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 OE: SPTREIAMIX 5 AR (2012—2020 4F)3E: 4 888 (MENH-1E pH AR E FRoC R AVERRASERE, A BURANRH A% + 465
A BB AR FP A R L R AR B S RERl . S5 RFRIT, 2012—2020 4F: MpH HMEAT 6.0 ~ 6.4, FE/MELEMIRIE 2 h TR,
BERAE AR BRGS0, SRR SR, SR D s @ HUBTIIEAS IR 29.7 ~ 32.2 g/kg, 1 2018 FJE A AT FI%E;
QILHMEBEIEA T 240.6 ~ 270.7 mglkg, HEAAEEER, BFMRIERRIG NG AL @B EEMERE SR, BRMAKE
PR EEM AR IESES; O/ pH 4b, 5 MEER EEEAHUR . SRt . AR . A RONRKIE SRR I 23 (828 S
Who LR AT, ZER BN EHBIE R, R RN - R . AU RIS et B S R G E B, IR B8 T
SRR P e A ARG, BRI —E M s k. PRIk, BRI BUGAE AT I, FE T S A ML e it e
i, FRAREEACHE A A R, B ORE 3 e B K i S A
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Spatial-temporal Variability of Soil pH, Organic Matter and Medium and Trace Elements in

Kunming Tobacco-planting Area
XU Xingyang?!, QIU Xueli?, YANG Shuming?, TIAN Linging®, LUO Yun?3, LIU Zhonghua*, LI Jie!, LU Yao?, ZHOU Min?,
GENG Chuanxiong?, ZHOU Shaosong?, CHEN Yagiong®", YU Xiaofen?*

(1 Kunming Branch of Yunnan Tobacco Company, Kunming 650051, China; 2 Agricultural Environment and Resources Institute,
Yunnan Academy of Agricultural Sciences, Kunming 650205, China; 3 Hongyun-Honghe Tobacco (Group) Co., Ltd., Kunming
650202, China; 4 Yunnan Tobacco Company of China National Tobacco Corporation, Kunming 650011, China)

Abstract: In order to provide the basis for predicting and controlling soil acidification and scientific application of medium and
trace element fertilizers, the interannual variation characteristics of pH value, medium and trace elements in tobacco-growing
soils of 4 888 samples in 5 years (2012—2020) in Kunming were analyzed. The results show that, between 2012 and 2020, 1) The
average pH is between 6.0 and 6.4, mainly distributed in slightly acidic to neutral grades, the frequency of strongly acidic soils is
increased while those of slightly acidic and neutral soils are decreased with the planting years; 2) The average variation of organic
matter content is between 29.7 g/kg and 32.2 g/kg, decreased gradually since 2018; 3) The average value of exchangeable Mg?* is
ranged from 240.6 mg/kg to 270.7 mg/kg, which is abundant on the whole but tends to decrease with the increase of the planting
years; 4) Available Zn is mainly distributed in very high grades, and available B and water-soluble CI- are mainly distributed in
low and very low grades; 5) Except for pH, the spatial variability of organic matter, exchangeable Mg?*, available Zn, available B
and water-soluble CI~ are higher spatiotemporal heterogeneity in the 5 years. In conclusion, under the conventional fertilization
management, pH, organic matter and exchangeable Mg?* of tobacco-planting soil are generally suitable, but with a slow
downward trend in recent years. Therefore, based on the level of conventional fertilization, the balance of soil exchangeable Mg?*

and water-soluble CI- should be maintained, but the application rate of organic fertilizer and B fertilizer should be increased while
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that of Zn fertilizer should be reduced.

