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Effects of Phosphate and Selenate Interactions on Uptake of Phosphorus and Selenium by Pak Choi
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Abstract : Phosphate may influence movement and uptake of selenium in soil—plant systems. A pot experiment was carried out to study the
effects of phosphate and selenate interactions on growth , uptake of phosphorus and selenium of pak choi. Addition of selenate alone signifi—
cantly reduced the root length,shoot height and dry weight of shoots and roots, and also caused the decline of Chlorophyll Meter Readngs
(SPAD values) at higher doses. Supplying phosphate increased the pak choi biomass, but significantly reduced concentrations of selenium
in both roots and shoots due to the biological dilution. However, selenium accumulation by pak choi was increased by phosphate applica—
tions. Applying phosphate increased the average selenium use efficiency by up to 42% at all selenate rates(1.0~5.0 mg-kg™),with higher
selenium use efficiency in low than in high phosphate treatments. Applying selenate had no effects on phosphorus concentrations of pak
choi, while reduced phosphorus accumulation by pak choi due to the selenium toxicity.
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R . YlarantaP7E 35 506000 ot & B, e A B RER%
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FURAY TRt R UL, A5 DGR R £ FAf R A B A
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YT BERRER SR ERAH BAE FIXE /NS A K BRI
WO, B AE A T A 5 Pt 2 T e - 3
PG S SRR 2= 1A

1 #RE5FE

1.1 4

Bk BN R A PRI B P AL AR AMRH K
AU XIS SR 22 AUBURE VAR AR 3R 2 (0~
20 cm), ARG, G L BRAE R R, 438 - A fL
785 mm i LIESEATRAGPET N : pH (H 7.74, FH B
T2 4t (CEC)23.34 cmol kg™, Bk & i 39.5% , Bk
545 55.00 g+ kg™, HHLE 1633 g-kg!, 2% 1.11 g-kg,
PR 17.05 mg-ke™, HEACHN 144.83 mg- kg™, 4G
0.131 mg-kg™,

IRANEYD M /N 32 (Brassica chinensis ), i A8
Z 0 25, P IERMBHE KR ml iRt . Ak
Tl Ay il PRk CRIT R M ) , B8 A Wi R — M, hy o3 B 2 i
I, B RahE: , DA/ D AR 25— 1 AT BERZ A .
1.2 iX58i% it

MR S s A 7= gl (4 it FH 7K (B S SR
B oIl B A 3 S K A 60~ 90 mg kg™,
KT 90 mg-kg™ Wl =y ) 1 F51 S 56 4455 AL (il i 6 v P
TE 2.5 mg-kg™ B, AWt ik e K ), AR 0
(0 mg-kg™) KM (75 mg kg™ ) FIE# (150 mg-kg™)3

AN s SN 5 0.1.0.2.5.5.0 mg-kg™, 43 RIAL
FETCHTG AR | PRI il 4 S AKOF o B i S 4% KO
AT, 12 PR AR A 4 K, 3
48 7. PERFENAR 17 em IR 13 em BYBEH, B4 1
2.5 kg, T30+ 3t A 0.15 ¢ NGRF MR K, 007
4l )F 0.1g KGR EALER, ZrHral) | 45 2 3k A
i T, o) T 7 ) il R — S B AT R BN 8, FH /N
RN 55 A S S G 135, Fe 00 IR AT FE K 43 ]
FRK R 60% , -5 10 d #EFP . M43 12 BUNESE
iy, 7d SR, 10 d JEE BT 2 5 MRo /NFISRAENE
A, RGBSR E R RGE X, BT R 19~35
C, FARILE g 9~19 °C, A= I ) 443 -+ 98 3 13 g
[ FE7K A 70% 424,40 d JE W0

1.3 HmREMIBIRUE

ANFUERMOR G, e AR KA bR (R bk AR
Wit ) R SR (SPAD ) A AIBE & &, EUADT
Vo B/ N SEEAR O, FZE IR ACH AR R 38 T
e, I FWOK AR T o b b R A e
MR CF B RO EARAS ) (bR S FHEE . A A
90 CA%7 30 min Ji5,60 CHEZE[HE, FREH F M
TEBTE,

