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Agricultural crops can be used either to remediate selenium-contaminated soils or to increase the
daily selenium intake of consumers after soil supplementation using inorganic or organic selenium
sources. In this study, four agricultural crops were examined for potential selenium enhancement.
Soils containing tomato, strawberry, radish, and lettuce plants were supplemented with either an
inorganic or an organic form of selenium. Two different soils, i.e., low Se and high Se containing,
were also used. Statistically significant differences in appearance, fruit production, and fresh weights
of the fruit produced were studied. Next, the amount of selenium retained in the edible fruits, nonedible
plant, and soil for each was analyzed by acid digestion followed by hydride generation atomic
absorption analysis. Finally, inhibition effects on the seeds of the agricultural plants were studied.
The results show that supplementation with an inorganic form of selenium led to higher retention in
the plants, with a maximum of 97.5% retained in the edible portion of lettuce plants.
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INTRODUCTION Therefore, one focus seems to be on increasing selenium intake

through natural sourced ), such as garlic (14) and broccoli

For many years, selenium has been recognized as an ess.e.ntiﬁs)' It has been shown that the most effective way to increase
trace element necessary for both human and livestock nutrition i1a"amount of selenium in cultivated crops is to add selenite or

(1—3). With regard to human nutrition, there have been gejenate to fertilizers, spray the crops with selenium salts, or
numerous attempts to associate low or suboptimal levels of tyaat the seeds with aqueous selenidiB19).

selenium intake with a wide variety of human diseases, such as  agempts have also been made to increase the amount of

heart disease, cystic fibrosis, and canc® (t was reported  sejenjum available in the soil for animal fodder and human food.
that after selenium supplementation, an infant diagnosed with o yange of 0.05-0.1 mg/kg dry matter is typically used;
cystic fibrosis had a reversed positive sweat t8stgelenium  however, after chronic exposure to fodder that exceeds 1 mg/
has been recognized to play an important role in several yq dry matter, toxic effects can be expect@d), Keeping this
selenoproteins (6). The recent interest in selenium has resultedjmit in mind, soils in different areas of the world may be
from the promise it has shown in the treatment of lung, prostate, characterized as selenium-deficient, selenium-adequate, and
and colon types of cancer)( The work of Clark and co-workers  selenium-toxic. In Finland, selenium has been added to fertilizers
led to the study of selenium compounds as a relevant group ofsince 1984, in the form of selenate, to increase the selenium in
cancer chemopreventive ager8s At doses substantially higher  the soils 21). Vegetables rich in selenium have been shown to
than the physiological requirements, inorganic selenium protects contribute as much as 282% of the daily intake in Northern
laboratory animals against cancer of the mammary gland, colon, Mexico (22).

lung, pancreas, liver, and skin. Organic and some selenium-  The purpose of this study was to evaluate the feasibility of
containing amino acids were also effective and have the sameselenium supplementation of some commercial agricultural
side effectsg). The National Research Council has established crops. This includes the form of selenitthoth organic

a Recommended Dietary Allowance (RDA) of selenium for (selenomethionine) and inorganic (selenium dioxiegjurces
humans, 55 and 7@g/day for men and women, respectively to supplement, as well as the type of crop (four different species
(10). However, most of the selenium humans take in is from of plants) in a controlled environment. After the agricultural
foods, primarily meat and wheat, which are usually low in crops were analyzed and selenium was found to remain in the
selenium contentl(l). Nutritional supplements have also been soil, the effects of selenium supplementation on germination
recommended to increase daily selenium; however, recentand plant growth were studied. Selenium has not been demon-
studies have shown that the amount of selenium in over-the- strated as an essential nutrient for plant growth; therefore, the
counter supplements can be much lower than advertis2d ( effect of selenium concentration was also studied.
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MATERIALS AND METHODS Table 1. Data Summary for Comparison of Tomato and Strawberry

Agricultural Crops. Tomato seeds.{/copersicum esculentuwar. Fruit Produced®

Homestead, NK Lawn & Garden, Chattanooga, TN), lettuce seeds hi ;
' ; : - gh high low low

(Latuce_l sativavar. Bla_ck Seeded Slmpson,_ Fredonia Seeds, Min- control organic inorganic organic inorganic
neapolis, MN), and radish seed®gphanus sativumar. Early Scarlet
Globe, NK Lawn & Garden) were obtained and grown. Sweet Charlie ~ tomato 13£02  00£00° 05£03 23£03 1302
strawberry plants were obtained from Armenia Nursery, Tampa, FL, Stawbery 3321  20£08  30+£08 20+12 1810

