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1.1 MHIREXER

BRI AL T 5t M A8 g R (106°13748. 07 ~
108°19'33. 6" E,25°4'48.0" ~ 27°27'21.6" N) , Hi
Ib 75 B IR AR R AR 1)) Y B A Ak U M, g DT R
A A A, MO DL L A B o . B R
INTEFRZ) 2.62 J5 km®, i34k 400 ~2000 m( F-#4 997
m) AERIREIK 2 1500 mm, FEHSRY 17.5 C,
AT [F] 2, J ML 28U i) W R J i o 2 XU, 1R
W IR 538 9 A~ 28 23 WA 300 24+
il FCHb R b A8 S A B BRI A K K
i - S
1.2 THRXRESESH

2010 4EAE ST 4G B9 P R AR 1250 o3 A% - 18
BEA (1) 350845 10 hm® 7247 RAE— D HHEZ +
SRR o SR TR A A, 2R AR 0 ~20 em HF)2 14

1o HIEASHAERG A HAE DR NH, OAc S fe—
JEF W R IR A 8 A R
TR TR
1.3 THEBAASHRETRSRINE

2 R ] 3 A R A B 8 Y 4
FEAF S 2 AR - 4 S R B T A b
(R,

®1 EETEAERSPRETRSRITE

Tab.1 Classification for tobacco soil available secondary

and trace elements mg - kg !
g = pri ES1 R
Variable Deficient Moderate Rich Very rich
ECa <800 800 ~ 1200 1200 ~ 2000 >2000
EMg <50 50 ~100 100 ~200 >200
ACu <0.2 0.2~1.0 1.0~2.0 >2.0
AZn <0.5 0.5~1.0 1.0~3.0 >3.0

ECa: 32 #i£45 Exchangeable calcium; EMg. 32 i} 4 Exchangeable
magnesium; ACu: £ % Available copper; AZn: 7§ % %% Available

*:'éljlil ) %’n\\i#?ﬁ {tb/j [/J\ mﬁ{f EZ 2 kg j:i% zinc. [[d] The same below.
YERFFINRE o 3ERE 5 KT 5 2 YR 3 1 4% R
N 27.452
Altitude (m) ® 1T )% ;
Sampling point X% e
Legend = . . s
400- 800 * il :
800 - 900 County seat
900 - 1000 ~ 1L %t SN0
1000 - 1050 County border B '
1050 - 1100
B 1100 - 1150
B 1150 - 1200
B 1200 - 1250
. 1250 - 2000 | 26335
*
el
sl oL | 25782
PR
o % i
3§
ot £
O T RONTL L, R an
0 20 40 80 Kilometers E | 25225
| [ I [ |
106.206 106.617 107.027 107438 107.848

Bl ITERBESSHE

Fig. 1 Distributions of soil samples
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1.4 HELE

S SPSS20. 0 14 Descriptive Statistics-Descriptives
TGRS IS8T 90 #1, Compare Means-One-Way
ANOVA-LSD #f 17 £ = b &, Correlate-Bivariate-
Pearson JFATHHIE T, GS + V9. 0 #4724 5 22 s AR
BIHI4E , AreGIS9. 3 [t ArcMap-Geostatistical Analyst
17 Kriging 48 (B, ¢ 5 (E 23 51 25 [A] 7242 6 1% 22 L 1
Hh BT 7 22 R RO 72, T [E] A 1 4 (B 2854 520
AP ARAIE o AN SR Sk U A S, BIAE
AS-PE + 3FARUEZE | Y I (3 A B 4 40
e S, IR O AR IME A

2 HiR50r

2.1 TEFUSHRETEERESIT

22 N HIEABES PRI R RG4S
Ro ZME 1 LR PhrifE, NIIERFE , EMg
M AZn &R T\, P E 5 207,75 mg -
kg ' F14.01 mg - kg™', ASHE /M H 1. 14 ~ 884. 81
mg - kg ' F10.01 ~13.36 mg - kg ™' ;ECa 1 ACu 77
W, FH(E S 9 1368. 83 mg - kg™ Fl 1. 90
mg - kg™, AFME 43 524 50. 90 ~4023.22 mg - kg™

