x 20 ft) treatments 
consisted of seed soak treatments with and 
without the Envita product. All subplots were separated hydrologically by levees which were 
constructed around them. This was done to remove any possibility of contamination between 
plots. Soil characteristics of the site are shown in Table 1. Notably, the soil is a heavy clay. 

Table 1. Selected soil characteristics at the California Rice Experiment Station (RES). 

pH 
Organic 

C 
(%) 

Total 
N 

(%) 

Sand-Silt-
Clay 
(%) 

CEC 
(cmolRcR kgP

-1
P 

) 

Olsen P 
(mg kgP

-1
P) 

Exchangeable 
K 

(mg kgP

-1
P) 

EC 
(dS mP

-

1
P) 

5.0 1.06 0.08 29-26-45  34.2  13.4 171  0.36 

 

Seed Soaking: The variety used in this study was M-206 which has been the most widely grown 
variety in California over the past decade. All seeds were soaked in deionized water for 24 hours 
followed by a drained period of 48 hours. Control seeds were then soaked again for 7 hours in 
deionized water, while Envita treated seeds were soaked in an Envita dilution of 5 x 10P

7
P cfu/ml. 

After a final 36 hour drain period, all seeds were planted in the field. 

Planting and Harvesting: Nitrogen was applied as aqua-ammonia at the designated rate for each 
treatment. Phosphorus (57 kg PR2ROR5R/ha), potassium (63 kg KR2RO/ha) and zinc (10 kg/ha) were 
applied to all plots after the N treatments were applied and before flooding the field in 
preparation for planting. This was done to ensure these nutrients did not limit plant productivity. 
Soaked seeds were manually seeded onto flooded fields on June 1st, 2020. Reps 1-3 were seeded 
at a rate of 150 lb/ac (168 kg/ha) and rep 4 was seeded at a rate of 100 lb/ac (112 kg/ha). During 
the season, weeds were controlled with standard herbicides used in California. At harvest, two 

Figure 1. Layout of 2020 experimental design. 
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strips (7.7 ft x ~20 ft) were harvested with a small plot combine from each treatment plot on 
October 15th, 136 days after planting. The yields from each strip were averaged to provide the 
average yield for that plot. Subsamples were taken for harvest index and nitrogen analysis prior 
to harvest. Nitrogen analysis of plant tissues has not yet been conducted.  

Results  

The response to the nitrogen fertilizer treatments was found to be statistically significant (p-
value= 0.0002) (Figure 11). Yield increased with increasing N rate to 100 kg N/ha and then 
leveled off. Maximum yields averaged 8200 kg/ha which is low for California. The Envita 
treatment and the nitrogen-Envita interaction were not found to be statistically significant, with 
p-values of 0.175 and 0.1227, respectively. A second statistical analysis was also performed 
separately for blocks one and two due to Cerano damage in basin one. Envita again showed no 
significant influence on yields (p-value=0.33). The only treatment that conclusively indicates 
that Envita did not increase yields is the 0N control. With no fertilizer N applied, yields were 
similar between the two treatments. Given that yields were maximized at the 100 and 200 N 
rates, it is not possible to determine if Envita was effective or not because it is clear yields were 
maximized at the 100 N rate. In most years, N rates are optimized at 200 kg N/ha, however in 
this year, the optimal N rate was much lower. We observed this in other experiments conducted 
at the same location. While N analysis has not yet been conducted on plant tissue, similar yields 
and no visual differences in color between the treatments would suggest that plant N uptake was 
similar between Envita treatments at the same N rate. Furthermore, NDVI measurements 
obtained using a GreenSeeker (Trimble) found mid-season differences between N rates but not 
Envita treatments (data not shown).  In summary, Envita was not found to provide benefits of 
yield increases and nitrogen saving in California rice systems. 
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Figure 11. Yield response to N rate and Envita seed treatment. 
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FACT SHEETS 
 
In 2020, the UCCE Rice Specialist and Farm Advisors developed a series of Fact Sheets. 
These are two page handouts with “must-know” information on a particular topic. So far we 
have 10 Fact Sheets and are adding more regularly. They can be seen at 
33Thttp://rice.ucanr.edu/FactSheets/Rice/33T. I developed the following: 
 
