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ABSTRACT 

This project addresses the BIOAg priority area of: Breeding, varietal selection, management practices, 
processing, or marketing practices to increase food quality, nutrition, safety, or access. 
 
Arsenic (As) contamination of soil and water affects many areas around the world. Fruit growing areas of 
Washington are contaminated from historical use of lead arsenate as an insecticide. Soils in the 
Southeast US and elsewhere are contaminated by Roxarsone or 3-Nitro arsenic-based parasiticide fed to 
poultry and passed on in poultry feces and litter. In other areas arsenic from natural mineral deposits 
affect soils and water. Humans and animals in many areas around the US and the world are consuming 
dangerous amounts of arsenic both by drinking contaminated water, and by eating crops that have 
accumulated arsenic from contaminated soil and irrigation water. The most notorious instance of 
arsenic contamination and poisoning is occurring in Bangladesh, where chronic arsenic exposure was 
recently estimated to cause fully 1 in every 5 human deaths. Lentils are a principle source of protein in 
the human diet in this region, and are known to accumulate arsenic. Reducing human exposure to 
arsenic through foods could be achieved by targeted efforts to breed crops that accumulate less 
bioavailable arsenic in harvested tissues.  
 
This project collected preliminary data to assess the uptake and translocation of arsenic in lentil plants 
and grain. Our first study compared arsenic in two common Pacific Northwest varieties, Red Chief and 
Pardina, across a range of arsenic concentrations.  Both varieties accumulated higher concentrations in 
the shoot than in the root, but the cultivar Red Chief accumulated arsenic at rate 80% higher than that 
of Pardina (p-value <0.0001). This preliminary data is very encouraging, showing that there is significant 
genetic variability in arsenic uptake between lentil accessions.  The next study compared arsenic uptake 
in 52 lentil accessions grown with 0 and 100 µM arsenic in water. Fourty-six of the 52 lentil types grew 
less biomass when grown in As-contaminated water. Accessions varied in the concentration of As 
accumulated in biomass, indicating potential for recombinant inbred line (RIL) development and 
breeding for low-As lentils. 
 

PROJECT DESCRIPTION 

Humans are exposed to arsenic through several sources. Although water is often cited as the main 
source of arsenic, this is not the primary route of intake for humans in most areas. Ohno et. al. (2007) 
found that only 13% of arsenic intake in a village in Bangladesh was directly from drinking water; 87% of 
intake was through foods. Rice is a primary contributor of dietary arsenic due to both high dietary intake 
and heavy irrigation. Arsenic concentration in lentils has been found to be higher than in beans, most 
vegetables, and some rice samples. Even within limited regions, arsenic concentration in foods can be 



highly variable. Lentil samples from the Jalangi block, Murshidabad district, India (an area of only 47 
square miles) had 0.04 – 15.2 ppb As (Roychowdhury et al. 2003). It is not unlikely that differences 
among the lentil varieties grown here contribute greatly to this range of arsenic contamination. 

Efforts are underway to breed rice with lower arsenic content (Norton, 2008; Norton 2009a; Norton, 
2009b). Similar efforts are needed in other major food crops. Lentils were chosen as a focus crop 
because WSU is well positioned to have a significant positive effect on human diets and health relatively 
quickly. WSU houses two active research programs in lentil breeding and improvement and the National 
Plant Germplasm System’s cool season food legumes germplasm, the second largest global collection of 
lentil genetic resources. The USDA-ARS lentil breeder, Rebecca McGee, has also developed multiple 
breeding populations (recombinant inbred lines or RILs) and genotyped them with RAPD, ISSR and 
AFLP’s. These are valuable resource that required years to develop. Additional phenotypic data on 
arsenic accumulation in tissue is needed to correlate that with the genotypic information. The timing of 
this project also benefits from a 2009 survey of macro- and micro nutrient concentrations in the USDA 
lentil core collection (Grusak, 2009). The varieties Red Chief and Pardina were found to have seed P 
concentration at the high and low ends of the distribution, respectively. Arsenic can be taken up by 
plants as both arsenate (AsV) and arsenite (AsIII). Because AsV is taken up by some of the same 
transporters as P, we may already have lentils that will accumulate less As and an appropriate RIL for 
further genetic studies and breeding.  

In experiment I, lentil varieties Red Chief and Pardina were grown in a WSU greenhouse for 13 weeks 
(replicated 4 times), receiving 0, 5, 10, 20, and 40 ppm Arsenic. Plants at 0, 5, and 10 ppm looked 
relatively healthy, but plants at 20 and especially at 40 ppm were clearly affected and produced very few 
seed pods (Fig. 1).  In both varieties, concentration of arsenic in root and shoot tissues increased with 
increasing solution arsenic concentration (Fig. 2), while biomass accumulation declined (Fig. 3). Shoots 
consistently accumulated higher concentration of arsenic than did roots. Pardina shoots had 
approximately 40-60% lower arsenic concentration than Red Chief, similar to the 28% lower P 
concentration in Pardina found by Grusak (2009). This is extremely encouraging, suggesting both that 
arsenic concentration can be managed through breeding efforts, and that some of the important 
mechanisms may already be known.   

