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Phytoavailable Lead in Rhizosphere Of Lettuce
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Abstract: A greenhouse experiment was performed to investigate the influence of pH T OC, and fractionation of Pb on phytoavailability
of Pb in the rhizosphere of lettuce. And the Low molecular-weight organic acids ( LMWOAs) were used to evaluate the
phytoavailability of soil Pb to lettuce. The results show that the pH is lower in the rhizosphere compared to the bulk soil, and the
rhizosphere becomes more acidic with increasing Ph( NO3), applied. In contrast, the TOC content is higher in the rhizospherer
compared to the bulk soil, and more TOC accumulates in the rhizosphere with increasing Ph( NO3) 2 applied. The concentrations of
different fractions in rhizosphere soils follow the order of exchangeable> carbonate bound> Fe-Mn oxide bound> organic bound>
residual, and for bulk seil the order is carbonate bound> Fe-Mn oxide bound> exchangeable> organic bound> residual. Compared
with bulk soils, exchangeable Ph increases significantly in rhizosphere. With increasing Ph( NO3) > applied, the transformation of
residual Ph to carbonate bound and exchangeable Ph may have happened and results in the accumulation of carbonate bound and
exchangeable Pb. The air-drying increases the concentration of exchangeable, carbonate bound and FeMn oxide bound Pbh and
decreases organic bound and residual Ph. Rhizosphere and bulk soils were extracted by low molecular- weight organic acids( LM WO As)
to fractionate Pb fraction of soil pools, which is considered as the phytoavailable Ph. The results show that phytoavailable Ph in
rhizosphere is much higher compared to bulk soil, and phytoavailable Pb increases with increasing Ph( NO3)» applied due to
acidification processes and accumulated TOC in the rhizosphere. Airdrying process also increases the phytoavailable Ph. The root-
induced changes of Pb availability in the rhizosphere might also be related to the Pb species, especially carbonate bound and
exchangeable Ph. Correlation analysis indicates that application of wet fresh rhizosphere soils and LM WOAs should be recommended
in the future study on the phytoavailability of soil Pb to lettuce.
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Arithmetical mean and its corresponding standard deviation

