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Selenium Uptake by Some Agricultural Crops from Central CaHfomia SoDs 

H. F. WAN, R. L. MIKDLSEN,* AND A. L. PAGE 

ABSTRACf 

...... ~ts 'lftft oolldllded to st11C1J Se .,.Ue ud ...,.. 
... ., crops &roWD ita five Callfonlia soils of 411fferiq pilysiQJ 

--:;:..,.. properties- AlfliHa iMedkqo flltiva L.), barley (Hordeum 
, t,.), beef (/leta vu/ftlri$ L.), and tomato {Lyco~n acull!ll­
--l .ere vown in :10il to which D, 0.5, and 1.5 mg Se(VD tc·• 
Ill'~ ,\.lfaifa was also arown in four additiollllf soils to wbicll 

- t_3, pd 3.0 m& Se(VI) q·• bad lJeea added. "'-ats Weft JI'OWU 
t tJ. ~ted into plant parts, and ana.lyzed for yield and tissue 
.....-:- NrleY, beet, ud tomato, the edible portion of tbe plaat 
~ •lid! less total Se tllan the paeraOy laedlb.le plant parts. 

,_-e of !Oiuble ~- in the :10il ti'U tbe major soil factor in 
., , 'II Se aceumulat.IOII by plants. AHaifa lfOWII Ia low-szy.- soil 

1P • t:4 Se to a ooDCntratioa 10 to lO times pater ( > 1000 1111 
... 'I lUa plaDf!l zr-RIIill ~-!Oil ( <1001111 Se ltf"'). W1lea 

. •" • Se(VI) ill die ruot 1oae, all plaats tested Weft capable of 

!.illl.--• Se to coDCnb'adou potellddJ an.llll to ......._ 

liJfl Se concentrations have recently been found in ir­
,... and drainage water in parts of central California 
~and Barnes, 1985; Oster, 1987). Since ~s dis­

.. .,r~. concern has been expressed over possible ac­
. of excessive Se in plants grown in this region, 
.,.a.IIY those entering the human and animal food 
,.._ When Se concentrations in food and forage 
a.-c elevated, these food sources may be ha.za.todous 
• ........,. animals, and wildlife consuming this material. 

Se concentrations in plants have recently been im­
in buman health problems in China (Yang et al., 

a well as wildlife problems in California (Mile· 
et al., 1986). Although Se is an essential element 

Mima)s, the range between deficiency and toxicity is 
.,.,. (Underwood, 1977). Selenium deficiencies may 

in grazing animals when the Se concentration in 
il <0.05 mg Se kg-•, while the toxicity threshold 

hstock is 4 to 5 mg Se kg-• {NRC, 1983). 
$datium uptake by plants is influenced by many fac­

iadud.iog the form and concentration of Se in the 
IOil properties such as pH and clay content, and the 

~'i.-.a of other ions (Mikkelsen et al., 1988). In the 
8llkm portion of the Central Valley of California, the 
tllllill.ant form of Se in soils is selenate [Se(VI)] (Presser * Barnes, 1985), which is generally quite soluble, 
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mobile, and readily available for plant uptake (Adriano, 
1986) . 

Selenium uptake is also related to the plant species in­
volved. There are plants, known as Se accumulators, 
capable of accumulating extremely high concentrations 
of Se {several thousand mg Se leg-') when grown in 
seleniferous soils. These plants include species from 
genera such as Astragalus, Oonopsis, Stanleyea, and 
Xylorltiza. Typical agricultural crops, however, have a 
much lower tolerance for Se (<50 mg Se kg-•) (Mikkelsen 
et aL, 1988). 

The objective of this experiment was to examine Se up­
take and partitioning by some common agricultural crops 
grown in various California soils with elevated concen­
trations of Se(Vl). 

MATERIALS AND METHODS 

Five mils were collected from the Panache Fan area of the 
San Joaquin v ailey of California. 1'lu: Panochc Fan is believed 
to be a major source of Se ~ irription and drainage 
waters in the region (Mikkelsen et aL, 1986). These soils were 
Ciervo sandy loam (Vertic Xerochrepts). Lethent sandy clay 
loam (Typic Natrargids), Lost Hills clay loam (Typic 
Haplargids), Panbill clay loam (Typic Haplargids), and Panache 
loam (Typic Torriorthents). Some important chemical and 
physical properties of these !Oils are 5bown in Table 1. The high 
concentration of sot" present in the Panoche soil was not 
detected until soil analysis at the conclusion of the experiment . 

