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Abstract: The effects of prilled urea (PU), sulfur coated urea (SCU), polymer coated urea ( PCU), and sulphur-
polymer-terresin coated urea (SPCU) were studied on the availability of Cd, Pb, Cu, Zn in contaminated red paddy soils

under different nitrogen levels (100, 200 and 400 mg/kg, respectively noted as 1, 2, 3) using the waterlogged incubation
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method. The results showed that application of different coated release-controlled urea could significantly affect the pH value
and the contents of water-soluble SO} in the soil. The pH values of red soil of each application nitrogen treatment increased
with increasing nitrogen level (except PU treatment on 5th day and SCU treatment on 60th day). The application of
different coated release-controlled urea could significantly affect the contents of water-soluble SO in the soil. The pH value
and contents of water-soluble SO~ were significantly different among different coated release-controlled urea under the same
nitrogen level. The pH values of soil of the treatments PU, SCU, PCU and SPCU increased by 0. 17—0. 38, 0.08—0. 27,
0.07—0. 36, and 0. 10—0. 21, respectively in the whole 60 days incubation duration compared to the control. The
contents of water-soluble SOZ_ in soil of the treatments PU, SCU and PCU increased by 39. 5% —157.3% , 40. 9% —
94.5% , and 7.55% —55.8% , respectively whereas, decreased by 5.67% —90.7% in soil of the treatment SPCU. There
were significant differences between different coated release-controlled urea types on the availability of Cd, Pb, Cu and Zn.
The availability of Cd, Pb, Cu and Zn also varied sharply with the application rates of nitrogen fertilizer. Available Cd
content in soil of treatment PCU at 100 mg/kg nitrogen level significantly decreased by 20. 7% —69.8% and was the lowest
during the whole 60 days incubation. Available Cd content in soil of treatment PU at 200 mg/kg nitrogen level was the
highest and significantly increased by 163.5% —181.7% during the whole incubation. Available Pb, Cu and Zn content in
soil of treatment PU at 400 mg/kg nitrogen level was the lowest and significantly decreased by 17.0% —54.2% , 18.5% —
34.6% , and 15. 6% —59. 5% , respectively. With increasing the application rates of nitrogen fertilizer, available Cd
content in soil of treatment PU increased first and then decreased, while available Pb, Cu and Zn content decreased
gradually. With increasing the application rates of nitrogen fertilizer, available Pb content in soil of treatment SCU
decreased gradually, while there were not the same regularity of available Cd, Cu and Zn content among the three
application nitrogen levels. With increasing the application rates of nitrogen fertilizer, available Cd content in soil of
treatment PCU increased gradually, while there were not the same regularity of available Cd, Cu and Zn content among the
three application nitrogen levels. With increasing the application rates of nitrogen fertilizer, available Cd, Pb, Cu and Zn
content in soil of treatment SPCU decreased gradually. Soil available Pb and Zn were significantly negatively correlated with
soil pH and water-soluble SO; content. Soil available Cd was significantly positively correlated with water-soluble SO2
content. And the soil pH also plays a major role on the behavioral changes of Pb and Zn in the soil. In red paddy soil
contaminated by multi-heavy metal, coupling use of different coated urea can effectively control the availability of heavy

metals.

Key Words: controlled-release nitrogen fertilizer; red soil ; heavy metal ; availability ; warerlogged
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Fig.1 Dynamic changes of pH value in red soil contaminated with heavy metals after application of different forms of control
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2.2.2 ARRIEBERNEA PTG YL Ph A 3CPE R

ANFEE B EACAL T 5 X I H, A 20 Ph &4 5 d i PU2 ,PU3 ,SCU3 . PCU1 Hl PCU2 43 1] i 2% B A%
14.4% 17.2% 18.7% .15.8% 1 27.4% (P<0.05),15 d i PU2 PU3 ,SCU2.SCU3 PCUl ,PCU2 PCU3 Al
SPCU3 /35 @ Z MK 17.9% 41.4% 8.58% .10.8% 25.7% 36.1% 1.69% F 17.7% ( P<0.05) ,30 d if 5%
fb 3 AR 10. 0% —48. 1% ( P<0.05) (F& PUL . SCU1 F1 SPCU1) ,60 d B 45 4b B i B FAAIK 6. 68% —54. 2%
(P<0.05) (K& PU1 F1SCUL) (£ 1), A% Pb & PU.SCU F1 SPCU $42¢ B Ay i it 221 0 448 i g PR A, AP 40
AR R B3 (P<0.05) ,PU2 5 PU3 Ml SPCU2 5 SPCU3 [A[#Y 2% % B3 (P<0.05) (&5 d 4N , &
WA Ph & & PU2 1 PU3 [ PUL 4 BIREAR 15. 5% —20. 8% (V1 17. 8% ) Fl 19. 0% —52. 5% (¥
39.6% ) , AR P i SCU2 M SCU3 H SCUT 435I R#AI% 3. 98% —11. 7% (°F-3 8.28% ) #19.03% —16.7%
(F¥)14.0% ) , H 525 Pb & & SPCU2 F1 SPCU3 b SPCUL 23 B F&AK 1. 02% —10. 1% (73 4. 47% ) Fi
9.70% —26.0% (“F¥117.5% ) ; A543 Pb & i PCU 1£ 0—15 d 24 PCU3>PCU1>PCU2 MHHI AR P & i
PCU3 [t PCU1 Fl PCU2 /& 13. 8% —24.3% F131.3% —44.6% ,15—60 d Jy PCU2>PCU3>PCU1 i []A &k A&
Pb &+ PCU2 b PCUL Al PCU3 4351/ 27. 2% —38. 5% A1 17. 1% —19. 0% ,3 # 8] 27 . # (P<0.05) (%
1), 2460 d MK SR LL PU3 A2GE Ph S A AIK, b CK FEAK 17. 1% —54. 2% , HL %5 15 37 0 8] 1) 48
KRR (R 1) . A%ES Pb & i CK PUL PU2 SCU1 ,SCU2 SCU3 FI SPCU1 W& 35 F5 i ] 4 K 5 4
hma#s, Horp CK 3 i35 (P<0.05) ;PCUL S5ERES F+ 5,30 d 55 A% .60 d 5,30 d F1 60 d Z[A] 1) 2% 5
B3 (P<0.05) ;PCU2 SL5ERAK)E THEs 15 d 5K .60 d %, 5 A 15 d 43591045 30 d F1 60 d ]2 5 8 3 (P<
0.05) ;PCU3 il SPCU2 ¥J7E 30 d & fik, W& T 5,15 F160 d;SPCU3 ERE(IRHET 5 d B8 25 T 60 d(P<
0.05)(5£1),
2.2.3 Rl BEALAL BN V5 YL 203 Cu A5 850 A5 0