Table 1
of pH and TOC content of the rhizosphere and non-rhizosphere

soil under different Ph treatment after harvesting

Ph 4b B/ pH TOC/ gokg '
mg* kg HL B AE H Bx s AE s
0 7.20%0.37 7.32%0.36 31.68%5.04 21.01%2. 16
125 7.18%0.35 7.2940.32 32.93%4.36 21.33%3.58
250 7.17%0.34 7.26%0.23 38.81%5.23 21.36%2.79
500 7.12%0.36 7.25%0.21 39.44 £3.66 21.54 £2.47
1000 7.10%0.24 7.24%0.13 40.36+4.21 21.79%3.13
2000 7.02%0.32 7.2340.33 43.12+4.04 23.25%2.65
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Table 2 Arithmetical mean and its corresponding standard deviation of fractionations extracted from wet fresh and
dried samples under different treatments ( percent of total Ph content)/ 9%
o, A ol !
ks M Ph b FE/ mg* kg
0 125 250 500 1 000 2 000
A i s 34.00%1.37 42.83%2.03 43.61%2. 16 44. 11 %0. 37 45.00%2. 51 45.99 12, 61
fe il & & 27.77%1.04 28.64 £1.43 31.63%1.58 32.88%0.45 33.44 %1.27 33.66 £1. 87
[ 26.23 %0. 31 17. 56 £0. 82 15.28 £0. 59 14.35%0. 48 14. 34 £0. 45 14. 01 0. 64
bl 8. 00%0.25 7.40 0. 37 6.3910.32 6. 11 0. 06 6. 00 £0. 31 5.92%0.25
(i) i A 4.00%0.17 3.56 £0. 17 3.09 £0. 17 2.56 £0.27 1.22 £0.09 0.42 %0. 19
i s 27.00£0. 96 34.83%1.54 37.91%1.86 38.61%0.97  42.72%2.01 45.49%3.33
e B2 2h & 25.77%1.28 26.64 £1.33 30. 63 £0.93 30. 88 0. 26 30.44 *1. 67 30.09%1.53
i B 25.23 0. 86 15. 66 0. 78 14. 78 £0. 47 13. 55 %0. 34 12. 64 £0. 28 11.31%0. 42
bl 13. 00 %0. 55 14. 70 £0. 70 13. 09 £0. 56 13. 01 %0. 50 12. 48 £0. 33 12. 42 0. 68
Bt 9. 00 0. 32 8. 16 0. 41 3.59%0. 23 3.96 0. 74 1.72%0. 14 0. 69 %0. 27
A i s 15. 00 %0. 57 21.45 £1. 07 23.24%0.88  23.4210.58 24. 62 0. 99 25.36£0. 91
MR ih & 37.20%1.06 37.40 £1. 81 37.43%1.37 38. 04 £0. 09 38.17 £1.91 38.66£1.76
T B 35.22%1.71 30.15%1.25 30. 06 £0. 98 29. 94 £0. 57 29.96 *1. 37 29. 59 %0. 37
1k LA 8. 72 £0. 44 7. 41 £0. 37 6.29 £0. 34 6. 13 £0. 54 6. 03 %0. 31 5.97%0. 34
e ki A 3.85%0.19 3.59 0. 15 2.98 0. 13 2.47 £0.89 1.21 £0.07 0.42 £0. 13
\ A i s 13. 00 20. 56 14. 85 £0. 73 19. 54 +0. 67 18.92%0. 27 22.32%2.37 22.76 £2. 68
b TR ih A& 32.20%1.04 33.20%1.36  33.03%0.84  33.94%0.42 34.08 £1.71 34.66 £1. 58
R BESE 33.22%1.25 29.15 £1.27 30.26 £1.75 29.94 %0, 29 29. 41 £1. 56 29.33£1. 63
EER IS 12. 72 £0. 46 14. 41 0. 64 13. 89 £0. 97 13.23%0. 12 12. 51 £0. 45 12. 57 £0. 53
i A 8. 85 £0. 24 8. 39 0. 48 3.28 £0.27 3.97£0. 18 1.69 £0. 13 0. 68 0. 42
£3 FREMTERS P ZEMLECGE T) TOC & f 149 n, + 3 Pb (#3151 14 5. K 55 25 A
Table 3 Ratio of fractionations extracted from wet fresh '/LJI 1|, Ph éLP ;WJ_){)L&I":!’], Iﬂ%'l'ﬂ"ﬁﬂ(ﬁﬁ’f‘h ['I{J P]’) _/‘\-.E.
samples tf) dried samples ( w/d) | ﬂfm‘j, |r_I‘|HT‘|', M#&I}i Ph ]U}iﬂ HTJ', 75 {'t.lll f% Um’ E” {i
b B R RO — & B Ph, LA d1 AT 2 Pb 25 R0 L
peie L) pLeAic it P
A s 0.79~ 0.99  0.88  0.69~ 0.90 0. 84 B
BEEEEA 0.89~0.97  0.93  0.87~ 0.90 0.89 30
e AT
e & 0.81~ 0.97  0.91  0.94~ 1.00 0.98 3¢ wgE
Bl 1.63~2.13  1.99  1.46~ 2.21 1.99 Te O JERE
RS .16~ 2.29  1.72  1.10~ 2.34 1.76 E: 20 - _
15 -
1 1 T &
mgeke™ ', P 3.33 mgekg™ ' KT 115 0,42~ ?@ 10 -
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REEE A Py S RATEERER TRE R .
3120 k25 B0 1 4 2 e A A YAV pHL 1 B 0w
RT3 b0 1 A7 BT W ERT A A7 588 K 1) bl 3 T AR R A8 - ﬁgh_
O HE.
w g, TGS A e ra e ElY . BT L, MR BE En 20
B AT 2 Ph P BRI 5 R B R A A T RN s
B TOC & 84756 Lin S5 H A4, AR BR K T
[ pH ] 3 23 640 1R B 5 A D DA B A 0 1 A A
1 #8 nl GE A8 AR B 1 2 P A 2L Ph S AR R B 0
14 0 125 250 500 1000 2000
I R /mg-kg!
by e 1O (1 : )
M 1 IERTLAE i, BEAT Ph AL #1389 K, B1 FE PhAETRIESIRET BHMPEY Ph 2§
lﬂéﬁd\ Ij ‘H‘fﬂ%ﬁd\ I ﬂ!é 'l ’ﬁ )tﬂ( Pb S PJ imj( ﬁé,ﬁ\, I-‘?ﬂ,l Fig. 1 Phytoavailable lead extracted from wet fresh/ dry
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H 4 T4, BEAT 3% Ph Ab B R R I 14, 58
FHR 22 e Ph A BRI . Y 135 Ph bR
WRIE A 2000 mgekg™ "IN, B AR 2K b Ph SR
A3 E R Y 151,23~ 168. 49, 143.26~ 152. 88,
406. 35~ 465. 54 {5, b Ph 75 552 11 Ph AL B K
FERISEM K. P 75 55 57 4K A (0 43 A i > >
£ WAR, Ph WAL RS fik 99, MRBI P K43 4
15, i o) 25T 1 B D

