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# OE: UsBIIdeR BN 4 1130 hm2 4 M A3 R a4, W WA o0 B3 . Ak, RN TR IX
RO, It — BRI A (438 . IS5 25 B 40T X9 XA ke 1) 5 B2 - SRR N b AT 140 h . S5 R0 BfFgeIX L1
WAL CPIIRRL & it 496.7 glkg) . MBS (pH ¥ME 7.45) . A HLBT & B0 (ME 28.55 glkg) . KRR EFRICRARE & it ig ik
T s K A 28 119.10 molkg . A XEHIME 68.85 mo/kg . A 208.44 molkg . AR M 28.14 mo/kg), A4 - BEpERRTE
23] PAR SRR, RHERIE Sy . A WMERCATEE . U . RRRME . A8 AR SRR I M X -1 ) ) RSN R, kS R T
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Soil Quality and Constraint Factors for Tobacco Planting of Typical Farmlands in Fuxian

Lake Watershed

XU Yongxian!, LIANG Qiang?2, ZHOU Yong!, CHEN Zhiging*, WANG Huoyan?, HUANG Biao?%"

(1 Chengjiang Branch, Yuxi Company of Yunnan Province Tobacco Company, Chengjiang, Yunnan 652500, China; 2 Key
Laboratory of Soil and Sustainable Agriculture, Chinese Academy of Sciences, Nanjing 210008, China; 3 Sino-Danish College,
University of Chinese Academy of Sciences, Beijing 100190, China)

Abstract: In this study, about 1 130 hm? of farmland soils were selected as the study object in Chengjiang City at the north bank
of Fuxian Lake, Yunnan Province, soil quality was evaluated by investigating and analyzing physical and chemical properties, and
the main constraint factors for tobacco planting were further analyzed using spatial analysis, correlation analysis and principal
component analysis. The results showed that soils were relatively clayey (mean clay content 496.7 g/kg), alkaline (mean pH 7.45),
high nutrient contents (mean organic matter 28.55 g/kg, hydrolyzed nitrogen 119.10 mg/kg, available phosphorus 68.85 mg/kg,
available potassium 208.44 mg/kg, and available Mn 28.14 mg/kg), but soil properties varied greatly in space. Soil basic fertility,
farming management, texture, acidity and alkalinity, and Mn were the main constraint factors affecting soil fertility, these factors
can be evaluated by indicators such as organic matter, available potassium, clay, pH, available Mn and so on, and can guide soil
management for tobacco planting. The amelioration measures should be taken according to soil properties, nutrient requirements,
and spatial variation in the management of tobacco planting soil.

Key words: Soil fertility quality; Spatial variation; Tobacco planting; Soil constraint factors
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F14) SRV e S RAT I AR 5 ) DA ARl , 3 1) 45
Rl SR A AR ) BRI S B A % 53 P 4
RGN, -8 U ot D R SO ot R e A B Ak
b TR YL AR e R, A BB S
HH -3 iR, TR FE R AR 5 A -, Ay
1 b AR A ORI SRR Tl K B 5%
A OCHE AR £ 458 I LA AN D SOk iR AT

A ¥ XA OV 5 3 o o B i 5 de/ N SR VA Y
RIN, 2 FE A DR LT o R R 2 B ) - S A R
WA K. Bf#EAE . pH AIAHLE . Hermiyanto
SRR F R ik AR E], EEEJE PG Jember Hb
DX AR A 1 = A ) SR PR 2R R B B A i L 4
A pH AR, BT RIE L, SRR X £
BEREEGETA pH., ABESFEHEZE. BT
X A RARDL | ) BRAE A5 ANTR] 52 A s AT 1Y
DR - et b A A TR T 3 bR ) 4 T PR 52
i = 398 1) £ o o S i R 2R ) DR 2L A A1l
TS S I, B AT OGHE BIAH O - 457
SRR o AR IRTE ISR R B, AL R B
VE -G A T 3K, o 90% DAL A
Ve 35 3R A8 T 100 ma/kg LK A S 2
F 40 mo/kg. BASCEELELANIE T AR 4 Fh2s
RAMEOKRE L R 203 2R )R LRIk,
IR A M SO YRR, O 19.03 ~ 64.48 mg/kg.
AL, BT FHeAN I s R A 39 e A A T
G3 BT B 5 SR AR G B S, A A BT X b X - 4
14 JE A B 1 BT DA B K b Bl a R 4 e R AT R 4

AT 2345 A R b S o B AR DAY, I o0 A L 4 e e
YIS

FT LA AT B A ) A St 7 A T
At AR AR TR A WFFE S 42, e I 5 3 ks
AUBLERL, BTRL, AVRLD) . pHL ARLBT . % K
VR, AR AR | SR | SCHUERE L AL
i AR ARG . AR ARGE 16 TR,
WA S DX ek AR DL S HEZS [RGB 2 52
M AL - S FE 3 9 OGS AR , 23 T REAF A Y R3S
B, IR NS B R R, ST I8 A A 4
AR AR R 7 A8 PR P A I S

