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Abstract. Soil arsenic contamination becomes a potential ag-
ricultural and environmental hazard worldwide, and has been a 
serious problem for safe food production. A field experiment on 
soil contamination was conducted on four wheat varieties ( Jimai, 
Gaoyou, Weimai and Wennong) in Eastern China, using 50 or 100 
mg arsenic/kg soil. Biomass production and yield components were 
determined and arsenic concentrations were measured in plant tis-
sues. Differential arsenic effects on wheat varieties were determined 
at maturity. Results showed that addition of arsenic significantly 
(p<0.05) reduced root, stem and spike dry weight and yield compo-
nents, which resulted in the decrease of grain yield per plant. Arsenic 
concentrations in plant tissues increased significantly (p<0.05) with 
treatments, and its uptake varied considerably among wheat varieties, 
plant tissues and arsenic treatments. Arsenic concentrations in plant 
tissues were as follows: roots > stems > leaves and rachises > grains 
> glumes > awns. In the arsenic treatments, arsenic concentrations 
in bran were about 2-3 times higher than those in flour. Most of 
the arsenic contaminated flour exceeded the Chinese tolerance limit. 
Arsenic contents of grain parts were dependent on variety and treat-
ment level in polluted soils. Weimai and Wennong showed highest 
amounts of arsenic in flour than the other varieties at 50 or 100 mg/
kg soil treatment, respectively. Weimai possessed significantly lower 
(p<0.05) amount of arsenic in bran than any other wheat variety. Re-
sults showed significant variety differences in arsenic concentration 
in polluted areas; it is of outstanding importance that wheat with 
the lowest possible arsenic concentration is used for food or fodder 
production. The present results provide scientific basis for revising 
the standards of wastewater discharges.
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Resumen. La contaminación del suelo por arsénico es un peligro 
potencial agrícola y ambiental en el mundo, y ha habido serios proble-
mas para una producción de alimentos saludable. Se condujo un expe-
rimento a campo sobre la contaminación del suelo con arsénico en cua-
tro variedades de trigo ( Jimai, Gaoyou, Weimai, Wennong) en China 
Oriental usando 50 ó 100 mg de arsénico/kg de suelo. Se determinaron 
la producción de biomasa y los componentes del rendimiento, y se midió 
la concentración de arsénico en tejidos vegetales. Los efectos del arsénico 
sobre las variedades de trigo se determinaron a la madurez del cultivo. 
Los resultados mostraron que la adición de arsénico redujo significativa-
mente (p<0,05) el peso seco de raíces, tallos y espigas, y los componentes 
del rendimiento, lo que determinó una disminución en el rendimiento 
de grano por planta. La concentración de arsénico en los tejidos vegeta-
les se incrementó significativamente (p<0,05) con los tratamientos, y su 
absorción varió considerablemente entre las variedades de trigo, tejidos 
vegetales y tratamientos de arsénico. La concentración de arsénico en los 
tejidos vegetales fue como sigue: raíces > tallos > hojas y raquis > granos 
> glumas > aristas. En los tratamientos, las concentraciones de arsénico 
en salvado fueron 2-3 veces más altas que en la harina. La mayor parte 
de la harina contaminada por arsénico excedió el límite de tolerancia 
permitido en China. El contenido de arsénico de las partes del grano 
dependió de la variedad y el tratamiento en las áreas contaminadas. Wei-
mai o Wennong mostraron mayores cantidades de arsénico en la harina 
que las otras variedades a 50 ó 100 mg de arsénico/kg de suelo, respec-
tivamente. Weimai tuvo una menor (p<0,05) cantidad de arsénico en el 
salvado que las otras variedades. Los resultados mostraron diferencias 
significativas entre las variedades en la concentración de arsénico en las 
áreas contaminadas; es de fundamental importancia que se utilice trigo 
con la menor concentración posible de arsénico en la producción de ali-
mentos y forraje. Los resultados presentados proveen una base científica 
para revisar los estándares de la descarga de aguas residuales.

