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Eighteen common garden vegetables were grown on soil containing variable levels of added 
selenium supplied in either organic or selenate form. All of the vegetables studied, 
when grown on soil containing available selenium, were capable of absorbing, metaboliz- 
ing, and storing in their tissues variable amounts of selenium. Vegetables varied in their 
selenium uptake from soils containing 20 p.p.m. organic or 3 p.p.m. selenate selenium. In 
the majority of the vegetables studied, selenium uptake was greater when they were grown 
on soils containing the organic selenium. Cabbage plants contained the highest levels of 
selenium in their tissues. In most instances, the generally considered inedible portions of 
the plants contained the highest levels of selenium. All of the plants possessed the ability 
to convert a portion of the absorbed selenate selenium into an organic form. The vege- 
tables studied were capable of absorbing some of the selenium added to the soil as organic 
compounds, converting at least a portion of it into other compounds and storing it in their 
tissues both as organic and inorganic compounds. 

HE PRESENCE of selenium in T vegetable plants grown in some 
seleniferous areas has been observed and 
reported by numerous ixorkers. .4b- 
normal conditions or ill health of humans. 
believed to be the direct result of 
consumption of selenium-containing 
vegetables, cereal grains. and dairy 
products, has been reported by physicians, 
public health ivorkers. arid agricultural 
extension personnel. Hurd-Karrer (3, 
3) :  Knight and Beath ( 6 ) ,  and others 
have reported that most plants possess 
the ability to absorb. metabolize, and 
store selenium in their tissues when 
grown on soil containing available 
selenium. The selenium contents of 
certain soils and the selenium contents of 
numerous plants gronm on these soils 
\vue extensively studied I: 77).  Evidence 
that significant quantitative differenccs 
in the amount of selenium absorbed do 
occur among plant species groiving on 
the same soil \vas first presented by 
Hurd-Karrer 1.3). She studied the 
problem under uniform conditions in 
the greenhouse and reported that 
selenium added to the sod as srlenate is 
more toxic to plants than selenite. Toxic 
symptoms exhibited by \\heat plants 
were chlorosis. stunting, and l;ello\ying 
of the leaves. Hurd-Karrer ( 4 )  re- 
ported the total amounts of selenium 
found in cabbage. caulifloiver. onion, 
broccoli. lettuce, pea. spinach, etc.. but 
made no attempt to determine the 
chemical nature of the selenium com- 
pounds present. She found that all of the 
vegetable plants studied contained 
selenium when groivn on soil Containing 
available selenium. She also found that 

the selenium-absorbinq ability of the 
plant closely paralleled its sulfur-ab- 
sorbing ability when selenate was 
present in the soil. Cruciferae were 
among the most efficient selenium-ab- 
sorbing families of plants. 

Beath and Eppson (7 )  studied the 
total selenium contents. the relative 
amounts of organic and inorganic 
selenium present. and the amounts of 
hot-ivater-soluble selenium compounds 
present in numerous plants. These 
investigators found that some plants 
contain only organic compounds of 
selenium. while other plants contain 
variable amounts of both organic and 
inorganic compounds of selenium. 
Organic compounds of selenium or 
selenium homologs of sulfur-containing 
amino acids have been isolated from 
.4siragalur bisulcotus by Trelease c’t al.  
(70) and from .4. bectinatus by Horn and 
Jones (2). The chemical nature of the 
selenium compounds and the amount of 
selenium found in \\-heat grain \vas 
investigated by Jones et  al.  (5) and b>- 
Thorvaldson and Johnson (8) .  

This study \vas initiated to determine 
the ability of some commonly grolvn 
vegetable plants to absorb available 
selenium from the soil. The amounts: 
water solubility, and chemical nature of 
the selenium compounds found in the 
plant tissues \vere determined. 

Experimental 

,411 of the plants were grown in the 
greenhouse from seed planted in a soil 
mixture contained in redwood boxes. 
The soil \\as a mixture of one part of 

