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Table 1 Chemical composition of farm manure

BEWN/%  "JEE/S AR T (P0s) & 11/ % it/ % TGS ®E/%  RHERSE/% pH {i
1.5 0. 14 0.17 0.4 0.1 41 13 8.0
F 2 WA T IEHI AT £ BRI
Table 2 Soil properties of the soil profile at the experiment site
%/ cm T3 Pillg .o’ FKE/S pH Hi
0~50 BEREPHE L, B 1. 20 67.31  7.18 AR IR 2 ST . Hodh
oy R L, AR bR EHAS 2~ — AN TR RE SRR AR, 1R B
50~75 10 mm [¥) 5 WA B (I 1 11 ok KD 1.32 65.56  5.46  JEACKLIA 53N ITNRE SRk B
EBRAKE, S 0~50 cm [FIFF1E 435 F B Mt b oA
FER L, P EHRZERE 2~20 BRI 3R )2 A B e gt HEAN ) T AN it
75~125  mm [MESBEAP @EEREAERA), M 140 64.21  4.76  AE, DA LG
R EERE, REE
125~140  H=HRALE 140em LA R0 Az i B
3 THTEAERS
Table 3 Chemical composition of soil in the control profile
RE AL NH-N NO:~N P K Ca Mg S Fe
cm i (%) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)
20 0.66 4.1 24 1.9 137.7 1787.8 458. 3 124. 5 20.9
36 1.37 5.8 52.8 8.8 76 2924. 3 800. 1 47.6 40.1
50 0.98 6.1 19.1 1.7 52.5 2235. 4 589. 4 145.6 29.8
70 0.89 5.6 50.9 2.1 51.8 1251. 1 354. 7 231 35
90 0.93 5.8 111.8 1.9 44. 7 885.8 256 92 40
105 0.86 6.1 69.6 2.4 52.6 774. 2 233.1 92.6 33.4
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Table 4 Chemical composition of rock tablets (%)
%—tﬁ% Si02 A1203 Ti02 F6203 FeO CaO MgO Kzo Nazo MnO Psz HzOJr Hz O ‘}:"]9&% E’\ *l]

Fik#r 200 008 003 001 024 5396 061 023 022 0006 001 043 0.14 41.88  99.28
Az=% 158 053 001 006 010 3159 1973 008 0.2 0011 0.00 038 0.08 4556  99.37

x5 A REZMEZRE LIRS EAEIRS WM IER

Table 5 The burial and observation situation of rock tablet and its affecting factors in soil profile

B LHECO A LHUKHRERS TG E R g FPEY KR/ % PYy pil i
R/ em L/ em HEE/ em EEP /RSN & Py SR N i T TR 0 b T TR N 41 a8 1 i I
20 20 20 2.7725  2.9052 64. 25 62.21 7.09 7.46
36 36 36 2.8316  2.9724 69. 92 68. 14 7.06 7.52
50 50 50 2.7129  2.8781 71.04 67. 63 7.42 7.61
70 70 70 2.6902  2.8937 62.27 62. 68 5.09 7.06
90 90 90 2.8009  2.9330 64. 05 64. 67 5.02 7.03

105 105 105 2.7363 2.9079 64. 44 65. 49 4.78 5.54
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Table 6 The observation of annual dissolution amount of limestone and dolomite tablets and soil CO,
) H =il ik 22 AR 1 €O, WFETME/ Hmol/mol
HEYE WA LR R/ g
KEgrte ZI IR e
y 2 ot A ) T WERLSE D DT | RS R WA A R A T ) WhnE
cm u%
Hzofi kb | Asf fakf| @idE/s 4r/% | WildE/g t/% 55 t/%
20 0.0239 0.0629 | 00082 0.0290 0.0157 65.69 0.0339 53.90 707 2113 1406 198.87
36 0.0116 0.0354 | 00087 0.0250 0.0029 25.00 0.0104 29.38 1883 3685 1802 95.70
50 0.0123 0.0271 0.0079 0.0170 0.0044 35.77 0.0101 37.27 1447 3063 1616 111.68
70 0.0610 0.0886 | 0.0273 0.0690 0.0337 55.25 0.0196 22.12 1363 1670 307 22.52
90 0.0526 0.1031 0.0369 0.0923 0.0157 29.85 0.0108 10.48 1153 2300 1147 99.48
105 | 0.0763 0.1457 0.0549 0.1125 0.0214 28.05 0.0332 22.79 2030 3850 1820 89.66
) 1003962  0.07713 | 002398 0.05747 0.01563 39.45 0.01967 25.51 1667 3233 1566 93.94
I R R R CO, W 190 pmol/mo.,
0. 09 0.16
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Fig.2 A comparison of the dolomite dissolution in manure
profile with that in control profile
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Fig.3 A comparison of the limestone dissolution in
manure profile with that in control profile
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Fig.4 A comparison of the CO, concentration in manure

profile with that in control profile
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Fig.5 A comparison of the CO, flux in manure profile

with that in control profile
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Table 7 Chemical composition of soil in manure profile