Palabras clave: Arsénico, trigo (Triticum aestivum L.), biomasa, 
componentes del rendimiento, toxicidad con arsénico.
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INTRODUCTION
The adverse effects of toxic chemicals on flora are of para-

mount importance for making soil ecotoxicological assess-
ments. Arsenic (As) is a metalloid ubiquitously present in 
soils, normally at trace quantities (Matschullat, 2000). World-
wide, natural soil concentrations are around 5mg/kg, and this 
varies depending on the origin of the soil (Mandal & Suzuki, 
2002). The arsenic content of agricultural soils (Andersson, 
1992; Notter, 1993) and of natural waters (Hallberg, 1991) 
has increased during recent decades. Its levels were highly 
increased by industrial activities such as metal smelting, coal 
combustion and glass manufacture (Smith et al., 1998), and 
the present use of As compounds as fertilizers, pesticides, des-
iccants (Mahimairaja et al., 2005) and growth promoters for 
poultry and pigs (Christen, 2001). 

High levels of arsenic in soils have been phytotoxic in 
plants: decreases in plant growth and fruit yields (Carbonell-
Barrachina et al., 1995); discolored and stunted roots; with-
ered and yellow leaves (Machlis, 1941); reductions in chlo-
rophyll and protein contents, and in photosynthetic capacity 
(Marin et al., 1993).

Wheat is one of the most important cereals in the world. 
Inappropriate arsenic concentrations can be harmful to wheat 
seedling at early developmental stages. Seed germination and 
seedling growth were stimulated at low and inhibited at high 
As concentrations (5-20 mg/kg soil). Physiological activities 
of wheat seedlings were also changed under As stress (Li et 
al., 2007). Seed germination, biomass, root length and shoot 
height decreased, and As accumulation increased on early 
seedlings of six wheat varieties as concentrations increased 
(Liu & Zhang, 2007a). Further experiments showed that  
seedlings uptake, which followed Michaeli-Menten kinetics, 
increased with increasing As concentrations in the test solu-
tion. Average total amylolytic, α-amylase and β-amylase ac-
tivities seemed to decrease with increasing As in wheat seed-
lings of different varieties (Liu et al., 2007b).

In China, arsenic is the first rate contaminant, and many 
wheat-planted areas have been polluted by human or indus-
trious arsenate-containing wastes (Liu et al., 2002; Yang et al., 
2002). Arsenic promotes initiation of cancer cells in a broad 
array of tissues (Kayajanian, 2000). Threats that arsenic impos-
es to human and animal health is aggravated by its long-term 
existence in the environment (Hall, 2002). Arsenic may ac-
cumulate in agricultural soils and plants, and it is a cumulative 
poison that affects all body systems (Berman, 1980; González 
et al., 2001). However, most works on arsenic toxicity in wheat 
have been short-term studies. Our working hypothesis was 
that arsenic reduces plant biomass and yield components in 
chronically-exposed wheat plants, and that high As concen-
trations affect arsenic distribution within the plant, especially 
in grains and flour. The objectives of this study were to deter-
mine the (1) arsenic effects on plant part biomass and yield 

components, and (2) arsenic content of different plant parts at 
wheat maturity. These results will be beneficial to predict and 
reduce the risk of arsenic entrance into the food chain.

MATERIALS AND METHODS
Plant material and soil preparation. Four varieties of 

winter wheat (Triticum aestivum L.: Jimai, Gaoyou, Weimai 
and Wennong) were supplied for the study by the Sub-Center 
of Cereal Quality Control and Test (Taian), Ministry of Agri-
culture of People’s Republic of China (Taian, Shandong Prov-
ince). Soil was a coarse-silty loam, collected from a local farm 
at 0-15 cm depth. It was crushed, mixed thoroughly and sieved 
through a 2mm mesh. A composed sample from this soil was 
collected for physico-chemical analysis. Some soil properties 
are presented in Table 1. A solution of As (Na3AsO4.12H2O) 
was mixed thoroughly with the soil at a rate of 0 (control), 
50 and 100 mg As/kg soil. The soil was then air dried, passed 
through a 2 mm sieve again, and aged for 1 week.

Soil characteristicas
pH (1:2.5 H2O)   7.82
Clay (%)   7.82
Silt (%) 52
Sand (%) 19
Organic carbon (%)   0.685
Inorganic C   0.635
Organic matter (%)   1.45
Total nitrogen (%)   0.32
Total phosphorus (%)   0.03
Total potassium (%)   0.14
Total iron (%)   4.91
Total As (mg/kg)   1.84

Table 1. Physicochemical properties of the silty loam soil at the start 
of the study
Tabla 1. Propiedades fisicoquímicas del suelo arcilloso-limoso al comien-
zo del estudio.