Growth Conditions. Plants were grown in a controlled environment
phytotron room (Environmental Growth Chambers, Chagrin Falls, OH)
with a photoperiod of 12 h light/12 h dark, a relative humidity of 80%,
a constant temperature of 26, and light intensity of 19@einsteins
m~2 s™%. Plants were grown in sand/soil pots and subjected to the scanning electron microscope (model JFM-840) in order to determine
following selenium supplementation conditions. The plants for each the amount of selenium and other significant elements for each soil
crop examined were divided into five treatment groups, each with four sample. For each species studied, the elemental composition of the
replicates: control sets, no selenium supplementation; test 1, each plantontrol was compared to that of the selenium-supplemented samples.
received a total of 1.5 mg of an inorganic form of selenium per kg of We also obtained a soil sample from the Gulf Coast Research and
soil; test 2, each plant received a total of 1.5 mg of an organic form of Education Center, University of Florida Institute of Food (IFAS) and
selenium per kg of soil; test 3, each plant received a total of 40 mg of Agricultural Sciences, Dover, FL, as well as a sample from an
an inorganic form of selenium per kg of soil; and test 4, each plant anonymous strawberry farm in Plant City, obtained from IFAS, and
received a total of 40 mg of an organic form of selenium per kg of analyzed these samples using XRF. One of the major observations we
soil. Tests 1 and 2 were considered to have received an “optimum” wanted to examine was the change in the amount of sulfur between
level of selenium and tests 3 and 4 to receive a “supraoptimal” or “high” the controls and the treatments. It has been shown that selenium will
amount of selenium. We chose the supplementation concentration ofsubstitute for sulfur in plants (2); therefore, this was examined.

an = 4, Scale, number of fruit produced. P Statistically significant difference at
95% confidence level.

1.5 mg of Se/kg of soil on the basis of previous stud23 24), and Seed BioassaysSeeds from lettuce, tomatoes, and radishes were
40 mg of Se/kg of soil was used as a much higher amount to test toxicity evaluated for inhibition effects from selenium supplementation. Seeds
effects. were washed with soap and water, and then with 5% bleach, rinsed

Chemical Analysis. The amount of selenium in the fruit and  with deionized water, and gravity filtered using Whatman No. 1 filter
vegetables, if any, was quantified by using hydride generation atomic paper. Seeds were evaluated using a randomized design with each
absorption spectroscopy. The entire plant (leaves, stem, and roots) wagoncentration in triplicate. Concentrations of 0, 10, 20, 50, 100, and
then analyzed by atomic absorption spectroscopy to determine if any 200 ppm were used in the bioassays. Using trays with individual wells,
accumulation of selenium was present and if the plant absorbed the10 seeds were counted and distributed to each well, which was lined
selenium but retained it in the green portions of plants rather than the with Whatman No. 1 filter paper. The trays were then covered with
fruit and vegetables. Last, the amount of selenium retained in the soil plastic wrap and a glass plate and placed under a 40-W fluorescent
was determined by atomic absorption spectroscopy and energy disperdight with a photoperiod of 12 h light/12 h dark for 7 days. Inhibition
sion X-ray fluorescence (XRF). parameters compared included fresh weight, dry weight, and percent

The fruit and vegetable samples were digested in the following germination of the seeds.
manner, keeping in mind the volatile nature of seleni@8)( Each
individual fruit or vegetable was first weighed and then blended for 2 RESULTS AND DISCUSSION

min. A 1-g fresh weight aliquot was weighed and then placed in a After supplementation of the agricultural crops of interest was

150-mL Teflon beaker. Next, 5 mL of nitric acid (16 M) and 5 mL of leted | off f h | .
deionized water were added. The sample was covered with a watchCompleted, several efiects from the supplementation were

glass and heated for A5 min without boiling (96-95 °C). The exam_ined, inpluding differences_ in appearance, amount of
sample was then allowed to cool, another 5 mL of nitric acid (16 M) Selenium retained, and surrounding environmental changes.
was added, and the sample was heated-@#°C) for an additional Gross Morphological Changes.Examining differences in

