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Abstract ; Sml acidificatiorimprovement in the main grain production reglon% of southern China is an important issue to enhance the quality of cultivated land and promote
grain yields” In order to explore the effects of oyster shell powder and lime on acidity and availability and inorganic forms of phosphorus in acidic paddy soil, a pot experiment
was performed using oyster shell powder and lime amendments with dosages of 0.05%, 0.10%, and 0. 15%. The results showed that both oyster shell powder and lime
significantly (P <0.05) increased the pH and decreased exchangeable acid content of paddy soil. The improvement effects increased with the dosage of soil amendments.
Under the same amendment dosage, the effects of lime on soil pH and acidity were higher than those of oyster shell powder. Both lime and oyster shell powder significantly
increased the content of available P extracted using H, S0, -P, Bray-1 P, and Olsen-P techniques. The contents of inorganic P in soils decreased in the order of Fe-P > Al-P
> Ca-P. The application of lime and oyster shell powder significantly increased the contents of Al-P and Fe-P in soil. Compared with the control treatment, lime and oyster
shell power increased Al-P and Fe-P by 26.3%-37. 4% and 7. 9% -23. 7%, respectively. However, there was no significant difference in Al-P content among treatments of the
three amendment dosages. The contents of Fe-P and Ca-P in soils increased with an increased dosage of amendments. The activities of DHA, ALP, and IPP and the copy
number of the phol) gene in soil increased with the application of lime and oyster shell powder, whereas the activities of ACP and the copy numbers of phoC and pgqC
decreased. The application of lime and oyster shell powder at a rate of 0. 10% and 0. 15% significantly (P <0.05) increased the yield of rice. The lime and oyster shell
powder treatments at the dosage of 0. 15% increased rice yield by 34.2% and 46. 8%, respectively, whereas the amendment had no significant effect on straw biomass of the
rice crop. Correlation analysis showed that soil pH and the ALP activity were significantly positively correlated with inorganic P and available P contents, respectively. These
results suggested that lime and oyster shell power could effectively increase the content of available phosphorus by eliminating soil acidity and improving the phosphatase
activity, which played a positive role in increasing crop yield.

Key words: lime; oyster shell powder; acidity; phosphorus availability; enzyme activity; crop yield
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Table 1  The pH and elemental composition of lime and oyster shell powder

w/ %
| pH -
0 Si Al Fe Ca Mg K Na P
IR 12. 88 40.5 1.34 0.28 0. 14 52.4 0. 81 0. 044 0. 006 6
FEGEAT 9.71 37.0 2. 66 1.21 0.33 16.1 0.53 0.345 8.26 0.0918
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Fig. 1 Effects of different dosages of lime and oyster shell powder on pH and exchangeable acid of paddy soil
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Table 2 Effects of different dosages of lime and'gyster shell powder on organic matter and exchange properties of paddy 5011 F -

¥
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o @(S0M) w( ) w(HAH) CEC B
/g-kg! /g-kg ! /‘mg-kg’1 < /cemol kg™ K* Na* Ca?* Mg &
CK  18.68+0.32c 0.79+0.04h 66 844 45b 11,46 £0:43d 0.19£0.02h~ 0.44 +0103a ), 8)72+0.4lc .07 £0.04b
LimeT ™~ 21.56 07554 [0.75+0.03b  67.73 #4 67h/ -H.79°20. 13cd 0.20 £0.02) * 0.86'+0.04ab£8.95 0.2b  1.02 0,05 -
Lite2 (26. 53%0¢33bg’ 0. 87 0. 14ab 62, 84 6,006 47 38-+0.08bc 0.26 £0.03a/ 0.36 20.03ab 110,03 £0.22b  #1:49-56; 240
Lime3 | 30. 89.;:‘{. 324’ 0.8420.07ab ©3.7325.58b 13.09%0.48a  0.270.02 0.3 £0.04b 11.0820.52a  lgl5 £0:02ah
08I [24. 7361176 0.88:20.03ab §4.80 0840 41/38+0,274  0.1920.02b710. 3 20.05h  §.860.29¢ 1160, 0%ab
OS2 28.25+1.44h  0.75£0.05h 87.37+8/474 1163 £0,18d 0.20 £0.02b~ 0.35£0.04b 8.9220.3lc  1.46+0.24a
083 130.92+0.86a  0.95+0.05a  91.70 £6.89a 12,6 +0.28ab 0.26£0.02a  0.37 £0.03ab 9.78 £0.31b  1.52+0.24a
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2.3 AHEREmE