Key words: Kunming tobacco-growing area; Tobacco-growing soil; pH; Medium and trace elements; Spatiotemporal

heterogeneity

UEARK, H IR I 5 200 - e R AR Ak AR
PR I A — A E N, e E RS R S
MIIIRESE L. 148 pH 76 PhR 45 55 7R b 2
[E1] (1 56 22 J7 T 2 R T s g 4 T, G Ay s I 0o
G AR A BRAE ARS8 - A AR A IS Ty A
FRRZ IR, DRI A R - 18 pH 2 2 7 e B AR - £
S, KWL & SRR D, JLHR AR
F14) 38 0 il P A DA Sy S o s - 9 b 1 AR ) R D
Z 00 R R A A IR AT R A Bk R AR ), 4
R TR SR LA A . BOR ) I 2 () SR A
KO, T O R AR SC AE AR TR T
e P O R i S AR G AR A e
R A FE A e 2 AR AR it P i oo 2 A ARk it
PR, N VA SR S A it FF s D AN it PR 2
e Ry, HR B B e = L 2R T A IR i 0 R 7
L B B R

B X R A% DM A 7= X, AFERI R RS AR
ZY7E 4.3x10°hm?, 7E 2009 4ERRAY (R X K] ) 1o
Hr, BB B () 350 A B R R T AR X
B, A R ERAZ A Tl Al 09 7 Bk, HE
ARSI R B AR L B 92 56, i 1 AR
K T2 L MRS R A 2 — 2B, R ) 1 X
Ry kaiontie, 3 H ™ . BRWIMEIX 11X
BCRFAE T AR e th AT il 1290 (H = AR p e KT
ROYB SR, W AME TR R I BRI A
MLt FH 12 L A B G O, HH R FHAE AT | BRI B 45
A PR MR R RIS T B AR 1 4
pH f EE i TR F & 1T B DL HGE . L F ik,
AT 2 4 1 A R IR XA AR 393 A 0 45
R, BRI pH K FE i e R A4S
AR S kg T 0 SHLAA AR FE - 3R R Ak B A2 i it v fal
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1.1 ARXEHR

RN T o4 ik, 102°10 E ~ 10340 E,
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o J L 2R A A, 2B A2 E R VA i R 1 I 1 5
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F, aEilFmsR ., BByt E L, B
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gt | B wp R ACA M . BRI X AR
JHFRAE T FRZE R 7E 4.3510% hm?2, MBI 2 X 25
S ARTEMFAR 1500 ~ 2200 m, SRR R

2 B AR X — f AR 45 J5 00 A e 1 R - A TR
LA ZALHEF e, At A 75 ~ 105 kg/hm? 41
R, M GBAESR 6 485 5. — B LAGRER AR HEE
A, JEAC 227 450 ~ 600 kg/hm?, 7EH#kit— bk
JEA o HVRCER: 0 28 A — R IR I 1 D )
1.2 HREX&ESH&

S 2012 4(595 {7 - KE) . 2014 4(997 1) .
2016 4£(1 080 153) . 2018 4E(1 070 153)F1 2020 4F (1 146
fy)se e e, XFRMMAEIHE . FaE . Y
B.oAakE, ERE . 7M. EREMETX 8
A FEREM X HA R FEERHZE 0 ~ 20 em)fk
PG H AR AE R F M7 “S™ . 5 L EURE, AR5 40U 4
B 1.0 kg ZEAHI 1 ANRARE, T EUE 4 888
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Fig.1 Distribution of soil sampling sites
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TRCPHAE: WX AR + 58 pH 5 i oo R ) 25 28 S e RIS 889

1.3 #Wm B R A&

+- 48 pH R AR, A HLTCR H A R
PRSI E , 2R H EDTA i E
TR SE 5 A6 RO R P K0 4 — FP I g L £ 325 0
B REER ] HCL IR $2-AAS I E | KSR T K
TR PR AR TR A T I o ELAR I D T DL (4
AT ) 14,
1.4 t13F pH RHPRETEFRS RIRE

WA AR DG SRS SV bR, B 5 123 pH 4391
bRl pH<4 5(HLSRPERTYE) . 4.5 ~ 5.5(EME). 5.5 ~
6.5(fL MR ). 6.5 ~ 7.5(h k). 7.5 ~ 8.5(H B
PE) . >8.5(mugtE); AL, scH S . AR, £
BCBEFIZK A A S W - bR e L2 1o XIS E] AR AR
) 22 R F A8 53 2 88 (Coefficient of Variation, CV)
SR ELOIIEAT IR, B CV<10%, $37455; CV
T 10% ~ 30%, HAFAER; CV>30%, sRASR.