LA PR A A 5 P 2 . SPAD {E
FH SPAD—-502 12 25430 e, AP A v gl A 0 2

Fan 2 HoS0,-H,0, TG , FHSHIE RIS, ke
o VR B I 5 < AR G 48 HNOs—HCI10, (A FR [y 4:1)
THf#A 6 mol - L™ EhFRIA 55 , FH AW & A= - 728
S (5T 75 R AFS-930 XUHE J5F9¢ 66 )
WP, (] FH R P 2R (GBW 10014 )45 4 S 42 1l
B, SR 3% R4 (A R (0.2320.02 )mg - kg ™[ B3
HE(E 4 (0.20+0.03 )mg - kg™
L4 HEES
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2.1 BiBESWEEAEIERMNDNEEEKHYZMm
2.1.1 XJ/NFISE SPAD fH ik = FIARA 52 )

145 TSR BB AR B RN AR
Kgmgs i, nf LU BOithl aE 2 R/
FIARE Bk (P<0.05) , i fifi b RN AR ke
TCHALFRAT 3 T RE T 66.4%F1 63.4% , StmEx /N
SRR AR A P S 2, R B AL P/ P SR 0
SEFRIEIN T 25.2%(P<0.05 ) , {H i B ) /)8 [ 38 bk w2 1
A I N T RS SR R i G A N =
HRA I E SIS AT VA JE 1 34 on i S 3 B (P<0.01) , {H.
TP ORANE B R =R b= 21 N i< ) [ T N O A
[T SR AR A Bt 7 Al 5 1) 18 o i 14 K, (R APl A 5
BEALFR O 22 5 . SRR FN R 9 2, 24
W =2.5 mg-keg™ B, AT AN/ SRR S
(P<0.05),

PPt G Ak PR YA =25 mg kg B, /NE
S SPAD {10 I T X R (HX TR &2 & ab 38, X
R0 T e A Ak B /N 113 9 SPAD A 2 351K 1 L Ath 4k
H

2.1.2 XF/NE A P () R

BAE AT b BN 1 3 A B s B MDA R R 1 T R
M 5 2 T B (P<0.05), =y Al b 35 (5.0 mg-kg™ ) /N3
b R E BRI EL A R T 89.1%
81.5% (% 1), FWIZIRI0 U RGN 1284 K
PR T ARERT . B O A FAR EL 3G T/
PSR AR s, Herp s B A BN (s b R AR
Yo B TR A PR R T 107.4%F1 184.6% . WAT
A FRBEKE T, /NS AR ) bl S A
W BE B T v T RARG v 8 e AP AL BRI 1 Sl B T
ERT E AR — R B AL LA A R BE T 26.2%F1 57.4%;
AHEIRRACE T, M & 7/ A S AE Y &, L
PP G e A AL N P S T S T 0 v
TCBEAN PRI T 12.9 f5F0 6.5 £% . c HE R i3 B B &7
GAEFT it e A R 22 A e TR B R % /N 1 35
AR B FEAE T (S i AV A P ) 22 5 AN i

XUR -5 2553 2B, 45 i sl it Ak 340 1) 1) A= 4
PRt i 22 5 (AR 2 HAE /N S R
A=y i P RE A AS 3 T/ 1SR K Ak s 21272 1) i
ERZM (P<0.01) , U BHAR A Mk i X WAt 52 B4R A B
U

& | BiEREh SRR ENE EAE AR/ B S EKIEIRAI R0

Table 1 Growth of pak choi as influenced by phosphate and selenate interactions

4bF Treatment oA fi fittc/om BiRg/em g e b F il
WP fifi Se/mg kg™ Root length Plant height Root biomass Shoot biomass
JCH No P 0 34.4+1.9a 10.7+0.8bc 19.0+1.5abe 0.11+0.04ef 3.82+0.87d
1.0 33.6+1.1ab 8.4+0.9d 19.0+2.1abe 0.10+0.02¢f 2.72+0.36de
2.5 30.2+0.7¢ 6.4+0.1e 17.1£2.0¢ 0.04+0.01fg 1.53+0.41ef
5.0 31.3+0.6bc 3.6+0.7f 6.9+1.0d 0.02+0.01g 0.42+0.07f
KH#% Low P 0 35.5£0.8a 12.2+1.4ab 19.8+1.6ab 0.32+0.05ab 8.42+2.55a
1.0 33.5+2.9ab 11.8+0.1ab 21.2+1.1a 0.29+0.03ab 7.36+1.20abe
2.5 34.4+2.7a 9.420.6cd 20.4+1.6ab 0.29+0.08ab 8.27+0.56a
5.0 34.9+2.4a 7.8+0.2de 18.3+1.6bc 0.15+0.06de 5.73+0.55¢
= High P 0 34.9+1.0a 13.4+1.9a 20.6+2.1ab 0.3620.09a 7.93£0.81a
1.0 34.2+3.0ab 12.620.5a 19.9+1.0ab 0.26+0.02bc 7.42+0.98ab
2.5 33.8+1.3ab 10.6x1.2be 21.1x1.7a 0.21+0.01cd 7.31+0.94abe
5.0 29.4+1.4c 8.1x1.0de 21.1£1.7a 0.15+0.04de 5.85+1.01be
P ok ok ok *k ok
Se ok ok ok ok ok
PxSe * el e NS NS

