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ABSTRACT 

-· Selenium toxicity and the effect of P application on Se in wheat (Triticum aestivum) 
studied in a greenhouse experiment using the sandy soil of Haryana Agricultural 

U111ive!rsi-1 ::v. Hissar, India. Selenium was applied at 0, 2.5, 5, ana 10 ppm as 
..,.,,~"'--'" ' 5H?O, and P at 0, 50, and 100 ppm as KH2PO •. The applicAtion of P at 50 
ppm increased. and that at 100 ppm decreased, dry n:atter, grain yie1d, N, S. Zn, Cu, 

.~. · chlol'"ophvll. DNA, RNA, protein, and proline contents. and S-amino acids in ~eat. 
.,,,~ 'Contents of Fe and Mn decreased as P increased to 50 and 100 ppm. Plant P increased 

, 'With increases in added P up to 100 ppm. In P control and 50 ppm P treatments. the 
_;.}; addition of Se decreased dry matter yield, grain yield, N, Zn, Cu at ,50 days and maturity 
:fK (135 days), DNA, RNA, protein, and proline in plants at 45 and 90 days after planting, 
''r~ and S-amino acid.c. in grains, but 2.5 ppm Se with 50 ppm P increased, P, S, Fe, and Mn, 
:4 

Y 1lDd 2.5 and 5 ppm Se with 100 ppm P wen~ beneficial on almost all parameters. St 
~- 4•. content increased v.rith 50 ppm P and all concentrations of Se. but decreased with 100 

P. Free amino acids were greater at 90 days than at 45 days sampling. Phosphorus 
~~pplliCI!lti{m decreased free amino acids, but Se increased them. 

Sunflower ( Helianthul' ann.uus) was grown after wheat to see the residual effect of 
and P . In sunflower there was low accumulation of Se, which increased v.rith high Se 

50 ppm P, and decreased with 100 ppm P applied to the wheat crop. But, in this 
50 and 100 ppm Padded to the wheat crop increased N , P . and S . At. 100 ppm P 

added t.o wheat, 2.5 and 5 ppm Se showed increased dr' matter. P, and S content at 90 
jFJ"'tUUd 135 days. 
:i'li::< The high amounts (2.5 ppm and above) of added and residua] Se in soil decreased the 
~~: · grov.-'th of wheat and sunflower, the absorption of Zn, Cu. Fe, Mn. S, and N, and the 
~;~. synthesi..c; of nucleic acids. chlorophyll, and protein, whereas P decreased the harmful 
-~~r;. effect of Se, and increased all the above parameters. 

INTRODUCTIOJ~; sential nutrients like sulfur. Sulfur is, therefore, 
~~t:lDl has been recognized as an essential found to be an antidote to the toxicity of selE-­

for all the animals (Allaway and Cary niwn (Sin{!h 1!:177). Although phosphorus was 
but onl_v for one group of plants. i.e.. also found to detoxicate selenium toxicity in 

species (Treiea.se and Trelea.se 1938) . some plant.<. (Singh and Bhandari 1974 1, the 
'be absorbed by planu. in lethal amounts, -definite mechanism of its action is not known. A 

on various soil and plant factors that detailed review of selenium in soils and plants 
plant growth and alter metabolic has been presented by Glllije (1973). 

about which little is known. Selenium Soils in some parts of Haryana, India have 
~.,,... ... ,.. plant growth (Singh, · Bhandari, high contents of available selenium, and large 

1976), which may be due to its sub- amounts of seleniwn are accumulated by such 
in definite enzymic paths of aome es- crop plants as sorghum and paddy, which may 
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create toxicity in planta and animals. SiDee P 
wu found to reduce the harmful effects ol Se 
(Singh and Kumer 1976), although the mecha­
nism of action was not known, the present study 
wu conducted in pots, under controlled condi­
tions in the greenhoW!e, and detailed analysis of 
plants was reported. 