Figure 1 Effect of arsenic on lentil biomass. Treatment with 0, 10, and 40 ppm of arsenic (left to right). 

 
  



Figure 2 Arsenic concentration in shoots and roots of Pardina and Red Chief lentil cultivars. Pairwise 
comparisons were made between cultivars for each type of tissue and level of arsenic treatment. The 

results are shown in red at the bottom of the plot for root and top of the plot for shoots. Statistical 
differences were noted with “ns” (not significant), * (p value < 0. 05), ** (< 0.01), or *** (< 0.001).  

 
 

Figure 3 Effects of arsenic treatment on average lentil biomass.  

 
 

 
In experiment II, 52 lentil varieties and breeding materials were grown under 0 and 100 µM arsenic 
treatment (equivalent to 3.3 ppm, a typical concentration found in arsenic-impacted soils in 
Bangladesh). These varieties consist of a random subset from the lentil core collection, all accessions 
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held in the NPGS that originate from Bangladesh and West Bengal, India, and several parents of existing 
RIL populations created by USDA-ARS Grain Legume Research Unit.  
 
We found significant differences among accessions in the relative height and biomass reduction due to 
As (Fig. 4). Arsenic concentration was positively correlated with phosphorus concentration, and 
negatively correlated with plant height and mass. Identifying high- and low-arsenic accumulating lentil 
accessions will indicate which accessions and RILs will be useful in finding genetic markers and breeding 
for lentils with low arsenic uptake. 
 
Figure 4. Lentil plant height with 0 and 100 µM arsenic treatment. 

 
OUTPUTS 

1. Work Completed: Experiment I and II analyses complete. 
2. Publications, Handouts, Other Text & Web Products:  none yet. Publication is planned. 
3. Outreach & Education Activities: poster at CSANR 20th Anniversary Celebration (Dec. 6, 2012). 

Arsenic pollution in Bangladesh was the focus of the 2014 WSU Global Case Challenge; Dr. 
Carpenter-Boggs presented the issue to approximately 200 attendees and Dr. Roje served as a 
judge of the student competition. 

IMPACTS  

• Short-Term:  
o Understanding of variability of arsenic uptake and reallocation to grain among lentil 

varieties. 
o Identification of ideal arsenic treatment conditions for further studies to differentiate 

phenotypes. 
o Identification of varieties or accessions with low arsenic uptake. 

• Intermediate-Term:  
o Use of lentil varieties that contain little to no arsenic in the grain.  
o Environmentally appropriate cultivar selection to maximize both health and yield in 

different conditions: low P and arsenic uptake cultivars for high arsenic soils, vs. efficient 
P uptake for low P and arsenic soils. 

• Long-Term:  
o Reduced rates of arsenic-induced diseases and death.  



o Reduced health care costs. 
o Improved length and quality of life. 

 
ADDITIONAL FUNDING APPLIED FOR / SECURED- This project is collecting preliminary information needed to 

apply for larger funds. The team prepared a pre-proposal for the NSF BREAD / EAGER program. In 
April 2013 the team invited a graduate researcher, funded by the USAID-Borlaug BHEARD program, 
to join the study team. Mr. Mhd. Zahangeer Alam joined WSU in fall 2013 and will complete his PhD 
research on this issue. 

GRADUATE STUDENTS FUNDED – 0 (BY BIOAG) 

RECOMMENDATIONS FOR FUTURE RESEARCH 

There is a clear sequence of research and breeding in order to achieve the goal of dramatically reducing 
human exposure to Arsenic through lentils, and improving other crops as well. 
 
Parent varieties of RILs are currently being phenotyped for arsenic uptake and concentration. High-
arsenic uptake lentils and low-arsenic uptake lentils will be identified. The next steps are: 

1. Breeding and genetic mapping populations will be chosen and characterized for arsenic 
accumulation, genotyped using next generation sequencing technology, and analyzed for 
candidate markers and genes.  

2. Total arsenic in selected lentil accessions will be analyzed for speciation of arsenic forms in 
the organic and inorganic fractions. Inorganic forms have the most detrimental effects on 
human health. 

3. Low arsenic accessions will be studied in arsenic-impacted field to assess arsenic 
accumulation in situ.  

4. Bioavailability (human and animal) of arsenic species will be evaluated. 
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