AP B R ACAL B 5 5 BE A L, 203 R AT RS Cu B iR S d AT 1S d B 45 A B0 ) Jd 2 PRI 11, 7% —
30. 5% F16.0% —34.6% (15 SPCUL) (P<0.05) ;30 d i 4 AbFH g R 6. 4% —30. 6% ([4: PUL F1 SPCUL)
(P<0.05) ;60 d B PU1 ,SCU3 ,SPCU1 Fl SPCU2 435l i & T+ & 7. 6% 11.5% 14.7% F1 8. 1% ( P<0.05) , Ifi
PU2 .PU3 SCU1 .PCU2 .PCU3 F1 SPCU3 435l i Z [ MK 5.9% .18.5% .19.5% 4. 1% .10. 5% 1 4. 0% (P<
0.05) (1), 3 MNAKFETARE Cu it PU I A Bl 20t 19 I i B (P<0.05) (BR 5 d B PUL il
PU2) , A8 Cu & PU2 Fb PUL F#MK 0.55% —12.3% PU3 [ PU2 F#AIK 11.4% —25. 0% ; AR4FS Cu & i
SCU 7 0—30 d & SCU2 434l Lt SCU1 #11 SCU3 i 2 155 8.96% —11.2% F15.53% —11.4% ( P<0.05) ,30—60
d 2 SCU3>SCU2>SCU1 , = A 1Y 2% F: 14 18 3 (P<0.05) ,SCU3 1 SCU2 5 12. 1% .SCU2 [ SCUL 15 23.5%
FHHES Cu & PCU FH A PCU3 WEMLT PCUL A1 PCU2 (BR S d ) ,5—60 d FARLE Cu & PCU3 [k
PCU1 F1 PCU2 435 i F MK 8. 70% —15.2% F15. 83% —23. 6% ; SPCU FEIH A Fifi it 20 2 1 i mifaAI% , SPCU1 5
SPCU2 H1 SPCU3 [a] 2% 5 WL 3 (P<0.05) , R A Cu & SPCU2  SPCU1 ik 4. 82% —12. 1% SPCU3 [t
SPCU2 MK 1.15%—17.9% (£ 1) . AR Cu FEAEREFR 0—5 d H Lk SCU3 FHfik | b CK F#AIK 30. 0% , 7E
5—60 d H L) PU3 A FREAR | b CK F#AK 18. 5% —34. 6% . HL 5 5537 I 1] () 9 K 22 S/ N (2 1) #4038
B Cu & FEE R 37 I A] 5 ZE K 2 88 a3, Hodh PUL PU3 SCU3 i1 PCUL 411 % 2% ( P<0.05) ; PU2 .
SCU2 .PCU3 .SPCU1 F1 SPCU2 7£ 5—15 d F130—60 d [A] X34 /11 i 3 ( P<0. 05) ; PCU2 7E 0—30 d H1 SPCU3 7E
15—30 d [A¥3E R & (P<0.05) (£ 1),
2.2.4 ARRIEBAICAL PTG Y21 e Zn A5 R0 A5

AR AL AL B 5 5% REAR L, 203 A 340 Zn &4 5 d B SPCUL B 27+ 13.9% (P<0.05) ,PU2
PU3 .SCUI ,SCU2,SCU3,PCUL, PCU2 #il SPCU3 43 ] . & %A 9. 93% . 15. 6% 12. 8% 9. 36% .22. 2% .
13.0% 18.1% F1 7.26% (P<0.05);15 d.30 d F1 60 d i 4% it %0 40 BE 43 1) i 3 1 13. 0% —55. 7%
13. 6% —58.6% 8.30% —59.5% (P<0.05) ([ 15 d iF SPCUL) (% 1), BE& i S INA RS Zn 54 PU
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R (BR 5 d i) ARS Zn 48 PUL [ PU2 75 4.88% —20.5% PU2 [t PU3 & 6.67% —81.0% ;SCU
TE0—15 d ARt R T 22 5 A8 K NAE m bt i T D) 25 31K, A A4S Zn &8 SCU3 [ SCUT #1 SCU2
F% 10. 7% —12. 8% F1 10. 5% —14. 1% ;15—60 d ' 3 R IK 6] 2% 5H B % (P<0.05) ; PCU 7£ 0—15 d
PCU2 A Zn 83 PCUL 5 PCU3 fi%5.92% —14. 2% F115. 6% —18. 4% ,30—60 d PCU3 47 Zn
S PCUL A PCU2 W5 MIK 13.4% —21.7% M1 8. 12% —26.7% ( P<0.05) ; SPCU £ [#fK#aH, SPCUL A 5%
2 Zn S EH SPCU2 375 8.83% —20.4% (P<0.05) SPCU2 AR Zn & & H SPCU3 F-4.37% —35.0%
(F 1), A 60 d MEAKEEFRTLL PUS ARG Zn & 5AK, H CK FEAIK 15. 6% —59. 5% | FLFfi 45 15 37 i [A]
PIIERC H2E SR (R 1) . B AEIAA R Zn S RAE 60 d 53 EfE i R &5, 55 d ML, 15 d B &AL HAE
1E % 2% 5 (R PUL SCU2 SPCUL ,SPCU2 F1 SPCU3) ,30 d i} 4% b FEAEAE i 2 22 5 (K& PU1 ,PU2 . SCU2 FlI
SPCU3) ,60 d B} £ AL BA 3 Zn B A 7R 25 22 5% (%R SPCU2) (58 1) .
2.3 R[AlE R AL BT 5 G LTI K P A R AR 5 £ 1) 5