Wheat cultivation. Seeds were surfaced-sterilized with 
hypochlorite for 3 min and washed with tap water. They 
were then submerged in distilled water, and cultured in an 
incubator for 24 h set at 37°C. After the radicle appeared, 
seeds were planted in plastic cells (5×5×5 cm) containing 
moist vermiculite. Fourteen-day-old seedlings with two 
leaves were carefully transplanted to concrete pools. Pools 
were under a rainproof shelter in the farm. They were 3 
(wide) x 3 (long) x 3 (deep) meters. Pools were filled with 
soil from local farm. This soil was taken from 50 cm below 
the surface soil. Pools were filled up to 2 meters depth. The 
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As contaminated soil filled up the remaining 1 m of the 
pools. Urea, triple super phosphate (TSP) and muriate of 
potash (MP) were applied at the rate of 10, 40 and 20 kg 
per hectare for nitrogen, phosphorous and potassium, re-
spectively, in the first 30 cm of the contaminated soil. Fer-
tilizers were incorporated into the soil by hand, and applied 
before transplantation. Ten kilograms of urea per hectare 
were applied at the tillering and panicle initiation stages 
as a field protocol. The experiment was laid out as a com-
pletely randomized block design with four replicates. There 
was one pool for each level of arsenic, so that 12 pools were 
used in this study. Two hundred seedlings were planted per 
square meter at equal spacing. Pools were watered periodi-
cally by dripping to approximate field capacity. Representa-
tive mature wheat plants were randomly sampled in each 
replicate at the end of the wheat growing season. Each rep-
licate pool consisted of 30~40 plants.

Plant measurements and 
arsenic determination. Ma-
ture plants were harvested 
and separated into roots, 
stems (including straw and 
leaves) and spikes. Roots were 
washed completely using 
distilled water. Dry weight 
(biomass) of plant parts was 
recorded after drying them 
in an oven for 60 h at 80°C, 
Yield components were in-
vestigated according to the 
“Rules of registration for 
crop variety (wheat)” (AM-
PRC, 2006).  

For arsenic determina-
tion, spikes were partitioned 
into awn, grain, glume and rachis. Wheat grains were milled 
into flour using a Bühler Laboratory Mill (Bühler-Miag, Uz-
wil, Switzerland). Plant (straw, roots, and leaves) and spike 
parts (awns, glumes, grains and rachises) were first washed 
thoroughly with tap water and then with de-ionized water, 
and dried at 60-70°C for 72 h. The bigger dried materials, 
such as straws, were cut into pieces with stainless steel scis-
sors. All samples were ground into powder using a mortar. 
These samples were ashed in a muffle furnace at 550°C for 10 
h, and 0.2 g of each sample was dissolved in a 1:1 (v/v) hydro-
chloric acid/NANOpure water solution. Arsenic concentra-
tion was determined in the extraction solution by ICP-AES 
(IRIS/AP, Inductively coupled plasma atomic emission spec-
troscope, TJA, USA). This was conducted in the Analysis and 
Test Center ( Jinan, Shandong Province). All values reported 
in this study are the mean of four replicates; at least three in-
dependent measurements were made on each sample.

Statistical analysis. All experimental data were sub-
jected to analysis of variance (ANOVA) using SPSS, ver-
sion 11.0 (SPSS, 2001). Mean values were compared by 
the LSD method or Duncan’s multiple range test at the 
5% level.

RESULTS
Plant biomass of roots, stems (straw and leaves) and 

spikes in four wheat varieties under two arsenic treat-
ments. Addition of arsenic to the soil at concentrations of 
50 mg/kg or 100 mg/kg significantly (p<0.05) decreased 
the biomass of roots, stems and spikes (Table 2). The great-
est biomass reduction was found in roots, and the lowest 
in spikes. Reductions in biomass differed among varieties 
within a same plant part. 

