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OBJECTIVES AND EXPERIMENTS CONDUCTED:  
California Rice Research Station, Biggs, CA  
The objectives of this continuing project include: 1) evaluate arsenic (As) speciation and 
uptake under alternate wetting and drying (AWD) management conditions for a second rice 
growing season and to confirm results obtained from 2015; 2) explore an additional AWD 
practice (AWD safe; AWDS), which is more practical for growers compared to the two AWD 
treatments performed last year. These objectives will help to provide realistic 
recommendations to farmers regarding minimizing As uptake during rice cultivation. To 
accomplish these goals, four irrigation practices, including three alternate wetting and drying 
(AWD) treatments and one continuous flooding (CF) treatment, were conducted over one 
growing season at the California Rice Research Station (955 Butte Highway, Biggs, CA 
95917). In addition to safe AWD, the AWD treatments were repeated from last year with 
three cycles of wetting/drying practices and the target soil moisture content levels were 25% 
moisture content by volume (MCV) and 35% MCV, respectively, when drying practices were 
performed. The AWD timeline as well as sampling time points is shown in Figure 1. The 

Figure 1. Timeline of AWD practices and sampling dates for 2016. 
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AWDS had a different wetting/drying cycle schedule because irrigation was performed when 
water level reached 15 cm below the soil surface. After sampling, analysis of As (total and 
speciation) of plant tissues and environmental matrices was performed in the Parikh and 
Green labs at UC Davis.  

SUMMARY OF 2016 RESEARCH (major accomplishments) 
Objective 1: A complete repetition of last year’s experiments was accomplished and the 
sampling events used a similar schedule to the previous year. Environmental matrices (water 
and soil) have been analyzed and monitoring of As uptake by plant tissues during the growing 
season was finished. For the future work, brown rice and polished (white) rice will be 
analyzed and As speciation of plant tissues sampled this year will be performed. 
 
Objective 2: Sampling and analysis of samples under the additional treatment (AWDS), 
which was subjected to the same growing season period as other three treatments, was also 
performed. Comparisons were made among the four treatments during 2016.  
 
PUBLICATIONS OR REPORTS:  
No publications within this reporting period. Two oral reports were given: 1) Soil Science 
Society of America Annual Meeting on November 8, 2016 in Phoenix, AZ and 2) California 
Rice Research Board on November 30, 2016 at UC Davis. 

CONCISE GENERAL SUMMARY OF CURRENT YEAR’S RESULTS:  
For the repetition experiment, this continuing research is consistent with the findings from the 
previous year. AWD treatments under 25% and 35% MCV still demonstrate great potential as 
effective management strategies to reduce As levels in rice. However, AWDS cannot help 
minimizing the As uptake by plants and there is no significant difference between AWDS and 
CF regarding the As level in paddy rice grains. We added cadmium (Cd) analysis to our 2016 
samples and preliminary results indicate that AWD treatments can lead to increased Cd 
uptake into rice plants. Since this project was funded off-cycle and not awarded until 
September 2016 a number of analysis of 2016 samples are outstanding and will be completed 
in 2017. 
 
Soil 
Like the previous year, the total As level in bulk soil did not significantly change throughout 
the growing season across treatments (F = 0.5910, p = 0.7541; Figure 2). In addition, the As 
level in bulk soil did not change from year to year. Specifically, the arsenic level in soil in 
2015 ranged from 3.61 to 4.20 mg/kg (with an overall average of 3.85 mg/kg) while that in 
2016 from 3.42 to 4.15 mg/kg (with an overall average of 3.78 mg/kg) 
 
Water 
Generally, the irrigation water source and water sample in paddy plots were cleaner than 
previous year (Figure 3) although all As concentrations in water samples from last year were 
already lower than the California regulation level (10 ng/g). Unlike the previous year, 
dimethylarsenic acid (DMA) was not detected throughout the growing season, which may be 
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due to the different water source from last year, where some ground water was used. General 
trends regarding the total and/or different species of As levels in water samples among 
different treatments could not be drawn because of the low concentrations, which were 
around the detection limit. 
 

 

 

 
 

Figure 3. As concentrations (total and speciation) in water throughout the growing 

season in 2016. 

Figure 2. Total As concentration in soils on the first and the last sampling date in 2016. 
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Rice Plants 
Trends of total As uptake kinetics (Figure 4) in 2016 was consistent with the findings from 
the previous year and the values were comparable to those obtained in 2016. When rice fields 
were drained to 25% or 35% MCV soil moisture content periodically, bioaccumulation of As 
from soil into plant tissues was effectively hindered, compared to CF, but there no significant 
difference between 25% and 35% MCV treatments. However, the new treatment, AWDS, did 
not minimize As uptake and behaved similarly to CF treatment. 

 

 

Figure 4. Uptake kinetics of total As within rice shoots (a) and roots (b) throughout the 

growing season in 2016. 

Figure 5. As concentrations (total and speciation) in rice shoots (a) and roots (b) 

throughout the growing season in 2015. 
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Arsenic speciation analysis of plant tissues sampled from last year (Figure 5) indicated that 
under CF, which is a continuously anaerobic environment, facilitated not only arsenite uptake 
(or AsIII , which is the most toxic and bioavailable species) for rice, but also arsenate (or AsV ) 
and DMA uptake. The mechanism is unknown but it is clear that uptake pathways of AsIII and 
AsV are different; therefor, there is no transporter competition among different As species 
uptakes.  
 
Like 2015, As levels in the paddy rice grains (Figure 6) were well correlated with the As 
accumulation processes monitored during the growing season for the roots and shoots. Grains 
harvested under CF and AWDS contained approximately twice the total As level than AWD 
treatments. As speciation analysis was also consistent with observations from last year that 
grains harvested under CF not only contained more DMA, but also had more AsIII than the 
25% and 35% AWD treatments. However, again, AWDS did not help mitigate As 
accumulation in rice grains. 
 

 
 
Finally, although 25% and 35% AWD treatments showed no difference as mitigation 
strategies of As accumulation, monitoring of total Cadmium (Cd) uptake kinetics (Figure 7) 
indicated that 25% AWD treatment (the most aerobic condition) caused more Cd 
accumulation than 35% AWD treatment. Furthermore, the Cd level in paddy rice grains 
(Figure 8) correlated well with plant tissue uptake results although none of the values 
exceeded the maximum limit adopted by the Codex Alimentarius Commission (0.4 mg/kg). 
Because Cd and As uptakes have opposite trends towards irrigation management practices, a 
balance should be made to minimize Cd and As accumulation in rice simultaneously.  
 
 

Figure 6. As concentrations (total and speciation) in paddy rice grains 
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Figure 8. Total Cd concentrations in paddy rice grains (2016). 

Cd 

Figure 7. Uptake kinetics of total Cd within rice shoots (a) and roots (b) throughout the 

growing season in 2016. 


