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Effects of Farming Behaviors on Quality of Shallow Groundwater in Small Karst Basin

LIAO Jing-lin!, SU Yue?, LI Hang?, LIU Fang®, FENG Ze—wei*
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China; 4.Environment and Resource Institute of Guizhou University, Guiyang 550003, China )

Abstract; Shallow groundwater and soil were analyzed by samples collected from three type of agricultural areas in small karst basin. Results
showed that the chemical composition of shallow groundwater was distinctly varied in different farming regions. The permanganate index and
the content of SO, NO; \NH; ,PO% in shallow groundwater increased by the order of dry farming areas of lower index with planting crops,
complex agriculture areas with higher index planting crops. The content of nitrogen and phosphorus was higher in higher complex index
planting crops farming areas. The content of NO; in shallow grounderwater was obviously influenced by organic matter, total nitrogen, avail—
able nitrogen; The content of PO in shallow grounderwater was mainly influenced by total phosphorus, available nitrogen and CEC; The
tested 13 water chemistry components were hardly influenced by Cl™ in shallow groundwater. The different content of NO5, NH; and perman—
ganate index in shallow grounderwater resulted from different agricultural practices. The special double hydrographic structures in Karst
made the aquatic environment quality were easily influenced by some environmental factors such as land quality, especially the shallow
groundwater was more likely prone to be polluted.
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TR AR E T 5E .
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¥ 4 Excel 23 )5 , R A SPSS(10.0) #il DPS
(V7.05) RTG53 17
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2.1 REMTRUFEHSTHEAE

MR 1EH, BB TKPHEFEER G,
Mg, FHouk AR AL JE B 73 51 67.8~136.04 mg-L7,
14.01~35.44 mg- L, BAESFFE L HCO; .SOT, Hifk
B AR YO R 43 Bk 83.8~ 225.8 mg +L™.63.3~166.4
mg- L7 AT IL, /NI g AR R T K A A 2R R
A HCOs—Ca BUA E, REFMREX HEMPEKX,
BEMEARER I T K Ca S B HHFER
(HCO; \S0% ,Ca* Mg™ K*\NO; ,Cl" \NH; \POY Z Fll )
RFHE DI (n=7) 5352 19.61% .16.31% Al
21.98% , T Mg+ & & W 4 5 & 4.05% .5.96% #1
5.73%; REMPEX REM X HEMESR
EX 3 T 7k HCOs &5 & B T BB M-F I E &
B A2 52.07%.46.39%F1 36.48%, 7] W , AR
M T BRI H T K AL AU A U o T 2
H T KK
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Table 1 The Mean+SD of chemical index of the shallow groundwater

under various farming patterns in small karst basin

P L
n=T7) (n=T7) (n=T7)
pH 7.53+0.13aA 7.47+0.295aA 7.24+0.088aA
EC 243.14+57.43bB  394.57+322.38bAB 746.57+306.16aA
KI 1.96+0.54aA 2.03+0.58aA 2.46+1.18aA
HCO; 180+38.14aA 229.44+83.85aA  225.79+41.23aA
SO7 63.33+11.26cB  120.03+54.75bAB  166.36+34.60aA
CI 5.03+£1.12aA 10.05+8.61aA 10.72+3.15aA
NO; 9.44+4.31bB 15.02+7.33bB 33.67+£9.17aA
POY 0.0178+0.007bA  0.0367+0.016aA  0.0384+0.016aA
Ca* 67.8+42.60bB 80.66+42.81bB 136.04+10.38aA
Mg* 14.01+4.00bB 29.5+17.13aAB 35.44+11.27aA
NH: 0.062+0.016aA 0.095+0.065aA 0.059+0.038aA
K* 6.04+£1.05aA 9.91+3.96aA 10.86+6.55aA

T AKALETTR BTN mg L, UG R AL pS-em™,
KI WS MR TR R B P IE +AnnER: , FRF0R Duncan ZE I
B(SSR)ME R, AFR/NG FRALBLE X E) P2y 0.05 B BE K, A
FAIRE TR BEAR] P24 0.01 B BEKF
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B JEMERR AR BRA S B2 IEAX EAEE &
EHT 7K NH; 5 148 CEC ASH#udhik B itk B2
IEAEG, W T /KSR RS L EAEVE S
FEFR K5 KE (<0.01 mm 1 0.001 mm )F5 4% 6] 3455 B
B E AR
2.2.2 #H B FE RS