F10.01 ~6.37 mg - kg™', ECa . EMg ACu fl AZn 7
T Z 1 R A R I SRS 1 26. 96% |
15.28% 7.76% F15.20% . 4 FhocZ 748 5 25050 B
1£59.97% ~102.81% ZJa], ECa ACu #l AZn J& T
WA R AR S EMg JR IR AR . K - S Ku B 3R,
ECa ACu Fll AZn xR NIEZS 530411, EMg 28X 450 4 J
JIR M IE 2553 o
2.2 TEAYSPHETEZTZTEATRSHW
2.2.1 IR RUEICER T 2 R
53R4Ty 22 PRI B A K AR S B
3, PUrZ REHe A R 4E F T LA A (R AR
B 5 AR, b GE 4 R B B LR BRIk
BREAY FEECEAL N WA A % . +35 ECa EMg ACu
I AZn BUE BRI B O HR OB AL, 4 REGRIR B
BEATLER S35 | A 23 ()48 S5 o7 AR S Lo il P B
ZEAT AL, EMg  ACu F1 AZn H A7 v 45 iy 23 [a] #H 56
P, 1 ECa 25 [RIAH S MER0 5 o AR TR R FR R AE
AT F AR B R G IR, By 238 83 A
HITAREATIEE . AR/ INE /R T 2546 Pk Rl 2R 45 11
R AT S (0] SR B Y , aE
JCR RV FIAE 2. 23 ~238. 11 km Z[A], B K
)2 EMg, fi/Mi & ACu,

R2 EETEERSHRETEHEBESR TN

Tab.2 Descriptive statistics of tobacco soil available secondary and trace elements mg - kg !

A hE H/ME SO NIE] P fE iR ERRE Pig(iEst] i £ 354 P
Variable Min Max Mean SD CV, % Distribution type Skewness Kurtosis £os

ECa 50.90 4023.22 1368.83 820.89 59.97 1EZS Normal 0.27 -0.16 0.236

EMg 1.14 884.81 207.75 213.59 102.81  XJ#IEZA Log-normal -0.32 0.48 0.129

ACu 0.01 6.37 1.90 1.33 70.00 1EZS Normal 0.02 0.12 0.013

AZn 0.01 13.36 4.01 2.54 63.34 1EZ Normal 0.09 1.02 0.059

R3 HEHETEFSFAERBEIREXSH
Tab.3  Semi-variogram models and parameters of tobacco soil available secondary and trace elements
o » e 2B . N

Ak e watn e PR amame st L

Variable Model CO CO+C o Spatial correlation km .
(4

ECa E%¢ Exponential 5.80 6.83 84.92 55 Weak 70.80 0.87 2.35

EMg F8% Exponential 0.70 1.29 54.26 146 Moderate 238.11 0. 90 1.82

ACu 54 Exponential 0.81 1.83 44.26 Hi % Moderate 2.23 0.93 1.10

AZn F8% Exponential 5.19 7.12 72.89 H14 Moderate 136. 14 0.95 0.01

#:C0/(CO +C) <25% , 71 HAT SR AUAY 25 AR 914 525 % < CO/(CO + C) <T5% , 7t BAY WP ARy 28 A 6 5 CO/ (€O + C) >T5% , 78 ht %3 i)
HHEPEFS -7 C0/(C0 +C) <25% indicates strong spatial dependence; 25% <C0/(CO + C) <75% indicates moderate spatial dependence; C0/
(CO+C) >75% indicates weak spatial dependence.
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2.2.2 BHEARES MR TR A E A 5
TEARIETT 75 o RO 2 A5G 2 40 il I
AT Kriging i (LA AR FURE S BEAT TN, 3RAT 1 W%
FEIX A RS v Bl e 2R S 1] A I 1 (1
2) o RHE A FROCR AR B Btk p0 2 1A R
BIFE X 4 KR 73 XSk ) ECa \EMg ACu il AZn 5 5
AL T P BAR A R K. ECa &R Y X
AT R L BACEAR /NG, B ZET A 1. 14% 5
ECa 5 it =2 1) DAL T 1 2L AR AR /N
[, SR 1. 22% 5 Rl ECa &5 AL
TP EFE A, SR 97. 64% . EMg
B AR 1 X R AL TR M AL R B
FRARTT SUE & e BLERHER SIS A, 3 et AR
f929.09% ; EMg % i ikt = {9 DX I A A7 T 1l 2L 7R
AR/ R, S SETT AR 0. 46% 5 HR 7> EMg