AR R RIE AL BES %F FEAR L, +3 SO2™ & 5 d if PU2 ,PU3 SCU1 ,SCU2 ,SCU3 . PCU1 Fl PCU2 434
BFETE 53.6% 60.0% 60.9% 51.1% 55.8% 37.2% #189.8% (P<0.05) ,SPCU1 .SPCU2 F1 SPCU3 434l
LA 89.6% 91.8% F190.8% (P<0.05) ;15 d it PU2 PU3 ,SCU1 ,SCU2 ,SCU3 A1 PCUI 439 i 2 T+
78.1% 142. 4% 47. 1% .55. 5% .61. 5% 1 34. 7% (P <0.05),SPCUI ,SPCU2 FIl SPCU3 43 5| i 3 & 1%
89.3% 90.5% F136.4% (P<0.05) ;30 d if PU2 ,PU3 ,SCU1 ,SCU2 .SCU3 ,PCU1 ,PCU2 F1 PCU3 435 &t 2 7+
B 61.5% 100.5% 27.5% .56.5% 38.7% 30.2% 40.5% #126.4% (P<0.05) ,SPCU1 .SPCU2 F1 SPCU3 4
] i 2 A% 90. 9% 25. 8% F1138. 1% ( P<0.05) ;60 d iif PUI ,PU2 PU3 .SCU1.,SCU2 .SCU3 .PCU1 F1PCU2 43
R T 118.2% 148.3% 205.4% 90.8% 76.0% 116.7% 102. 1% 1 86.5% (P<0.05) (%£2), 31
RUKF R 138 SOT it PU R Bt 0 s 3 i 34 hn . =&\ 2 83 (B 5 d PU2 5 PU3 A1 60 d PUL 5
PU3) (P<0.05) ,PU2 +3 SO; & b PUL 84411 13.8% —65. 1% PU3 +3 SOT & &1L PU2 i 4. 15% —
36. 1% ;SCU1 ,SCU2 Fl1 SCU3 =3 Z [ 2 5 A 3 (& 30 d SCU1 5 SCU2) ; PCU 7£ 0—5 d Fl 15—30 d K
PCU2>PCUI>PCU3 5—15 d F130—60 d 24 PCUI>PCU2>PCU3 ;SPCU JCH] i [E e A8 fL B (% 2) . 7E 60 d
FyEEFEH PUSCU F PCU 4b 3 + 4 SOT & &t kb CK 20 5l 55 39. 5% —157.3% (°F-34 82. 7% ) .40. 9% —
94.5% (44 61.5% ) M1 7.55% —55.8% (-1 37. 1% ) , fif SPCU Ab¥ 13 SOT & & b CK &K 5. 67% —
90. 7% (“F-3455.0% )

x2 HWRATEERZEXMSROERKRERRIRS ENNEZN

Table 2 Dynamic changes in water-soluble SO?™ after application of different forms of control nitrogen fertilizers

Lb 7 KB SO2 Water-soluble SO27/ (mg/kg)

Treatment 5d 15 d 30 d 60 d

CK 585.2+80.0 d A 561.6+55.1 e A 669.5+73.0 e A 495.9+37.1 d A
PUI 614.1275.0 cd B 679.3+38.7 de B 655.2+32.1 ¢ B 1081.9+13.0 be A
PU2 899.0+52.7 ab B 1000.4+123.8 b B 1081.4+0.2 b AB 1231.3254.7 b A
PU3 936.3=161.1 ab C 1361.5+17.7 a B 1342.5+56.8 a B 1514.6+14.6 a A
scu1 941.6+24.2 ab A 826.1+82.2 bed A 853.8+41.9 d A 946.2+108.4 ¢ A
scu2 884.346.0 b A 873.1£72.7 be A 1047.8+97.9 be A 872.7+47.0 ¢ A
SCU3 911.9+117.9 ab A 906.8+113.8 be A 928.5+24.0 cd A 1074.5+121.4 be A
PCUIL 802.9+189.1 be A 756.2+2.5 ¢d A 871.6+67.8 d A 1002.1+206.9 be A
PCU2 1110.5+198.7 a A 535.2+184.8 ¢ B 940.8+85.5 cd AB 924.92168.0 ¢ AB
PCU3 763.3%17.0 bed A 520.5+0.2 ef B 846.0+8.8 d A 391.0+80.8 d C
SPCUI 60.7+5.5 ¢ B 60.1+13.8 g B 60.7+10.9 ¢ B 412.0%5.8 d A
SPCU2 48.8+8.2 ¢ B 53.5+4.6 g B 496.6+64.4 f A 459.7+4.3 d A
SPCU3 53.6x1.4 e B 357.2+30.6 f A 414.1£73.2 f A 531.8+151.9 d A
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2.4 HIEAREESIFESEYS pH HAUKIEERRR S B CR

BHRES P A Zn &85 pH (ENUKEM: SOT SR B E A (P<0.05) ;AR Cd H5KiEM SO &
E P EIEAIE(P<0.05) , 5 pH MR B2, HRE Cu &5 pH HAUVKEM: SOT S i
F(R3),