EXPER!MEN't' AL 

The experiment was conducted in earthen 
pot.<! {25 em in diameter and 25 em high) lined 
with polyethylene in the Department of Soils, 
Haryana Agricultural University, Hi.'lSal", India. 
The soil was Rawalwas sand, which had pH 
0 :2), 7.9 EC 1.0 mmhos/ cm, O.C. percent 0.1, 
CEC 3.25 me/ 100g, as determined by the meth­
ods outlined by Jackson (1958) . Available Se 
(hot water-90luble) was 0.05 ppm, available (Ol­
sen's) P and heat soluble S were 4 ppm each. 
The DTPA-extractable Fe, Mn, Zn, and Cu were 
1.17, 0.92. 0.12, and 0.19 ppm, respectively. Air­
dry soil, which wu crushed and passed through 
a 2-mm sieve, was placed in the pots. Selenium 
was applied at the rate of 0, 2.5, 5, and 10 ppm 
as Na~3·5H~O. and P was added at the rate 
of 0, 50, and 100 ppm as KH2PO. (five replica­
tions) through analytical grade reagents. Nitro­
gen was applied at the rate of 100 ppm through 
reagent grade urea. Zinc, Fe, and Mn were ap­
plied at 5 ppm, Cu was applied at 2.5 ppm 
through the sulfates, and S was made up by 
K~O. at the rate of 25 ppm. A wheat variety, 
Kalyan sona (Triticum aestivurn) , was sown at 
the rate of four healt.b.y seeds per pa't, and was 
thinned to two uniform plant.<! after germination. 
WfJ.ter, 100 ml every other day, was added to 
each pot to meet the full requirement of the 
crop. The green leaf analysis for chlorophyll. 
DNA, and RNA was done at 45 and 90 days; to 
determine other parameters, crops were bar­
vested at 50 days and maturity (135 days after 
plan tine). 

After the wheat was harvested, sunflower 
( Helio.nthus annuus) was grown, one plant per 
pot for 30 days in three replications to learn the 
residual effect. The plants were harvested after 
30 days and prepared for analysis. 

Oven-dried and crushed samples were di­
gested in HNO,:HO O.., and analyzed for P by 
the Koenig and Johnson (1942) method, for Se 
by the method of Cummins et al. (1964), and for 
Cu, Fe, Zn, and Mn by a Varian Tetron Model 
120 A atomic absorption spectrophotometer. Se-

-< 

~~u:: .-d m wet oma.d J 
(Johnson and Niahita 1952) by the 
method (Chesnin and Yien 1960). Me 
cysteine, and cystine were extracted from .. 

in 6 N HCL Methionine was analyzed ~· 
method of Horn. Jones, and Blum (194$":·· · 
cystein and cystine by the Leach method (1188 
Pl.ant.-5 were also digested in H~O.:HCIO., an. 
N was estimated by Nessler' 3 reagent metboo: 
Chlorophyll was extracted from 200 Ill« tfts 
leaves, in 20 percent ethanol, until color!-~ 
idue was left. The optical density was ret.~ 
at 665 mu on an ultraviolet spectrophotometc; 
model, taking 80 perr.ent ethanol as the blaai 
Nucleic acids were estimated by the method t 
Nieman and Poulsen (1963). Free amino aciC 
were estimated by the Barnet and N. 
method (1966), and protein by the Folin ... 
reagent method of Lowry et al. (1951). Frt 
proline was estimated by the method oi ~ 
Waldren, and Teare (1973). The data ::it 
lyzed statistically and significance was '"-' . 
by Fisher's test. ·· 

->~~~!. 
DSULTS AND 018CUS8ION ··"'>.:-

Dry matter and grain y ieLd of wlu!at 

The dry matter at 50 days and maturity 4E 
creased significantly with the increase ia S. i: 
the growth medium (r.)m 0-10 ppm. 'nlir4 
crease in dry matter yield over the contro'tii,;a 
10 ppm Se, was lllOI'e than three to five -~ 
whereas grain yield decreased up to ~~ 
(Table 1). The application of P at 50 ppa.iiJ 
creased dry matter yield twofold at 50 day.. an. 
maturity and grain yield about ~old.·~~· 
increasing Se level. even with 50 ppm P.~ 
a similar tzend. With a further iDcrea.w ia ~\l 
100 ppm, howev~, ~tended to depftsa.~f. 
matter and gram YJeld over 50 ppm, 2 
increasing level of Se stimulated the dry · ··· ' 
yield up to 5 ppm and grain yield up to 2.5 pPit 
Singh and Bhandari (1974) and Singh ~-If. ' 
mar (1976) also obeerved similar ~. ~1! 
and berseem. · · ~{$ 