ANTE] FH & A AL G e R KRS B A RIE A
SR ) 5 ) AL ] 2., A Ti) i BB 2 B Ay = 18 ko
FE RN H,S0,-P > Bray-1 P > Olsen-P > H,0-P.
YK RS+ A 208 & BRI, o (Olsen-P) {LH
17.10 mg-kg ™", A1 JK Rl 4E W 7€ 3 kb PR B 3% (P <
0. 05) #5133 Olsen-P 7 12, H. Fifi FH 52 A 385 iy £
. 0.15% FHE T, A BRI W55 55 3 43 590 A e 4
175 Olsen-P & & 91.3% F11 91.9% . X} M -3 1 o
(Bray-1 P) 4 31.50 mg-kg ™", 4 OS1 ZbFHAN 47K
FH IG5 H Ab FRA G R 57 Bray-1 P % 8 19. 6% ~
39. 1% . A1 KAV MG 8 % + 3 H,0-P & 2 il 5% i)
ANBEE. B Limel ZbBRAN A7 BRI 1558 43 Ab R A X
MR 3 H,S0,-P & & 27. 3% ~ 38. 9% . HEAR K
B A DRG0 R 6 2 i - A R A A
—EMERT, B m F T RO T
2.4 HEETCHLBERGLE YL )

AN TA) FH S8 A BRI 5 5 3 % 7K A A T WL
MBP ()52 WL 3. 3 TTALEE & & 23 Fe-P
> AL-P > Ca-P (R, A [F] FH B A BRI 15 76 493 Ak

FRASXT REIR B AL-P &8 26.3% ~37. 4% , fH A [a] ik
[ I FH A B ) G 3 25 . BR OS1 AR BRAM A K
FT 578 A A P A S 4 5 -4 Fe-P i, 135 Fe-P
i B AR W e Ry FH B B T R, 0. 15%
() 1N A 5 5 oy Ak B 3 ) 8 5 3 Fe-P & i
23.7% 1 21.5%. X5 + 4K o (Ca-P) N 46.78
mg-kg ™', A1 BANGEIGFE A X+ 3 Ca-P 5 &1 5
HA 0.15% M & T W& 85, 70 0 B 842 5
61.5% M1 47. 0% , KA B Ca-P &2 AR A
B3 ORI 78k 6 358 MBP 119 5% i) AS BH (2.
AR A PR 58 By WO A 2le B 7006 TE AL B Y
RN 22 57O 3 T e R R FH & X Fe-P Fll Ca-P 1%
il AR T
2.5 TIEBERR NS VAT RE A

ANTR] FH A ORI 58 A9 oF 7 AR - S 1 1) 5
Ml Dl 3% 3. 7 K Ak B 4 35 R = 4 8 DHA IS %,
0.05% ., 0. 10% 11 0. 15% JFH & F 53 5l %5 % B8 42 i
15.7%, 33. 1% 1 12. 8%, 1fi 4t 45 7¢ ¥y [ A% +
DHA 7% P£. AN [6] &b P & 35 % fIK + 58 ACP 75 P
27.9% ~43. 1%, H A7 I AL FHBE FH 2 38 n & 3 (P <
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Fig. 3 Effects of different dosages of lime and oyster shell powder on inorganic P and microbial biomass P of paddy soil
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B PD TE4E 13. 4% , A1 JKALFEXT PD 1 MR BN B &
RS . A K RN W5 58 B 1] DL = 1 18 1PP
TE 2, 7E Lime2 . Lime3 F1 OS2 AbFHE R 43 5118 %k AR 1.
F(P<0.05)#% 25.5% , 27. 3% F123. 0% . A,
I BOREL G 5E A 42 5 98 ALP R0 IPP 3 M, [
i ACP &1, 11 DHA 1 PD 3% 132 51 o B2 80
SO, 53 ) TE A ORI W7 Ry A B R 4 v 0 R
D E S0 T8 ACP, ALP I IPP 3G PR 254k,

AN ) FH A BRI A 5 576 3 X6 7K - e Dy e 2 1A
PR ) UL 2R 4. A BRI 15 726 493 3 ) 3 ) IR R A1 -
32 phoC ¥4 V1% 82. 7% ~95. 2% M1 83.3% ~93.7%.

AR, ARV A 38R 2 338 phoD ¥ V1%, LB Pk K7
FHEEBG N2 55, 0. 15% F 5N A KRG 788 53
A % BRI E R phoD FE DL KL 161.5% A
151. 3% . A0 JRAL 3R 5 25 BEAR A god 5 V1%KL 21. 4%
~66. 5% 12 0S2 F1 0S3 Ab B i & 1 & 3 ged 5
D% 22. 0% F140. 1% . B 0S3 Kb P4, 2 R 57 it FH
XF 4% paqC ¥5 VUBCR BN BRARACR , A R w57
KAk 3 43 ) 5 6 BR 3 BEAIR 46. 8% ~ 78. 6% Fl
24.9% ~45. 4% . BT | S A R 15 78 B £
121 45 phoD ¥ VUKL, FEAIK phoC F pgqC 5 D1EL, 1M
ged ¥ DUBU AR Ak 55 2 [ 7R 2R A4 K.