#3 AEAEBRRELETIEGYUSESES pH E.KBFE SO HXFR
Table 3 Correlation of pH value, water-soluble SO3™ with available heavy metals in different control nitrogen fertilizers treatments
FRATE 4B Available heavy metal

Cd Pb Cu 7n
pH {H pH value 0.202 -0.679 ** -0.189 -0.838 "
K%M SO;™ Water-soluble SO3” 0.319* -0.424** -0.091 -0.546**

# % % FRLE0.05 F10.01 7KFAYy 25 5 8

3 itig

JR 2 Bt PR - 408 pH (B R W SRR, DA I3 i) o 4 o A - 4 v A O B R A T O T R i
b E S B A R, AR GRS Ph MG Zn S5 14 pH (2 R U OE (P<0.01) (£
3), Ui 4 pH (R 2 4@ 15 Je2r i Ph F Zn APERY EE N Z, % Pb F Zn 16 LI AG1T 784k
EEEMEH, 24 BB PAREE Cd FIAES Cu a5 13 pH [HA KR KA B EH K (P>0.05),
ULIATE 2 42 J@ 15 Y 2D 3 TP oW AT 850 Cd R Ca 952, B pH (ELAM LA PR A AR R A A, it HL 5 3% pH
HAEE RN HAE-,

AAIFFE L5 R TE A KIS 35 oh 55 BEOM EL, it R A 3 pH (LT, #F 5 45 R 5 HAh A 50 45
RV R —  PREREA e LI FIEASAFAE , T HOKE R pH (H20°8 7.0—7. 2, S 8415 pH (A
T HOKIE AT EACZE IR A AR RUE I AE T R AE KA IR R R S e FN S S M | X e e
B 1 55 B o 39 pH (B DR - T ; it 2 455 35 e ) 0 i < 325 30 PR 28 A B pHL (320 47 A AT Do PR 2 i 1Y
NH; A #5astr=Az W -3k, R R 28 T B AS ZE, 207 708 = R WG~ B2, A PR 25 4 28
(SCU) iy -4 pH (A2 5 FIRZE (PU) |, H 3205 R 2R A A0 ] T bR 2 ) Pl Bk, HL B 4010 o8 1) T
AEAE RN T3 38 PR ZE X R RRALVE R

K%M T 200 mg N/kg JRZE 1400 mg N/kg FREACIE+ AR Cd F A 0—15 d BB E 25, 15—
60 d I} 400 mg N/kg JRE HHEARL Cd & E T 400 mg N/kg JRZALBE | MIARIFESE R WK &
7 200 mg N/kg JREALFE(PU2) 1A EL Cd 55 3% 5 T 400 mg N/kg JREALH (PU3) , X2 A0 5
R E TR AL A Y, EXMRES YISk pH (L Fhmig 2

ARWFFEE R B R 2 (SCU ) FER A i B2 AL IR PR 28 (SPCU ) b 38 + 3847 308 Cd & & 43 ik
THARE B EUK A PR AL FE (B 5 d F PUL FISCUT) o 3 A Al ] s ok ol 28 + 39 0 3L 1k I, 0 5 T 4 I
ELHE RN, DATATRE A 3] - 38 5 4 ) A bR Ab 2 B 3R DA (R mT 3 4 TR I e VR, 4B SR )R Ak
P MR BOE R 1 B Ak, DR 45 b & T i Ak 2 A I R 1), X - 1L BRUK B 4 IR B 7 Uk
BEEFE ) S EANTER A A Y] 45 VRS, NI K KR T =28 A E i EIRE &M
T, BRERAR B 7RI JE AR N R SR S AR E 4 R s Ak Wy i AL B, KRS WK 5 R (35 d) , RIS A CdS
AR JRRIR T Cd A s, KR S AR B, A Rtk A WAL A Y., RRMNE
PRI JFEE 0 e Fe Mn A A8 S G R 11T 52 0 - 398 v %o 3 4 i EL A AR5 W B RE T )48k I8 YL BRE A0
A R, S T R R R Y BRI A R, R S AL IR RO R i B 4 R M AR A, iR T
R K e 4 SR O R TR M S

T3 P R —FAG BN EEE, By T HIEA SR 71 SOT B M MER L5 PbSO,,
FEAS T Ph A RCES AR SE45 A RS Ph & 5K E SOT S i i B Ml (P<0.05) , HilFSE TiX—
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Mo ARFRGRAREE Cd Fit 5K TE SO & 2 W IEAHE(P<0.05) 302 i T L 3ext SO MR+
*ﬁ%‘zﬁ%@%TﬁiE’ﬂﬁ %%ﬂuibnﬂmﬁ Cd AW RFE T, WA Cd YRS, SCUT  SCU2 il
SCU3 Kb BHA G P 3 e AR FH 8 1 i A A7 20078 Cd &8 = W 0 B35 26 57 A0S Cu & R K G

FEHT30 d DL SCU2 ﬁ /5 T SCUL H1SCU3 ,SCU1 1 SCU3 Z [H]JC i & 22 5%, J5 30 d D) 2 P e At 5 FH) & 198 185
TGN A2 Zn B 5 30 d S Bl B INMREAIC 5 30 d LA SCU2 fif; B Moc = Xy L3 b 81 4 & 1Y
A RBPER U T RE S S INC R B & K,

% pH AELFIA BB A , Hofth— 2 PR 3 (bR I r Ay | 3] 3 A e & 555 ) g i 1 4 @ 1A R
X PR 2 S QAT I A T — D BT