Panache loam soil was air-dried, sieved, and thoroughly 
mixed with Na,SeO. to obtain a concentration of 0, 0 . .5, or 1..5 
mg of added Se \g·•. Nitrogen and P were added to the soil 
at a concentration of lOO mg q·• as NH.NO, and KH,.pQ •. 
Pots lined with polyethylene bqs were filled with 6 or 10 q 
of treated soil. 

Alfalfa (Medicago sativtl L., Germain WL .512), barley 
(Hordeum vulgare Briggs), and beet (Beta vulgaris L., Detroit 
dark red) were planted in the pots containing 6 k& of soil. After 
emergence, the pots were thinned to 10 alfalfa plants per pot, 
tive barley plants per pot, and one beet plant per pot. One 
tomato plant (Lycopenicon esculentum Mill., Early Girl) was 
transplanted into each pot containin& I 0 kg soil. Each crop was 
grown at three concentrations of Se with four replications in 
a completely randomized bloclc. design. The plants were irripted 
with deionized water as needed. 

Alfalfa was harvested four times at 0.25 bloom stage, barley 
was harvested at maturity and separated into grain and shoots. 

Table 1. Selected physieal md ebemieal ebancteriatiea fll ..W. 
ll8ed. 

Soil series pHt Clay Organic C Soluble sor EC Total&¢ 

'lll gkg"' mg L·• dS m·• mgq-• 

Ciervo 6,7 17 6,-4 167 0.5 1,29 
Lethent 6,3 23 5,3 2286 3,7 1.0-4 
Lost Hill 5,6 26 7,-4 1011 0.7 1.83 
Panhill 6,9 37 6,4 268 0,6 O..ta 
Pmoc:he 7 . .2 27 -4.9 3088 5,3 0,86 

r pH, soluble SO!· md electrical condudivity !EC) !lleS.!IUn!d in •aturated 
paste extract, 

t Measured in 10il digested in nitric and perchloric -=ids, 
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~-· 
and beet plants were barvatecl67 d after plantina and separated 
into root and shoot portions. Ripe tomato fruit was banested 
for 2 weeks before the plant was harvested and divided into · 
leaves and stems. 

All plant samples (except tomat~ f~t) w~re ~~at SOOC 
and weished prior to arindin& and diaestJon wtth rutnc and pa;­
chloric acids (Ganje and Page, 1974). The fresh tomato fruit 
was weighed and homogenized in a laboratory ~lend~, then 
an aliquot taken for drying and subsequent dtgestion and 
analysis. 

Selenium was determined using an atomic absorption spec-
trophotometer with hydride generation. . . 

In a subsequent study, Ciervo, Lethent, lost Hill, md Panhill 
.~oils were treated in a similar manner as the Panoche sod, ex­
cept Se was added at a rate of 0, 0.5, 1.5, and ].0 mg Se ~g-• 
as Na,~ •. Alfalfa was planted in these S?tls m four. replica­
tions of a complete randomized block destgn and mamtamed 
and analyzed in the same manner as described previously. Three 
alfalfa harvests were made. 

A logarithmic transformation of the alfalfa Se com:entrati?ns 
was performed before mean separation by Duncan's multiple 
range test. 

RESULTS AND DISCUSSION 

Thete were no significant differences in yield or dry 
matter proouction of the four crop species due to added 
Se in the Panoche soil (data not shown). Selenium ac­
cumulation by alfalfa, barley, beet. and tomato was pro­
portional to the Se(VO added to the soil (Tab_le 2). 
. .<\lthough all the crops were capable of accumulatmg,Se 
to concentrations that could be potentially harmful: to 
humans or animals when Se(VI) was added to the S()il, 
significant differences were observed between the plant 
species and among parts within a given plant. 