U : [l — VB AT 22 8 LU, NIRRT RO B 5%/KF B 285 B2 I8 3 AT XN R T 2200 i B L 22 SRk, RORIA B 99% K
FES AL, FORIKH] 95% R 225 BEVE NS FORZERMEABE . T,
Note : Different letters within a column indicate significant differences at 5% level. The last three rows show that a significant difference in two—way ANO—

VA, ** indicates a significant difference at 1% level, * indicates a significant difference at 5% level ,NS indicates no significance. The same below.
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2.2 BEEREL STRERERAE B 1E AT/ B 3R R A S0
2.2.1 X/ FA SRR T

PAATG AL EE /N S T ARG i R 4 R AT
WP T T G O, ELAS Ak B A) 22 5 B 25 (P<0.01)
(P 1) BAmA AT A5 /1N 1SR b 300G 5 et P ol i 34
A TR AR RS ERR R 22 5N T2 . B
A AL Bl BEAR R, /N e b R A b
AT A B T3, A8 A e 34 Bt v b A
IFi] 5 i e S R TRD R, /0N P 25 b S b T S 5 i 20
P it A Bt B8 P38 Tm s I R, b R R 1 )
THET 29.5%~45.0%F1 43.8%~56.4%(P<0.05), H4
TV B <2.5 mg kg™ B, fiti @A B G 3| S5RA0 55 5E 1
SN M 25, U 7 SRV BT it ol A 3L i i 25
T AE TG ATV T, it ol Ak X b T S0 5 e () 52 M
HE,
2.2.2 XJ/IN A SR AT B 14 5

LN R TR AN S N S e = R T3
FERTH R ARG H2E SRR 2 (R 2), Btk
X/ ISR S s i AN S 2 o (Rl &2 & b 28
rh A [ Bt B D B /)N 11 S b H TS SR R 0
AP IET e B Y T i T s YA MR B =2.5 mg -
kg™t IS it i AR A8 A0 v 1 ) BB S0 8 4t /N 1 S, |
Hi T ARG W AL 8 (P<0.05 ), {HL iy e Ach FHL D532 i) g 5/ N
TR

B 7 AL PRI 11 ST AR 23 B 47 AT A g 3
Tz TR (R 2) . Wl A ab b [A] &5 vk
BF, /0N PSRRI ) P 23 B AT e ) 35 K S 85 s
TR, HAE 2.5 mg-kg™ Al Ab B A 3K R [

3000
- F1Se-0 ar f ¢ ¢
=19]
£ 7% 2400 O e oLEL. 1, [
e—4Z. 3 N N
£ 5 T NCHE ok
& & 1800f a 5550 NoP LowP HighP
1 T
4 -2 — b
& 2 1200f = b
B E =
= & oo = o o
= 2 —
3 de — o ef ef
0 f =, L f
JoH No P (I Low P i High P

SERG AR BB R P TN SRR L (R
B ALk 3L/ 1SRG 110 1) ) 6 8 T ] A G e B 1) o ol
LS

XURFJ7 22 A, BRI i) Wi L 3 57 )
Wl AT BSOS ELAE FH A 8 355 (P<0.01)
2.3 BiEgEh STAESEE B (R AR/ B SERE IR O B2 0

Bt ol A PN S b S A (R 2) B i
(3 2) YRS N BER B B HE T g E K (P< 0.05) .
Yot A A FERL /DN 1 S e T AR R R A A ] Ak
PR PER TR T 38.4%F1 72.0%(P<0.05), {HAR[H
T BEIR) TG 2. 35 25 5 o Wl A 4 Ab L | ) S5 v
i, /0N S R o e S W A B A MRl R R e
AR AR FA L B AL BRI, R4 MG Bt ok 5 ) 1
PN TE: AN I 3 77 A R DS A N = B i
SEJC A R, AP/ 1 S AR R i R (3R
1), B B AR T 3 S mi il e i