black soil. high in organic matter, from 
a forest location and two parts finely 
divided shale from the Chugwater forma- 
tion. This mixture contained less than 
0.1 p.p.m. selenium. In all research 
reported in this paper, levels of 3 p.p.m. 
inorganic and 20 p.p.in. organic selenium 
were added to the soil with thorough 
mixing. Inorganic selenium \vas added 
as a water solution of potassium selenate. 
Organic selenium was supplied as a 
finely powdered mixture of air-dry A .  
birulcatus and A.  prcussii plants con- 
taining 765 p.p.m. selenium. Chemical 
examination of the dry plant material did 
not indicate the presence of selenate or 
selenite selenium. S o  organic matter 
was added to the soil receiving the 
inorganic selenium. The vegetables 
grekv a t  a satisfactory rate, and no 
evidences of selenium toxicity \.\-ere 
detected. \Vater, fertilizer, and in- 
secticides ivere applied as needed. The 
plants were harvested a t  the stage of 
grobvth \vhen the edible portions of the 
plant are normall>- harvested. The 
edible portion of the plant and the 
remainder of the plant, other than root 
portion: \\-ere analyzed for moisture and 
selenium contents. The moisture con- 
tents of the freshly harvested and air-dry 
plants ivere determined by heating in a 
vacuum oven at ?2” C. for 8 hours. 
Moisture contents of the freshly harvested 
plant materials are expressrd as per- 
centages of the fresh weights. Total, 
total ivater-soluble, and total Jvater- 
soluble inorganic selenium contents of 
the finely poLvdered air-dry plant 
material \\-ere determined using the 
methods of Eeath and Eppson ( 7 )  or 
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Table 1. Average Amounts of Various Forms of Selenium in the Edible Portion of Certain Vegetables 

Vegetable 

Bean 

Beet 

Broccoli 

Cabbage 

Carrot 

Cucumber 

Eqgplant 

Lettuce 

Okra 

Onion 

Parsnip 

Pea 

Pea 

Potato 

Radish 

Rutabaga 

Spinach 

Swiss Chard 

Tomato 

Variety 

Giant 
Stringless 

Detroit Red 

Italian Green 
Sprouting 
Copenhayen 
Market 
Imperator 

Chicago Pickling 

Black Beaut! 

Improved Hanson 

Dwarf Green 

Yellotr Globe 

Improvcd Hollow 
Crown 
Laxton‘s 

Proqress 
Little Marwl 

Bliss Triumph 

\Vhite Icicle 

Num- 
ber 
of 

Sam- 
ples 

2 
2 
1 
1 
2 
2 
3 
3 
3 
3 
1 
1 
1 
1 
2 
2 
2 

2 
2 
2 
2 
1 
1 
2 
2 
2 
2 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 

2 

7 - 

7 - 

Porfion 
of  Plonf 

Green pod, fruit 
Green pod, fruit 
Mature seed 
Mature seed 
Root 
Root 
Bud, stem 
Bud, stem 
Head 
Head 
Root 
Root 
Fruit 
Fruit 
Fruit 
Fruit 
Leaf 
Leaf 
Fruit 
Fruit 
Bulb 
Bulb 
Root 
Root 
Immature seed 
Immature seed 
Mature seed 
Mature seed 
Tuber 
Tuber 
Root 
Root 
Root 
Root 
Leaf 
Leaf 
Leaf 
Leaf 
Fruit 
Fruit 

Soil 
Selenium 

Organic 
Selenatc 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenatc 
Organic 
Selenate 
Orqanic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Orqanic 
Selenate 
Orqanic 
Selcnate 

Mois- 
ture 

(Fresh), 

88 .1  
88 .2  
15 .3  
1 4 . 2  
80.6 
8 0 . 5  
79 .6  
7 8 . 7  
7 8 . 0  
76 .6  
8 7 . 0  
87 .2  
9 2 . 4  
9 3 . 1  
9 0 . 7  
9 0 , 5  
8 9 . 4  
8 8 . 6  
8 1 . 6  
81 .O 
8’.0 
8 7 . 1  
7 3 . 9  
7 4 . 8  
65 .5  
65 .8  
20 8 
21 . -  
8 0 . 3  
7 9 . 4  
8 9 . 4  
88 .9  
8 0 . 9  
80 1 
8 7 . 0  
8 5 . 6  
8 9 . 0  
8 8 . 6  
8 9 . 0  
8 9 . 2  

% 

Selenium IOven-Drv Basis). P.P.M.  

