I ABSTRACT

i experiments were coaducted to study Se upiake and par-

e ops grown in five Cailfornia soils of differing physical

M P8 operties. Alfatfa (Medicago sariva L.), barley (Hordeum

o L), beet (Beta vuigaris L.), and tomato (L ycopersicon esculen-

) were grown in sail to which 0, 0.5, and 1.5 mg Se(VY) kg™

] "‘_ Alfaifa was also grown in four additional soils to which

» 1.5, snd 3.0 mg Se(YD) kg™* had Heen added. Plauts were grown

gt separated into plant parts, and analyzed for yield and tissue

tor ~ pariey, beet, and tomato, the edibie portion of the plant

» 4 much less total Se than the generally inedible plant pars.

: ¢ of soluble SO in the soil was the major soil factor in

T sccumulstion by plants. Alfaifa grows in low~S03- soil

‘ ﬂ&toammh&nlﬂtoﬂﬁmmM()leg

., than plants growing in kigh-SO!" soil (<100 mg Se kg™'). When

, i w Se(VD in the reot zone, all plants tesicd were capable of
35"" Se to concestrations potextiafly harmfal to asimals.

- {; M Index Words: Selemate, 3e toxicity, Se partitioning,
: sativa L., Hordeum vulgare §.., 8eta vulgaris L., Lycoper-

. gan apcwlonriim M.

S {i¢h Se concentrations have recently been found in ir-
b g and drainage water in parts of centrai California
‘ and Barnes, 1985; Oster, 1987). Since this dis-
- gwary, concern has been expressed over possible ac-
i ion of excessive Se in plants grown in this region,
y those entering the human and animal food
When Se concentrations in foed and forage
* peoome elevated, these food sources may be hazardous
. pbmmans, animals, and wildlife consuming this material.
.- gl Se concentrations in plants have recently been im-
kssed in human healith problems in China (Yang et al.,
%) as well as wildlife problems in California (Mik-
S - Jefecn ct al., 1986). Although Se is an essential element
B animals, the range between deficiency and toxicity is
swrow (Underwood, 1977). Selenium deficiencies may
exwt in grazing animals when the Se concentration in
xd s <0.05 mg Se kg™', while the toxicity threshold
fvestock is 4 to 5 mg Se kg™ (NRC, 1983).
¥ Sdenium uptake by plants is influenced by many fac-
i ;.0 mcluding the form and concentration of Se in the
<30k, s0il properties such as pH and clay content, and the
i prwence of other ions (Mikkelsen et al., 1988). In the
B ®whern portion of the Central Valley of California, the
Bl dominant form of Se in soils is selenate [Se(VI)] (Presser
@ wod 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,
capabie of accumulating extremely high concentrations
of Se {several thousand mg Se kg"'} when grown in
seleniferous soils. These plants include species from
genera such as Astragalus, Oonopsis, Stanleyea, and
Xylorhiza. Typical agricultural crops, however, have a
much iower tolerance for Se ( <50 mg Se kg~') Mikkelsen
et al., 1988).

The ctjective 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(VI).

MATERIALS AND METHODS

Five soils were collected from the Panoche Fan area of the
San joaquin Vailey of California. The Panoche Fan is believed
to be a major source of Se entering irrigation and drainage
waters in the region (Mikkelsen et al., 1986). These soils were
Ciervo sandy loam (Vertic Xerochrepts). Lethent sandy clay
ioam (Typic Natrargids), Lost Hills clay loam (Typic
Haplargids), Panhill clay ioam (Typic Haplargids), and Panoche
loam . (Typic Torriorthents). Some important chemical and
physical properties of these soils are shown in Table 1. The high
concentration of SO%~ present in the Panoche soil was not
detected until soil analysis at the conclusion of the experiment.

Pancche 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 3¢ kgt. Nitrogen and P were added to the soil
at a concentration of 100 mg kg™' as NH.NO, and KH,PO..
Pois lined with polyethylene bags were filled with 6 or 10 kg

" of treated soil.