30 min. This step was repeated, and then 2 mL of deionized water andmorphology focused on differences in the number of fruits
3 mL of 30% hy_drogen peroxide were add_ed slowly, and the mixturg produced, weight of fruits and vegetables, and any physical
was heated until effervescence ceased. Finally, 5 mL of hydrochloric agppearances of fruit and vegetables. The total numbers of fruits
acid (12 M) was added, and the mixture was refluxed ford®min. -~ prodyced from the selenium-supplemented tomato and straw-
The s_ample was cooled to room temperature and then_dlluted_ to 100berry plants were counted and compared with the control plants.
mL with 6% (v/v) HCI. Next, the sample was vacuum filtered in an The results showed (Table 1) that for the tomato plants there
all-glass filtration apparatus using a 048t Millipore membrane filter. was a sianificant difference between the control plants and high-
Finally, the aliquot was diluted with 6% (v/v) HCI to 100 mL using a . g . P 9
organic treatment plant®(= 0.02,n = 5) with respect to the

volumetric flask and then analyzed using atomic absorption. ' . .
The plant samples were digested in the following manner. The entire @mount of fruit produced, with no fruit produced from the test

plant (leaves, stems, and roots) was weighed for a total fresh weight. plants; otherwise, no statistically significant differences between
Next, the plant was allowed to dry in the phytotron for 1 week. A dry test and control plants were observed. For strawberry plants,
weight was taken, and a 1-g portion was weighed and then placed inthere were no significant differences observed in fruit production
a 150-mL Teflon beaker. The sample was then treated with nitric acid, (Table 1). The edible portions of the selenium-supplemented
as with fruit and vegetable samples, and analyzed in the same way asryjt and vegetable agricultural crops examined were individually
before. _ _ _ _ weighed and compared with the controEable 2). For both

The soil samples were digested in the following manner. A soil the tomato and strawberry plants, no statistically significant
sample weighing approximately 1 g was weighed and then placed in @ yittarences were observed when the fresh weights of the fruits
150-mL Teflon beaker. The samples were treated with nitric acid and were examined. Statistically significant differences were ob-

lyzed using th d that d for fruit and tabl . . . -
22%;;'2:5_ using the same procedure as that used for frult and vegetablese ved for fresh weights of the edible portions of the radish

The soil samples were also analyzed by energy dispersion XRF in plants, comparing the control with the low inorganic trgatment
order to determine whether any significant differences were observed (P = 0.03,n = 5), and of the lettuce plants, comparing the
in elements other than selenium. A 1-g sample was weighed and thencontrol with the high organic treatmer® = 0.04,n = 5).
ground into a powder using a mortar and pestle. Samples prepared in  Selenium Retention. After all the physical observations
this manner were analyzed by energy dispersion XRF in a JEOL were made, the amount of selenium retained in the fruits or
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Table 2. Data Summary for Fresh Weights (in Grams) of Tomato,
Strawberry, Lettuce, and Radish?

high high low low
control organic inorganic organic inorganic
tomato  350+159 0.0+00 285+137 125+81 345+138
strawberry 7.1+3.2 51+£12 87+24 59+32 95+£6.0
radish 53+13 108+0.9° 9.0%37 6.6+0.9 9.8+19°

lettuce 0.65+0.07 0.92+0.10 0.93+0.35 130+0.87° 1.03+0.25

an = 4-10. Scale, grams. P Statistically significant difference at 95% confidence.

Table 3. Comparison of the Amount of Selenium Retained after
Supplementation with Selenium?

Carvalho et al.

Although selenium has not been demonstrated to be an
essential element for plants, studied crops can assimilate it and
respond in one of two ways: as a selenium source for humans
or as a selenium scavenger for Se-contaminated soils, depending
upon whether the edible or nonedible portions are to be used.

Our results show that selenium supplementation of these
selected agricultural crops is feasible, with a wide range
(between 0.1 and97.5%) of selenium retained in the edible
portion. The lettuce plants seemed to retain the most selenium
(ca. 3—4%) in the edible portion of the plant compared to the
other crops studied (Table 3).