27 |5 7 R RE AR FE AL AR B 7E 24~ B H
AR AR, AR DT R AR AL i 22 ok
BT BAEFF NOs \POT  NH; I 4G BREP T 2K
(KI5 T EAR IR b I e 25 R 7 1|1 15, 15 31
PIT 4 MarEZ T a7 2

y1=1.194 26%,-1.361 74x,-1.201 44x3+0.867 466+
0.268 795x5+2.402 251x5—2.289 26x,+0.792 839x5—
0.148 35%9+0.037 823x,,+0.045 53x,;+0.212 081x,,—
0.313 44%,,-0.291 8x,

¥,=0.370 738540370 568x,-1.727 T7x+0.725 4224+
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Table 2 The coefficient between the soil characters and the quality

index of various shallow groundwater

HJEH T 7KFER(Index of shallow roundwater)

+3EHEFR(Soil index)

NO; POT NHZ KI
AHHLF(OM) 02836 -0.1522 01506 0.639 2**
JEAERR (HA) 0.102 1 -0.118 0.101 7  0.440 4*
CEC -0.0094 0.128 4 0.520 6% 0.102 9
WAL (A Ca) -0.001 -0.1029 00426 -0.0356
AZHEE(A Mg) -0.0406 0.0992  0.578 7** 0.227 6
2%(TN) 04061  0.0492 -0.0492  0.279
AR (AN) 02872 -0.0672 -0.1114 0.1906
£ (TP) 03622 0.7373** 01935 -0.1229
B BE(AP) 03979 0.676 2*¥*  0.0699 -0.073 5
248(TK) -0.277  0.207 9 0.0488 0475
A (AK) -0.528 4* -0.566 7** -0.0742 -0.238
8 (Bulk density) -03247 -02853 -0.1535 -0.36
>0.01mm Kfr (clay)% 02836 -0.1522  0.1506 0.639 2**
>0.001mm K%L (clay)% 0.102 1 -0.118 0.101 7  0.440 4*
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0265 967x5+0.647 807x6-2.037 Tx+2.140 77x5+0245 69xo+
0.100 7x,-0946 25x,+0.409 46x,0.166 41 x,5,—0.700 6714
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1.188 097x4

¥,=2.027 858x,—1.401 74x,—0.843 73x3+0.492 215x,+
0.398 39x5+2.851 62x4—2.309 5x,+0.096 161x5—0.551 3x,
+0.624 947x,,+0.158 281x,;+0.168 65x1,-0.743 T4x3+
0.668 21x,
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-2.2893.-1.361 7.-1.201 4.1.194 3, FIERETNE
EH T K NOs & B E R RA K, M8 AR R
BOM 0.212 1, {Hi# 3 HIEA YR JEREER YT K H NOs
& BRI 25014 -0.856 9.0.898 8, AI UL, ¥
JE T 7K NOs ik 3% + A YR AR . R
R AR K REH T KT POTEEZ HHE4
B B A .CEC MEHZMIRK, HEEZ R B
5352.140 8.-2.037 7.-1.727 8, - HE SR A0 B HE Xt
REHTK POTEBRHEEZMAR(HEERRECE
0.2457), BidEBEXTHLT KA POT & & Al E0E S
RER 1.804, WJZEH T K NH: & &5 14 CEC,
LB AR A HRES KR>0.001 mm 1) HEE K
X, HB@ER RS 2.4372.-1.3791,1.101 5,
1.897 3.1.188 1,1.144 6, +3EL% A VLEAEHER
HESHRE T K NHEEER R, U HE
R ANHREH T K NH: & B AR 250 12
DI AL, SRR R 2R B VLR A R X
E T 7K H NH: & B K, ieAh, 3% CEC fi+
B R E T K NH S BHRAEHER, B2
R KRR TR AR B YUE S
MR H R MK, HEER R 52 2.851 62,
—2.309 5.2.027 858.-1.401 74, ®] I +HEHAHLR.
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15N
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0.70 B EFRIFN KA 2= . FELATH, 55— F
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43R 3 KA (1~7.14~15 SHEH R —25,8.10~13
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7K B A E (GB/T 14848—1993 ), A 47 25 K5 %if b F
KRR 4y 3 28 SRR DMK R Fh R AE
X B30T 7K R F AR AL, NOs 5 B ik 11 ~ T 2K th
TOKRRIBRE, B4R BRI TE B 8 1 2t Tk ik
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Table 3 Principal component eigenvalues of