Toto1 

95 5 
’2 5 
52 0 
47 0 
28 0 
33 0 
81 

155 0 
150 3 
159 7 

32 0 
23 0 
41 0 
18 0 
45 0 
32 0 
48 0 
23 3 
’3 0 
50 0 

103 0 
58 0 
21 0 
35 0 
58 0 
52 5 

101 0 
46 5 
35 0 
19 0 
93 0 
36 0 
43 0 
37 0 

114 0 
89 0 

100 0 
76 0 
40 0 
36 0 

ro to /  
soluble 

59 .5  
4 6 . 5  
34 .0  
3 4 . 0  
1 7 . 5  
21 .5  
59 .7  

1 3 0 . 3  

121 .4  
2 5 . 0  
1 2 . 0  
32 .0  
1 2 . 0  
38.0 
29 .0  
31 .5  
1 6 . 0  
3 7 . 0  
2 9 . 0  
8 7 . 0  
5 0 . 5  
16 .0  
2 8 . 0  
46 .0  
37 .0  
71 . 0  
2 9 . 0  
27 .0  
1 4 . 0  
79 .0  
2 7 . 0  
30 .5  
2 7 . 5  
8 6 . 0  
61 .O 
6 3 . 0  
45 . O  
2 8 . 5  
2 8 . 5  

127.0 

Soluble 
organic 

4 9 . 0  
3 5 . 5  
9 . 0  

11 . o  
9 , 5  

11 . o  
2 2 . 3  
41 .7  
7 7 . 3  
77 .4  
1 6 . 0  
6 . 0  

21 . o  
7 . 0  

19 0 
1 0 . 5  
1 6 . 5  

1 8 . 0  
1 0 . 0  
4 0 . 5  
1 1 . 5  

9 . 0  
8 . 0  

1 2 . 5  
11 . 0  
4 4 . 0  
1 4 . j  
1 4 . 0  

- . 0  
2 3 . 0  
13 0 
1 5 . 0  
1 5 . 5  
34 .0  
29 .0  
4 9 . 0  
25 .O 
1 6 . 5  
1 0 . 5  

- -  
I . I  I ?  

Soluble 
relenofe 

1 0 . 5  
11 . o  
25 .0  
23 .0  

8 . 0  
1 0 . 5  
37 .4  
8 8 . 6  
49 .7  
4 4 . 0  

9 . 0  
6 . 0  

11.0 
5 . 0  

19 .0  
18 .5  
15.0 
8 . 5  

1 9 . 0  
1 9 . 0  
4 6 . 5  
39 .0  

7 .0  
20 .0  
33 .5  
2 6 . 0  
2 7 . 0  
1 4 . 5  
1 3 . 0  

56 .0  
1 4 . 0  
1 5 . 5  
12 .o  
5 2 . 0  
32 .0  
14.0 
20.0 
1 2 . 0  
1 8 . 0  

7 . 0  

~ 

In- 
soluble 

36.0 
2 6 . 0  
1 7 . 0  
1 3 . 0  
1 0 . 5  
1 1 . 5  
2 2 . 0  
24 .7  
2 3 . 3  
38.3 

7 . 0  
1 1 . 0  

9 . 0  
6 . 0  
7 . 0  
3 . 0  

1 6 . 5  
7 . 5  

3 6 . 0  
21 . o  
1 6 . 0  

7 . 5  
5 . 0  
7 . 0  

1 2 . 0  
1 5 . 5  
30 .0  
1 7 . 5  
8 . 0  
5 . 0  

1 4 . 0  
9 . 0  

1 2 . 5  
9 . 5  

2 8 . 0  
2 8 . 0  
37.0 
31 .O 
1 1 . 5  
7 .5  

Trelease and Beath (9). Proportions of 
1 part of air-dry plant and 10 or 20 parts 
of 90’ C. water were utilized in pre- 
paring the water extracts. No selenite 
selenium was detected in the water 
extracts. and all soluble inorganic 
selenium present was assumed to be 
selenate. The amounts of soluble organic 
and insoluble selenium were determined 
as differences. The levels of selenium 
present in the soils a t  the beginning and 
end of this stud!- ivere determined by the 
method reported by Trelease and Beath 
( 9 ) .  In  all instances: the soil selenium 
levels a t  the end of the experimental 
period were nearly equal, less than 0.5 
p ,p ,m,  lower. to the levels present a t  the 
beginning. The possibility exists that 
microbial action or other conditions in 
the soil may transform the organic com- 
pounds of selenium added in the plant 
material, to other organic compounds or 
perhaps inorganic compounds, prior to 
absorption by the plant. The chemical 
nature of selenium in the soil a t  the end 
of the experiment was not determined. 

Results and Discussion 

Table I. 
The results of the analyses are shown in 

The values given represent a 

single sample, or means of two or three 
samples. Similar data except that the 
selenium values represent single samples 
for the generally considered inedible 
portions of the vegetable plants are 
presented in Table 11. 