1 ITEFRSDRRE

Table 1 Classification standards of soil nutrients
eIty R [ rhag it ARME

A LT (9/kg) >45  35~45 25~35 15~25 <15
e (mg/kg)  >400 200 ~ 400 100 ~200 50 ~100 <50
HRkE(malkg)  >3.0 1~3 05~1 03~05 <03
Hai(mglkg) >15 1~15 05~1 02~05 <02
KA (mglkg) >45 30~45 20~30 10~20 <10

1.5 HESH

% F Microsoft Excel 2017 #1 IBM Statistics
SPSS 19.0 43l kA T 5 A BRAE I Ry 22500 . BET
ArcGIS 10.1 - R JH 5o HLAS % (Kriging) BEA T A1 54 1
B bR A4 (AL 2

2 HBREHS

2.1 EBEREXEMETEE pH AR S EHEE
211 pH  2012—2020 4%, EWAH X AF AR + 4 pH
YIHER 6.0 ~ 6.4, 4EPRMEIfFEZESPEGER 2), K 2
AILLE Y, 2014 4FF1 2016 4F AR AE 145 pH 415 AH
[, T 2012 4F. 2018 4EF1 2020 4F 0.2 ~ 0.4 2
B, KB 22 57K 7 (P<0.01), FE A 7E TR
PEEPHSERE, 5 MAEF 15 pH Y CV 4 T
12.5% ~ 15.8%, ¥R EAES . WM ks,
2012—2016 FEUIH XA 3% pH Rttt + 1%
i 40.5% ~ 43.1%, 3 29.1% ~ 32.2%, Rk
P+ G 14.7% ~ 21.5%, HbECSsRRYE, TG
SRR 145 AHAR T 2012—2016 4F (AR 4 135, 2018
F1 2020 AFEAR A A+ EAR SR R T | R R - S A 5 )
WINT 2.1% ~2.2% F1 11.9% ~ 18.7%, i fk R il
rhPR AR R AR A A BRI T 9.4% ~ 12.5% FNI
7.0% ~ 12.9%, bt B 3T A1 ok B2 BH R DX AT - e ek
EEPIN ) =k

*2 BRABEXERELTIR pH FEZIHTER

Table 2  Statistical information of soil pH during 2012—2020 in Kunming tobacco-planting area

AR i iy ARRR(%) ez 42 15 L (%)

<45 45~55 55~6.5 6.5~75 75~85 >8.5
2012 6.2 +05B 12.7 6.1 3.3 0.2 215 42.7 29.1 6.6 0.0
2014 6.4 +0.8 A 13.3 6.3 4.0 0.3 17.6 40.5 29.6 12.0 0.0
2016 6.4 +0.8 A 125 6.3 3.9 0.3 14.7 43.1 32.2 9.7 0.0
2018 6.2+0.7B 12.7 6.1 3.3 2.4 33.4 30.2 18.4 155 0.0
2020 6.0x1.0C 15.8 5.9 4.4 2.4 31.8 33.7 25.2 7.0 0.0