It is apparent that for the crops normally consumed 
by humans (beet, barley, and tomato l <he ~bie portion 
of the plant contained lower Se concentratlons ~ the 
generally inedible portion of the plant. At the, high~ 
levels of Se addition [l . .S mg Se(VI) kg-'), the baEley gram 
Se concentration was about 6S'Io that of the remaining 
shoot beet root Se concentrations were SOIIJo less than 
the t~ps and tomato fruit Se concentrations were less 
than 20.jo that of the leaves. These results support earlier 
research by Hamilton and Beath ( 1963, 1964) showing 

Table 2. meet.,_... Se(VI) • Se......_.__ IIJ Mr~eJ, bee&. 
aad tomato. 

Se(VII edded (mg kc"'l 

Crop 0 0.5 u LSD (0.061 

--IIIC Se lqr' --

Barley 
Leaves 0.2 8.3 35.6 7.9 
Grain 0.2 7.0 22.0 2.6 

LSD (0.05) 0.1 1.8 10.9 
Beet 

Leaves 0.09 7.7 34.8 8.6 
Root 0.05 .... 16.8 6.6 

LSD (0.06) 0.08 1.9 12.3 
Tomato 

Leaves 0.9 27.8 76.8 8.7 
Stems o .. 5 6.0 13.8 LJ 
Fruit ;).1 4.0 12.3 o.:; 

LSD {O.OIH 0.6 3.8 7.9 
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similar trends with a variety of 
ferent conditions. In experiments 
Ylaranta (1983) and Oissel-Nielsen (1 
Se accumulated to equal or greater 
straw compared to the grain. It .. u..,...,.,_, 
that the vegetative portion of beets is 
and contains higher Se COJlceotr<ati<>n.s._._ .. 
results of the alfalfa will be discussed 

All cro{ls tested readily accumulated 
is actively absorbed by plants {Shrift 
Ulrich and Shrift, 1968) along the same 
as SOi- (Epstein, 1955). Once within tbe: 
moves unchanged in the xylem stream 
leaves (Asher et al., 1977). Selenate is reaUQ:tf.ti 
in the leaf and then incorporated into v ... ,..,_ 

seleno-compounds (Brown and Shrift, 1982). 
site of Se(VI) reduction and subsequent 
into organic compounds is in the leaf.-..... 
why the vegetative portion of the plants 
Se concentrations than the other plant 
translocation of organic sel~en<lHX~IXMIIilll 
phloem may be low and perhaps aa:om• 
Se concentrations found in the tomato 
grain. A specific fractionation of Se 
the plant was not performed in this 

Results from the second experiment 
soils demonstrate the influence of soil 
roluble saits can exert on Se acc:un:ltWlf.K•t 
observed in the frrst study, Se was ac~:m~llllil._ 
in proportion to the amount of Se(Vl) 
However, there was a great 
alfalfa among the five soils tested 
grown in the Ciervo, Lost Hills, and 
Jmg Se kg-• treatment level accumulated. 
ly high concentrations ( > 900 mg Se 
grown in the Lethent soil had much 
of total Se ( < 100 mg Se t,-•). . 

Alfalfa dry matter production of both · 
was influenced by Se accumulation 
negative effect of Se on plant growth 
vegetative portion of the alfalfa cot1Sisitenttty ai 
Se to higher concentrations than the 
respondingly greater reduction in 
toxicity, although not generally nt..._..IIM 

(NRC, 1976), is probably caused by the 
Se for S in essential organic COJIDPOUl!lds:..::il 
ment can lead to a disruption of normal 
tions and enzyme function (Anderson 

A large accumulation of Se and an 
growth reduction was not observed for 
Panoche soils (Tables 3 and 4). This respolll.fll 
likely due to the high levels of soluble S in 
tion (Table 1). Epstein (19SS) reported 
so~- compete for uptake by the plant. 
of abundant so~- in the soil solution 
cumulation of Se by the alfalfa (Fig. 1). 
high level of soLuble SO!- in the Panoche 
have reduced the Se concentration in the 
tomato compared to what the plant Se 



0 0.6 

2 3 Root 2 3 

O.lAt 0.2A 0.8C 7.tSA 7.81\ 
1.78 1.38 o.sc 0.6A 10.6A 9.3A 
1.58 1.38 0.68C 0.3A 186.28 68.9C 
o.7AB 1.08 0.2AB 0 • .2A 203.08 38.88 