Variety Roots Stems

Arsenic (mg/kg soil)

Spikes

0 50 100 0 50 100 0 50 100

Jimai 1.24 a 1.08 b 0.87 c 24.56a 21.97b 17.84 cd 28.32 ab 26.84 ab 23.57 cd

Gaoyou 1.07 b 0.89 c 0.71 de 14.52ef 13.56f 11.25 g 18.23 fg 18.23 fg 16.32 h

Weimai 0.89 c 0.75 d 0.64 e 16.74d 14.35f 13.24 fg 19.65 ef 19.65 ef 18.96 fg

Wennong 0.90 c 0.82 d 0.75 d 19.55c 18.92c 16.58 de 23.66 cd 23.66 cd 21.20 de

Data are the mean values of n=4. They were analyzed by two-way analysis of variance. Within each plant part and the 4 
wheat varieties, means followed by different letters are significantly different at p<0.05 according to the LSD method.
Los datos son promedio de n=4 y se analizaron por análisis de varianza de 2 vías. Dentro de cada parte vegetal y las 4 
variedades de trigo, los promedios seguidos por letras distintas son significativamente diferentes a p<0,05 de acuerdo 
a la prueba de la Diferencia Mínima Significativa.  

Table 2. Biomass (gr/plant) of roots, stems (straw and leaves) and spikes in four wheat varieties exposed 
to two arsenic treatments.
Tabla 2. Biomasa (gr/planta) de raíces, tallos (residuos de cosecha y hojas) y espigas en cuatro variedades de 
trigo expuestos a dos niveles de arsénico.

Dry weight of roots was significantly (p<0.050) decreased 
in the four varieties at the 50 mg/kg arsenate treatment. Stem 
biomasses of Gaoyou and Wennong, and spike biomasses of 
Jimai, Weimai and Wennong were all reduced by arsenic addi-
tion, but they remained below the limits of significance. 

Dry weight of shoots, stems and spikes were all signifi-
cantly (p<0.050) decreased in all four varieties at 100 mg 
As/kg soil. However, the reduction differed among varieties 
and plant parts. For example, root, stem and spike biomasses 
were reduced by 30.0, 27.5 and 16.9% in Jimai, respectively, 
and by 16.7, 15.3 and 13.8% in Wennong, respectively, com-
pared with values in the control. Root biomasses of Weimai 
and Wennong were not significantly different to controls, but 
they were significantly different (p<0.010) to the  100 mg/kg 
soil arsenic treatment.

Biomasses in wheat roots, stems and spikes decreased 
(p<0.001) with increasing As soil concentrations, and there 
were significant differences (p<0.001) among varieties.

Arsenic toxicity in wheat from China
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Yield components in four wheat varieties under two 
arsenic treatments. Arsenic at 50 mg/kg or 100 mg/kg soil 
significantly reduced (p<0.050) the number of spikes per 
plant and the thousand-kernel weight (Table 3). However, it 
showed little significant effect on the number of spikelets or 
grains per ear. In the 50 mg/kg treatment, the greatest reduc-
tion in spike number per plant and grain weight was 40.9% 
and 15.5% in Gaoyou and Jimai, respectively, when compared 

with respect to the other two treatments (Table 4). Arsenic 
concentrations in roots, straw or leaves did not follow the 
same pattern, neither in all study varieties nor in the differ-
ent As treatments. For example, in straw the highest arsenic 
concentration in the 50 mg/kg treatment (a) was found in 
Jimai, where arsenic concentrations reached values of 7.28 mg 
As/kg dry weight, and (b) 100 mg/kg treatment was found in 
Gaoyou, where arsenic concentrations reached 13.3 mg As/kg 

Variety Spikes per plant Spikelets per spike Grains per ear Thousand kernel weight(g)

Arsenic (mg/kg soil)

0 50 100 0 50 100 0 50 100 0 50 100

Jimai 6.28 de 4.34 f 3.40 f 20.7 abcd 19.1 cdef 17.8 efg 62.5 bc 59.5 bcd 55.8 cd 50.63 a 42.72 cd 37.27 def

Gaoyou 7.16 cd 4.23 f 3.59 f 22.3 a 22.6 ab 21.6 abc 73.4 a 72.6 a 65.2 ab 32.75 fg 29.87 g 27.94 g

Weimai 11.34 a 8.12 bc 6.32 e 18.6 def 19.6 bcde 16.9 fg 45.6 ef 47.1 ef 42.3 f 48.78 ab 43.44 bc 36.99 ef