ECa (mg-kg') N - 27.452
51 - 800
I 800 - 1200 1 A
B 1200 - 2000
I 2000 - 4023 | st
[ 26339
gL | 25782
| VR
0 20 40 Kilometers [~ 25225
I T T I I
106.206 106617 107.027 107438 107.848
ACu (mg-kg') N |- 27.452
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N 0.20-1.00 A
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2 -
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|- 25.782
T
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T I T I I
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SHHLEFE P EFEEKE, SSEIF ALY
70.45% . ACu & BAR 5 10 DI 20 T |
HUKE #RAT O BB ARG BB, g
9 30. 15% ; ACu 5 5 it = 119 DX IR AN A7 T4 S0 T AR
AEFRAR ZNYE B, o7 e 1T AR 0. 21% 5 AR 4
ACu ¥4 Fi& vh & £ &KV, A G it m
69.64% , WFFEIX L4 R H 4 KR AZn & HARFH,
TG TR 91, 46% 3 AZn F i Z (1) XA T
P BRI AR /NE L, o Ge it ALY 0. 25% 5 AZn
FEEREEE MW XA TR B UK AR
B i 5 N N S N 6 B2 W 2 A T
8.29% .
2.3 ITEERSHHETETATRNEMETF
2.3.1 A

T EREA R Y T 4 3 Y - R 43 ) e o

— 27
EMg (mg-kg') N 2l
1.1- 50
e 50-100
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|- 26.339
i | 25782
L L
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I I I T I
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0.01-0.5
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Fig.2 Spatial distribution predicting map of tobacco soil available secondary and trace elements
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BOEEE KB LM AOKE, SREALEDN
66.48% . F LSD kb4 4 28 1 p i e R 78
H2E5 (£ 4) . ECa & K/NIT A1 > KAE+
> K+ > B REHE ECa & B fi i 10 5 48 L fe R A
HARHE S 68. 74% WA S AR A K+ KR
+Z A ECa 2R BE (P <0.01), EMg &
AN KRS 1 > B > AR > A1 K+, EMg
it R KRS 2 L e AR A K - =i 427.57%
4K+ A EMg SR EE (P <0.01),
ACu F 8 K/ A KRG £ > ks > W8 > AR
4, ACu ¥ 5 F 5 YK R 1 L e IR A9 A3 K £ i
129.05% . ¥4 A K £ 5K FE L BhR KRS £
SR A ACu R EE (P <0.01),
AZn F8K/NKRE L > AR £ > SEARHE > B,
AZn F & i K RS L B AR RO B OE
42.31% KRG L5 HAE 0] AZn 22 57
B (P<0.01),
2.3.2 WK