R M 3R OB 1K Ph G BE A 1 35 1 A Rk
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Table 4 Lead concentrations in root, slem, and leal of

lettuce under different lead treat m(-!nl;"ulg' kg_ !

Ph b3 Hph £ Ph I Ph
0 4.40%0.23  0.17 0. 03 1.63%0. 15
125 7.92%0.23  2.710.09 3.69%0. 14
250 46.59*1.58  3.97%*0.56 15. 19 0. 86
500  105.08*4.31  7.12%5.21 73.19%2. 84
1000 273.77%8.42  8.77%4.80  262.20%14.33

2 000 703.60£24.96 25.49 *1.53 697.77 £24. 63

Ph, % FH 45127 (R AH 5 11 20 B 5 v 22 VRN 3R B 1)
TG RSB KR ph BRBLE D
(mgekg™ "), LHEATR P F N x (mgekg™ ). AR
Bl B L3847 20 Ph i 5 58 5 2K I RIR b Ph B
R P 2R PRl ) 2R A IR A -

y=3.991+ 0.7483x R= 0.8387 n= 18
y = 6.956+ 0.0261 7x R = 0.8419 n= 18
y= 6.539+ 0.027 18x R = 0.8575 n= 18
FEHR B 0 4 4 AT $R L Ph [ RS A5 2K R
W Ph BB (A1 U i A A

y= 3.706+ 0.453 1x R= 0.7367 n= 18
y= 5.832+ 0.01403x R= 0.7032 n= 18
y= 5.562+ 0.01481x R= 0.7301 n= 18
HR B RT3 aT S L Ph 1 & & 55 08 95 25 R AR
i Ph R A2 P [ U Bl 2R A TR

4.772+ 0.7334x R= 0.8158 n= 18

y =
y= 7.754+ 0.02523x R = 0.8087 n= 18
y= 7.335+ 0.02629x R = 0.8272 n= 18

AR e T 3 v $EEL Ph 1) R B 5 2R R
W Ph BB (A1 U i A A
y= 4.403+ 0.5412x R= 0.7404 n= 18
y= 6.846+ 0.01728x R= 0.7041 n= 18
y= 6.512+ 0.01826x R= 0.7311 n= 18
HI LMW OAs $EHCH 8 G 18 A& 4R B 5 AE AR B B
fif i R HE ) P 5 AR Ph 2 ) 2R
-wye,%aﬁmu e vaz it AR i 6 - 3584 2%
b &85 S0 AN Ph A R0 R . T LA,
JﬂH LMWOAs $2HL 15 ﬁmm\wwmzuatm Pb
AT LARAE 135 Ph X 58 55 1047 20t LMWOAs & i
Fe A5 Ph 58 505 R 1 ol bl A T S (R 3R

3 g

(1) 5 A M B b A b, MR PR b pH BRAIK,
TOC i, W L3 AE R TOC & &
Hﬁiﬁfm, 135 Ph (35 Ak %% 0 B4 5, N T A5 AR s
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