Wennong 10.42 a 8.34 b 7.21 cd 17.8 efg 16.9 fg 15.8 g 52.7 de 51.9 de 46.8 ef 43.00 c 38.53 cde 36.90 ef

Data are the mean values of n=4. They were analyzed by two-way analysis of variance. Within each plant part and the 4 wheat varieties, means followed by 
different letters are significantly different at p<0.05 according to the LSD method.
Los datos son promedio de n=4 y se analizaron por análisis de varianza de 2 vías. Dentro de cada parte vegetal y las 4 variedades de trigo, los promedios 
seguidos por letras distintas son significativamente diferentes a p<0,05 de acuerdo a la prueba de la Diferencia Mínima Significativa.  

Table 3. Yield components in four wheat varieties exposed to two arsenic treatments. 
Tabla 3. Componentes de rendimiento en cuatro variedades de trigo expuestos a dos niveles de arsénico.
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with values in the control. In the 100 mg/kg treatment, the 
number of spikelets and grains per ear were also lower as a 
result of arsenic addition. However, such decreases seldom 
reached significant levels.

All four yield components showed significant reductions as 
As increased in the soil (p<0.05), and there were also signifi-
cant differences (p<0.001) among varieties. 

Arsenic concentration in different plant parts in plants 
exposed to two arsenic treatments. Arsenic concentration 
varied considerably between wheat varieties, plant parts and 
arsenic treatments (Table 4). Generally, arsenic concentration 
in roots was about 10 times higher than that in shoots, which 
in turn contained nearly as much As as that in leaves under 
the two arsenic treatments.

A little amount of arsenic was found in roots, straw or 
leaves of all four wheat varieties growing in control soils. In 
the 50 mg/kg treatment, As concentration and distribution in 
various plant parts varied among varieties. Gaoyou and Wei-
mai had the highest and lowest root arsenic concentrations, 
respectively. They differed significantly with respect to the 
other two varieties. Concentrations of As were the highest in 
straw for Jimai and in leaves for Gaoyou. Wennong and Wei-
mai had significantly lower As concentrations in straw and 
leaves, respectively, than the other varieties.

In the 100 mg As/kg soil treatment, arsenic concentrations 
in roots, straw and leaves significantly increased (p<0.010) 

dry weight. In the 100 mg/kg treatment, the lowest arsenic 
concentrations in both straw and leaves were found in Wei-
mai, but in the 50 mg/kg treatment, these concentrations were 
found in Wennong instead.

Arsenic concentrations in the different plant parts in the 
four wheat varieties increased (p<0.001) with increasing As 
concentrations in the soil. However, there were not significant 
differences (p< 0.05) among varieties.

Arsenic concentration in different spike parts on plants 
exposed to two arsenic treatments. Very little arsenic amount 
was detected in all spike parts in the four wheat varieties 
growing in control soil. Similar to the arsenic accumulation 
trends observed in wheat plant parts, arsenic concentrations 
increased with external arsenic levels in each part of spikes 
(Table 5). Arsenic concentrations in various spike parts on 
both arsenic addition levels at maturity were in the order: ra-
chis > grain > glume > awn.  

Arsenic concentrations in the spike parts were different 
among the four varieties when As was added in the plant soil. 
Jimai had significantly higher arsenic concentrations than 
Weimai in all four spike parts (Table 5). 

Arsenic concentrations in the different spike parts in-
creased (p<0.05) with increasing As concentration in the 
soil in the four wheat varieties. Except in glumes, there were 
no significant differences (p<0.05) in arsenic concentration 
among varieties. 
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Variety Root Straw
Arsenic (mg/kg soil)

Leaf

0 50 100 0 50 100 0 50 100

Jimai 5.38 h 55.44 f 145.60 a 0.645 g 7.28 d 9.68 bc 0.319 f 3.58 de 10.3 a

Gaoyou 6.76 h 86.9 d 125.4 b 0.734 g 4.26 f 13.30 a 0.536 f 6.56 c 7.89 b

Weimai 3.04 h 42.6 g 115.6 c 0.469 g 5.63 e 8.96 c 0.363 f 3.26 e 6.24 c

Wennong 4.79 h 74.6 e 121.5 bc 0.357 g 3.56 f 10.23 b 0.287 f 4.25 d 8.36 b

Data are the mean values of n=4. They were analyzed by two-way analysis of variance. Within each plant part and the 4 
wheat varieties, means followed by different letters are significantly different at p<0.05 according to the LSD method.
Los datos son promedio de n=4 y se analizaron por análisis de varianza de 2 vías. Dentro de cada parte vegetal y las 4 
variedades de trigo, los promedios seguidos por letras distintas son significativamente diferentes a p<0,05 de acuerdo 
a la prueba de la Diferencia Mínima Significativa.