R AP NH;-N NOs-N p K Ca Mg S Fe
cm (%) (mg/D) (mg/D (mg/D) (mg/D (mg/D (mg/D (mg/D (mg/D)
20 1.53 7.1 90.5 19.9 220.6 2869.9 585.7 41.1 41.5
36 1.53 5.6 54.4 12.2 147.6 2436.4 706.7 31.8 44
50 1.09 5.1 8.1 0.6 51 2428.6 601.3 49.3 29.3
70 1.1 4.1 35 04 46.1 1762.1 543.8 91.2 277
90 0.86 4.6 44 1.6 539 1723.8 595.7 101.8 26.4
105 1.12 3.1 16.4 1.1 43.2 1401.3 443.9 169.3 32
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Fig.6 The relationship between the dissolution of
limestone and soil pH

NI ARG VR O R R 4 s ok
1 CO, RA B FKAREX kL fE PR, + 4
CO, Y4 X e B I AN 4 P ik 2 46 2 110 4 ol okt
R M WA R RE ) 25 18R

2 5 BOHE 2 WY, - 19t AT 5 A R VR BE B9 pH (5 T
1, 3 AT AR T AR S B A T (I 3 R
7 JIiRs ) BUE SRR BT 25 1 50 Y 2R OH 3384 ™
A OH B T (X )@ MR ), Wi & pH™M,
TR h 2 S B DL B R B0 pH TH 8, &5 il CO% 19T
JET& i, TR R A 1 V5 A B A

O O
Fe  +H,PO;<Fe +OH (1)
OH H, PO,
8'00 0.10 0.15 0.20
20 oo
control™
o
E 40t e
~ manure ('{
£ 60 I
5 /
A 80t \\3 /
NS
100 | NN N ]
120 N
-2000 -1000 0 1000 2000 3000 4000

Soil CO,/ (4mol/mol)

K7 fkcaEwE eSS I Cco, IR AR
Fig.7 The relationship between the dissolution of
limestone and soil CO,



Hi J 2009 4F

1400 h 5|
OH OH
/ /

Al—OH +H,PO,=Al—OH+OH (2)
\ \
OH H, PO,

WA A0 B A 0l B T B 25 - ) R Ao AR o AL |
B 7 AR 2K 4 (3) it s, i R AR 5t A R T ok TR A R
1T, B RCB R 55 B Ak 5 W, DOVE T hi e #h 5 ik v &
TR0 3 PT RE  it S 41 o] i IR 2 e ol A ) Je
HWz—,
OH
I
Ca—OH+ H,PO,—~>Ca—O—P—O+OH (3)

OH

PRI, it I S felt 4= 8 pH T DA B Wl R 6 1) 41
il VE FH AT A 2 B TR 56 2 5 Tl 1 FH A2 38040 o) ) 3= 22
P2 R B LB R A 7 1 — 25 BRI

(2) - HE it I8 5 A AL 22 A HLER & =
L W AR S 1 CO, VR EE R K s
CO, #Z BEIHIE Y CO, MRt L

3 B A S NE X T b A i
ST E X

3.1 AT AT AR R IE X ik BR 5 A b X B -1

ARSI (B F R0 5 A i L T B 5 e Fl
301 B E R LR FEMALZIR

o R R B IR h 5 0 A1 TR R K BB R #h
O3 A X, AN T 8 A8 T IX B R kA 7% T AL A
51.9 km®™, T8 B ik B8 ER A A Kt S B H i AR
1 4053.2 J7 H 1 Bl iR £ 7 b X A7 AL 5 B R £k 2 B
FAERE R YA T 54 SRR & R A~
FRIE R R A A S R AR
XA AL R 2 TR OC R R sk s i HAE R 2
AR 2 BV 222 3 1 DG 2

H HIT K 2 802 5 3 i B [m] i ik —— i b 5% FX
TR B17200 DA A I8 T4 el X (1| 38 T B T AR R A
AV S R AN P ik B HERMT AR, T 20 AR SRS
PR W B Rk 5 At TR R L8 1) Al
A R V1A T 6 A M R ) W 30 4 b DX AF 5 45 R 202
R, SATRANEYH S RED —BAE 10%L