fAT EAAE DR /3 T 2B, 14K 5 ECa .EMg il ACu
TG, 5 AZn IEAHSE, HMAHXERER K FE,

P 5 4 FhOCER A AMEAN AL 55 , nT AL JCAH R
YE(FS5) o fRiEdhm BEX LAEUEAT 340, /T 1LSD 12
FE A ] TP RO U R P SR BER R
Jhr, 3% ECa EMg Il ACu &t B4k 2555
Jo TS ECa &= K/AMIF R E3 >E2 > E1 >
E4 > E5, ECa & & fix = 9 E3 LI KA ES & i
20.51% 54k E2 \E3 5 ES Z[A] +3f ECa = E R
BF(P<0.01);EMg & K/NRFFN E4 >E3 >El
>F2 >ES,EMg & ff i 9 B4l ARAY ES w5 il
14. 18% , Fr A gtk 2 i) 13 EMg &5 5 22 5 R 3%
ACu F R/NF A E2 > El > E4 > E3 > E5, ACu
SRR B2 R KA ES w13, 19% , BT A T
Wz 3 ACu Fi 2R A B, 1 AZn &1
SR T O W A ML, AZn 548 R/ MIBUT
E5>El >E4 >E3 >E2,AZn &g i) ES AR
B E2 B 21.15% , i3k B2 5 ES Z[6] 3 AZn
HEAEFRE(P<0.01),
2.3.3 +3#EpH

Al BASCHE 3 M B, pH 5 ECa EMg 5 3%
IEAHSE(P <0.01), 5 ACu AZn 2HAH . (HAAH

x4 TEXBWERTEERSHRETEHZE

Tab.4 Effect of soil types on tobacco soil available secondary and trace elements mg - kg !
+ 482 Soil type FEA$L Number ECa EMg ACu AZn
F#1 Yellow earth 482 1475. 11 £646. 28aA 151.69 =73.48bB 1.59 0. 84cC 4.16 =1.74bB
k4 Yellow-brown earth 154 874.18 +396.95bB 102. 48 +56.23¢C 1.98 £0.92bB 4.48 £1.65bB
F KA calcareous soil 91 1081.21 +472.61bB 43.81 +39.43dD 1.48 £0.79¢C  4.59 =1.76abAB
JKFE L Paddy soil 104 1102.82 £508.29bB  231.13 +106.49aA 3.39 +1.62aA 5.92 +1.69aA

NG FRFIRTE 0. 05 JRF L2253 B3, K FRFRTE 0.01 K EERBFE, T,

Lowercase letters indicate significant difference at 0. 05 level, capital letters indicate significant differences at 0.01 level. The same below.

RS BRMERTEERSTRET R

Tab.5 Effect of altitude on tobacco soil available secondary and trace elements mg - ke !
#F3R (m) Elevation FEAZL Number ECa EMg ACu AZn
E1(620 ~900) 243 1365. 64 £486.78abAB 206.87 +£60. 35 .96 £0.97 4.21 £1.92abAB
E2(900 ~1000) 225 1456.87 £491.69aA 201.94 +68.37 .06 £0.84 3.64 £1.89bB
E3(1000 ~1100) 280 1472.25 £502.57aA 218.50 +74.39 .83 £0.91 3.82 +1.74abAB
E4(1100 ~1200) 205 1347.76 +439.61abAB 221.05 +65.28 .87 +£0.79 3.89 £1.85abAB
E5(1200 ~1470) 297 1221.71 +504.24bB 193.60 +59.63 .82 +0.96 4.41 £2.19aA
MR ZAZE(R) 1250 -0.086 -0.047 -0.063 0.025

IR1=0.8 A HEEHHK,0.5<IRI <0.8 FHEEMI,0.3<IRI <0.5 AR, IRI <0.3 FWFHMHK, FMH.

IR1=0.8 indicates highly correlative, 0.5 < |R| <0. 8 indicates moderately correlative, 0.3 < |R| <0.5 indicates lowly correlative, | Rl <0.3

indicates weakly correlative. The same below.
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Tab.6 Effect of soil pH on tobacco soil available secondary and trace elements mg - kg™

pH FEAS%L Number ECa EMg ACu AZn

<5.0 237 585.21 £229.58¢F. 68.04 £38.79¢F, 2.05 0. 87abA 3.55£1.68¢C
5.0~5.5 295 982.55 +393.71dD 116.74 +66. 48dD 2.25 +0.99aA 4.12+1.83bB
5.5~6.5 464 1464.36 =579. 46¢C 198.51 £75.29¢C 2.03b £0.95A 4.63 £2.16aA
6.5~7.5 155 1991.51 +626.37bB 388.91 = 130.23bB 1.53 +£0.79¢B 4.21 +1.68abAB

