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

The specific objectives addressed in 2015 were:  

1. Develop an online tool that can estimate time to PI, heading and maturity (R7) based on 
previous years studies. 

2. Quantitatively determine how drill seeding and water temperature affect crop 
development so that these practices can be incorporated into the model. 

3. Quantify flood water and soil salinity variation across fields and time. 
4. Evaluate varieties for tolerance to salinity in pot and field studies. 

 
  

mailto:balinquist@ucdavis.edu


  PROJECT NO. RM-11 

SUMMARY OF 2015 RESEARCH (major accomplishments), BY OBJECTIVE: 
 
Objectives 1: Crop model development 

 
Developing a model to accurately predict crop development rate and the required time to achieve 
various crop development stages (i.e. panicle initiation, heading, etc) has been one of the 
objectives of this project for several years. Research in this area was completed in 2014 and in 
2015, an on-line tool was developed that will allow producers to estimate the time to PI, heading 
and R7 by choosing a weather station, variety and planting date. The varieties the current model 
works with are CM101, M104, M105, M202, M205, M206, S102 and L206. For the model, crop 
development is expected to proceed based on the accumulation of thermal time or degree day 
accumulation. The model is open for anyone to use and can be accessed at 
http://rice.ucanr.edu/Degree_Day_Model/. 
The equations for calculating Degree Days are the same equation as the DD50 model (common 
in the southern US) but with different cardinal temperatures. The calculation of daily thermal 
time is:  

 
DD= (Tmax + Tmin/2) - Tbase                  
Tmin = LT   if   Tmin  > LT 
Tmax = UT  if   Tmax > UT 

 
Where Tbase, Tmax and Tmin are a base temperature and the daily maximum and minimum 
temperature, respectively. Cardinal temperatures and total time required to reach a given 
developmental stage is provided in Table 1. R7 is when at least one grain on the main stem 
panicle has a yellow hull (Counce et al., 2000), and roughly coincides to the time when a 
producer might consider draining water in preparation for harvest. 
 
Table 1. Cardinal temperatures and total thermal time required for each stage. The cardinal 
temperatures are averages of varietal specific temperatures.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The model provides good accuracy- especially in estimating PI and Heading dates (Table 2 and 
Fig. 1). In general M202 and M205 did not have as good accuracy for any of the stages. The 
model was least accurate in determining time to R7 (RMSE ranging from 4.5 to 6.6 days). 

Cultivar Thermal time to reach 
a given stage 

Cardinal 
temperatures 

 PI Heading R7 Tbase LT UT 
CM101 470 800 1007 10 18 27 
L206 476 828 995 10 18 27 
S102 469 783 1007 10 18 27 
M104 466 782 996 10 18 27 
M105 473 819 1034 10 18 27 
M202 477 898 1101 10 18 27 
M205 478 920 1120 10 18 27 
M206 477 831 1044 10 18 27 

http://rice.ucanr.edu/Degree_Day_Model/
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Table 2. Results for RMSE between observed and predicted values for all stages 

Variety PI Heading R7 
CM101 2.32 2.91 4.49 
L206 2.44 3.51 4.96 
S102 2.34 2.51 4.88 
M104 2.31 3.20 5.40 
M105 1.80 2.58 4.00 
M202 2.68 4.29 5.12 
M205 2.97 4.41 6.58 
M206 2.43 2.88 4.87 

 
 
 
 

 
 
Figure 1. Model results of observed versus predicted for each variety. 
 
  



  PROJECT NO. RM-11 

Objectives 2: Water temperature and drill seeding effects on crop development 
 In 2013 and 2014, field trials were conducted at the Rice Experiment Station (RES) to 
determine the effect of water temperature and management on crop development. We made use 
of an experiment evaluating alternate wetting and drying (AWD) for this study. This experiment 
had three treatments: (1) wet-seeded continuous flood, (2) wet-seeded with intermittent wet and 
dry periods following canopy closure, and (3) drill seeded with intermittent wet and dry periods 
throughout the season. This experiment and the treatments are discussed in greater detail in the 
RM-4 Annual Report. We measured temperature below the soil surface (-2 cm) and at 2, 50, and 
120cm above the soil surface.  For each treatment, we determined the date of PI, heading, and R7 
stages. The variety M-206 was grown in this study. 
 

 
 

Figure 2. Days to panicle initiation (PI), heading (H), and maturity (R7) in conventional wet 
seeded rice, wet seeded alternate wet and dry (AWD) and drill seeded AWD irrigation systems. 
For details of these treatments refer to the RM-4 2014 report. 
 
 
Results were similar for both 2013 and 2014 studies. They show that rice development in drill 
seeded systems days to PI, heading and R7 were delayed by 3, 6, and 8 days, respectively. There 
was no difference between the water seeded conventional and water seeded AWD treatments. 
This suggests that water management (perhaps due to differences in air and water temperatures) 
plays an important role on rice development and degree day accumulation. We are analyzing the 
data for water temperature to quantify this effect and incorporate it into the model discussed 
above.  
 