8.81\ 
6.8A 
8.9A 
6.5A 

0.9A.3 1.18 O.tA 0.5A 184.78 86.0C 19.18 

u 

3 

U.4A 26.1iA 21.7AB 
3.4A 29.9A 24.7A li.3A 

13.68 616.88 307.48 li2.3BC 
ll.1B 725.78 507.J8 148.8C 
21.5C 755.38 .U9.4B 213.2C 

9.1A 
51.98 

107.tC 
tlL:.!C 

3.0 

3 

78 • .2A M.6A 27.5A 
943.58 980.28 919.88 

1087.18 3184.88 XX 
1116.48 1130.68 1074.18 

20.6 
.XX: 
XX 
XX 

follo"ed orith the same letter orithin a column are 110t ,;p.ificantly different (p < IJ.Oii), Duncan's multiple~ teet al ~ meana. 
, , ..... ...&aftts died or unable to recover. ,.ss•r-

< l~r-----------------------------------~ 
DrY matter production of alfalfa !!hoots and roots gyown 

.-:; ~ ~Is with added Se(Vl). 

.,.,_---- ~VI) added (mg ltg-•l 

0 0.5 1.5 3.0 LSD 10.061 

10.9 8.0 1.9 0.2 1.2 
11.2 ll.4 5.2 0.1 1.9 
9.2 8.5 6.2 XXt 1.9 
6.7 8.5 2.3 XX 1.8 

10.3 l'lt.4 10.5 10.6 2.1 
11.7 12.0 12.2 12.8 1.7 
11.6 10.9 10.8 12.2 1.4 

7.0 7.0 6.7 3.7 2.8 

6.3 6.5 4.2 0.8 l.5 
9.2 9.0 6.8 0.4 3.4 
3.4 4.1 .l.l XX 3.9 
3.8 3.8 1.8 XX 3.3 

9.8 9.0 4.3 1.0 1.3 
11.3 12.6 8.4 1.1 1.4 
lOA 10.9 8.1 OA 0.9 
6A 6.5 4.0 X:.:{ l.J 

12.5 11.3 11.4 1.5 
13.1 12.3 11.3 3.5 
9.7 7.9 7.5 3.9 

bavc been had the plants been grown in a \ow-so~-
Anltag~:>ni:stic interactions between Se<Vn and so~­

observed by Hurd-Karrer (1938) who found that 
either elemental S or gypsum could reduce plant 
or Se from soils. Since this early discovery, several 

llta~rd~ers have noted this antagonistic relationship 
~1-Nl,etsen. 1973; Smith and Watkinson, 1984). 

CONCLUSIONS 

aptake of Se(VI) by the plants tested was propor­
t..l to the concentration of Se(VI) added to the soil. 

· A~Wra. barley, beet, and tomato were all capable of ac­
§~•llalling Se to concentrations potentially harmful to 
,, .. th consuming these products. Barley, beet, and 

ail accumulated Se in lower concentrations in the 
compared to the generally inedible portion. 

accumulated Se to very high concentrations and 
~umpanying yield reduction was found. The 

of soluble so;- in the soil significantly reduced 
ICI:Ianulation by alfalfa. 

• :3.0 mq Sol(lll) IIQ ., 

& I.S mq Sol(lll) koQ ., 

!Z • Q.S IIIQ Se(VI) 119.., 
~ 

1 t;OO 

.I 
~ 

400 ~ 
f 

400 eoo 1200 1600 2QCO 3400 2800 3200 

SOliJBL.E so,f IIIII ~ L "'1 

Ftc~ 1. ne effect of ..... sot" ..... 011 Se Knmldadoll lty 
alfalfa slloom u dane C81Katn~ CJI atWed Se(VI). 
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Disposal of Septic Tank Effluent in Calcareous Sands 