the shallow groundwater

BT R AR BT
Factor Eigenvalues  Percent of variance ~ Cumulative percent

1 6.374 49.030 49.030

2 2.990 23.002 72.032

3 1.012 7.783 79.815

4 0.859 6.608 86.423

5 0.617 4.747 91.171

6 0.384 2.951 94.121

7 0.239 1.841 95.962

8 0.188 1.448 97.410

9 0.133 1.024 98.434

10 0.084 0.648 99.082

11 0.069 0.529 99.611

12 0.033 0.253 99.864

13 0.018 0.136 100.000

I RHAERR AR RO R 2 TR
Kaiser-Meyer—Olkin Measure of Sampling Adequacy(KMO )=0.690.
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Table 4 Principal component eigenvectors of 7 by
the shallow groundwater lg —
3
E BT 1 BF2 EF 3 BT 4 4
Index Factor 1 Factor 2 Factor 3 Factor 4 g
pH -0.848 -0.267 0.165 0.108 lg
EC 0.837 -0.481 -0.184 -0.002 8
10
HCO; 0.449 —0.771 —0.122 0.267 12
SOT 0.881 -0.046 -0.125 0.212 i;,
ar 0.543 0.661 0.071 0353 1
NO; 0.820 0314 0.148 -0.305 %g::::::]
PO% 0.744 -0.336 0.369 0.259 ;?
Ca 0.799 0331 -0223  -0.069 00 859 1719 2578 3438 4297
Mg 0.767 -0.131 0227  -0028 Distance
NHZ -0.040 0.786 -0.086 0.562 1 R TABEE
Na* 0.926 -0.102 -0.094 -0.184 Figure 1 The result of cluster analysis of the shallow groundwater
K* 0.550 -0.106 0.795 0.002 quality under various farming patterns
KI 0.263 0.823 0.088 -0.302
LR 6.374 2.990 1.012 0.859
= 3 £
FERERERI% 49.03 23.002 7.783 6.608 ZHTE
BitE %% 49.03 72.032 79.815 86.423

AIPRIE , R AR IR PR R B 20 11 283 T /K A A A
RE , NH: &R0 I 23T AR R B pn v, KR E T
KB T R 5 = 28R AR 5RO X B3R K R
A AL, NOs & B i W23t T /KR BOARUE , &5
SRR IR EOA 11 ~ K3t T /K AR A AR o , NHE R 7088
I 23t T K AR AR E , X SRR JZ T 7K Bl i 32 31
AR

] LAY - A PSR, TR S X T
PRI —ITKSCEEH K IR R R 5 52 3 TR B A PRI
RN, SARETRR LR L, 23R = T K
V& NET S

(DARFARMEXEZE] T K2 H -0 A B 8
Al MMER RS R AR X o E R B FAE X 3]
REMIBEME G RIEX, RZHTKFH NO;,
NH; .POY. R4AMREFTEECR SO & BIARIIG K, 2
B3 EIHES XM GBI TR REHT
K NO; \POY NHi T B AR IR 18 5052 L
IR

(2)% 13 Pk AL 2= 280t A7 A 520 B (£ o>
WAL AL CIARZH T KA R, K iR
B 12 D ETME PRI T K BB AR L 38 b
(R CI), R FARK R A IR B XA [ AR 2 XA 3 T
KRBT RIS , 2 M T K R AR HE(GB/
T 14848—1993) , H e B LR & B FRALIEAR X 3 ekt

RS REHTKRERERENEE

Table 5 The ranges of shallow groundwater quality under various farming patterns

255 Type HUE Item NOs POT NH; KI
I JLE Scope 4.7~14.1 0.005 4~0.027 1 0.046~0.089 1.5~3.1
(n=9) ¥{H Mean 10.74 0.018 1 0.062 2.01
I JLFEl Scope 7.6~23.65 0.022 5~0.036 0.036~0.218 1.3~3.22
(n=5) H4J{H Mean 14.86 0.035 9 0.101 2.05
i} JiLFE Scope 24.3~45.7 0.022~0.069 3 0.047~0.101 1.4~4.16
(n=T7) {8 Mean 33.67 0.038 4 0.047 5 2.46

R ETTR B TR mg- L7, W AN pS- cm™, KL RERPREFTEEL
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