N AMEREARE] 1%, B R 3.9% ; 78 HA4b A
M V5 B RIE R 1 m R A R i 2
25 m JEM IR E A b W AR S5 09 5Y O | R T R
Hiy DXk 2 62 1 - WAL %k 61.8 mmy/ka, B+
R A 0.31~2.47 mm/ka; J1 FEVL A D7 25 vk 3
TR X BRI A B, B BR R 1 )2 i ) AR Dol e
K 0.003g/(cm?. a)(Z9 11.1 mm/ka), T KA FE 4 P 1)
AR EI/INT 0.001 g/ (em?. a)(2 3.7 mm/ka), E
ARG PifE B b B PY MY 5 AR
R, RS RBEENIKERAEY &EN
11%~39%, JE B 1 m JERYFRA L LT B3 2~5 m
REREL A, Iras BBl 28~84 ka, VeI & &5 54
0.625% M 4% M) H =7 BT m B FR 4 B 75 i 1k )
e 1R 4k o J2 )5 B2 FVINE 18] 43 50 28 79 m A 790 ka M
13 m H1 220 ka,

3.1.2 £33 A R R e ) a5 B2 3 B Ak T R R

V0 Ak AR AT R 2 AR R 6 %

B B R BR AR L A KA B S — A R R
At R R A Bk R AR R A A TR TR
A ATIEY) & B OGS4 R IRER A R S A
FHEREIE A TCOC R, it AR SRAC T itk iR 46
T 22 KA R M W 2 A B 5 i SR R [ 2 — S ] R

Jiti FH A% SRR XoF Btk 1% 66 o B A FH B4 5% o 2
A LA P T < i JES I T e B A T B sl 2 1
e N R A [T N G R AT T 20 5 e
HEH B kFow, &S, g TH TR,

B =(Gi—G)/G, x100% (1)

S, Gy—— A% it A 51 T TR S A6 i AR L
P o/ cm?; Gy—— it L 351 T Ak R 6 25 B Av7 T AR L
i, o/cm?,

R ) T AN T R ) U T S K L s =X
(1), AT DA B[R] 7 55 58 B b X 98 it P A I8 Xt
TR h 4 N AR s R i 25 5 an sk 7,

Jiti FH A 5 NE o i iR 2k 25 1 A F S ), AN AW 32
F + 1 pH B Z B )RR KR BEE
SERZ M2y, R 7 T F it FH A S 0 ) sk 1% 6
AR RS e R, A AN TR 5 e AR R —
JENEJE 2 B R ZE R AR T 25%~65.7%, 1 K
A AR T 10.48%~53.89%,

T VU R B R 3k 7 M X 246 R o b X 4 R 3
50 cm DL S B 2 B R B L LX) 50 cm



ERIESN N

AL A5 i P R I X 5 e S 119 52 i B HG A 25 PR 8 T S 1401

I =5 A K R RSB 4 0 R 35.77% |
37.27%,3% P Es HLAT sk kA0 et sl il LA
Ry A — PRV P R R SR AR b X i AR T
Sk IR R A AR AR 35.77%~37.27%.,

DRI 0 7l FH A 52 B8 XoF i 12 2 2 1 A FH 5% il %
K EEEHEE St Xt il - IR TS 1
WEAERWEREZ —,
3.2 WHATERMEELE CO,5KK CO,RL

K RMIRNE, A HI EFEHEER CO, HERUR Ik 7
321 R EEFHBR I EEMRE XA T CO, ¥R

Lk A

it AR R MR R T AE KR CO, M R,
X FAIF 5 A R eAE P1 B A A8 Ak HAA i R B
e EV 2 AR AR E N R Cco, RURN
WA SIVEH X -1 co, 5 KA CcOo, ML E R
HEAT T I AR (il FH AR I 4 438 v i iR b 25
P RKAH CO, PRI R A2 M0 A& WLF]

fe IRl 57 22 7R BRI 58 R W, FE R IR £6 % b IX. + 158
Faih , KA CO, X 1 co, BA R K TTmke, 48
LI KRR CO, ik A LS+ CO,, HT
TR cO, B R BB EE 2R A A5 A
Wik il 25 LR, L84 co, h 707~
3850 4 mol/mol, &K= CO, Y 4~20 15 (KA CO,
4 190 p mol/mol), I EMAK 213 CO, % il
Rk AKRA, LD EWE co, AT A T
Kl R IEOK R pH TR, DTS B 22 B B R £
Bl ol DR IR | Al TR 3 ok v T AR R o, A
R Gk bR CO, A IRIRER AR K
K CO, M EEMWIL,

SR R AR U (it P A SR8 ) fi 3K
1) pH T, BEAR T 438 rp i R £h A VA /e | sl /b
TR ER s s AT X 3 CO, TN FE
20 CO, #b i L F A KA,

