+ 3% (Soils), 2014, 46(6): 10691075

BRI 5E Y EHAEEC K 2 X 52 ER M S
FE TR MR I

) = »>

ce > 3

10598 114.09  146.71 pg/kg

0.96 1.14 1.24 pg/g (P<0.01)
S153.61
(Se) cc [6]
[71
[1]
1
pH 1.1
4.5 ~ 6.0 pH 55 (2]
(34 2.06 mg/kg 0.450 ~
3.000 mg/kg &l 128.32 pg/kg
6.23%
[5] 1
F1 i TEEARMER
Table 1 Basic properties of tested soil
pH (g/em’) (g/kg)
3.99 1.33 21.86
1.2 CaO
=850 g/kg
C =150 g/kg P,0s =120 g/kg “ i
(CX(11)3042) (BE2009313-2)
* (zonglg@njau.edu.cn)

(1987—) E-mail: 2011103059@njau.edu.cn
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=05 /g =250 g/kg [10-13]
NPK =60 g/kg pH ( 4.000 g 1:15
1:10) pH 9.0 60 ml 0.7 mol/L KH,PO, 30°C
pH 12.0 pH 9.3 “ 7 210 r/min 90 min
pH 7.2 10 ml 50 ml
1.3 4.5mol/LHC10.5ml 5% K,S,04
1 ml 1h
(CK ) Se®*
“ 77 3% H,C,0,41 ml 30 min 7.5 ml
7 HCI 15 min 25 ml
(1 ) BIO 0.2 kg/m’
@3 ) SC+BIO [14]
1 kg/m*+ 0.2 kg/m*> QL+ [13]
BIO 0.2 kg/m*+
0.2 kg/m* FC+BIO 1l
0.2 kg/m*+ 0.2 kg/m’ TTC
3 ) SC-BIO (16l
1 kg/m*+ 0.2kg/m*> QL-BIO
0.2 kg/m*+ 0.2 kg/m? ( Martin)
FC-BIO 0.2 kg/m? +
0.2 kg/m’
3 24 (colony forming unit per gram fresh soil, cfu/g)
3 9m 45 m’ 1.5
2 m Microsoft Excel 2003
SPSS 17.0
20cm
2
2.1
2.1.1
3
71 KH,PO,
2011 11 12
2012 5 [18]
(0~20cm)
20 100 1
10 cm CK
2012 (P<0.01)
1.4
pH ] 2010—2011
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350
= 300 - “
2 250 bae LT wpc 0BT
& 200p <
§ 150 94D
H 50k
0 | I | ! 1 | !
CK BIO  SC+BIO QL+BIO FC+BIO SC-BIO QL-BIO FC-BIO
posi
( P<0.05 P<0.01 )
E1 FREAAENTIRANES 2R
Fig. 1 Effects of different treatments on soil available Se
(7 << i 105.98 114.09  146.71 pg/kg CK
(0.08 kg/m?) 1.81 1.88 2.12
3 CK
35.65 ng/kg (P<0.01) ( 2
4 SC-BIO QL-BIO  FC- -
BIO 3
Fz2 TEDPEESWEESE(ugk)RESETEE(%)
Table 2 Contents and distribution coefficients of selenium species in soils
CK 32.67+3.88¢  96.13+£4.84 be 11217+ 1.21a 936.82 +20.09 a 820.79 £2.84a 1998.59+£29.53
1.63¢ 4.81b 5.61a 46.87 a 41.07 a
BIO 95.05+3.47d 129.95+13.12a 109.89+3.87 a 887.20+7.44 ¢ 797.85+2.63a 2019.93+8.82
471d 6.43 a 544 a 43.92d 39.50 be
SC+BIO 106.15+10.08cd 121.85+8.62a 109.88+1.56 a 925.41 +7.96 ab 805.88+12.71a 2069.17 +£36.26
513 cd 5.89b 531a 44.72 be 3895¢
QL+BIO 106.41 +4.61cd 73.46+4.19¢ 114.56 £ 6.36 a 910.19 +21.75 ab 816.08 £20.05a 2 020.70 +46.80
527 cd 3.64¢ 5.67a 45.04 b 40.39 ab
FC+BIO 11495+751c  98.88+1.74b 106.82+3.34a 891.39+£18.43 ¢ 809.97 +14.94a 2022.02+44.72
5.69 ¢ 4.89b 528a 44.08 cd 40.06 ab
SC-BIO 137.25+7.80b 98.97+10.77b 104.20+5.33b 896.57 +£28.25 be 787.78 +22.14b 2 024.79 £29.79
6.78 b 4.89b 5.15b 44.28 be 3891 ¢
QL-BIO 161.23+4.40a  82.56t4.54c¢ 101.07+1.15b 879.46 + 16.24 cd 804.32+18.78a 2 028.65 £ 8.37
7.95a 4.07b 498b 4335d 39.65 be
FC-BIO 17520+ 15.16a 10475+ 11.71b 89.47+£1.75¢ 868.65+13.18d 796.94+8.63a 2035.01 £26.70
8.61a 5.15b 440c¢ 42.69d 39.16 be
P<0.05
1) 2 CK FC-BIO
32.67 ngkg 4
1.63% 8.61% QL-BIO  SC-BIO
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_ [25]
42.69% ~ 46.87%
2.1.2
[20-21]
2
CK (P<0.01)
(9] QL+BIO SC+
- BIO FC+BIO BIO SC-BIO QL-BIO FC-BIO
2 CK NY/T 600-2002
- (0.25 ~ 4.00 pg/g)
FC-BIO FC-BIO CK 3
- 3
68.17 ng/kg 4.18%
QL-BIO BIO 096 1.14 1.24 ng/g
57.36 ng/kg  49.62 pg/kg BIO SC+
3.52%  2.95% BIO QL+BIO FC+ BIO 3
[18,22-24] [7] (0.08 kg/m?)
- pH 0.24 pg/g
(P<0.01) — (7.5 kg/m* +
pH  0.08 kg/m?) - (12 L/m*+ 0.08 kg/m?)
- - (7.5 kg/m*+ 2.25 L/m*+
0.08 kg/m*)3
25~
2.0 a
o0 . becAB abAB
ES| beBC  ¢BC <BC
ﬁi dc
% 1.0+
& eD
N
0 1 1 1 1 1 1 1
CK BIO SC+BIO QL+BIO FC+BIO SC-BIO QL-BIO FC-BIO
Ak
H2 RELENEHES S OHM
Fig. 2 Effects of different treatments on Se contents in tea
2.2 (P<0.05) QL-BIO FC-BIO
2.2.1 pH (P<0.01) pH 0.37 0.44
pH 3 CK pH 4.03