>7.5 99 2744.27 +882.65. aA 574.89 +215.41aA 0.46 +0.28dC 1.60 £0.73dD

HERH(R) 1250 0.779* * 0.672"* -0.289 ~0.089

* . fE 0.05 K b AR OB 5+ % . 7E0.01 7K b 2 AH 5 CO) o

# . Correlation is significant at 0. 05 level (2-tailed). s s . Correlation is significant at 0.01 level (2-tailed).

KEBR KA, 1 pH 5 ECa EMg ik 3| rh BEAH G
P, 10 pH 5 ACu ,AZn AHICHER S5, WK JCAH &
PE(F6) o He 35 pH PREN =k £ FEI L5 4,
LSD 5 He A2 0] 3 g e R S 2 . Bl
& pH Jt &, ECa Fil EMg 7 & S48 i %4, ACu 1
AZn BRIEHOMIG T AR pH { [ [ ECa.,
EMg ACu, AZn % & 22 5 ¥ ik B 3 K (P <
0.01),

3 g

(R SR E R/ e S u N i1 [ O ()| A2 Y
WSS A AR R G IEN B BGE TRIEYAKW
THE R P G R A2 E) A SR R A
ARG AL R R o B4 R AR 1 4 B AR R R
PE(FT) o — N, T [ g 77 BRI - 4 1l X [ e
TR0, A PSR B, 8 B o e 3 i A1
B - ST (A 4 E A 43 MK 59. 74%
F18.97% " TWiABF 5T 45 F 2 W1, 251G M 46
SR MRS e A B R AL TS T AR R K
-, k2 T BURN, SRR R AR B B
Ve E KA MR, — 2RI Tl AR, — 2
SRR Tt FE A At o A A 7 1o o o 5 B0 P R
AR . el , 4 p N 8 0 2E 7 3 B0 R A
FEAREA B RA DL, ML A& Y
E BEIR — R IR Ak, AT = R R S5k
FRABER K3, B0 Ky & A B HL Y P,O; | CaO
F1 MgO SF 1. MH L HE SIS T4 20%
HH A mERETE, B s a2 EH 30% 1)
CaO H1 17% 1) MgO. il A HLAE iy A} 3 B4 358
FORFERT B 2RI, X ekl b 5 5 %

RO, T B UL XA /202 i S 2 e A A
AR Y T B AN S, L5 E TR, B R A
ECa il EMg 52 1 3895 508 | 3 pH it AE
SRRV A 45 5o B R B 20 Ml X A A 1
ACu AZn i FEH ., HWHM L4 Cu Zn T 5(EHK
S [ A 500 5 Y 41.59% F139.75% ", + 3%
Hh Cu®t \Zn®* (ISR RER pH T M, 7612
PEAIE R AR R 7, H 3 Cu Zn T S
TR YE 139 2 B8 B AR 0 139 ACu  AZn &5 BERS 0 32
TR, M E R A KW Cu (OH), , CuSO,
PR AR 5 ) A 205 S AR S B 11
T UERR . AN, B A K S K R 2
G R M R A O A 7 I AR i b B 9 T
HEA S RGN KRR