PRI U it FH A SR REAIR T e 2 6 3 % KR o,
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fiie B2 £h A W ol AE O 0 Ak 2E 7 R O
MeCO;(s)+H,O+CO,(g)=2HCO; (aq) +Me**(aq)

MeCO; & 3£ 52 By ¥ il 3 72 o 1) CaCO;.
MgCO, KA ] BEAETE A B R h 7 21 43

SRR, A aA 50 KA 0 T E I >
) CO, BY W W £ 73 5 24 1.1704 x10* kg/km® K&
1.2358%10* kg /km?,

Titi S Ji5 e T2 25 Vs b s A0 X CO, B IR
g1, F s AR RAT 5 3R 39.45% .25.50%, — i
TR 6 b X, 3t FH A SR I ok T 25 A o ik
D CO, BRI 25.50%~39.45%

3.2.3 THE IR RIET £ B K CO, LMK 2

WF 5% 22 B Bl iR 46 4 L J2 P 25 % K& o, 1 —
AN E R 3% e e 482 o3 A T AR v 5 1 K i
W) CO, M 47.18%10° kg.a P, HH Tk R Eh %5 Hb X
Tt FHAC AL b T s il N0 T CO, AT K
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Table 8 The influencing intensity of farm manure utilization on the pedogenesis of carbonate rock

+ 2 JE % /em 20 36 50 70 90 105
W 25 i (R SR B % 65.69 25.00 35.77 55.25 29.85 28.05
AT IR T (R SR B % 53.89 29.38 37.27 22.12 1048 22.79

F9 TEEAREBIHTELDHE COo, RITE
Table 9 The calculated results of the decrease of CO, uptake by carbonate rock
weathering due to farm manure utilization for 1 year

Sy ARA YD H 5 B /%
A T % CO, AT i ¥ i /b 1 CO, AR AT RS CO, AL 5 # it/ 1 CO. - ERE
W/ (mg * cm”) W B/ (mg * cm®) WA B/ (mg * em™) W&/ (mg * cm®)
39. 6202 1. 1704 77.1301 1. 2358 39. 45% 25.50%
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T A BRI WY 53 M 5t BH Hb X5 85 K X R A
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J& W 1) CcO, B W W & S R 11704 %X10* kg/
(km*.a™) } 1.2358x10"kg /(km?>.a™"), HEULTHEE, H
T it A RAIEWE A 1 CO, By M i BT 4 43
e, = HL X R 59.41%, 4 K 5 1 X2 62.73%
WA KA S AR A IRA X, H TR
F B BT A K Co, I MK 7E M 59.41%~
62.73%,
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198.87%,F ¥4 1 93.94% ; i AE 35 11 M 1fT CO, 18 =
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The effect of farm manure on the dissolution
of carbonate rocks and its eco—environmental impact

LIU Chang—li, ZHANG Yun, SONG Chao, HOU Hong—bing,
WANG Xiu—yan, JIANG Jian—mei, WANG Jing—jing, PEI Li—xin

(Institute of Hydrogeology and Environmental Geology, Chinese Acadeny of Geological Sciences, Shijiazhuang, 050061, Hebei, China)

Abstract; Research on the effect of farm manure on carbonate rock dissolution is important for pedogenesis of
carbonate rocks and source/sink of atmospheric CO.,. In this study, dolomite and limestone tablets were buried in
difterent depths of the soil profile in the karst area of Guiyang City, Guizhou Province and, at the same time, the
dissolution amounts of tablets, soil CO,, soil pH, soil water content, soil minerals and chemical composition and
soil water chemistry were monitored. The results show that manure application decreases the dissolution rate of
carbonate rocks, with the dissolution amount of limestone and dolomite decreasing by 11.7%—116.9% (averagely
34.2%) and 25.0%—65.69% (averagely 39.45%), respectively, and the dissolution rate of limestone higher than that
of dolomite under the same condition. Using these values, the decrease of the pedogenesis rate of carbonate rocks
was estimated to be up to 35.77%—37.23% due to the application of manure. The results also suggest that manure
accelerates the generation of soil CO,, and that soil CO, concentration in the manure profile increases by 22.52%
—198.87%
data also indicate that manure decreases CO, uptake by 25.50%—39.45% due to the dissolution of carbonate rocks

(averagely 93.94%) and the CO, flux increases by 67.64% as compared with the control profile. The

in Guiyang City, and that it brings indirectly a 59.41%—62.72% counteraction to CO, uptake in karst water of
Guiyang area.

Key words: farm manure ;dissolution ; carbonate rocks; pedogenesis ; CO, source/sink
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