®3 ARAEAKMEHFEHIKE LR SEMBREEENRIE g kg

Table 3 Effects of different dosages of lime and oyster shell powder on soil dehydrogenase and phosphatase activities/g-kg ™!

b7 DHA ACP ALP PD PP
CK 275.21 +13.87¢ 228.26 +10. 34a 16.38 +2.83d 111.90 +3. 18b 58.82 +5.45b
Limel 318.30 £9.91b 164. 64 +5. 70b 39.06 +5. 16¢ 91,37 +6.49¢ 64,434, 12b)
Lime2 366.22 +19. 30a 148. 82 +3. %4c¢ 59.90 +6. 36b 84153 +6.93¢ | 73.7943,/00a
Lime3 310.49 +7.37h 129. 892, 70d 76.33 £3.60a . 88,55 %5, 24c 7485 2. 70a
0S1 235.88 +7.33d 164. 96 #5.78b 34.63 £8.40¢ | | i 109, 40,+5. 72b 61.;5’24(.;,1%
0S2 193.38 = 10. 44e 144.77 £7. 11¢ 57.52+6.21b | ¥ 114.44/%3.72b 7273240, 52a )
083 189.22 +10. 53e 151, {4+ 4. 28¢ 60.99 6. 06h 17685 £4.01a 63.32°£3.690 4
- s F4 TE REATALE AW S L BT R EA B i copics g
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| CK = 3.35£0.27af | 70,39 £0,07c 1.82 £0.05¢ 4.85 £0.32a "
L@ el 0. 16 +0./06d | 0.47/20. 1be 0.61 +0. 12f 1.04 +0.48d
i ”LimeZuﬂr‘,.r 0.42 0. 06be. o2l —fr:f;i_&;éﬁi 22ab 1.08 0. 14e 1.38 £0.51d
Da fime3 0.58 +0. 05b #1702 £0. 15a 1.43 £0. 13d 2.58 +0. 34c¢
Y 0s1 0.21 +0.05¢d 0.46 0. 31be 1.14 +0. 12¢ 2.65 +0.35¢
) 0.41 0. 03be 0.93 £0.22a 2.22 +0.08b 3.64 £0.2b
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Fig. 4 Effects of different dosages of lime and oyster shell powder on the rice yield and straw biomass
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3 i FHAMEK(R=-0.87, P<0.05),15 CEC & &
JTE

A RANVE S FE R I TE S w5 3 pH AR AL i
PERR & BT HASCR B3, HoAT A AR B4 X
HI T A RA B (9 pH B S T AL W57 by, A L35
AL R Bl rh R b P TR R M R (R
1) P00 TR, 4 pH BE A i B
BCUER AT I 28 A ) 3 pH B S2 I R. A
WSS B, B A B s P AR S etk AL 5 A
PR S Ca® ™ it DTS - JE IR T 365 i ) 1 2
FUO MIDCHE S HT R B, L3 pH RIS PR 5

®5 AEASEARMAFZMNHRTIEHBE, THRERE.,

FIEMHK(R=0.89, P <0.01, % 5). 1HExc#E
RETEZZ fift 13308 A N2 ds 584 057 43 O T LA
BRI, L3 CEC, &tk KT | Ca® il Mg &
S B A RN IE 5T Ry FH S B3 4R L A K R
WSy o 3 B R AT A CaCO, , He A 4 0 72
CaCO, (5L 90% VA I, I, — 35 3 i 41 i - e 5e
otk Ca® " Fr el A B RE I R 3 .
FHOEHE AT 20 | 138 CEC 5383k K* FIag #
Ca®" it A0 I 38 1EAH DG OC &, A G R 80 il oy
0.96 F10.90(P <0.01, £5).