pH BIO
SC+BIO

pH
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Se” pH
Se4+ Se4+
Sef* pH
261 pH pH
pH
y =31951x — 1 2526 R*=
0.964 [s]
pH
pH
48 aA
46 abA
abAB abAB
4.4 abcAB abAB
- bcAB
= 42 B
40+
38F
36 1 1 Il 1 1 1 1
CK BIO  SC+BIO QL+BIO FC+BIO SC-BIO QL-BIO FC-BIO
b3
B3 AEAETIE pH BIF M
Fig. 3 Effects of different treatments on soil pH
2.2.2 3 (P<0.01)
(P<0.01) SC-
BIO FC-BIO QL-BIO FC+BIO
(P<0.05)  SC+BIO  QL+BIO
CK
1.6 ~43.2 03~32 05~73
SC-BIO  QL-BIO
FC-BIO FC+BIO BIO 3 « 2
(P<0.01) -
FC+BIO QL+BIO
£3 FRELEXFEHIRE L RMENEENFD
Table 3  Effects of different treatments on microorganism numbers
in the tea rhizosphere soils
(x107 cfu/g) (x10* cfu/g) (x10° cfu/g) [27]
CK 0.14+0.04dC  0.90+0.24 eD 0.24 £ 0.04 dC
BIO 3.15£0.28¢cB  1.65+£0.10dC 0.37 £0.03 cdC 3
SC+BIO  0.74 £0.06 dC 2.44+0.16 cB 0.68 £ 0.03 ¢cBC
QL+BIO 0.37+0.06dC 1.20£0.35deCD 0.67 £ 0.04 ¢cBC B
FC+BIO 292+027c¢B 3.30+0.03 bA 1.06 £ 0.03 bB
SC-BIO  6.19+0.11aA  3.77 £0.02 aA 1.99 £ 0.06 aA 223
QL-BIO  6.08+1.13aA 3.16£0.08bA  1.17+0.24bB -
FC-BIO 4.92+0.08bA 3.78£0.30 aA 1.82 £0.37 aA
P<0.05 P<0.01 4 CK
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1.6 (P<0.01)
FC-BIO (P<0.05) (28]
CK 25
(P<0.01) QL-BIO SC-BIO FC+BIO
BIO CK 22 1.8 1.6
251
= 20
o
<
E 15
R
wo10r
e
¥ 5r
0 BIO SC+BIO QL+BIO FC+BIO SC-BIO QL-BIO FC-BIO
pOEL]
4 FEALIEFZBTIR R IE N BIRE
Fig. 4 Effects of different treatments on tea root vitalities
3 (4] [D].
: ,2006: 25-27
(1) (5] . . 1.
,2011, 33(4): 158-161
[6] Zhang PC, Sparks DL. Kinetics of selenate and selenite
SC-BIO  QL-BIO  FC-BIO 3 adsorption /desorption at the goethite/water interface[J].
105.98 Environment Science & Technology, 1990, 24: 1 8481 856
114.09  146.71 pg/kg 096 1.14 [T ’ , , S :
[J1.
1.24 ng/g (P<0.01) , 2011, 30(11): 2 306-2 312
[8] [M].
) , 1996: 117-153
(9] . (M]. : ,
2005: 163-165
[10] , , . [J].
, 1993, 30(3): 253-259
[11] , , , , :
1. , 2007, 26(5):
pH 19962 000
[12] s > -
[. , 1998,
29(1): 47—
[13] , , :
1. , 1997, 16(3): 277-283
[14] , , .
[1. , 2011, 28(1): 41-45
[15] [M].
,2006: 119-120
(1] . M]. [16] , , . M].
, 1989: 83-118 , 1996: 43-45
[2] ) M]. [17] , , .
,2008: 23-25 [. , 1994, 22(4): 1-10
(3] ; , : pH [18] , , .
[J. , 2000, 31(5): 1. , 1998, 35(3):