4 #ie
(1)KIEJ@H;%M*WVF%J?%%ﬂmk%ﬁﬁﬁ%ﬁxﬁlu Cd .Pb.Cu Fl Zn &85 B E AR Cd &8
BELEIRZ 100 mg N/kg T X, 343 Pb Cu I Zn 7 55 DAHE38 JRZ 400 mg N/kg T &AL fﬁﬁ EREE S

i) g ] 2 R Rl R RIS A B A LJWEEiE%%ﬁPE(ﬁ\E AR

(2) ALK 20T + 43¢ pH (EAIK M SO & A H KM ,60 d 155371 pH {HFRI N PCU>PU>SCU
>SPCU, +-# SO & &R N PUSSCU>PCU>CK>SPCU,,

(3)AREAS Ph Hl Zn &5 pH (EAIZKIAEN: SO SHE BE AL AR Cd 5K%EME SO SHRER
FHIEARSC, pH (H A 148 SO & &g £ 48 15 Y41 Cd Pb Al Zn AAMEMEE R E
Bigt . b Rl B s R 5 SRR T RN B S BB AR R

References:

[1] XuMG, Zhang Q, Wang B R, Li J M, Sun N. Evaluation the remediation effects of amendments in heavy metal polluted red soil. Plant Nutrition
and Fertilizer Science, 2009, 15(1): 121-126.

[2] ZengXB,SuSM,MaSM, Bai LY, Li S H, Li L F. Heavy metals cycling and its regulation in China cropland ecosystems. Chinese Journal of
Applied Ecology, 2010, 21(9) . 2418-2426.

[ 3] Carbonell G, de Imperial R M, Torrijos M, Delgado M, Rodriguez J A. Effects of municipal solid waste compost and mineral fertilizer amendments
on soil properties and heavy metals distribution in maize plants ( Zea mays L. ). Chemosphere, 2011, 85(10) : 1614-1623.

[4] HuangJ B, Fan X H, Zhang S L, Ge G F, Sun Y H, Feng X. Investigation on the economically-ecologically appropriate amount of nitrogen
fertilizer applied in rice production in Fe-leaching-Stagnic Anthrosols of the Taihu Lake region. Acta Ecologica Sinica, 2007, 27(2) ; 588-595.

[5] PengSB, Huang ] L., Zhong X H, Yang J C, Wang G H, Zou Y B, Zhang F S, Zhu Q S, Buresh R, Witt C. Research strategy in improving
fertilizer-nitrogen use efficiency of irrigated rice in China. Scientia Agricultura Sinica, 2002, 35(9) : 1059-1103.

[ 6] ZhengSX, LiuD L, Nie J, Dai P A, Xiao J. Fate and recovery efficiency of controlled release nitrogen fertilizer in flooding paddy soil. Plant
Nutrition and Fertilizing Science, 2004, 10(2) . 137-142.

[7] ChuHY, HosenY, Yagi K. NO, N,0, CH, and CO, fluxes in winter barley field of Japanese Andisol as affected by N fertilizer management. Soil
Biology and Biochemistry, 2007, 39(1) : 330-339.

[ 8] Willaert G, Verloo M. Effect of various nitrogen fertilizers on the chemical and biological activity of major and trace elements in a cadmium
contaminated soil. Pedologie, 1992, 42(1) . 83-91.

[9] TuC, Zheng C R, Chen H M. Effect of applying chemical fertilizers on forms of lead and cadmium in red soil. Chemosphere, 2000, 41(1/2) .
133-138.

[10] Yang M, Wang HY, Zhou J M, Hu C X, Du C W. Effects of appling nitrogen fertilizers on transformation of external cadmium in the paddy soil
with different soil moisture. Journal of Agro-Environment Science, 2006, 25(5) : 1202-1207.

[11] JiaKT, YuH, FengW Q, Qin Y S, Zhao J, Liao M L, Wang C Q, Tu S H. Effect of different N, P and K fertilizers on soil pH and available Cd
under waterlogged conditions. Environmental Science, 2009, 30(11) ; 3414-3421.

[12] Sun L, Hao X Z, Fan X H, Cang L, Zhou D M. Effects of different nitrogen fertilizers on soil copper bioavailability in a contaminated red soil.
Acta Pedologica Sinica, 2009, 46(6) : 1033-1039.

[13] LiuST, Zhao Y H, Sun Y L, Han X R, Yao Y X. Effects of 25 years long-term located fertilization on status of heavy metals in non-calcareous

fluro-aquic soil. Journal of Soil and Water Conservation, 2005, 19(1) . 164-167.

http ; //www. ecologica. cn



2928 A E = 334

[14] Wang Y H, AiSY, LiMJ, Yang S H, Yao ] W, Tang M D, Zeng Z B, Effect of nitrogen fertilization on cadmium translocation in soil-mustard
system. Chinese Journal of Eco-Agriculture, 2010, 18(3) : 649-653.

[15] Rodriguez-Ortiz J C, Valdez-Cepeda R D, Lara-Mireles J L, Rodriguez-Fuentes H, Vazque-Alvarado R E, Magallanes-Quintanar R, Garcia-
Hernandez J L. Soil nitrogen fertilization effects on phytoextraction of cadmium and lead by tobacco ( Nicotiana tabacum L. ). Bioremediation
Journal, 2006, 10(3) . 105-114.

[16] TanCY, Wu L H, Luo Y M, Xu LS, Xu J M, Xie X L. Variations of total and available Cd, Pb, Cu and Zn in red paddy soils under long-term
fertilization. Acta Pedologica Sinica, 2009, 46(3) : 412-418.

[17] XuC, Xia B C, Wu H N, Lin X F, Qiu R L. Speciation and bioavailability of heavy metals in paddy soil irrigated by acid mine drainage.
Environmental Science, 2009, 30 (3) : 900-906.

[18] Lu R K. Assay on Agro-Chemical Properties of Soil. Beijing: China Agricultural Science and Technology Press, 2000 228-247.

[19] Tessier A, Campbell P G C, Bisson M. Sequential extraction procedure for the speciation of particulate trace metals. Analytical Chemistry, 1979,
51(7): 844-851.