BAENEREN = RHEXE"

Table 5 Correlation between soil acidity, exchange performance, P availability and crop

yield improved by different dosages of lime and oyster shell powder

pH SHERR  SOM =3 CEC  ZEMPEK®  ZCHebk Na* ZEHbE Ca?* _ Z0HEPE Mg

pH 1 \ =] §
AN -0.87" 1 ¥ i
SOM 0. 66 ~0.38 1 ’ ' Y an
Ry 0.30 ~0.02 052 1 ' & )
CEC 0.89  -0.62 a7 [ o 1 / ‘ P 4
SCHE K 0.86 " ~0.59 0. L r,o".“ 59 0.96™ | gl 4P T’ 7
SHHENG 4046 0.54 -0/58 ‘/ F 021 -0.17 FO20E | g1 (¥ -
Sk ca’t 2096 -0.85" Oy & A 973 0.90™  J0.82¢ -0.31 1 =
st Mgt 018 -0.04 0.66 o5 0.2 0r49 ~0.24 0.00 =%_ 1%
Olsen-P 0. 60 -0.57 086" ) 10.33 0.51 40.52 -0.85" 0.49 0,54
Bfay-1 P 0438 -0.41 0.70 f0.32 0. 44 0467 -0.53 0.35 0.61
HZO-p"; Y 4 0.07  =%-0.16 o 46 a 1 _(_).._03""' -0.12 0.01 ~0.68" -0.17 0. 65
H,80,-P = 7 0.71 -0.58 0.90  0:51 0.62 0.72 -0.76" 0.53 0.70
Al-P ' 0.78* -0.79" 0.78* 0.34 0.63 0. 64 -0.83" 0. 69 0.41
Fe-P 0.82" -0.64 0.93* 0.40 0.85* 0.82" -0.57 0.76" 0.51
Ca-P 0.82" -0.52 0.91* 0. 54 0.88 ** 0.84* -0.50 0.78" 0.35
MBP 0.91"  -0.81" 0.59 -0.01 0.73 0. 69 -0.47 0.83" 0.16
iRt 0.41 -0.07 0.91* 0.45 0.65 0. 66 -0.24 0.34 0.71

Olsen-P Bray-1 P H,0-P H,S0,-P Al-P Fe-P Ca-P MBP Rk B
Olsen-P 1
Bray-1 P 0.86" 1
H,0-P 0.62 0.43 1
H,80,-P 0.90* 0.70 0.65 1
Al-P 0.95** 0.79" 0.47 0.89 ™ 1
Fe-P 0.88 ** 0.77* 0.31 0.86" 0.88* 1
Ca-P 0.75 0.56 0.13 0.78" 0.77" 0.93 1
MBP 0.54 0.21 0.27 0.65 0.67 0.71 0.68 1
FPRL 5 0. 64 0.65 0.32 0. 67 0. 50 0.80 " 0.78" 0.36 1

1) * FRIRTE 0. 05 /K L BEIE; ** FIRTE 0. 01 /K LB EHMHE; BEARECH 21

WA AR A R BT R G R oA 2k B
FERZ RN B . SR PRV L e b R A
BRI B 151 5 , ¥ LA A W SR T e
WEAAE OS3 AR B 48w, — 7 I, A1 IR 5
FoRy BB B, N A PSR AN 35 )
—J7 T HEMGTE R BB B2 A KA 14 4%,

WA B TN B ek A RE B4R e R
Wi B (3 1) . A BRIV A 7 3 o £ g A [] i B
I 5E A S8R 2 — 5 O A T, EL R G ]
T B . A R W e by b B B 4R
Olsen-P 5 4, HLFf o8¢ BRI A S8 i 42 7. A1 K
A IG7E A Fh A B B A AR DR b i R A
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i[RI, Fe® R AL 4542 i B 1 5 R R Y
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A KA W e b a8 A B e 1% SOM L, Ak -
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Table 6  Correlation of soil available P, fractional P, MBP with enzyme activity and P functional genes

Olsen-P Bray-1 P H,0-P H,S0,-P Al-P Fe-P Ca-P MBP
DHA —0.22 -0.35 -0.26 -0.03 0.09 ~0.051 -0.06 0.51
ACP -0.96™ -0.72 -0.60 -0.93"  -0.96" -0.91™ -0.80" -0.75
ALP 0.86" 0.65 0.42 0. 89 ** 0.85" 0.97 * 0.90 ** 0.82"
PD -0.04 0.21 0.03 -0.16 -0.31 -0.14 -0.12 -0.71
PP 0.59 0.31 0.54 0.72 0. 64 0.70 0.59 07937
phoC -0.91* -0.73 -0. 64 -0.79* -0.92* -0.65 -0.51" 'Jjﬂ,'46_"
phoD 0.73 0.64 0.43 0.83" 0.68 0.907" 0.82 *m 0. 6%
ged 0.74 0.70 0. 17 = 0.77" 0.84* 7 0.74 0.71 /039
paqC ~0.26 ~0.04 ~0.24 ~0.26 —0.48] 4 -0,12) —0.01 . 40.53
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