Nitr~ an.d phosphonA.s 

The application of Se decreased N .... , .• 
tw~fold at 50 days and about. threefold a{tj 
tunty, as also reported by Singh (1977).~'lf, 
addition of 50 and 100 ppm P increased N ~ 
tent at both times significantly. There was, ho9 
ever, a depression inN content with 100 ~ 
over 50 ppm P. The trend of Se response wa: 
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TABLE I 

~· ·· :;t; >.;t ·rtill~~;. -~ ... -~ :-- .... ·:.;;_ 1\: "'<r-
¥-~. ·~);i:~ 

Effect of Se nnd P on dry matter, grain yitld, and N, P, S, and~ content11 
--- --------------- - ----- ---------------- ---

50 d•y• ••mplinf! ftfter !IOWins M•turity 
----- --- ------
D.M .Y.,r,/ Nitrogen, Phospho rue, SulfUr, ppm Selenium, D.M.Y.,s/ Grain yH!Id, Nlttosen, Ph001phorue, 

pot % ppm ppm pot s/~t .. m> (2) (3) (4) (IS) (6) (7) () (9) 
---------- ---·--- -- ----------
23 0.45 1632.5 1637 0.4 6.4 1.8 0.74 1173.2 
1.8 0.40 1425.2 1406 13.5 6.0 1.3 0.62 938.& 
1.5 0.35 1106.6 1036 28.2 4.2 0.3 0.59 665.2 
0.5 0.22 542.6 686 43.7 1.8 0.2 0.27 217.7 
4,1; 0.54 2454.0 2358 0.7 14.1 5.3 1.05 2136.6 
3.6 0.50 2708.4 2432 16.6 11.8 4.8 1.00 2«3.4 
2.3 0.4:.! 2691.7 :lQ66 32.3 9.4 3.4 0.94 2262.& 
1.2 0.28 2026.0 1S..6 53.6 2.4 0.6 0.78 1738.& 
3.8 0.60 ;j.'J75.2 2048 0.3 13..4 4.4 0.94 2436.8 
4.0 0.46 3512.2 2206 7.6 15.4 4.7 0.90 2564.5 
4.2 0.48 3836.6 2232 26.8 15.6 3.4 0.8-4 2832.3 
2.4 0.25 :31 20.3 1974 46.3 6.6 1.3 0.66 2384.6 
0.16 0.16 32.8 38.6 0.21 0.28 0.22 0.20 21.8 
0.07 0.11 22.3 27.2 0.17 0.20 0.14 0.11 20.3 
0.20 OAt NS 64.6 0.41. 0.35 0.29 0.41 NS 

-- ---------- -·· - ·---· --·-------- -----·. --- -~- ------ --

"":',• " 

:*'_- f' ·. 
~:-· _ : 

Bultur, ppm 

(11) 

1026 
83& 
378 
209 

1508 
1715 
1376 
1062 
1357 
1423 
1406 
1258 

26.6 
18.9 
62.2 

fiJ 
Self!nium, ; ppm 

(12) 

0.6 ~ 10.2 
24.5 6 
36.8 tj 

0.6 (') 

11.2 ~ 
27.2 z 42.6 

11.(18 

~ 6.3 
22.6 
39 . .1 ffi 
0.21 
0.15 
() 11 

-- ·-- --·- -

~ 
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the same in both the presence and the absence 
of P. There was a drastic reduction in P content 
with Se application at both the intervals. The P 
content at maturity was much lower than at 50 
dRys, which was obviously due to dilution. The 
application of P at, 50 and 100 ppm increased P 
content in plants from one and a half to over two 
times. The behavior of Se in the presence of 
high P contents changed during the growth pe­
riod. The P content in the plants incr~ased at 
b{>th times with increasing Se up to 5 ppm in 
the growth medium. With only 10 ppm Se, P 
content was reduced dramatically when 100 ppm 
P was supplied to the plants. All me indi"idual 
and interaction effects were significant. 