B. R. WHELAN* 

ABSTRACT 

hrtlt, Westen AIIIICralla. lias 430 - lllo-a.oldl wida sepdc tub 
~ dlroap sudy soils into tile aroundwater, wbidl is pamped 
for~ kripdollud ,.Nc _..!lqlply. niastady ........­
die ... ••ts .,.__ ... (Xero,..m .... t), oeeofl'l!rdl'l ..... 
iiOil types, for traame.t of :~epde tallk efflaeat. c.Janou ... ..t· 
jace11t ud below two :lepde tuk .systems were amp4ed to a 4ep«11 of 
I 111 aud tile iiOil ,a, toil S, od JOil P contents were ~~~a~~~nd. Tile 
soil toftltloll - _,._.., .. illllllillcible dlspiacemnt ~ :llld 
llllllyRd for Nod P. Most of die :"m.·N in tile dftant <1FU oxidized 
lo NO,·N ill tile ........... 1011e jut be!ow tile sble layer. Nitrate 
(NO;) - ......-a. tile toil IOhldoa ap to a coaentndoll of •-. 
t·• lfoW'II to die lllllldlllum depth -pied of 3 111. Tbe Kidity prodaced 
dllriJIII JdbHicatioa of die SIL dissofved arbo!lll'e5 from tbe 10il dlu&-
1111 die soil pH. Betow oae system, tile tstboates 1rere cowapletely 
llftllOntl tro. die lint 4 m of JOil lowerint toil pH fnHa 9..5 to 5.l. 
'I'M NO. Ia tile 101 sohdloll wu 1llletl 10 molliter tle dlhlat flow pat­
tall, nidi Wow .. Qltnl -.a sipilkut Iaten~ new illdlc:ltlaa 
dndopmeat of '*efa1ed Dow ........ Tile soil P wu illerased 11J torp­
IIH aad pndpiladoa of P fro• die soil JOI1atkM udl IC radletl an 
eqdlbrlam. At et~llllbrl .. tile toil toiatiotl P wu ll tile JaiM coa­
entradoe u Ia tile efflllnt ud tile P JOrbed <an tile IOil was st a ..c4 

lmum for tllat cow:acradoa. Fanller dowa die profile wllere die sorbed 
soil p WU 110( ll ita .......... , d tJie p Willi !JOrlled front tile Jail ...... 
11M Ia a ftl'dcal4llt8ace of 1..5 •· Tile~ of~ IUds 
a1141 ~ an:u for KJ6: 1t'Ute ....,_. _,. be lllllifed ltJ l'llpid 
dlssotutJo. of cartloate ud tile ~ .. e• rdeue of prniousty sorbed 
P. Mollil«<llc of effluaat dispoal in dlae dAareoa 1011 il ... ~ 
difficult IIIJ tile de•elop-llt of lftfemi Row ,..,. 

AddltiofMI llldta Jl'orrb: ~ Nlanle., Adtlk leKh&e, 
PTefert'ed ftow patlls. 

The Western Australian city of Perth has a population 
of 970 000 of whom 45'7o have their domestic waste 
treated by septic tank systems. These systems discharge 
their effluent into either soakwells or a leach drain, both 
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of which are made from modular cocaa.lll!t~ 
to respa.'tively form either a circu!ar 
open ports in the side walls, but no 

The city and its metropolitan area 
coastal plain with an average width of 
the sods are derived from old sand ......... .-.... . 
to the ..:oast, and form a major un'corltu:aal~l 
region. The watertable varies from 50 
level to the surface where freshwater 
1981). There are three major soil types 
(FAO, 1974); cak:aric regosols (Xerop~aallfli 
Quindalup dune systi!m, which form the 
dystric regosols (Xeric 

, Spearwood dune system; and further 
zols (Haplorthods) from the Ba.!ISCildea:a,; 
(McArthur and Bettenay, 1974). A!tJ!lOQI)J 
Perth's population is housed on the exu:!IJI11 
and Spearwood sands, there is an in<:lredill 
coastal hollSing development on the 
The Quindalup sands are Ull(:Onsotidatcd,; 
sands with a wide range of CaCOl cotltetlt 
of comminuted shell fragments. The nr .. -v 

has often been coosidered as one means 
PO. retention of sandy soils receiving 
tic tanks or sewage treatment plants 
Chowdhry, 1971). 

The septic tank system for effluent 
Bassendean and neutral Spearwood 
described by Whelan and Barrow ( 1984a, 
tive of this study was to determine the suitatJiil 
col unconsolidated sand for septic 
disposal. 

SoD Type 
Calcaric :egosols (Xeropsarnments) were se 

study. Tbese ~oils are deep, coarse sands with 
particles in the 2.0- to 0.2-mm size range. Theil!!' 
to iOO g kg·• of CaCO,, a water pH of 9 2. an 1ua..-i~~• 
horizon of 0.02 to 0.1 m thick, and cemented soil 