SR HETRY I BRI R AR 2, AR SC k% 14
A AR 115 pH =GB A AT 250 5 SO A
B AR R T, X R 9 R T R HEAT H Ry
Mo - BESAY g4 RN 135 pH HR 0T B4 e A AR - 15
ARSI B S A B . BN e TR
A A8 G L6 245, B 8 — b e i
T AT RG24 484 1 T T A AR A S B AR B i X R
[ 288 T A - AT R e i 1422 57 O A B
PESZWA . BHE T IEOC R T IR Tt Bk, 5
— A EEOR PR A AR . SRR R A R R
R B 1 R 25 AR K, A S A Ak 3 LA
0.05% ~2.72% Z 8] (CV =129.2% ) ,4E & 8728k
JBEIZE0.33% ~2.20% 28] (CV =49. 4% ) , i &
EAAL IO I AE 6.0 ~ 129. 0 mg/kg Z [A] (CV =
66.6% ) , & B AS AL IE B AE 18. 0 ~ 375. 0 mg/kg
(CV =66.6% )™, IN[F]ZE R R 4 B 555 BE 5 1y
R E K22 52 S B3O8 g A [F) 26 R 4 1 %
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ECa EMg ACu AZn %22 5 F B, kS
ECa EMg ACu AZn 2 [A] A 561 AR 2
), H4 E2 E3 5 E5 Z[a] £ ECa S L B2 5
ES Z [ 3 AZn SR 8. WBEMNbL S
T R R B RR A PG A 0 R b B P
WrRr I NTE 12 4340 , BN S, 45 28 sl
OV A% I b A SR AR L AR SY LK
TUBEAT W S5 A K- by P D B A e A . 13
ECa AZn R[RIEHRZ [0 (125 5, 7T BE AR [R) 267 +
HEREA R 25 MY R Ge iR s, AR B S 25 57
+3 pH 5 ECa, EMg & 3| 1 & 1E A ¢ (Ry, =
0.779,Ryy, =0.672) , G2 HFFL 45 R —2. &
00 A5 R O A R A SR T B BE S T, B
B % RS 556 B8 11 H 3 IR AR b A A f R A, 3
JEEAAR Jr ety S Fi i (1 850 e it o 498 pHL (B L T 1 18
s SR A T R fr R A 2 | 3 TR R B
BT RCR R 2 T L b S e A 1
5+ pHHEIEMX KR, 15 pH 5 ACu AZn
TorAEME . Yo RS T R R
S B TR AR B ) TS S (E, RO - pH fEH, R
P A ST B 0 T A P A v, T P A D T A
FER M, S2br B R MR A S S R 2
) 8 B A B S (RN A pH OB R

ZE b, B 98 XK EB 4 IX A A £ Y ECa,
EMg ACu Fl AZn & & #40F3& h BR F &K
XA RS B R R R A D A
RECR P, DA 20 A 7 AR
4 Hhie

A 1 T AR L ot A 9 S M A A i A
BRI R A S SR R R A . R
ARG AR A AU AN SRy 22 pR A
B RFaBusal . S etk B A SO A s LA
SEI A3 (AU AH DG , T3S PR 45 23 [ A DG MR 4 55 . &
BTN B, sCH R A AU A S R,
AR SSHREEE AU RN SR A TR
G ALY 1.22% 0. 46% 0. 21% F1 0. 25% .
AN A 45 pH 2 52 B R A AR B A RS
TR R EE A T,
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Spatial Variability and Impact Factors of Available Medium and
Trace Elements in Karst Tobacco Soil

——A Case Study of Mountainous Area in Qiannan Municipality ,
Southwest China

WU Dechuan', SHI Hanfeng', WANG Weijie' , JIANG Yuping®, SONG Zemin’
(1. College of Agronomy, Anhui Agricultural University, Hefei 230036, China;
2. College of Earth and Space Science, University of Science and Technology of China, Hefei 230026, China;
3. Tobacco Company of Qiannan Prefecture, Duyun 558000, Guizhou, China)

Abstract: Spatial variability and impact factors of available medium and trace elements in Qiannan Karst tobacco
soil were analyzed using geostatistics. Results indicated that the variability coefficients of exchangeable calcium
(ECa), available copper ( ACu) and available zinc ( AZn) were in moderate intensity, and exchangeable
magnesium( EMg) was in strong intensity. Semivariogram models of ECa, EMg, ACu and Azn were described as
exponential models. Spatial autocorrelation of EMg, ACu and AZn were in moderate intensity, and ECa was in
weak intensity. In general, contents of ECa, EMg, ACu and AZn in tobacco soil were rich, and the areas with
deficiency of ECa, EMg, ACu and AZn only accounted for 1.22% , 0.46% , 0.21% and 0.25% of total study
area, respectively. Soil type and pH were key environmental factors that influenced tobacco soil available secondary

and trace elements in Qiannan prefecture.

Key Words: Karst mountainous area; tobacco soil; secondary and trace element; spatial variability ; impact factor