Alfalfa (Medicago sativa L., Germain WL 512), barley
(Hordeum vuigare Briggs), and beet (Beta vuigaris L., Detroit
dark red) were pianted in the pots containing 6 kg of soil. After
emergence, the pots were thinned to 10 alfaifa plants per pot,
five barley plants per pot, and one beet plant per pot. One
tomato plant (L ycopersicon esculentum Mill., Early Girl) was
transplanted into each pot containing 10 kg soil. Each crop was
grown at three concentrations of Se with four repfications in
a completely randomized block design. The plants were irrigated
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 physical and chemical characteristics of soils
used.

Soil series pH?t Clay Organic C Soluble SO EC  Total Set

% g kg mglL* dSm' mglkyg!
Ciervo 87 17 8.4 167 0.5 1.29
Lethent 83 23 5.3 2285 3.7 1.04
Lost Hill 56 25 74 106 0.7 1.83
Panhill a9 37 6.4 268 0.8 0.93
Panoche 7.2 27 49 3088 5.3 0.65

t aH, soluble S0 ind electrical conductivity (EC) measured in saturated
paste extract.
1 Measured in soil digested in nitric and perchloric acids.
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and beet plants were harvested 67 d after planting and separated
into root and shoot portions. Ripe tomato fruit was harvested

for 2 weeks before the plant was harvested and divided into -

leaves and stems.

All plant samples (except tomato fruit) were dried at 50°C
and weighed prior to grinding and digestion with nitric and per-
chloric acids {(Ganje and Page, 1974). The fresh tomato fruit
was weighed and homogenized in a laboratory biender, then
an aliquot taken for drying and subsequent digestion and
analysis.

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

In a subsequent study, Ciervo, Lethent, Lost Hiil, and Panhill
soils were treated in a similar manner as the Panoche soil, ex-
cept Se was added at a rate of 0, 0.5, 1.5, and 3.0 mg Se kg!
as Na;SeO,. Alfaifa was planted in these soils in {cur repiica-
tions of a complete randomized biock design and maintained
and analyzed in the same manner as described previonsly. Three
aifalfa harvests were made.

A logarithmic transformation of the alfaifa Se concentrations
was performed before mean separation by Duncan’s multipie
range test.

RESULTS AND DISCUSSION

There _were no significant differences in yield or dry
matter producuon of the four crop species due to added
Se in the Panoche soil (data not shown). Selenium ac-
cumuiation by alfalfa, barley, beet, and tomato was pro-
portional to the Se(VI) added to the soil (Table 2).
Although ail the crops were capable of accumulating Se
to concentrations that couid be potentially harmful to
humans or animals when Se(VI) was added to the sdil,
significant differences were observed between the plant
species and among parts within a given plant.

{t is apparent that for the crops normally consumed
by humans (beet, barley, and tomato) <he edibie porticn
of the plant contained lower Se concentrations than the
generally inedible portion of the plant. At the highest
levels of Se addition {1.5 mg Se(VY) kg~'], the barley grain
Se concentration was about 65% that of the remaining
shoot, beet root Se concentrations were 50% less than
the tops, and tomato fruit Se concentrations were less
than 20% that of the leaves. These results support earlier
research by Hamilton and Beath (1963, 1964) showing

Table 2. Etffect of added Se(V]) on Se accumulation by barcley, beet,
and tomato.

Se(VI) added (mg ky™)

Crop 0 0.5 1.5 LSD (0.05)
——mg Se kg ——
Barley
Leaves 0.2 8.3 35.6 7.9
Grain 0.2 1.0 22.0 2.6
LSD (0.05) 0.1 1.8 10.9
Beet
Leaves 0.09 1.1 34.8 8.6
Root 0.05 4.4 16.3 6.6
LSD {0.05) 0.08 1.9 123
Tomato
Leaves 0.9 7.8 76.3 -
Stems 0.5 6.0 13.8 1.3
Fruit. DY 4.0 123 0.3
LSD {0.06) 0.5 3.8 19
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similar trends with a variety of crog
ferent conditions. In experiments
Ylaranta (1983) and Gissel-Nielsen (1973
Se accumulated to equal or greater cong
straw compared to the grain. It should’
that the vegetative portion of beets is opeill
and contains higher Se concentrations. thy
results of the alfalfa will be discussed lagg