Sulfur and selenium 

The S and Se concentrations in wheat plants 
(Table 1) were much higher at 50 days than at 
maturity, except for Se in PoSeo treatment. With 
the application of Se alone, from 0 to 10 ppm. S 
in plants decreased about threefold at 50 days 
and about fivefold at maturity, whereas Se in­
creased more than 100 times at 50 days and 60 
times at maturity. The application of 50 ppm P 
increased S, as well as Se significantly over 
plants that had no P , whereas 100 ppm P de­
creased both S and Se. In the presence of 100 
ppm P, the application of 2.5 and 5 ppm Se 
increased plant Seat 50 days, but, at maturity, 
only 2.5 ppm Se increased i.t over plants without 
added Se. ,.In the case of 50 ppm P application, 

only 2.5 ppm Se increased plant sulfur 
Se treatment. The higher doses of Se (5 
ppm), when applied with 100 ppm P, 
~~er pl~t S_ in co~parison _to 50 ppm P. wbifJ 
mdicated significant mteractlon between~-· 
P on plantS. Singh (1977\, Singh, Bhandari.~ 
Singh (1976), and Singh and Kumar (1976} ~ 
served similar P and Se interaction and Se and 
S antagonism in (>ther crops. The incre.am.g 
application of Se increased plant Se significanity 
at all levels of P treatments. 

."Jicronutrients 

Zinc, Cu, Mn, and Fe wP.re higher in pl.ants at 
50 days than at 135 days in all the treatment; 
(Table 2). Selenium application significantly de­
creased the plant content of Zn, Cu, Mn, and f~ 
at 50 days and 13.'5 days of crop growth. ~ 
Johnson, and Huston (19721 observed ->igmficant 
decrease iD micronutrient cations by tbe:}V.. 
creased amounts of Se in growth ~'ji 
alfalfa. The decrease wi.th 10 ppm applied':$; 
was so drastic that the Zn levels in planb de 
creased to very low levels (5.4 ppm). The aFiifi 
cation of P, at the rate of 50 ppm, increa:Jed fh, 
Zn and Cu contents in plants, but decreased F 
and Mn content over no P treatment. Neverthe 
less, P, at 100 ppm, decreased all four m:icz-oeu 
trients significantly over 50 ppm P and llO'R L 
Po and P!IO treatments, increasing lev$ ~-.S 

decreased Zn and Cu, but, in P wo treatmliBt.;. 

there were larger amounts of Zn, Cu, Mn. ax: 

TABLE 2 

Effect of Se and P on Zn, Cu, Fe, and Mn conUrats in plants 

Tnatments 

P,..,eo 
PoSe:u 
PoSe. 
P~o 
PoSeo 
p~ 

p..,se. 
P,.,8e,o 
P,ooSeo 
P,ooSe..s 
P,..,Se., 
P ,ooSew 
C.D. at 5% (Pl 

(Se) 
(P x Se) 

Zn, ppm Cu. ppm 
(l) 12) 

15.2 8.7 
13.5 7.2 
9.2 5.8 
5.8 5.1 

18.5 13.2 
17.2 12.8 
15.3 11.2 
12.2 8.2 
13.0 10.3 
14.2 10.4 
16.4 10.4 
11.8 8.6 
2.7 2. 1 
2.1 L2 
4.6 NS 

-------------------

Fe, ppm Mn, ppm Zn, ppm 
(3) (4) (5) 

27fi.J 58.8 11.6 
256.5 56.0 10.2 
236.0 50.0 7.2 
210.6 46.0 3.S 
2-40.2 58.0 15.3 
257.2 58.5 15.0 
250.5 57.2 11.5 
235.7 s.:o 8.2 
20.3.3 52.4 10.0 
216.2 54.6 10.7 
230.8 55.5 11.5 
230.5 50.0 13.2 
3l.l NS 1.9 
20.7 NS l.O 
52.6 NS 3.8 

l36 days (maturity) 

Cu, ppm 
16) 

5.8 
5.2 
4.3 
4.0 

8.4 
S.:J 
7.5 
5.2 
7.2 
7.8 
8.4 
7.7 
l.l 
0.7 
~s 

Fe. ppm 
(7) 

206.0 
170.3 
156.6 
130.2 
180.3 
186.5 
i.6.5.2 
135.3 
160.5 
167.6 
173.2 
178.7 
30.6 
l9.2 
60.5 

').· ,. 