T RSB S 7R R R 05 2 5k P<0.01 B /KF, T,
212 HHRE & 2012—2020 4F, EHHARX AL 31.0%. 29.6%. F%T 2012—2016 4=, 2018—2020

AR AT WL & B AS IR A 29.3 ~ 32.1 g/kg(#£ 3),
) 2014 4Ef s, 2016—2020 4% i 3% (P<0.05) F %,
HE ARG E g 28.2 ~ 30.6 glkg, WR2EAEALIEE
61.6 ~ 137.0 g/kg, 156HH B AR X R AR 4 84 HLT & i
AEBRIIE SN, 5 ANTARAR BERIN - A CV
AT 36.9% ~50.9%, J& TiALS . MIRE S RE,
2012—2020 4F4hFARFIARAR AT AR A 1 58 53 51
30.3%. 31.4%. 36.9%. 39.4%. 39.1%, AbTFw5AIfR
1 KT B A AR 3985350 36.6% . 36.9% . 30.6% .

AT EE(25 ~ 35 glkg) 7K FIAR IR 1 SR80 A BT
REA
22 ERFARERETESHREESENTT

T 9 APk, FLBA IR DX AR AR - 3 se e R B B i M
JF 240.6 ~ 270.7 mg/kg, BARELAE, AFPREIAATE
/NIEEEREIR TR 4). WK A FTLESL, BUIHX
2012 AP (AR A 38 A8 e M BE B i B I T LA AR
B, M#CT 2012 4F, 2014 4F . 2016 4F. 2018 4EF
2020 4 A AR A 1 8 A8 4P B B S BRI 43 51 4.5%
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Table 3 Statistical information of soil organic matter contents during 2012—2020 in Kunming tobacco-planting area
AR ¥fE (g/kg) AL RE(%)  P1E(g/kg) W (g/kg) SR L (%)
R = HhéE {iS RA%
2012 31.7+11.7 ab 36.9 30.6 61.6 134 23.2 33.1 22.7 7.6
2014 32.1+142a 44.3 30.2 137.0 18.2 18.7 317 214 10.0
2016 29.3+11.9d 40.6 28.5 734 9.9 20.7 324 255 11.4
2018 29.9 +13.3 cd 36.9 30.1 61.6 13.6 17.4 29.5 27.8 11.6
2020 30.7 +15.6 bc 50.9 28.2 126.3 13.4 16.2 31.2 27.3 11.8
T RSB/ NG FREAR SRR 22 795 p<0.05 B3R, TR,
x4 BERAFXTBEZHMESIEFESFITER
Table 4 Statistical information of soil exchangeable Mg?* contents during 2012—2020 in Kunming tobacco-planting areas
R Hfl(mgkg)  ERFRE(%)  FE(mgkg) 2 (mglkg) EGE L (%)
(3= =] A {iS ARAE
2012 270.7 £170.2 a 62.9 234.7 858.0 21.3 37.2 27.4 12.7 14
2014  258.4 +200.5 ab 77.6 209.8 1867.0 174 34.3 30.4 14.1 3.8
2016 262.7 £177.2 ab 67.4 216.1 1120.6 18.5 35.8 31.3 11.8 2.6
2018  244.2 +£205.3b 84.1 191.0 1858.5 15.1 32.6 322 13.8 6.2
2020 240.6 +165.5 ab 82.0 201.2 964.7 14.6 35.6 33.0 12.8 4.0

3.0%. 9.8% . 11.1%. 4F Fr[a]AF A< 1) 47 1 i 2 (165.5
~ 205.5 mg/kg) FIHl 22(858.0 ~ 1 858.8 mg/kg) %k
K, HCVAT 62.9% ~ 84.1%, J& TS, il
HH B BH AR XA [) 4 32 7 0 - 40 58 B R B i 5
Btk , YRR RAR . WA EE Ak, BRI
[X 2012—2020 4[] 80% LA I f4) L 0 4 18 50 o P
B Ak T A KOE Ak AR AR AT B A i
07 AR 15% 224, 1d W R W 0R XS ) 45 B i A
i e R (S LS R UM E A | DI =i 2 S
JE e FH &