Table 4. Arsenic accumulation (mg/kg dry weight) in root, straw and leaf of four wheat varieties exposed 
to two arsenic treatments.
Tabla 4. Acumulación de arsénico (mg/kg peso seco) en raíces, residuos de cosecha y hojas en cuatro varie-
dades de trigo expuestos a dos niveles de arsénico.

Variety Rachis Grain Glum Awn

Arsenic (mg/kg soil)

0 50 100 0 50 100 0 50 100 0 50 100

Jimai 0.0673 f 1.64 b 2.30 a 0.0412 f 1.25 b 1.89 a 0.0327 f 1.03 b 1.65 a 0.0249 f 0.36 b 0.89 a

Gaoyou 0.0431 f 0.89 d 2.47 a 0.0297 f 0.96 c 1.25 b 0.0301 g 0.56 d 0.83 c 0.0145 f 0.16 de 0.36 b

Weimai 0.0298 f 0.45 e 1.29 c 0.0238 f 0.27 c 0.83 c 0.0201 g 0.12 fg 0.36 e 0.0156 f 0.10 e 0.25 c

Wennong 0.0429 f 0.41 e 1.35 cd 0.0379 f 0.96 c 0.96 c 0.0245 g 0.35 e 0.45 de 0.0198 e 0.15 de 0.21 cd

Data are the mean values of n=4. They were analyzed by two-way analysis of variance. Within each plant part and the 4 wheat varieties, means followed by 
different letters are significantly different at p<0.05 according to the LSD method.
Los datos son promedio de n=4 y se analizaron por análisis de varianza de 2 vías. Dentro de cada parte vegetal y las 4 variedades de trigo, los promedios 
seguidos por letras distintas son significativamente diferentes a p<0,05 de acuerdo a la prueba de la Diferencia Mínima Significativa. 

Table 5. Arsenic accumulation (mg/kg dry weight) in rachis, grain, glume and awn of four wheat varieties exposed to two arsenic treatments.
Tabla 5. Acumulación de arsénico (mg/kg peso seco) en raquis, grano, gluma y arista en cuatro variedades de trigo expuestos a dos niveles de arsénico.

Arsenic toxicity in wheat from China

Arsenic concentration in flour and bran on plants ex-
posed to two arsenic treatments. Arsenic concentrations 
were about 2-3 times higher in bran than in flour in the arse-
nic treatments (Table 6). 

The overall As concentration interval in flour from the 
four varieties of wheat was 0.29-0.78 mg/kg dry weight in 
all wheat varieties at the 50 mg/kg soil treatment. Jimai had 
the highest As concentration, while it was half of it in Wei-
mai. In the 100 mg/kg treatment, however, the overall As 
concentration interval was 0.59-1.49 mg/kg dry weight flour 
in all four wheat varieties. Arsenic concentrations in Jimai 
and Gaoyou were significantly higher than those in Weimai 
and Wennong.

The overall concentration interval was 0.59 (Weimai) 
-1.49 (Gaoyou) mg/kg dry weight bran in the 50 mg/kg 

treatment, and 1.98 (Weimai) -3.04 ( Jimai) mg/kg dry 
weight bran in the 100 mg/kg treatment, in the four variet-
ies of wheat (Table 6). The arsenic concentration in bran 
was about 2-3 times higher than that in flour, depending 
on the variety.