All crops tested readily accumulated
is actively absorbed by plants (Shrift amg
Ulrich and Shrift, 1968) along the same
as SO{~ (Epstein, 1955). Once within the
moves unchanged in the xylem stream antif|
leaves (Asher et al., 1977). Selenate is reduced }
in the leaf and then incorporated into variong
seleno-compounds (Brown and Shrift, 1982),
site of Se(VI) reduction and subsequent i
into organic compounds is in the leaf, this &g
why the vegetative portion of the plants tested hag bt
Se concentrations than the other piant ps
translocation of organic seleno-compou
phicem may be low and perbaps ACCOun:
Se concentrations found in the tomato f
grain. A specific fractionation of Se coms
the plant was not performed in this expey

Results from the second experiment withy
soiis demonstrate the influence of soil peog
solubie saits can exert on Se accumulation
observed in the first study, Se was accunms
in proportion to the amount of Se(VT)
However, there was a great difference
alfaifa among the five soils tested (Tal
grown in the Ciervo, Lost Hills, and Panbhi
3'mg Se kg treatment level accumulated Sy
ly high concentrations (>900 mg Se kg
grown in the Lethent soil had much lower
of total Se (<100 mg Se kg™). '

Alfalfa dry matter production of both rioe
was influenced by Se accumulation and
negative effect of Se on plant growth
vegetative portion of the alfalfa consistently %
Se to higher concentrations than the roots
respondingly greater reduction in yield
toxicity, although not generally ob
(NRC, 1976), is probably caused by the substi
Se for S in essential organic compounds
ment can lead to a disruption of normal bid¢
tions and enzyme function (Anderson and’

A large accumulation of Se and an
growth reduction was not observed for thé"
Panoche soils (Tables 3 and 4). This responsé
likely due to the high levels of soluble S in th
tion (Table 1). Epstein (1955) reported that
SO~ compete for uptake by the plant. Thus, ji
of abundant SO3- in the soil solution pr
cumulation of Se by thc alfalfa (Fig. 1).
high level of soluble SO in the Panoche soil
have reduced the Se concemrauon in the barley
tomato compared to what the plant Se cos
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-3 x plasts died or unable to recover.

Dry matter production of alfalfa shoots and roots grown
b b s with added Se(VD.
five sot

= »
B .~ Se(V]) sdded img kg™

B i = 0.5 L5 3.0 LSD (0.05)
3 : et ]
.‘/, g

10.9 8.0 1.9 0.2 1.2
1.2 114 5.2 0.1 1.9
9.2 85 8.2 xxt 1.9
6.7 6.5 2.3 XX 18
10.3 0.4 10.5 10.6 2.1
11.7 12,0 12.2 128 1.7
11.6 109 10.83 13.2 1.4
7.0 1.0 8.7 2,

6.3 6.5 42 0.8 L
9.2 9.0 6.8 0.4 3.4
3.4 41 3.1 XX 3.9
3.8 3.8 13 XX 13
9.8 9.0 43 1.0 13
11.3 12.6 8.4 L1 14
10.4 10.9 8.1 0.4 0.9
6.4 6.5 4.0 XX L7
125 11.3 114 15
131 12.3 11.3 3.5
9.7 7.9 15 39

« plants died or unable to recover.

have been had the plants been grown in a low-SO%-

I. Antagonistic interactions between Se(VI) and SO%-

furst observed by Hurd-Karrer (1938) who found that

ag cither elemental S or gypsum could reduce plant

ke of Se from soils. Since this early discovery, several

. saarchers have noted this antagonistic reiationship
R gOmct-Nicisen, 1973; Smith and Watkinson, 1984).