23 EREREFEITERECEZESENTTL
231 AR MWESHLUED, RUMEX AL L
A SO B AR BRI AE B AR A, DL 2018 AF B AR
W A RO B i e, M 3 (P<0.01) /R T L AAR:
JE o 5 AN HUREAF BEAER 138G 2P E S = A TE 1.8 ~
2.6 mg/kg, e 227F 8.7 ~ 32.7 mg/kg,, H. CV /T 67.8%

~ 83.2%, JE TS . WA ok, EEBIEX
90% LA I i H AR 49 AT S50RE  d b T b A A K
-, Ah FCRARAE AT B R 5 5% A,
Hor b TFAR KT R O L SR I, b T Rk
- -4 7 R R R AR

2.3.2 AN B 6 nTLAGE H, BN X A+
A SO S 4 {E o 0.5 ~ 0.8 mglkg, HHELFIRL 2253
524 0.4 ~ 0.7 mg/kg 1 2.0 ~ 15.0 mg/kg, H CV A4+ F
67.2% ~ 78.3%, J& TIRAS S . BT A RN & R
BREC YA AT I, BERAEAR B B E AR, Ab T SR
[ KO R AR ST S B B T Ak TR
IR - AR SR R T

2.3.3 JKiEMHEA % 7 ATLIEE, 2012—2020
AT L WA R XA A = 9 i S e R SRR SR T
fas, Hob, 2012—2018 4E SRR, 2020 4F
HEE., CV AT 72.6% ~ 117.1%, J@ T2 5,

x5 ERABEXTREAVHIEFERITER
Table 5 Statistical information of soil available Zn contents during 2012—2020 in Kunming tobacco-planting areas

AEEE BifH(malkg) BRFRE(%)  P{H(molkg) % 2E(malkg) SN (%)

(:3 = e i RAK
2012 25+1.78B 67.8 2.0 8.7 26.8 56.5 13.8 2.2 0.7
2014 23x1.7B 73.9 1.8 10.7 27.2 50.8 15.7 3.7 2.6
2016 25+18B 72.7 2.0 16.5 29.1 53.7 12.9 24 1.9
2018 34+28A 83.2 2.6 32.7 42.2 48.5 8.5 0.6 0.2
2020 24+18B 75.4 1.9 9.5 28.0 47.7 17.3 4.1 2.9
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Table 6 Statistical information of soil available B contents during 2012—2020 in Kunming tobacco-planting area
AR Piffi(molkg) AR RK(%)  hfE(mMg/kg)  Bi2E(molkg) SR L (%)
R = HhéE {iS ARA%
2012 0.5+0.3d 67.2 0.4 2.0 2.4 6.4 32.7 433 15.3
2014 0.5+0.4 cd 68.7 0.4 2.4 3.0 7.5 33.2 43.8 125
2016 0.8+05a 78.3 0.7 15.0 6.2 17.7 475 26.5 21
2018 0.7+05b 68.8 0.6 4.9 4.6 9.8 46.8 31.0 7.8
2020 0.6+04c 71.4 0.5 3.6 4.2 7.7 32.0 45.6 10.6
%7 EFEREMALIACREESBERERIESR
Table 7  Statistical information of soil water soluble CI~ contents during 2012—2020 in Kunming tobacco-planting area
AR ¥ifE(mglkg)  ARFRE(%)  FfE(mglkg) Hi2Z(malkg) G (%)
R =] A fi& RAR
2012 19.3+15.3 79.3 15.7 90.7 8.1 8.0 20.3 35.8 27.8
2014 16.7 £12.1 72.6 13.7 98.7 3.6 7.7 16.9 39.1 32.7
2016 10.7 9.6 89.8 7.5 77.2 1.3 45 6.4 22.9 64.9
2018 9.7 +16.4 117.1 6.3 98.0 24 2.2 5.0 15.4 75.1
2020 13.2+12.9 97.8 8.9 143.7 4.2 4.6 7.3 27.7 56.2