In addition, in 2014 we identified various fields in Butte County receiving cold water through the 
inlet. In these fields, we set up a transect of soil, water and air temperature sensors from the inlet 
into the first check. At each sensor we determined the date of PI, heading, and R7 stages. The 
variety M-206 was grown in all fields.  
 
The student working on this study has focused over the past year on Objective 1 and therefore 
results have not been completely summarized as of yet. This will all be finalized in 2016. 
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Objective 3: Quantify flood water and soil salinity variation across fields and time 
 
The drought in recent years has resulted in some water districts requiring no-spill water 
management. No-spill water management has the potential to reduce water use by reducing the 
amount of water delivered to a field. Given interest in evaluating opportunities to reduce water 
use, we began evaluating the impact of no-spill water management on salinity build-up and 
yields in 2014.  In 2015, we continued the 2014 study looking at salinity build-up in no-spill 
water management systems, but additionally looked at two fields with continuous flow-through 
systems.  We also evaluated soil salinity and how that varies across the season and affects rice 
yields.  Our results elucidate a consistent pattern of flood water salinity throughout the season in 
no-spill systems that did not differ from the pattern in continuous flow-through systems.  
Average water salinity levels were low in fields studied in 2014 and we did not see yield 
reductions due to salinity.  In 2015 we did see slight yield reductions in fields with higher water 
salinity levels(>2 dS/m).  Details are below. 

Flood water salinity 
 

Six fields in Colusa County were monitored for salinity during the 2015 growing season.  In 
2014 all fields examined had no-spill water management, while in 2015 two of the fields had 
continuous flow-through systems and two fields had no-spill systems. Flood water salinity was 
measured in the first, middle, and bottom checks. Three plots were established in each check: 
one close to the water inlet, one in the middle, and one at the farthest point from the water 
inlet(s) (Fig. 3). During the growing season, water and soil solution EC, water height, water 
temperature, and plant development were monitored on a weekly basis.   
 

 
Figure 3. An example of the sampling scheme used for each field. Soil, water and plant samples 
were taken in the top (“A”), middle (“B”), and bottom (“C”) check of each field. Within each 
check, there were three sampling points with point “1” nearest to the inlet of the check and point 
“3” furthest from the check inlet.  If there were two inlets into the check, point “3” was in the 
middle of the check.   
 
In 2014 flood water salinity levels ranged from 0.06 to 2.45 dS/m, while in 2015 flood water 
salinity levels ranged from 0.25 to 6.06 dS/m.  Fields studied in 2015 generally had incoming 
flood water that was higher in salinity than 2014. This difference between years reflects the fact 
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that in 2015 we looked for fields where high salinity might be a problem. In order to make 
comparisons between fields receiving water with different salinity levels, the data presented 
focuses on salinity levels relative to the incoming water salinity. 
 
Seasonal Pattern of Flood Water EC: 
Flood water salinity varied throughout the season (Fig. 4), and relative increases were greatest in 
bottom checks and early in the season. Early season flood water salinity spikes are largely due to 
allowing water to subside for herbicide applications which results in evapo-concentration of 
salts.   
 

 
Figure 4.  Flood water EC levels relative to the inlet EC in all fields during the 2014 and 2015 
seasons.  For clarity, only one plot from each check is shown.  Error bars represent the standard 
error. 
 
Effect of distance on Flood Water EC: 
Flood water salinity levels increase as the distance from the inlet increases.  Focusing on the 
critical 3 week period between V3 and V6, when rice is thought to be most sensitive to salinity 
and when salinity levels were highest (Fig.4), we see that flood water EC doubles over a 3000 
foot run.  This relationship between distance and flood water EC is expected, as surface water 
evaporation will concentrate salts in the flood water, and the effect of the evapo-concentration 
will be magnified the further the water travels down the field.  Of the ten fields studied, eight had 
no-spill water management systems, while two had continuous flow-through systems.  
Preliminary results suggest no significant differences in flood water EC build-up between the 
two water management systems.  Further analysis will be done to better quantify the relationship 
between distance, water management and water EC, with the aim of developing a model which 
can be used to help growers avoid critical yield-reducing salinity levels.   
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Figure 5. Changes in relative flood water EC as distance from the inlet increases.  This graph 
focuses on week 3 to week 5, which is thought to be when rice is most sensitive to salinity.   
 
Effects of Flood Water EC on Yield: 
Increases in flood water salinity early in the growing season can cause yield reductions (Fig. 6).  
Further analysis will be done to differentiate varietal and field specific effects on yield from that 
of water salinity, and to develop critical yield-reducing water salinity thresholds. 
 

 
Figure 6. The effect of water salinity on rice yields.  In this graph, water EC was averaged from 
week 3 to week 5, which is thought to be when rice is most sensitive to salinity. 