SELENIUM TOXICITY IN PLANTS 

. .,.,~e in Se at 2.5 and 5 ppm than at Seo (Table 2, 
~'t(CDk. 1-4). The trends at 50 days and maturity 

wert' similar. The differences in Mn content due 
to Se and P application (Table 2, cols. 4 and 8) 
~ not significant. 

&lfur-con.tainilir.g amino acids in grain 

··eystii:H! and cysteine in wheat grains (Fig. 1, 
Band C) increased significantly with 50 and 100 

"?~=;;;,but methionine (Fig. 1, A) increased with 
~~ . · and decreased with 100 ppm P over 50 
\, ~ P . Selenium application decreased all S­
,,, amino acids significantly. This is attributed to 

'fre repiacement of S by Se in the constitution 
·...mo acids. Singh (1977) observed decrease 

· ' acids in Brassica jwu:ea Cos. plants 
;;, ., ':a.e addition of Se to soil In the case of 100 
fjpm P, the presence of 5 ppm Se was not at all 
:-:.lll.rmful, and even 10 ppm Se was only slightly 
\Jaiamdul for methionine and cystine. In the case 
~:ill cystine, however, 100 ppm P plus 5 ppm Se 
~--also harmful. Methionine, cystine, and cys­
;-- nmged from 11.2 to 16..3, 8.6 to 18.6, and 
U<to 13.7 ppm, respectively. 
~·~ 

"""; Chlorophyll content 

•. ~·3!J.e chlorophyll content (Table 3) in all the 
~~nts was higher at 45 days than at 90 

(C) 

"o 

'-' ... 
!to 
"' )o 
u 

(8) 

"o 

5o 2 5 5 10 
foe AD0£0 (P'"") 

1. (A) Methionine; (B) cystine; (C) cysteine in 
pains. 
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days. The application of 50 and 100 ppm P to 
soil increased chlorophyll content in plants at 
both stages of sampling, probably due to in­
crease in plant N and S. The increase in Se in 
the growth medium, from 0 to 5 ppm, decreased 
the chlorophyll content at 0 and 50 ppm P, but 
at 100 ppm P. 2.5 ppm Se stimulated chlorophyll 
content. 

Nucleic acids 

DNA and RNA are involved in the synthesis 
of proteins. DNA in plants did not vary at the 
two stages. The application of 50 ppm P in­
creased DNA content significantly, but iOO ppm 
P had a tendency to decrease the DNA over 50 
ppm P. Applying 2.5 ppm Se did not affect DNA. 
but 5 ppm Se decreased DNA at both stages 
when no P and 50 and 100 ppm P was added. At 
45 days, however, the lower dose. 2.5 ppm Se, 
with LOO ppm P increased the DNA content over 
Seo with 100 ppm P. There were more differences 
in RNA than in DNA at the two stages, and 
both were higher at 45 days r.han at 90 days. 
Phosphorus at 50 ppm increased RNA over no 
P, but decreased it at 100 ppm, in comparison 
with 50 ppm P. The increase in DNA and RNA 
occurred because P is the constituent of. both. 
although RNA was more :iffected than DNA. 
Selenium, at 2.5 and 5.0 ppm, decreased RNA 
when no P or 50 ppm P was applied, but, with 
LOO ppm P, 2.5 ppm Se showed more DNA and 
RNA than noSe treatment (Table 3). L~. Cald­
well, and Cllll:lpp (1966) observed that RNA con­
tent incre~ with increased P , but ' with the 
highest amount of P ( 13.0 ppm), RNA decreased. 
DNA was less affected than RNA. 

Protein content 

The protein increased with increased P levels, 
to 50 ppm, at both stages, but, with 100 ppm P, 
there was reduction in protein content over 50 
ppm P. Selenium· application decreased protein 
content with no P and 50 ppm P, but, with 100 
ppm P, 2.5 ppm Se increased protein content. 
The increase in protein by P was due to in­
creMed N (Table 1) and nucleic acids (Table 3), 
whereas with Se, the reduction was due to de­
creased N content and also because Se checks 
the incorporation of amino acids into proteins 
(Peterson and Butler 1962). 