FrifEf 224 9.6 ~ 16.4 mg/kg, FF{H 6.3 ~ 15.7 mg/kg,
Tt B S TR XA [ 4 3 R A 000 5 B ke
. MEEZL L HLE, 2014—2020 4F, B HAMH XA
THOKBEHA S E/NT 10 mg/kg FEAS S 32.7% ~
75.1%; AbFARMG . M. AR AR R
Sl E TS, HIILL 2018 AEFERAL; A TARIKK
- - R S e ek s, Horh 2018 AR K
S AL T ARSI A - 9800 B e s -
24 2020 FEAAXEFELTE pH, BYRREH

METEZTE D HIFE

ME 2 v LIE 1, EEBARIX 2020 45 BEA A £ 4
pH EVARE H(K] 2A), EZAF 5.5 ~ 6.5, itk
(1 T B ATTE PG I (L T VR R IX . AR
K0 DX (CF PRI R ) R A S 0 DX (755 BH RN - ) )R AR - 48
AHHLTR AR AR (K 2B), b HBH 7 g 4 XA
A -3 AL B B AR TS B, PR | 6B A R R X
FEH - sS4 MR R AR AL T rp 55 s KO, ZR BB A
N7 S i R S A 0 D kv S G S e 9
FRAEKF- (K] 2C) ERFANAIX 90.5% AAE KA 398K
VMRS AL TR ARG AT, i SR A 3% 5%
ATAE T ) P I, AR EURU: (K] 2D). B
HH A DX T A AR 9 A 2 e 38 A T AR A LK
-, ARBEAE DX 3253 A0 7E V4 p RS AR ER AU X, e
JH X F Y ) B T B — AN B 2845 434 (18] 2E) . h BRI R
TSR DX B 398 O o B RV BSE B, AR bR
VP P B AR AR XA R 39 000 55 i S AR I A1, v AT

- 58 TS A A TS T AR AL AN AT R (& 2F).
3 itig

LR IERS I we: R A A= S 0K I I =R (A 7Y 2N 13
BRI . TICE S A RN A5 B A B SR, LR
T A 0 4 R B AE B HE i 0 B A IR AR AR T
pHIT18Y [ 1fi] + 198 pH B 5 {152 1 2 1 0 37 43 T
WS FIHZCR . AREFFE AR 2), T4k (2012—
2020 4F)E WM XA A 143 pH A P N R, BEAR IR
6.0 ~ 6.4, HIEERISMTERIRYE R P IEEI,
E 58 Rk - AT S A B, R M R b
BT S R AR A, U I R A R R - A R
foka s, e Ak 36 Rl 4 38R 0 T I ) —
A 2 B ) B 10T K M R o it R M 8 B R
JIE gt 6. 20-21) | 3 g 225 5| i + SR AL Y R 3R
W B S AR DX R 3R T B 2 5 K it FH
PR B R MR SR AEAT G, B R it AR AR S A —
SE B TE] RUBE X 1438 pH A5 e K 281, e A =
SNl b, L BT P AR XN A8 e v A A K
B P A R e P A F it FH DA o 48 pH,
AR X BRI BRI, B HLAL . AR X
HANE, [FIRREARZEVEAERR , it FH AE 4 5t e 45 LABH 2
S WA DX 0 - R A R

BRI I i A PO R R TR 2 — A
WSO B ok ) RIS B, SIS S
R R ENEE Z BN FZHE PR, A5 (3 3)
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Fig. 2 Spatial distributions of soil pH (A), OM (B), exchangeable Mg?* (C), water soluble CI-(D), available Zn (E) and available B (F)
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AR RAKNL . A HUIE I &S, DLFRTEALRH
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BEAR 5 D3 A ] 5 7 DX 48 0 vh 4 B e 5 Bsc etk
BERR TR R H A - R A IR K
BEL IR A K R B LT R TR, X
PR K Tl v P s A S s,
2012—2020 4, EHIMHIXHIN AR R,
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