Some plants (tomatoes and strawberries) managed to remove
all of the added selenium in nonedible portions, which indicates

that these plants could be used as selenium scavengers in Se-

high low high low . . - .
conrol  oganic  organic  inorganic  inorganic contammated. SO'IS'. The cqnd|t|ons for thg scavenging procedure
deserve consideration. Using an inorganic selenium source, such
tomjéfble 013 0.00 030 027 " as selenium dioxide, proved to be better for increasing selenium
nonedible 1003 12162 13565 12081 138.34 content than using an organic selenium source, such as sele-
soil 0.25 2.30 0.96 1.82 1.09 nomethionine, for the following reasons. First, the edible
Stravmrry 006 016 o2 020 . portions of the plants examined retained statistically significant
edible . 1 1 . 14 ; ; i
ronedible 927 11011 12251 10657 120583 greater amounts of the inorganic selemum source usgd than the
soil 027 242 121 166 0.61 organic selenium source. Second, the inorganic selenium source

radish was more cost-effective when compared with the organic

edible 0.03 0.42 0.14 0.28 0.16 selenium source. Finally, the amount of selenium left in the
nonedible 2.49 17.34 6.75 2073 .67 soil when the inorganic selenium source was used was less than
|ett322 035 210 L1 200 073 that when the organic source was used. All of these factors have
edible 0.92 285 1.40 364 134 proven that using inorganic selenium as a source for selenium
soil 0.08 0.09 0.18 0.09 0.05 supplementation would be ideal, but the use of tomatoes as a

Se scavenger could be even more promising.

Rayman has presented an interesting dichotomy: arguments
for increasing selenium intak@®) versus the observation that
vegetables, plants, and soil was quantified using atomic absorp-diets have become steadily poorer in seleni@®) (This seems
tion spectroscopy (Table 3). The amount of selenium in the especially true of European diets, owing to the reduction of
edible portion of the fruit or vegetable crop was first determined imported wheat from North America (mainly Canada), and the
for each crop studied. For all crops studied, the amount of same is likely true of American diets as well, owing to the shift
selenium absorbed and retained in the edible portions wastoward fast foods. Thus, supplementation of food sources
statistically significantly higher in the inorganic treatments when remains an attractive potential solution for American sources.
compared with organic treatments. This was a positive result, In addition, selenium-deficient disorders have been recognized,
because supplementation with inorganic selenium would not apart from Keshan disease, and one may point to the conversion
only be more economical, but would also result in better of harmless viruses to virulent ones in Se-deficient hdzg3. (
retention of selenium than supplementation with organic sele- Se-deficient organisms can also develop more severe and
nium. Next, the amount of selenium retained by the inedible prolonged lung inflammation when exposed to influenza virus,
parts of the agricultural crop (i.e., leaves, stems, and roots) wasowing to harmful mutations in the virus. In addition, levels of
collectively quantified, again using atomic absorption spectros- selenium can be strong predictors of the outcome of HIV
copy. For all of the crops studied, the amount of selenium infection (29). There also seems to be cogent evidence sup-
absorbed and retained in the inedible portions was statistically Porting the benefits of supranutritional levels of selenium, i.e.,
significantly higher in the inorganic treatments than in the that such levels have marked immunostimulant effe8@). (
organic treatments. The amount of selenium retained in the soil Substantial evidence indicates that selenium may alter cancer
for each agricultural crop was then quantified using atomic at several sites and by multiple mechanisi3)(
absorption spectroscopy. For the tomato and lettuce crops, there Supplementing a Se-deficient diet can be managed in several
were no statistically significant differences observed for any of ways. Rayman26) suggests enhancements with Brazil nuts,
the treatments, another positive result favoring inorganic but their fat content may limit the usefulness of these delicious
selenium supplementation. Although some selenium remains innuts. Fish, crabs, and other shellfish are moderately good sources
the soil after treatment, using inorganic or organic selenium of selenium, but improvements in the concentration of selenium
sources did not make a statistically significant difference, and in blood and tissues are variab27]. On the other hand, the
inorganic selenium sources were less expensive than organiccrops studied here have an attractive feature: they are nutritious,
sources. For the strawberry and radish plants, the amounts ofand tomatoes and lettuce, commonly used with many fast foods,
selenium remaining in the soil after the high inorganic treatments could cater to contemporary tastes while providing a Se
were statistically significantly lower than the amounts of supplement benefit. One of the problems, however, is the effect
selenium remaining in the soil after the high organic treatments. of soil selenium on seeds, and this issue was addressed.
Again, this is another positive result favoring inorganic selenium  Surrounding Environmental Changes.Soil samples from
supplementation because, although some selenium remains inthe lettuce, tomato, strawberry, and radish plants were examined
the soil after treatment, using inorganic selenium would leave using XRF to determine weight percentages of significant
less selenium to accumulate in the soil. elements (Tables 4—7). For the lettuce, tomato, and radish