The authors assumed, as did Beath 
and Eppson (7), that nearly all of the hot 
water-insoluble selenium remaining in 
the plant dregs was organic. Peterson 
and Butler (7) reported evidence to 
indicate the existence of a small amount 
of elemental selenium in the tissues of 
plants supplied Se’j in culture solutions. 
In the present study, the vegetables were 
not examined for the presence of ele- 
mental selenium. 

Beans readily absorbed organic and 
inorganic selenium from the soil, and the 
green pods and immature seeds con- 
tained much higher levels of total, 
soluble organic, and insoluble selenium 
than did the mature seeds or the mature 
leaves and stems. The mature seeds 
and mature plants contained much 
higher levels of inorganic selenium and 
consequently a higher proportion of 
soluble selenium than did the immature 
pods and seeds. The mature seeds con- 
tained more than twice as much in- 

organic as soluble organic selenium. 
This is in marked contrast to the low 
levels of selenate and the relatively large 
amounts of soluble selenium present in 
the green beans. 

The edible portions of beets, carrots. 
cucumbers, egg plant. lettuce, parsnips, 
potatoes, rutabagas, and tomatoes con- 
tained lower levels of selenium than did 
the edible portions of other vegetables. 
The inedible portions of most of these 
vegetables, including beet and rutabaga 
leaves which are occasionally eaten, con- 
tained considerably higher levels of total 
selenium. The amounts of organic and 
selenate selenium found in the edible 
portions were nearly equal in most of 
these vegetables. I t  appears that eating 
these vegetables \vould pose a serious 
health hazard when grown on soils 
containing levels of selenium comparable 
to or somewhat less than those used in 
this study. In  all the vegetables except 
eggplant, 20 to 40% of the selenium 
present in the edible portion was not 
readily soluble in hot water. 

The  levels of selenium found in the 
edible and inedible portions of four 
members of the Cruciferae (mustard 
family) were studied. The selenium 
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Table II. 

Vegetable 

Bean 

Beet 

Broccoli 

Cabbage 

Carrot 

Cucumber 

Eggplant 

Okra 

Onion 

Parsnip 

Pcaa 

Peab 

Potato 

Potato 

Radish 

Rutabaga 

Tomato 

Amounts of Several Forms of Selenium in Generally Considered 
Inedible Portions of Certain Vegetables 

Soil 
Selenium 

Organic 
Selcnate 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Orqanic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Orqanic 
Selenate 
Organic 
Selenate 
Orqanic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 

Portion of 
Plant 

Leaf, pod, stem 
Leaf, pod, stem 
Top 
Top 
I,e.af, stem 
Leaf. stem 
Leaf. stem 
Lc,af, stem 
Top 

Leaf. stem 
Leaf, stem 
Leaf. stem 
Leaf, stem 
Leaf. stem 
Leaf, stem 
Mature top 
Mature top 
Top 
Top 
Leaf. pod. stem 
Leaf, pod, stem 
Leaf. pod. stem 
Lraf. pod, stem 
Leaf. stem 
Leaf. stem 
Peel 
Pwl 
TOU 

TOP 

TOP 
TOP 
TOP 
Leaf. stem 
Lraf. stem 

M O i S -  
fure 

(Fresh), 
% 
4 2 , 6  
4 3 . 4  
81 . O  
8 2 . 4  
7 7 . 8  
7 7 . 4  
7 4 . 2  
7 5 . 8  
7 8 . 0  
7 8 . 6  
8 3 . 2  
8 4 . 0  
7 9 . 4  
7 7 . 8  
7 5 . 7  
7 4 . 8  
8 2 . 4  
8 2 . 0  
8 0 . 2  
8 0 . 8  
78 .0  
7 7 . 3  
7 2 . 6  
7 4 . 0  
8 4 . 5  
8 4 . 5  
7 4 . 0  
7 3 . 9  
8 1 . 3  
81 . 0  
8 4 . 3  
8 4 . 0  
8 0 . 9  
8 1 . 4  

Selenium (Oven-Dry Basis), P.P.M. 