[20] ZhaoJ, Feng W Q, Qin Y S, Yu H, Liao M L, Jia K L T, Cheng Y, Wang C Q, Tu S H. Effects of application of nitrogen, phosphorus and
potassium fertilizers on soil pH and cadmium availability. Acta Pedologica Sinica, 2010, 47(5) : 953-961.

[21] Zhang Q A, Zhang M, Li S Z. Effects of sulfur-coating left from using scu on cole growth and soil chemical properties. Acta Pedologica Sinica,
2007, 44(1) . 114-121.

[22] Zheng L, Zhang M, Yang C Y, Qi Y J. Effects of controlled release fertilizer and sulfur-coating left from SCU on rice growth and soil property.
Journal of Soil and Water Conservation, 2009, 23(2) : 193-197.

[23] Otero X L. Bioaccumulation of heavy metals in thionic fluvisols by a marine polychaete: the role of metal sulfides. Journal of Environmental
Quality, 2000, 29(4) . 1133-1141.

[24] Karlsson T, Skyllberg U. Complexation of zinc in organic soils-EXAFS evidence for sulfur associations. Environmental Science and Technology,
2007, 41(1) . 119-124.

[25] Moreau J] W, Weber P K, Martin M C, Gilbert B, Hutcheon I D, Banfield J F. Extracellular proteins limit the dispersal of biogenic nanoparticles.
Science, 2007, 316 (5831) : 1600-1603.

[26] Chen H M. Heavy Metal Contamination in Soil-Plant System. Nanjing: Jiangsu Science and Technology Press, 1996 71-125.

[27] HuZY, Xia X, WuCY H, Fan J L. Chemical behaviors of sulfur in the rhizosphere of rice and its impacts on heavy metals uptake in rice. Soils,
2009, 41(1): 27-31.

[28] Li Q K. Paddy Soils of China. Beijing: Science Press, 1992 380-390.

[29] Wang Y P, Li Q B, Wang H, Shi J Y, Lin Q, Chen X C, Chen Y X. Effect of sulphur on soil Cu/Zn availability and microbial community
composition. Journal of Hazardous Materials, 2008, 159(2/3) : 385-389.

[30] Cui Y S. Research progress in the application of Thiobacillus and elemental sulphur for the remediation of heavy metals contaminated soil and
sediments. Chinese Journal of Soil Science, 2007, 38(2) : 404-408.

[31] Mclauglin M J, Lambrechts R M, Smolders E, Smart M K. Effects of sulfate on cadmium uptake by Swiss chard: Il . Effects due to sulfate addition
to soil. Plant and Soil, 1998, 202(2) . 217-222.

B3k

(1] IR, s, T, ZR80H, P, BRI 4R 15 P B E RO FAaTh. Y8R SR, 2009, 15(1) : 121-126.

[2] Sk, Jhng, BHtey ) (R E, R0, 22555, RERHASREESBOIERSME. NAESSE, 2010, 21(9) : 2418-2426.

[4] B¥E5, JORREE, SRAM, B K, UKL, Wi RbXERDIOKEAR A S A ESa At aE. A8, 2007, 27(2):
588-595.

[5] @Ak, WILR, shfe, HEE, FoLk, BNk, KR, RICHR, Buresh R, Wi C. 32 P [EAE M EUCF AR BT TR NS, ThE%k
WA, 2002, 35(9) : 1095-1103.

[6] MRS, XM, B2, BP%, HOl. ERANERKRE M L8 Ly Em LR PER SRR, 2004, 10(2) ; 137-142.

[10] %, F0E, R, Wk, HESC ARRDKGFA T LR R KRS 2 A MRS A R Zh 52 m. R PR3, 2006, 25
(5): 1202-1207.

[11] Wbk, myte, WIC0R, Bk, B, B E8 4, R MKAM T AR BT L5 pH ARG BOE R m . 18
Bl 2009, 30(11) : 3414-3421.

[12] 9, MFE, W, @, FAK. RRZICAEIXG LR P HA SRR, 52, 2009, 46 (6) : 1033-1039.

[13]  XURfaz, BOKIE, PhEMR, e H, BhiiE. 25 48 KW E RO X JE A AR P o 4 R IR AL RS2 . /K B ORFR27 40, 2005, 19(1) .

http ; //www. ecologica. cn



9 ] BT 45 MK R TR RNE X T YL 2L e b o 4 A BP9 52 2929
164-167.
[14] Efzr, WA, F0%, o, ddal, T, SRk REHRTE LIP3 ARG T B /enrgm. & EERLEHR, 2010,

[16]

[17]

[18]
[20]

[21]
[22]
[26]
[27]
[28]
[30]

18(3) : 649-653.

AR, RIEAE, Bk, LA, IRERID, /. R R ACRHE S A R 5 B A BT R S RS 1R . e, 2009,
46(3) ; 412-418.

VERE, BAE, ST, MONTT, haest. Bk L K TS E XK AE + 5 4 m TR 25 0 A B AR WA sk k. SRBERL 2 2009, 30(3)
900-906.

G, R PT EE. dEat: RER R EOR AL, 2000, 228-247.

R, IO, sk Wde, BEIRE WRRIRR, B, T4, R RREEABAIEX 5 pH A A SR, RS,
2010, 47(5) : 963-961.

KEE, KR, F2RE. BRIRRERBS bk A Ko m. 2R, 2007, 44(1) : 114-121.

Hw, KR, o, FFIER. PR BRI 3 B RK R AE R R B 52, K RO RRFR, 2009, 23(2) : 194-197.

Wi, HIE- MY RGN ESE Y. B TLRRER R ML, 1996 71-125.

BATE S, S0, RAGE, S, BRAERAR B P b7 R B XK AR I 4 (W2 e L. +49€, 2009, 41(1) ; 27-31.

ZEPGE. PEDKAE L. dbnt: BREAHAMAE, 1992 380-390.