398-403
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[19] s s , , . 19-31
[J]. , 2008, 28(4): [24] Hayes KF, Roe AL, Brown GE. In-situ X-ray absorption
772-776 study of surface complexes: selenium oxyanions on o-
[20] Kulp TR, Pratt LM. Speciation and weathering of selenium FeOOH[J]. Science, 1987, 238(4828): 783-786
in Upper Cretaceous chalk and shale from South Dakota [25] R s s s .
and Wyoming, USA[J]. Geochimica et Cosmochimica Acta, [J7. , 2004, 36(1): 92-95, 103
2004, 68(18): 3 687-3 701 [26] Kamei-Ishikawa N, Tagami K, Uchida S. Sorption kinetics
[21] Martens DA, Suarez DL. Selenium speciation of marine shales, of selenium on humic acid[J]. Journal of Radioanalytical
alluvial soils, and evaporation basin soils of California[J]. and Nuclear Chemistry, 2007, 274(3): 555-561
Journal of Environmental Quality, 1997, 26: 424-432 [27] s s R s s .
[22] : [J1. , [J1. ,
1991, 23(5): 236-240 1993, 13(3): 281-287
[23] Dhillon KS, Dhillon SK. Adsorption-desorption reactions [28] . EM [D].
of selenium in some soils of India[J]. Geoderma, 1999, 93: ,2006: 15

Effects of Applying Modes of Bio-organic Fertilizer and
Conditioners on Selenium Bioavailability of Highly
Acidid Se-rich Soil in Tea Gardens

YANG Ni', ZONG Liang-gang'’, YAN Jia', YAO Huan', MA Ai-jun’®, HE Ren-hong’
(1 College of Resources and Environmental Science, Nanjing Agricultural University, Nanjing 210095, China;

2 Jiangsu Polytechnic College of Agriculture and Forestry, Jurong, Jiangsu

212400, China)

Abstract: A series of field experiments were carried out to study the effects of different applying modes of conditioners on

selenium (Se) availability of highly acidic Se-rich soil in tea gardens. And for reaching this goal, 3 alkaline conditioners (straw

charcoal, lime and calcium-magnesium phosphate) and “BIO” bio-organic fertilizer were used. The results showed that the

endogenous regulations to tea garden soil were able to improve Se bioavailability on the premise of not adding exogenous Se. 3

treatments that combined straw charcoal, lime and calcium-magnesium phosphate with bio-organic fertilizer respectively at

intervals worked most effectively, which increased the content of soil available Se by 105.98, 114.09 and 146.71 pg/kg

respectively, increased the content of Se in tea by 0.96, 1.14 and 1.24 pg/g correspondingly, and these enhancements all reached

the extremely significant level (P <0.01).

Key words: Soil conditioner, Bio-organic fertilizer, Endogenous regulation, Effective selenium, Selenium species
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