an = 4. Scale, milligrams of Se per gram.
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Table 4. Weight Percentages of Elements Identified by XRF in Lettuce Table 6. Weight Percentages of Elements Identified by XRF in
Soil Samples? Strawberry Soil Samples?
high high optimum optimum high high optimum  optimum
control organic inorganic inorganic organic IFAS  anonymous control organic inorganic  organic  inorganic
Na 0.24 0.00 0.00 0.00 0.00 Na  0.00 0.00 0.00 2.01 1.57 0.00 0.00
Zn 0.00 0.00 0.00 0.00 0.32 Zn 0.00 0.00 0.00 0.00 0.00 2.68 0.00
Mg 0.40 0.00 0.00 0.00 0.00 Mg 072 0.50 1.82 2.18 1.95 1.66 0.00
Al 2.08 1.82 2.64 2.76 20.51 Al 7.65 3.89 9.47 1110 9.74 8.72 8.17
Se 0.00 0.00 0.00 0.00 0.00 Se  0.00 0.00 0.00 221 0.00 0.00 0.00
Si 89.02 92.14 86.50 87.59 72.08 Si 7877 88.51 35.84 3493 34.45 33.44 56.85
P 1.01 0.73 2.31 0.78 0.74 P 451 2.77 10.95  10.09 13.15 14.28 6.18
S 1.92 1.53 1.60 0.61 0.67 S 0.22 0.00 12.73 6.63 4.87 3.54 457
Ca 2.43 1.61 4.12 297 117 Ca 233 1.26 1582  16.96 14.56 15.75 11.90
Fe 2.61 3.17 2.64 3.02 1.87 Fe 3.08 1.47 3.97 4.43 9.38 12.51 5.70
Cu 0.91 0.00 0.00 0.77 2.65 Cu 055 0.59 2.89 375 5.29 271 3.23
Ti 0.18 0.00 0.21 0.50 0.00 Ti 1.77 1.01 1.86 0.91 1.34 1.99 2.10
Cl 0.00 0.00 0.00 0.00 0.00 Cl 0.00 0.00 1.64 1.79 1.10 0.18 131
K 0.00 0.00 0.00 0.00 0.00 K 0.41 0.00 3.01 3.01 2.60 2.54 0.00
an = 4. Scale, weight percent. an = 4. Scale, weight percent.
Table 5. Weight Percentages of Elements Identified by XRF in Table 7. Weight Percentages of Elements Identified by XRF in Radish
Tomato Soil Samples? Soil Samples?
high high optimum optimum high high optimum optimum
control inorganic organic inorganic organic control inorganic organic inorganic organic
Na 1.58 1.50 0.00 1.92 1.00 Na 1.48 1.32 1.42 1.39 1.53
Zn 0.00 0.00 0.00 0.00 0.00 Zn 0.00 0.00 0.00 0.00 0.00
Mg 1.93 1.80 0.74 2.62 1.50 Mg 2.03 1.93 1.84 2.19 171
Al 8.44 9.96 4.98 10.97 5.23 Al 7.34 8.29 6.93 8.30 6.72
Se 0.00 0.00 0.00 0.00 0.00 Se 0.00 0.00 0.00 0.00 0.00
Si 48.90 38.87 67.03 40.28 60.81 Si 48.66 42.99 50.39 47.67 53.66
p 1.99 3.16 1.64 1.90 373 P 1.24 2.26 2.88 2.83 2.99
S 15.42 12.60 9.51 10.85 6.78 S 15.05 14.18 11.42 9.92 8.22
Ca 18.77 25.80 11.68 20.78 14.06 Ca 17.83 20.43 18.24 19.83 17.46
Fe 4.88 6.32 3.28 5.47 3.96 Fe 455 5.92 5.06 5.19 498
Cu 2.10 0.00 1.13 2.20 2.93 Cu 1.82 2.68 1.82 2.68 2.73
Ti 0.00 0.00 0.00 0.00 0.00 Ti 0.00 0.00 0.00 0.00 0.00
Cl 0.00 0.00 0.00 0.00 0.00 (o] 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 K 0.00 0.00 0.00 0.00 0.00
an = 4. Scale, weight percent. an = 4. Scale, weight percent.