Total 

67 
63 
46 
40 
93 

260 
300 
378 

73 
58 

177 
88 

108 
69 

103 
105 
108 

78 
50 
41 
80 
55 

139 
67 
48 
35 
46 
27 

121 
95 

100 
125 
119 

86 

11 Laxton’s Progress Varkty. b Little Marvel Variety. 

Total 
soluble 

50 
47 
31 
32 
69 

239 
259 
32 6 

49 
42 

153 
69 
93 
58 
85 
84 

104 
72 
32 
32 
72 
40 
99 
43 
43 
30 
38 
19 

101 
82 
85 

109 
101 

70 

Soluble Soluble In- 
organic selenate soluble 

21 
12 
17 
14 
32 
52 

138 
150 

23 
16 
61 
1 9  
48 
13 
44 
29 
68 
21 
18 
8 

28 
12 
34 
16 
19 
13 
16 

6 
39 
19 
36 
46 
24 
17 

29 
35 
14 
18 
37 

187 
121 
176 
26 
26 
92 
50 
45 
39 
41 
55 
36 
51 
14 
24 
44 
28 
65 
27 
24 
17 
22 
13  
62 
63 
49 
63 
77 
53 

17 
16 
15 
8 

24 
21 
41 
52 
24 
16 
24 
19 
15 
11 
18 
21 

4 
6 

18 
9 
8 

15 
40 
24 

5 
5 
8 
8 

20 
13  
15 
16 
18 
16 

level5 in the edible portions of these 
plants varied within rather wide limits 
with cabbage being highest, broccoli 
next, followed by radish and rutabaga 
In all instances. except broccoli and 
radish grown on soil \ \ i th  added organic 
selenium, the inedible portion contained 
much higher levels of selenium than did 
the edible portion. The amounts of 
selenium found in the radish root 
sample grown in soil containing selenate 
selenium and samples of rutabaga roots 
grown in soil containing organic or  
inorganic selenium represented only a 
small fraction of the selenium present in 
the entire plants. Hurd-Karrer (4) 
showed that cabbage and broccoli con- 
tain high levels of sulfur. On the basis of 
her study of the relative uptakes of sulfur 
and selenium by these members of the 
Cruciferae and other plants, she con- 
cludrd that the sulfur requirement of the 
plant determines its tendency to absorb 
selenium. This parallel ,absorption of 
sulfur and sclenium may be partially 
explained by the generally accepted 
concept that selenium part ially replaces 
sulfur in some of the sulfur-containing 
compounds found in plants. More than 
70% of the total selenium present in the 

edible portions of these four plants was 
water soluble. The edible portions of 
the broccoli samples and radish samples 
supplied Lvith organic selenium con- 
tained considerably more selenate than 
soluble organic selenium. 

The okra fruits contained levels of 
selenium higher than found in the edible 
portions of 10 other vegetables. More 
than 40% of the total selenium present in 
these fruits was insoluble in tvater. 

The selenium uptake by onions was 
quite high, and the major portion of the 
selenium compounds \vere tvater soluble. 
The high selenium content of onions is 
apparently related to their comparatively 
high sulfur content. The relative pro- 
portions of soluble organic and inorganic 
selenium compounds in the onion were 
apparently strongly influenced by the 
form of selenium present in the soil. 

Two varieties of peas varied in respect 
to the selenium contents of the green and 
mature seeds and their responses to the 
different forms of soil selenium. Im- 
mature Laxton’s Progress peas con- 
tained 49% or more of the selenium in 
the selenate form as compared to 31% 
or more in the Little Marvel mature peas. 
The influence of variety and stage of 

Table 111. Analysis of Variance of 
Selenium Uptake by Vegetables 

Degrees 
of Sum o f  Mean 

Variable Freedom Squares Squares 
Selenium 1 1 ,530 .89  1 5 3 0 . 8 9 ~  
Veqetables 19 102,708.35 5 5 0 4 . 7 0 ~  
Srlenium- 

~egetahle 
interaction 13 16 ,912 .03  890 11. 

Experimen- 
tal error 32 1 ,336 .51  40 52 

Total 71 122,487.78 
a Significant at 1 cL level. 

- 

maturity upon the chemical nature of 
the selenium content of these peas is 
unknoxvn. 

The entire potato tubers contained 
relatively low levels of selenium. Peeling 
of potatoes \vi11 markedly reduce the 
selenium content of the edible portion 
since the peels from some of the potatoes 
contained considerably higher levels of 
selenium than did the peeled tubers. 
The vines of the potato plants contained 
nearly the same levels of selenium as did 
the peels. 

Spinach and Swiss chard are relatively 
efficient selenium absorbers. Ap- 
proximately 25 to 40% of the total 
selenium in the edible portion \vas not 
readily soluble in hot water. Swiss 
chard is a close relative of beets. but it 
absorbed considerably larger amounts of 
selenium than did beets. Swiss chard 
tops contained, on an average. more than 
txvice the amount of selenium found in 
beet tops. The results of using different 
varieties of peas and different species 
such as Swiss chard and beets are further 
evidence that different species and 
varieties of plant vary in their ability to 
absorb and metabolize selenium. 