2.4 BEEAELITAES S EAE XY/ S B
EA

PAGEATAL R, /INEISEH E A AR R (Se-
BCF 0 ) FHHL T 6 1) 5 4 5 0 (Se—BCF ., ) ¥4 i it 41
AT e 2 1% 1 T T S 25 1 DR (P<0.05 ) o B i Ak FHD6
Se—BCF 4, JCIE E M o BERN 5 A5 A PR 4 [R] 7K T
T, Se=BCF yq Fll Se=BCF , BIBE5 Mgl v FE B3 finm
HE s AHIFIAI KT, 5 JCHEAL AR LL , i S 20 1
32 Se—~BCF,,, fil Se~BCF.,,, i i & N %, UiIImERRER
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E < gool ¢
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A2 600k =
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=S 400f =
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TIBE 48, &
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Se-0,Se—1.0,Se-2.5,Se-5.0 represent four levels of selenium addition. Different letters indicate significant differences at 5% level

When no Se was applied, no selenium in pak choi roots in the three phosphorus treatments was detected

B 1 SRk SWERELE B4R A X/ B S & 2R RN

Figure 1 The effect of phosphate and selenate interaction on selenium concentrations of pak choi
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Table 2 Effects of phosphate and selenate interactions on uptake of selenium and phosphorus in pak choi

4bFE Treatment fifi it it Selenium uptake/pg* pot™ T 2/% WIS IR Phosphorus uptake/g - pot™
WP i Se/mg-kg™! Hb F 3B Shoots 1B Roots Selenium use efficiency Hb -3 Shoots
Jiti No P 0 4.9+4.2e — — 13.7+1.2f
1.0 658.6+25.8de 9.03+2.28de 23.4% 6.5+1.7¢
2.5 717.6+87.6de 11.12+3.30de 11.0% 4.0+1.0g
5.0 718.2+126.3de 13.41+4.71d 5.7% 1.0+0.4¢
{i&H Low P 0 12.7£6.9¢ — — 40.3+2.6b
1.0 977.5+58.0d 14.54+0.97d 34.6% 30.3+3.7d
2.5 3 778.0+875.8¢ 32.38+6.86¢ 57.7% 30.3+1.7d
5.0 5416.1+1 037.4a 63.30+£18.99a 42.6% 23.8+2.6e
= High P 0 11.1£2.3e — — 48.9+5.2a
1.0 997.6+70.3d 12.88+1.21de 35.3% 37.1£3.1be
2.5 3 200.4+766.5¢ 29.83+4.65¢ 48.9% 34.1£2.5¢d
5.0 4 781.4+877.2b 44.51+11.87b 37.5% 30.7+8.8d
Se k3 ks J— ek
PXSC ks sk —_ ok

TE T/ SE T A/, JGIR I O i (18 2 ), SOGTR TSt N St (6 3 ).

Note : Phosphorus in plant roots was not detected due to too low root biomass.
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= £ —
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0 — 1 1 1 ]
Se—0 Se—-1.0 Se-2.5 Se-5.0
KbFH Treatment

2 BimgEh SERELE BAE AX/ N B St L AR S 2T
Figure 2 The effect of phosphate and selenate interactions on

phosphorus concentrations of pak choi shoots

o HEANAE NS P-BCF g 3 52K T X IR
AhPE, BERNE A AP, [FSERR RS, NEISE P-
BCF .. BERE P AT 2N R, (H = B Il 3 )
TG 2 225 5 R IR Bl v FEE s, AN RATG Ik 35 %o /N 22 1
P-BCF . TG &5

ML T 22 Mras 5 (3% 3) 0l F |, il i 255
M) T~ Se=BCF 4 Fll Se—BCF ,( P<0.01) , {HX} P-BCF
()5 M) A S 2 TIPS Xof ol SO 1 e 4R R B 7 A T
2R B AR B AR RN Se-BCF,, R i 2