 
Soil salinity 
 

Seasonal Patterns of Soil Solution EC: 
In 2014 and 2015, soil solution salinity (about 4 inches below soil surface) was monitored in all 
fields.  In 2014 soil solution EC ranged from 0.08 to 3.69 dS/m, while in 2015 soil solution EC 
ranged from 0.41 to 12.28 ds/m.  In both years, fields that had lower levels of soil salinity (<4 
dS/m) exhibited a similar pattern throughout the season:  an increase in the early season followed 
by a sharp decrease and then a gradual rise through the remainder of the season (Fig. 7a).  In 
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2015, fields with higher soil salinity (>4 dS/m) were studied and those fields exhibited a similar 
pattern throughout the season: a slight increase early in the season followed by a steady decrease 
throughout the rest of the season (Fig 7b.).  In both years, soil solution EC tended to be higher in 
the bottom check. 
 

  
Figures 7a and 7b: Changes in soil solution EC throughout the growing season. Levi(7a) 
represents was a field with low soil EC, while CW(7b) was a field with high soil EC. 
 
Effects of Soil Solution EC on Yield: 
Preliminary results of soil solution EC effects on yield are confounding, as it appears that soil 
solution EC has little effect on yield.  It is expected that soil solution EC values greater than 3 
dS/m would have a strong negative relationship with yield, as it represents the condition in the 
root-zone.  Further analysis will be done to differentiate varietal and field specific interactions to 
better understand how soil solution EC influences yield.   
 

 
Figure 8.  The relationship between season average soil solution EC (dS/m) and rice yield. 
 
Objective 4: Evaluate varieties for tolerance to salinity in pot and field studies 

Field study 
In 2015, a salinity variety trial was conducted in the bottom check of a field receiving 
moderately saline water.  Eight varieties were compared with four replicates per variety.  The 
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water EC in the variety trial ranged from 1.33 to 4.41 dS/m and averaged 2.73 dS/m, while the 
soil solution EC ranged from 3.49 to 6.63 dS/m and averaged 4.74 dS/m.  As seen below (Fig. 9) 
there was a lot of variation among replicates and no significant differences among varieties with 
regard to tolerance to salinity.  
  

 
Figure 9. Average grain yield of the varieties are show.  The error bars represent 95% 
confidence intervals. 
 

Greenhouse study 
In addition to a field trial, a greenhouse study was done to examine if there were differences 
among varieties at different water salinity levels.  Four varieties (M202, M206, M205, M105) 
were grown under four salinity levels (0.3 dS/m, 2 dS/m, 4 dS/m, 8 dS/m).  The salinity 
treatment was applied from V3 to Heading.   The number of tillers, panicles, and grains were 
recorded, along with percent fertility and timing to 50% heading; this data is currently being 
analyzed and will potentially elucidate some varietal differences as well as a mechanistic 
understanding of how salinity impacts yield.   

 
Figure 10. The effect of the four salinity treatments on yield is shown.  Lines connect the means 
of the varieties.  Error bars represent the standard error.   
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Yield results from the four treatments and four varieties are presented below (Fig. 10).  An 
analysis of variance (ANOVA) was performed and determined there are significant difference 
among treatments, but there were no significant varietal differences.  A Tukey HSD test found 
significant differences among the means of all four treatments.  While there are no significant 
differences in salinity tolerance among varieties, the mean of M105 was highest in both the field 
and greenhouse study under moderately saline conditions (2 dS/m in the greenhouse). 
 
PUBLICATIONS OR REPORTS:  
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CONCISE GENERAL SUMMARY OF CURRENT YEAR’S RESULTS: 

1. We have developed model that can predict time to PI, heading and maturity (R7) based 
on degree day accumulation for 8 commercial California varieties. This has been made 
available as an on-line tool (http://rice.ucanr.edu/Degree_Day_Model/). 

2. The data from 2013 and 2014 on crop management practices in RES show that drill-
seeding systems delay crop development, especially during the early stage of growth 
(planting to heading). Also, colder water temperatures slow crop development. Based on 
this, we are examining how water temperatures affect crop development using the model 
developed in #1 above. 

3. There is a relatively consistent pattern of flood water salinity build-up in rice fields 
throughout the season.  Flood water salinity levels are highest early in the season and 
furthest from the inlet.  Preliminary results suggest that high flood water salinity early in 
the growing season results in slight yield reductions. 

4. The pattern of soil solution salinity varied more than the pattern of flood water salinity, 
and largely depended on the initial level of salinity in the field, but the soil solution 
salinity was consistently greater in bottom checks.  Although further analysis is needed, 
preliminary results show no relationship between soil EC and yield.   

5. There were no significant varietal differences regarding tolerance to salinity, however 
M105 did have the highest average yield in both the field trial and greenhouse study 
under moderately saline conditions.  The greenhouse study showed that all varieties 
suffered as water salinity increased and that water salinity levels as low as 2 dS/m 
significantly reduced yield.   

 

http://rice.ucanr.edu/Degree_Day_Model/
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