 The ratio of bran/flour changed with both the variety 
and the arsenic treatment. For example, the ratio of bran/
flour was higher in Jimai than in Gaoyou, in the 0 and 50 
mg/kg treatments. However, in the 100 mg/kg treatment, 
the situation was just opposite. Among the four varieties 
in this study, Wennong showed the largest relative differ-
ence between the bran and flour arsenic concentrations; 
the average bran/flour concentration ratio was 3.56. The 
smallest average bran/flour concentration ratio was found 
in Gaoyou (2.14).
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DISCUSSION
The two As treatments used in this study represent either 

moderate or serious contamination levels in China. A Copper 
Smeltery located in Changle County in the Hubei Province 
in China polluted the surrounding villages to about 40-70 mg 
As/kg soil; it was considered that the area was polluted by As to 
above average levels: 50 mg As/kg soil (Xie et al., 2005). Heav-
ily As-contaminated soils can reach 238.4 and 302.2 mg/kg soil 
close to ore deposits in Xingren county, Guizhou province, 
and Binzhou county, Hunan province in China, respectively 
(Zhong & Tang., 2006). The range of As contamination in 
soils of central India (i.e., Ambagarh Chauki, Chhattisgarh) is 
9-105 mg/kg soil (Patel et al., 2005). Arsenic concentrations 
in agricultural soils of As-affected areas in Bangladesh range 
from 20 to 90 mg/kg soil (Ullah, 1998). Our previous labora-
tory experiments also showed that As levels of 100 mg/kg soil 
reduced wheat seed germination rates and inhibited seedling 
growth. However, wheat seedlings transplanted into high As-
polluted soils reached the mature phenological period (data 
not shown).

Although varieties tested in this study differed greatly in 
their response to As addition in soil, they all followed the same 
pattern: when As was added, a negative response by plant part 
biomass and yield components, and a positive response by 
plant parts at wheat maturity were obtained. 

Toxic symptoms included wilting and necrosis of leaf mar-
gins, and stunt root and stems. Increased As concentrations 
in the soil led to more pronounced reductions in root biomass 
than in any other plant part. Biomass inhibition followed the 
order: roots > stems > spikes. Large numbers of studies have 
indicated that excessive As did harm plant seedling biomass 

Variety Flour Bran

Arsenic (mg/kg soil)

0 50 100 0 50 100

Jimai 0.0193 f 0.78 bc 1.19 a 0.0205 e 1.34 c 3.04 a

Gaoyou 0.0157 f 0.57 cd 1.49 ab 0.0189 e 1.95 b 2.98 a

Weimai 0.0106 f 0.29 e 0.82 bc 0.0134 e 0.49 d 1.98 b

Wennong 0.0175 f 0.39 de 0.59 cd 0.0211 e 1.17 c 2.10 b

Data are the mean values of n=4. They were analyzed by two-way analysis 
of variance. Within each plant part and the 4 wheat varieties, means fol-
lowed by different letters are significantly different at p<0.05 according to 
the LSD method.
Los datos son promedio de n=4 y se analizaron por análisis de varianza de 2 
vías. Dentro de cada parte vegetal y las 4 variedades de trigo, los promedios 
seguidos por letras distintas son significativamente diferentes a p<0,05 de 
acuerdo a la prueba de la Diferencia Mínima Significativa.

Table 6. Arsenic accumulation (mg/kg dry weight) in flour and bran of 
four wheat varieties exposed to two arsenic treatments. 
Tabla 6. Acumulación de arsénico (mg/kg peso seco) en harina y salvado 
en cuatro variedades de trigo expuestos a dos niveles de arsénico.
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and growth, and that this harm could be attributed to a series 
of physiological activity alterations (Han et al., 2002; Liu & 
Zhang, 2007; Liu et al., 2007). It is not surprising that bio-
mass decreases were obtained in mature plants. Seth et al. 
(2007) reported fresh weight reductions in giant duckweed 
after long-term exposures to As. Biomass reductions were 
lower on spikes than roots or stems, and this might result in 
lower As accumulation in spikes.