. AR AT R AR E SR 15 Y b N TR, L HEE R, 2007, 38(2) : 404-408.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.33,No.9 May,2013( Semimonthly )
CONTENTS

Frontiers and Comprehensive Review

Analysis of subject trends in research on sustainable development ««+---eeeeeeeeeeeneenenns CHA Na, WU Jianguo, YU Runbing (2637)
Metabolic scaling theory and its application in microbial ecology ---«-vseseeeeeeees HE Jizheng, CAO Peng, ZHENG Yuanming (2645)
Research progress on endophyte-promoted plant nitrogen assimilation and metabolism — +«+-eseeeeeeeeeeeniiiai

................................................................................................... YANG Bo, CHEN Yan, LI Xia,et al (2656)
Review on the development of landscape architecture ecology in China ~ «--eeeeeeeeeeeees YU Yijing, MA Jinyi, YUAN Yunjue (2665)

Autecology & Fundamentals
Evaluating tillage practices impacts on soil organic carbon based on least limiting water range «+««-«+osserererreeeriniiiiiii...
.................................................................................... CHEN Xuewen, WANG Nong, SHI Xiuhuan, et al (2676)
Controls over soil organic carbon content in grasslands «+«-ceeeeveeeeees TAO Zhen, CI Dan Langjie, ZHANG Shenghua, et al (2684 )
Antagonistic interactive effects of exogenous calcium ions and parasitic Cuscuta australis on the morphology and structure of
Alternanthera philoxeroides stems ««++eteerereeeeeiieeniiiiiiii . CHE Xiuxia, CHEN Huiping, YAN Qiaodi, et al (2695)
Correlation between pigment content and reflectance spectrum of Phyllostachys pubescens stems during its rapid growth stage «---+-------
.................................................................................... LIU Lin, WANG Yukui, WANG Xingxing, et al (2703)
Response of leaf functional traits and the relationships among them to altitude of Salix dissa in Balang Mountain =~ ++eeeeeeeereeaeennns
................................................................................. FENG Qiuhong, CHENG Ruimei, SHI Zuomin, et al (2712)
Effects of phosphate and organic matter applications on arsenic uptake by and translocation in Isatis indigotica «--+-=s+eeeereeeeeeeenes
.................................................................................... GAO Ningda, GENG Liping, ZHAO Quanli, et al (2719)
Effect of different preys on the predation and prey preference of Orius similis --- ZHANG Changrong, ZHI Junrui, MO Lifeng (2728)
Effects of predation risk on the patterns of functional responses in reed vole foraging — ««ecseeeerererreeeiieiiii
.................................................................................... TAO Shuanglun, YANG Xifu, YAO Xiaoyan, et al (2734)
Phylogenetic analysis of Veneridae ( Mollusca: Bivalvia) based on the mitochondrial cytochrome ¢ oxidase subunit I gene fragment -
........................................................................... CHENG Hanliang, PENG Yongxing, DONG Zhiguo, et al (2744)
Effects of different ecological environments in the laboratory on the covering behavior of the sea urchin Glypiocidaris crenularis «--------
....................................................................................... CHANG Yaqing, LI Yunxia, LUO Shibin, et al (2754)
Population, Community and Ecosystem
The ecosystem services value change in the upper reaches of Ganjiang River Based on RS and GIS ~ «-+eeeerememieeiiiiiniiniiiiin,
.................................................................................... CHEN Meiqiu, ZHAO Baoping, LUO Zhijun, et al (2761)
The reference condition for Eutrophication Indictor in the Yangtze River Estuary and adjacent waters — response variables ««+-+ee-et
................................................................................. ZHENG Binghui, ZHU Yanzhong, LIU Lusan, et al (2768)
The reference condition for eutrophication Indictor in the Yangtze River Estuary and adjacent waters — Causal Variables --+-----ee-etet
.................................................................................... ZHENG Binghui, ZHOU Juan, LIU Lusan, et al (2780)
The stress response of biological communities in China’s Yalu River Estuary and neighboring waters —««««ecteeereererieeaniiniiiiie.
.................................................................................... SONG Lun, WANG Nianbin, YANG Guojun,et al (2790)
Ecological characteristics of macrobenthic communities and its relationships with enviromental factors in Hangzhou Xixi Wetland ------
....................................................................................... LU Qiang, CHEN Huili, SHAO Xiaoyang, et al (2803)
Effects of biological soil crusts on desert soil nematode communities «+-«+++--x---- LIU Yanmei, LI Xinrong, ZHAO Xin, et al (2816)
Associations between weather factors and the spring migration of the horned gall aphid, Schlechtendalia chinensis «+-+v+eeereeeeeeeennes
....................................................................................... LI Yang, YANG Zixiang, CHEN Xiaoming,et al (2825)
Effects of vegetation on soil aggregate stability and organic carbon sequestration in the Ningxia Loess Hilly Region of northwest

(00T T CHENG Man, ZHU Qiulian, LIU Lei, et al (2835)



2944 A E = 33 %

Simulation of the carbon cycle of Larix chinensis forest during 1958 and 2008 at Taibai Mountain, China «-eeseeeeeeeeeeeeeiieiai ..