samples, the amount of sulfur in the treatment soil samples wasinvolved examining the amount of sulfur in the control soil
less than the initial amount of sulfur in the control. Also, with sample and comparing it to the amount in the treatment soil
the high treatments, all of these plants were shown to absorbsamples. It was observed that the amount of sulfur in the
more selenium than the optimum treatment plants, and thetreatment samples was lower than the amount of sulfur in the
amount of sulfur remaining in the soil for the optimum treatment control plants, indicating that sulfur was being absorbed. Also,
plants was less than the amount of sulfur remaining in the soil the amount of sulfur in the high treatment soil samples was
for the high treatment plants. This suggests that the selenium ishigher than the amount of sulfur in the optimum treatment
substituting for the sulfur in these plants, which has been samples, which again suggests that selenium is substituting for
previously demonstrated (2). sulfur in the plants that absorbed more selenium, and more sulfur
The strawberry soil samples for the control, all treatments, a is left in the soil of the plants that did not absorb as much
sample obtained from IFAS, and an anonymous sample wereselenium.
examined for weight percentages of significant elements. It Inhibition on Seed Germination. For the lettuce seeds,
should be noted that the strawberry plants were obtained fromFigure 1 shows that the fresh weights decreased linearly with
a local nursery and that the soil used for this crop was not increasing selenium concentration. However, the dry weights
prepared in the laboratory. First, we compared elementsremained constant over the range of selenium concentration.
observed in the IFAS and anonymous samples to elements inThe percent germination showed a statistically significant linear
the control and treatment strawberry soil samples. It was decrease with an increase in selenium concentration. Aga EC
observed that the weight percentages of silicon were higher inwas determined by interpolation to be 36 ppm, at which 50%
the IFAS and anonymous samples than in the control or of the seeds showed inhibition of germination.
treatment soil samples from our study. This suggests that the For the tomato seedBjgure 2 shows that the fresh weights
soil samples from IFAS and the anonymous samples containedand dry weights remained constant over the range of selenium
more sand than the strawberry soil samples which were obtainedconcentration. The percent germination showed a statistically
from the local nursery. Other elements that had higher weight significant linear relationship: an increase in selenium concen-
percentages in the control and treatment soil samples, whentration caused a decrease in percent germination. Ady w&s
compared to the IFAS and anonymous soil samples, were determined by interpolation to be 29 ppm, at which 50% of the
phosphorus, calcium, and chlorine. The next comparison seeds showed inhibition of germination. Although the percent
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Figure 1. Effect of selenium on lettuce seed germination.
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Figure 2. Effect of selenium on tomato seed germination.
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Figure 3. Effect of selenium on radish seed germination.

germination decreased at a lower concentration than for the
lettuce seeds (29 ppm versus 38 ppm for 50% inhibition of
germination), of those seeds which did germinate, the growth
was not severely inhibited until a selenium concentration of 100

ppm.
For the radish seedEjgure 3 shows that the fresh weights

showed a linear decrease with increasing selenium concentration; (12)

however, the dry weights remained constant. The percent
germination showed a statistically significant linear decrease
with an increase in selenium concentration. ThesE®as
interpolated to give a concentration of 38 ppm, at which 50%
of the seeds showed inhibition of germination. The percent
germination was similar to the results from the lettuce seed study
(38 ppm for 50% inhibition of germination).

The results from these seed bioassays indicate that several

important factors need to be considered for agricultural selenium
supplementation. First, although selenium is not an essential
nutrient for plants, at high enough concentrations, the growth
and germination of seeds can be inhibited. This has been

previously demonstrated with selenate and selenite for cabbage,

Carvalho et al.

lettuce, radish, sorgrass, turnip, and wheat (32). Finally, the most
important conclusion which can be drawn from the seed
bioassays is that, in all the agricultural crops studied, a
concentration higher than 29 ppm, for the most sensitive seeds
studied, is required to inhibit germination of the seeds. This is
very important, because the highest concentration of selenium
left in the soil from our agricultural crop studies was 1.9 ppm
(high organic selenium treatment of tomatoes). The amount of
selenium left in the soil after the first round of supplementation
would not be a high enough concentration to inhibit the
germination of the seeds of any of the agricultural crops that
were studied. Therefore, the concentration of selenium left in
the soil would not be toxic when new seeds were planted, and
several crops could be grown and supplemented in the same
soil.
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