LA

& 3 BiEAELFNAAER EAR B AT B E A RBMIRIT
Table 3 The effect of phosphate and selenate interactions on bio—

concentration factor of selenate to phosphate in pak choi

KbFH Treatment Tit§ Se WP
il P fifi Se/mg-ke™  Se—BCFg,, Se-BCF,  P-BCFu
JoW No P 0 4.3+0.4f — 218.0+44.2a
1.0 217.5£31.8abc  79.4x14.1c  139.0+22.6b
2.5 236.2+£39.2ab  99.4+14.5b  154.8+5.3b
5.0 273.1£55.1a  130.6£4.0a 135.4£53.7b
{K#% Low P 0 11.7£2.9f — 46.5£3.5¢
1.0 126.7+17.2e 44.6+7.2¢ 45.1+4.6¢
2.5 175.1+46.4cde  49.3+23e  43.7+7.2¢
5.0 188.5£51.4bed  69.9+4.4cd  45.5+6.4c
= High P 0 10.7£2.2f — 33.7£3.8¢
1.0 131.5£12.6de  44.2+6.8¢  30.1+2.7¢
2.5 166.5£35.5cde  53.3:9.3e  28.1x2.4c
5.0 171.4£18.8cde  56.9+3.1de  31.6+8.3¢
P ok ok NS
Se ok o ok
PxSe NS s NS
3 3t

it s T AR NI SRR AR K R/ ISR
R Hb AN 5B B B i (P<0.01) . PRJits
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Al S 250/ N SRR M M R AN R R
fe Bl A AL 3 SPAD A R EHFEAR (SR 1), I 7R X
IR T R INE s A T R FAE L X S AR Z
WEFELE AR — 8220, ftaf o] B E RN s E R,
FEIA R I WX /N AR PR H R
T EAIMFIR TR D, AR A, EESR
15 G ) LI it e T 3G AR SRR VR R G P b L
o FHRTE, X E R T E AR AT R (AT
TEAE D) AW E R R e, Rk A R +h 7E
8 G R A A I R R A A R B
TR ER A T oA, DA T3 N T - S8 ¥ A R k45 H
TS VA2 AT I B0 A ) 8 1 R 7S 3 b 0 AR AR
WHAPEM ISV E R o DRI il X i 7 24 FH %) o
ik, o 202 i Tt e e £k B B oG T A I i S
F5, WEIN T /NS E (R DAY
T BN T3

—MAEBLT R A g i i AR (A Bk
Y10 0.4 mg-kg™), PN b — S0 1 DXARG (1) 45 RCPHEAR, B
PL— A il & A TE kg AL I, it
G P o0 ST ) WA SR, Ryt
ARFR/INFISEH b Rl A v B R M AR R AR
PTG e S5 11 T v 1% T T i (P<0.05), H. 5.0 mg-
kg™ AR FRTR (A /N 1130 L b SR ARG 5 17 34 R ik 1082
mg-kg”, 5 A V2SR50 G0
S e AT BB B R AT AR R T v JLE 22 ek
JLTZ 5 A RHE Y Can /N 7125 ) Al W 1 i
15 8 il AR R R S5 I S i B ik E)) 1464 mg-
kg 1, ABIFFE R B, /NP1 AL AT £ 8
it ATt FEE A3 I T (1D 1), 3% 5 Khactak 552
FERDER A 00 TP A5 B A 45 5 — 3. Yldranta™/7E 1
ke bt & B, it A B RRER A IR Eh e 05 T BUE K
I B2 B Al ok B R 25T [, Singh 45 MO 7ESTRE
Levesque"E K H & Bt A (A% I Pt W i
[ AAAE ARG . SIAHS , Carter S5 & BIL, it i g
PR E 1S i i, Singh A1 Malhatra!™'7E = -5 bl
PR EAHRIREE IS o X LSRR 25 AR TFVED
FhE G B RN TR], 10 FLARAS A BRIE 14 Rh 2 |
pH SER R A G AFSE HBiEXT /)N 1 S0 2 1 1 52
M D) = 2R T Bt/ (S8 A K I AL A BT 7 2R 1Y
RN, PR e S 3 i /N SR AR iR L TR
AL R N IS BT S A T
129 £5(K 1o F350  AWFIE IR K PR X /)N 1 S
T BTG A S 2 e S X M R A

i Ab A B 2 s, et PR 3 A R 1 AR A RK
P, HAEYR B R R AR 25 52 538 SRS WA i 3
RS AEAE Y b A e M A R
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