Alteration of some wheat yield components by toxic el-
ements has also been reported with cadmium treatments 
(Zhang et al., 2002). Results obtained by these authors were 
similar to ours. Reduction in biomass and yield components 
might be due to direct toxic effects of As on biochemistry 
and physiological processes in the wheat plant. Our experi-
ment showed that As had an adverse effect on spike number 
per plant, which resulted from less tillering and weak tillers. 
Additionally, all four wheat varieties showed late tiller ini-
tiation. Grain number per ear and thousand-kernel weight 
were significantly reduced under As treatments. Damag-
ing effects of As on plants might also be due to effects on 
phosphate uptake and utilization. Phosphate level is known 
to control plant growth and development, and arsenate is 
a phosphate analogue. Increasing arsenate in soil results 
in enhanced competition between phosphate and arsenate 
for sorption sites. This result in a decrease in the amount 
of phosphate sorbed (Meharg & Hartley-Whitaker, 2002). 
Furthermore, after entering a plant, arsenate may replace 
phosphate in various phosphorolysis reactions, thus interfer-
ing with phosphate metabolism and causing plant toxicity 
(Dixon, 1997).

Irrespective of the As treatment, roots contained higher 
concentrations of As than straw and leaves, and As concentra-
tions in straw were slightly higher than those in leaves. High-
est As accumulation in roots than in any other plant part was 
also reported in rice (Marin et al., 1992, 1993), maize, English 
ryegrass, rape and sunflower (Gulz et al., 2005). The present 
study showed that the ranges of As concentrations in straw and 
leaves were 3.56-7.28 and 3.26-6.56 mg/kg at 50 mg/kg soil 
treatment, respectively, and 8.96-11.30 and 6.24-10.30 mg/kg 
at 100 mg/kg soil, respectively. The maximum As concentra-
tion allowed in fodder plants by the Chinese law is 4 mg/kg 
on a dry weight basis. Wheat varieties investigated in this 
study accumulated relatively high As concentrations in their 
edible parts; this indicates that wheat might represent a risk 
for animal and human health when this crop grows on As 
polluted soils.

The distribution of poisonous elements in spike parts was 
seldom documented in the literature. Chen et al. (2007) re-
ported that cadmium (Cd) concentrations in each part of de-
tached spikes increased with external Cd levels in developing 
barley grains; final Cd concentrations in various organs were 
in the order: awn > grain > rachis > glume. They also reported 
that awns, rachises and glumes may be involved in Cd trans-
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port into developing grains. The present study demonstrated 
that As concentrations increased in each part of spikes at in-
creasing As levels. Arsenic concentration order, however, was 
rachis > grain > glume > awn in all four wheat varieties. More 
detailed information is necessary about the physiological pro-
cesses responsible for As translocation and accumulation in 
grains to understand the influences of other spike parts on As 
grain concentration.

Flour is the main edible portion in wheat grains. Arse-
nic content in flour is critical for human health. Our results 
showed that As concentrations in bran were much higher 
than those in flour. He et al. (2001) reported that compar-
ing various nourish components in wheat, the percentage 
of As in protein was the highest (74% of total As). This 
indicated that As in wheat seed mainly exists associated 
to protein parts. Bran is mainly constituted by the embryo 
and capsule of wheat seeds, and is richer in protein than 
flour processed from the endosperm. Our study showed that 
the concentrations in flour ranged from 0.29-0.78 mg/kg 
and 0.59-1.49 mg/kg at 50mg/kg soil and 100mg/kg soil, 
respectively, in the tested wheat varieties. Most of the As 
contaminated flour exceeded the Chinese tolerance limit: 
0.5 mg/kg flour (Li et al., 2006). Wheat bran and flour 
have been mainly used as fodder and staple food for ani-
mals and humans, respectively, in China. It is necessary 
to monitor the As content in wheat yielded from As pol-
luted areas; it is of major importance that wheat with the 
lowest As content is provided to the peasants. Rahman et 
al. (2007) and Cheng et al. (2006) also demonstrated sig-
nificant variety differences in As content on rice grain at 
higher As concentrations in the soil; low As rice varieties 
were recommended for planting in Bangladesh and China. 
Arsenic intake by humans from rice and cattle could be po-
tentially important; there exists possible food chain path-
ways through which As may enter into the human body 
(Rahman et al., 2008). Except Wennong which concen-
trated the lowest amounts of As in flour at 100 mg/kg soil 
treatment, Weimai showed significantly lower As amounts 
in bran and flour compared to the other wheat varieties. 
There was a dependence of As content in grain parts with 
variety and treatment level. This implies that it is necessary 
and possible to select or breed wheat varieties with low As 
content in wheat grains for peasants in polluted areas.
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