Statistical treatment of the mean total 
selenium contents of the edible portions 
of vegetables groivn on soil containing 
20 p,p.m,  organic selenium. and 3 p.p.m. 
selenate selenium is shown in Table 111. 
The statistical study reveals that the 
72 samples differed significantly in their 
response to the presence of organic and 
selenate selenium in the soil a t  the levels 
provided. The significant interaction 
term indicates that the response to the 
presence of organic and selenate selenium 
was not the same for all of the vegetables 
included in the study. 

Vse of Duncan’s multiple range test 
indicates \vhich selenium content values 
are significantly greater a t  the 5%, level. 
The results of this statistical treatment are 
shown in Table IV. 

All of the vegetables studied, when 
grown on a soil containing available 
selenium, were capable of absorbing, 
metabolizing, and storing selenium in 
their tissues. The plants were able to 
absorb selenate from the soil and convert 
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Table IV. Results of Use of Duncan’s Multiple Range Test of Significance 
Mean“ 

Form of  Selenium 
Soil Confenf, 

Vegetoble Selenium P.P.M. 
Cabbage 
Broccoli 
Cabbage 
Spinach 
Onion 
Pea (L.M.: 
Swiss chard 
Bean (green) 
Radish 
Spinach 
Broccoli 
Swiss chard 
Okra 
Bean (green) 
Onion 
Pea (L.P.) 

Beans (dry) 
Okra 
Lettuce 

Selenate 
Selenate 
Organic 
Organic 
Organic 
Organic 
Organic 
Organic 
Organic 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Selenate 
Organic 
Selenate 
Organic 
Selenate 
Organic 

159 .7  
155 .0  
150 .3  
114.0 
103.0 
101 . o  
100.0 
9 5 . 5  
9 3 . 0  
8 9 . 0  
8 1 . 7  
76 .0  
7 3 . 0  
7 2 . 5  
5 8 . 0  
5 8 . 0  
5 2 . 5  
51 . O  
50 .0  
48.0 

a 
a 
a 

b 
b c  
b c  
b c  

C 
C 
c d  

d e  
d e  

e 
e 

f 
f 
f g  
f g h  
f g h i  
f g h i  

Vegefoble 

Bean (dry) 
Pea (L.M.) 
Eggplant 
Rutabaga 
Cucumber 
Tomato 
Rutabaga 
Tomato 
Radish 
Pot at oes 
Parsnip 
Beets 
Eggplant 
Carrots 
Beets 
Lettuce 
Carrots 
Parsnip 
Potatoes 
Cucumbers 

a Any means indicated by the same letter are not significantly different (P < 0.05). 

Form o f  
Soil 

Selenium 

Selenate 
Selenate 
Organic 
Organic 
Organic 
Organic 
Selenate 
Selenate 
Selenate 
Organic 
Selenate 
Selenate 
Selenate 
Organic 
Organic 
Selenate 
Selenate 
Organic 
Selenate 
Selenate 

MeanR 
Selenium 
Content, 
P. P. M. 
47 .0  
4 6 . 5  
4 5 . 0  
43.0 
41 . O  
40.0 
3 7 . 0  
3 6 . 0  
36 .0  
3 5 . 0  
3 5 . 0  
33 .0  
3 2 . 0  
32.0 
28 .0  
23.5 
23 .0  
21 . o  
19 .0  
1 8 . 0  

h i 7  k l  

i j  k l  
j k l  

k l  
k l  
k l  

1 
1 

it into organic selenium compounds. 
They appear capable of absorbing 
selenium that was a part of organic com- 
pounds when added to the soil. The 
exact chemical nature of the selenium at 
the time of absorption is not known; 
however, selenium is readily absorbed, 
metabolized, and stored in the plant 
tissues as a part of organic and inorganic 
compounds. The ability of vegetables 
to absorb, metabolize, and store selenium 
in their tissues emphasizes the need for 
location of the vegetable garden or field 
on soil that is free of available selenium. 
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Zebra (Equus burchelli), and Kongoni 
(Alcelaphus cokei). For purposes of com- 
parison, an analysis of the indigenous 
African zebu? grazing in the same area as 
the wild animals, was also made. 

Experimental Procedure 

Collection of Specimens. To ensure 
accurate results, almost all animals were 
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