Fact Sheet 1: Nutrients in Rice Grain and Straw at Harvest 
Fact Sheet 2: Managing Potassium in Rice Fields 
Fact Sheet 5: Growing Season Water Use in California Rice Systems 
Fact Sheet 6: Managing Rice with Limited Water 
Fact Sheet 7: Managing Phosphorus in California Rice Fields 
Fact Sheet 9: Optimal and Critical Nutrient Concentrations in Rice Tissue 
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Linquist, Bruce. Nutrient management in California rice systems. Rice winter grower 
meetings. January 13, 14 and 15, 2020. Woodland, Richvale, Willows, Colusa and 
Yuba City.  

Linquist, Bruce. 2019 Year in Review and Yield Contest. Rice winter grower meetings. 
January 13, 14 and 15, 2020. Woodland, Richvale, Willows, Colusa and Yuba City.  

Linquist, B.A. 2020. Virtual Rice Field Day. August 26, 2020. 
 
CONCISE GENERAL SUMMARY OF CURRENT YEAR’S RESULTS: 

Objective 1. Mid-season N status and accessing the need to top-dress 
Analysis of Green Seeker NDVI and drone NDRE data from 2015 to 2019 indicates: 

1. The Green Seeker NDVI is a good indicator of above ground N content (or total plant N 
uptake) at panicle initiation (PI) but a relatively poor indicator of biomass and of N 
concentration in the plant at PI.  

2. A Response Index (NDVI (NDRE) in enriched plot/treatment NDVI (NDRE)) is a robust 
method of determining the need for top-dress N. A Response Index of 1.07 or greater 
indicates a good chance of a positive yield response to top-dress N fertilizer. 

3. The large the RI, the greater the potential yield increase. When a top-dress was needed and 
applied, yields increased by roughly 200 to 1000 lb/ac. 

 
Objective 2. Potential N losses early in the season due to flooding/draining events  

1. Fertilizer nitrogen losses due to draining and reflooding dry seeded rice fields result in 
roughly 20-33 lb N/ac based on data collected in 2019 and 2020. These losses are 
primarily due to denitrification but also losses due to NR2RO GHG emissions which amount 
to about1-2 lb N/ac loss.  

2. These losses vary depending on soil type-which will be our next line of research.  
 
Objective 3. Alternative N fertilizer management strategies 
 
Alternative N management strategies are needed when aqua-ammonia (most common N source 
for CA farmers) is not able to be applied. We evaluated six products applied at different times. 
Some general findings focusing on the post-planting fertilizer applications are: 

1. All fertilizers increased grain yields relative to the 0N control.  
2. In general, applying granular fertilizer in a single dose 2 weeks after planting was better 

than applying it all immediately after planting.  
3. Split applications (we used 4 splits) resulted in the highest yields. 
4. Of the enhanced efficiency fertilizers, Anvol applied immediately after planting and ICL 

applied two weeks after planting showed some promise.  
We plan to repeat this research in 2021. 
 
Objective 4: Other experiments 

1. In an experiment evaluating lodging potential of M105 and M206, we found that M206 
was more prone to lodging than M105. Lodging increased with increased N rate. Lodging 
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was more severe with top-dress N. Lodging was not related to increased yields at higher 
N rates as yields tended to decline at higher N rates.  

2. In a planting date trial for the primary medium grain rice varieties grown in CA we had 
planting dates of May 29 and June 12 and 26. Our results show that overall yields were 
highest on the June 12 plant date. Average yields across dates were 88, 90 and 67 cwt/ac 
for May 29 and June 12 and 26, respectively. Low yields for the June 26 planting date 
may be due to lack of water late in the season as water from the irrigation district was cut 
of before rice was sufficiently developed. In the first two plant dates, M-211 had the 
highest yields. 

3. Envita is a seed treatment that is intended to increase N uptake in rice by promoting N-
fixation in the rice system. We evaluated this product at different N rates and we did not 
see a yield benefit to using Envita.  
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