................................................................................................... LI Liang, HE Xiaojun,HU Lile, et al (2845)
Effects of different disturbances on diversity and biomass of communities in the typical steppe of loess region <+ eeereeeeeeeeeieieiein.e.
....................................................................................... CHEN Furong ,CHENG Jimin,LIU Wei, et al (2856)
Age structure and point pattern of Butula platyphylla in Wulashan Natural Reserve of Inner Mongolia ««-«+evseeerrerereeeneieeeiiinii.e.
.............................................................................. HU Ercha, WANG Xiaojiang, ZHANG Wenjun, et al (2867)
The impacts of the Southwest China drought on the litterfall and leaf area index of an evergreen broadleaf forest on Ailao Mountain ---
.............................................................................. QI Jinhua, ZHANG Yongjiang, ZHANG Yiping, et aln (2877)
Spatial distribution of tree species richness in Xiaodonggou forest region of the Altai Mountains, Northwest China «---eeeeeereeeeeeeennes
................................................................................................ JING Xuehui, CAO Lei, ZANG Runguo (2886)
Landscape, Regional and Global Ecology
The ecological risk assessment of Taihu Lake watershed — «cecoeeeeeeeeeeineieniini.. XU Yan, GAO Junfeng, GUO Jianke (2896)

The value of fixing carbon and releasing oxygen in the Guanzhong-Tianshui economic region using GIS = ++-ereeeerermiieiiiiiiiiin,
................................................................................................ ZHOU Zixiang, LI Jing, FENG Xueming (2907)
Resource and Industrial Ecology
Effect of different controlled-release nitrogen fertilizers on availability of heavy metals in contaminated red soils under waterlogged
CONCILIONS  +++vv e rreerernrmenmenenennenentenereenreenenaeeneeaenenraneneeaenenens LIANG Peijun, XU Chao, WU Qitang, et al (2919)
Research Notes
Effect of heat and high irradiation stress on Degl protease and D1 protein in wheat chloroplasts and the regulating role of salicylic
P ZHENG Jingjing, ZHAO Huijie, HU Weiwei, et al (2930)
The difference of drought impacts on winter wheat leaf area index under different CO, concentration —«««-e-eseeseresseremeiaiiaiiaiie.

............................................................................................. LI Xiaohan, WU Jianjun, LU Aifeng, et al (2936)



(ERFR)2013 £EITBE

CERZER) RH T EBAB AR DS R, T EA RS hEREBAE S5 0 F IR
FCEAEZEAR I, BT 1981 4, H2H A4 A 2E AU ATy B 0 R A BB I AR . RS ARSI, B R
G {5  REE RIS ) KA 2RI TAEE  IRR AR B, A 2 b e I 5 45 dEsc i 7 6, {2
PEAEZS AR GE IR AR | 3R [ 15 35 R s il A 25 2 R A NIRRT A 55 A B R 2R i B ANk B A 55

(HEAS A T2 TG A 25 2 R 450 S 2R 10 B A E Y A0S I 5 0 DR LR BB PR R E SR, Rk
AR S WA AR 282 R R 7 1) W PG 75 25 M SO s DR (8T 40 s A AR Be BT7 WT AR A48 8T 51T
R B RIS A R4

CHER2EA) 2 H A, K 16 FFA%,300 B0, [ N2 4 90 Jo/ M, 44F % f 2160 JT.,

IR & AR . 82-7, AR & AR5 M670

FrfE TS . ISSN 1000-0933 €N 11-2031/Q

S 25 MM SRy B T ST I, Pl B S A Bk R W S, Wl T KRN TR BMIF R | S5 e | 1 43
THAFITT

Eiflidl . 100085 JL AT IE X XUE I 18 %5 H & (010)62941099; 62843362

E-mail; shengtaixuebao@ rcees. ac. c¢n M HE: www. ecologica. cn

FPRERIER KHES HEEMRE fLat HITHRE XIKE B %

4 5 % Wk ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO)

CEATI 1981 453 A B1F) ('Semimonthly, Started in 1981)

$33E Hol (2013 4F5 H) Vol. 33 No.9 (May, 2013)
4 L= ({ﬁgi&%%&)}éﬁiﬁﬁﬁ Edited by Editorial board of
Sk - U STGE DOULS 18 5 ACTA ECOLOGICA SINICA
Hﬂgﬁ(éﬁﬁ% :100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
HLi : (010)62941099 Tel ; (010)62941099

www. ecologica. cn .
. www. ecologica. cn
shengtaixuebao@ rcees. ac. cn .
shengtaixuebao@ rcees. ac. cn

2B SR (IE/N S
F & PERE AR Editor-in-chief WANG Rusong
g DI
IS 2L 2L A upervised by ina Association for Science and Technology
I EAESRERE S S i by Ch for S d Technol
7O
cp [ RS e A A PR IF ST 0 Sponsored by Ecological Society of China
Hihl . b TE X AUE K 18 5 Research Center for Eco-environmental Sciences, CAS
M B 4w i . 100085 Add:18,Shuangqing Street, Haidian , Beijing 100085 , China
H i 4 & I3 it Published by Science Press
Hihk . b AR IR LT 16 5 Add ;16 Donghuangchenggen North Street,
MR B 2wt . 100717 Beijing 100717, China
En Rl AEECIEARE R Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & K i Beijing 100083 , China A
Hitik . AR FEIAR AL 16 5 Distributed by Science Press m o=
Eﬁﬁﬂéﬁﬁ% :100717 Add:16 Donghuangchenggen North g
Eﬁlﬁ 1( QIO ) 6;1334563 Street, Beijing 100717 , China 1 m
-mail ; journal@ cspg. net 0O /]
5w chek Tty S =
EsEIT HEEBRE AR S A Fmatlzjournalt® cspe. net — —O
Hihk jtf?r 399 1'4:—%%‘ Domestic All Local Post Offices in China = 8
M ZIN =} N
H}Bﬂgﬁﬁ% .100044 Foreign China International Book Trading 7,3 o
' ~ s ) ——
ITEgE R o Corporation - N~
R Pis — N
W owr GE LRI 8013 5 Add:P. 0. Box 399 Beijing 100044, China =
ISSN 1000-0933 4= = ey
N IO E RS EIT EN#ENLS 82-7 ESEITRS M670 REfr 90.00 T

CN 11-2031/Q



	01.pdf
	fm.pdf
	zml.pdf

	stxb201202090170.pdf
	03.pdf
	yml.pdf
	09FD.pdf