Free amino acids 

Free amino acids (Table 3) were higher at 90 
days than at 45 days, indicating that protein 

~; ;~· 

formation at 90 days was not keeping pa¢t with 
free amino acid production. The increaae iD :P 
application, to 50 and 100 ppm P, decreued tbe 
free amino acid content at both stages, indic:atiBc 
that P helpe in the formation of proteinlll frilll 
free amino acids. U nlik.e P, the increase in 8e iD 
growth medium increased the free amino acids 
at both times of sampling and with ail the P 
Gombinations. Peterson and Butler (1962), bow­
~ver, reported that Se was extensively incorpo.. 
rated in proteins in wheat, although they funber 
reported that plants have preference for S-a:miao 
acids against Se-amino acids. lt is evident from 
the above discussion that Se decreases metabo­
lism in the plant, which decreased N. S, micro­
nutrients, chlorophyll, RNA. DNA, and proteiJ:L 

Proline content 

Proline, which is an amino acid and a conatit­
ueut of protein, increased- with 50 ppm P .... 
cation over no P. but, with 100 ppm, it decrt r' fa 
over the 50 ppm P treatment. The appticatxib 
of Se at 2.5 and 5 ppm decreased proline c:auillat 
when oo P and 50 ppm P was added. but, 1llien 
100 ppm P was added, 2.5 ppm Se increased~ 
proline content, and 5 ppm decreased it. The 
etlects and interactions were statistically !ipifi­
cant. 

Sunflower 

In the case of the residual effect of P u.l:Se 
on dry matter yield of sunflower. 50 ~"p 
slightly increased it, as compared to no P, but 
100 ppm drastically decreased it. Seieniuui-'at 
the rates of 2.5, 5, and 10 ppm added tO i't!a£ 
wheat crop, decreased dry matter yield ol ~­
flower significantly over no Se, when DO P ~ 
added, but, when 50 ppm P was added.. ~f 
and 10 ppm Se decreased t.he growth. w•• 
ppm P treatment, the residual Se in~llii,t 
growth and even wi.th 10 ppm Se, dry matter 
yield was higher than PoSeo (control). N~ · 
P. and S increased with 50 and 100 ppm~-­
to the previous crop. Plant P, in 50 ppm.r·&qc 
P to wheat, and N, P, and S, in 100 ppm adde{. 
P, increased with 2.5 and 5 ppm S, and~ 
with 10 ppm Se. Selenium effects on ~~­
and P were nonsignificant. Plant Se was ~ 
in those pots where Se was added to wheat $r 
where Se was not added. Phosphorus, at 50 pPh 
slightly increa...«ed Se r:ontent, but 100 ppm } 
decreased it. The Se accumulated in sunflq_w~. 
was less than in wheat, probably due to i 'dt · 
crease in available Se, as some of the added : 

'·; ~~;­
·:d!j} 

-~~~l 
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TABLE 4 
Effect of Se and P on dry matter yield, N, P, S, and Se in sunflower plants 

Treatment!>. Dry matter, g/ N , ppm 
ppm pot (2) 

(1) 

f'tSeo 1.3 0.31 
P.&eu 1.1 0.28 

'.P.Be. 0.7 0.23 
PoSew 0.2 0.14 
P.S.O 1-S 0.42 
P..5e:u u 0.43 

' p..ser, 1.2 0.40 
PooSew 0.8 0.36 
P-.~ 2.2 0.51 
P-"eu 2.3 0.54 
p_se.. 2.0 0.54 

P.BeJ. u 0.46 
C.D. at5% (P) 0.11 NS 

{Se) 0.05 NS 
{P X Se) NS NS 

was taken by wheat and som~ might have been 
converted to unavailable foi'IIlB (Table 4). 

It is concluded from. the above results that Se 
decreased yield and cauaed general inhibition in 
plants, but P, at 50 ppm, was sufficient to over­
come the harmful effect of 5 ppm Se, although 
100 ppm could not remove the harmful effect of 
10 ppm Se fully. Selenium (2.5 ppm) in soil, 
ltdc1ed to the previous crop, was able to decrease 
the yield of sunflower considerably. 
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