CONCLUSIONS

vThe uptake of Se(VI) by the plants tested was propor-
. Samal 10 the concentration of Se(VI) added to the soil.
. AMalfa, barley, beet, and tomato were all capable of ac-
mmalating Se 1o concentrations potentiaily harmful to
Bais consuming these products. Barley, beet, and
paio ail accumulated Se in lower concentrations in the

e portion compared to the generally inedibie portion.
#82 accumulated Se to very high concentrations and
B acumpanying yield reduction was found. The

=z of soluble SO~ in the soil significantly reduced
&oemulation by alfalfa.
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aifaifa shoots at three coucentrations of added Se(VD).
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Disposal of Septic Tank Effluent in Calcareous Sands

B. R. WgELAN®*

ABSTRACT

m,Waw-Amlh,mmmnommmmum
dischsiging through sandy soils into the groundwater, which is pamped
rmmmmmmw.mmw
mmumm(xmm).m«mmm
soil types, for treatment of septic tank sifluent. Calcareous sands 2d-
jacen(zndbdowtwoxpﬁchnksyﬂemwmnmpledto:tpﬂoi
3 m and the soil pH, soil N, and s0il P contents were messnred. The
soisohdonwun.pledbyninm‘uu‘bledlspheemeuw:ﬁniquemd
anaiyzed for N and P. Most of the NH.-N in the <ffluent was oxidized
10 NO,-N in the ansaturated zome just below the slime iayer. Nitrate
(NQs) was preseat in the soil solution ap to s concentration of 30 myg
L down 0 the maximum depth sampied of 3 m. The acidity produced
duﬁngllrﬂhﬂonofmeNH.Mvedwbomfmm the voil chang-
ing the soil pH. Below one sysiem, the carbonates were completely
removed from the first 4 m of il lowering soil pH fromy 9.5 to 5.2.
The NO, in the soll solution was wsed 10 monitor the effiuent Sow pat-
m,mmmmmmzhmmm
kvdqmtofpl!(mﬂowmmwirwuww:om-
tion and precipitation of P from the soil solution until i reached an
equilibrium. At equilibrium the s0il soiution P was at the same con-
centration as i the effluent and the P sorbed an the soi was st a max-
imum for that conceatration. Further down the profile where the sorbed
soil P was not at its maximum, afl the P was sorbed from the soil solu-
tioa in & vertical disiance of 0.5 m. The suitubility of calcareous sands
aﬂﬂmmmamsfw.d&mwnybembynpﬂ
dmmammmwmamw
P. Moaitoring of ¢ffiuent disposal in these calcarcous soids is made more
difficuit by the development of preferred flow paths.

Additional Index Words: Phosphoras, Nitrate, Acidic leachate,
Preferred flow paths.

The Western Australian city of Perth has a population
of 970 000 of whom 45% have their domestic waste
treated by septic tank systems. These systems discharge
their effluent into either soakwells or 2 leach drain, both
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of which are made from modular concrete}§
to respectively form either a circuiar well of
open ports in the side walls, but no base
The city and its metropolitan area
coastal plain with an average width of 2¢
the souls are derived {rom old sand dunes th
to the coast, and form a major unconfined;
region. The watertabie varies from 50 ay
level 10 the surface where freshwater lakes
1981). There are three major soil types o thi
{FAQ, 1974); calcaric regosols (Xeropsas
Quindalup dune systém, which form the pres
dystric regosols (Xeric Quartzipsamme
- Spearwood dune system; and further inlasg
zols (Haplorthods) from the Bassendean
(McArthur and Bettenay, 1974). Although’
Perth’s population is housed on the extenss
and Spearwood sands, there is an increa:
coastal housing development on the Q
The Quindalup sands are unconsoclidate
sands wich a wide range of CaCO, content 1’
of comminuted shell fragments. The presence
has often been considered as one means o
PO, retention of sandy soils receiving effidé]
tic tanks or sewage treatment plants (Bo
Chowdhry, 1977).
The septic tank system for effluent dispo
Bassendean and neutral Spearwood dumeé
described by Whelan and Barrow (1984a, b)
tive of this study was to determine the suitabik
CO, unconsolidated sand for septic tank
disposal.

METHODS AND MATE
Soil Type

Calcaric regosols (Xeropsamments) were selected f
study. These soils are deep, coarse sands with 979 :
particles in the 2.0- to 0.2-mm size range. These
to 700 g kg™ of CaCO,, a water pH of 9.2, an or,
horizon of 0.02 10 0.1 m thick, and cemented scil ma