1 #R5E7EZE

1.1 ARXHR

A BT, A THANBIIEES, Hubdb WAy
e m R B RAEIX, SEAIRN 165 °C, #AEH
MWK R 2 141.8 h, HAERE/K &R 900 ~ 1 200 mm,
VLT BT A WA A 3 MBS, (L X AR
i 73.42%, JKBE AR 18.16%, X [ 7.97%, &
FEER R 2 920 m, FAIRIEEAR R 1327 m, 4aX) s 22
1500 m, +3EH )21 3 (55.32%) 1 £, H R
e +(13.52%) . JKHE 1 (7.29%) FiA7 1% (4.62%) , /b
AT K 1(0.49%) Fl v R 4 (0.14%) . AAFFR1EHE
VB VT A T ARURI de A7 A X 2 A %) X S R A 5 %o
%8 1), WFFRIXEFZ) 1130 hm?, 3K A4 45K
T Nl w3 | R 20 w2 w731 2 B L RO R 2 I
BROCH . ARHL . FEHb . RHEE,
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Fig. 1 Study area and sampling sites
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1.2 tHEXRESHH

WX N, B E T 600 KR8, Fbkat
BCHHL . K . ARHLSERE S, BB 1 502 AL
HEATREM RE(R 1), T 2022 48 7—8 H 5 ikt bt
LA TAE . REERHE S S ERF R, A
RHE R JE R AR 4 ~ 5 AbSR)Z 1% (0 ~ 20 cm), KPR
Mike T AYEERS  IRA A4/ 1 ~ 2 kg 48,
P WS KT BERE , H IR R

- IERE S TR PR AL HE LA A (<2 pm B
Hi. 2 ~ 50 um #PKi 1 50 ~ 2 000 um BPKL) . pH., A
PLBG . AR . 2. KR AR . AU .
THANEES | SRS | AR ARG AR A
B, WE kS % Rk b)) B8, Hrfr,
3% pH I 5E R LAY 5 AT HLBTIN E SR FH AN i #i
BRI AT T s AR I R A AR S I T2
PEBREREN i s AR A AR I SR O
13045 571 438 GO 5 ol AS i IR FUE 4y
i A T (g/kg) s SR AT R S b
FE R O MR R RN G S B O A
E SR FH A B TR B R I A1 5 KA 20N SR
FRYHOL s A RO R R R S AR R BT L
Bk, AR E R L REOR - I AT T
HHEA R AR BRI R O ST R
(DTPA)R $—F Bl & 45 B IR S R St i .
1.3 HELHEBESHH

K HI SPSS 21.0 #RAEXT 4% A vk Btk A T ik M 4e
T, A S H AN 2 b, S T = 4 RE )
B9 CHEEE bR . R ArcGIS 10.2 B4 il 4 13k i
()2 (B 43 AR I

2 SRS

2.1 TEUREREST

F9 X - LA o LR 1o AR IX - ok &5
WA, I3k 4951 g/kg, IBME TSR, LIgG
RS >400 glkg MEE AT, 72% LI ST
JFhEt . BRI 4 pH AR LBk, A 5.03 ~
8.19, ¥J{H 7.45. pH<6.5 (1) HHERE S AL 34 4, pH
6.5 ~ 7.5 Ay R HERE A 177 4>, pH>7.5 A IR 5 201
A B R B P . A LT A R,
1 6.90 ~ 69.60 g/kg, “F-14ik 28.55 g/kg, HILAHIE
oA, AR AR VR R B R AR, B
X HEAPUR SR R, 25 g/kg DL EAIRES &
66%, {%T 10 g/kg A L HERE S AL 54 .

TR P EESR R T, 2A & RIEFELE 0.50 ~

4.30 g/kg, FIME K 1.79 g/kg, 5 A HLT &5
AARRL, BEARRIERS A0, 285 R E W AR Y
AR (R ). KMPEA S B FARXT 58,
23.10 ~ 563.10 mg/kg, A2 1 A EES, “FHE
4 119.10 mg/kg, it FEAETLE 90 ~ 200 mg/kg,
T O AR AT D, B R M A . AL
B A BOR M AR, 4 10.78 ~ 295.71 mg/kg.
AR AR 2E 1 MRS, FI9{Eh 68.85 mglkg, W
05 T ARSI DXy e 02 R RO
1o, (LR R B R e o TSR A 9 A G A
/IN, h 55.60 ~ 432.00 mg/kg, “F¥{E K 208.44 mg/kg,
SITEA T, WS T I X A A 44721

- AT A B A R R 25 RO, AR
1 5.06 ~ 258.98 cmol/kg, “F-¥4{E K 25.69 cmol/kg(F
1), {HEEE AR EAL L4, JIBRIX —fe s o, HAF
AL FEI U 5.06 ~ 81.90 cmol/kg, SEiTiEAM .,
X — f 5 A B S , SR BRI ST X - R 8 P A
J A 3 B A S e M B R AT T AR AL
L, 7F 0.75 ~ 10.34 cmol/kg, “FH4{i %y 5.04 cmol/kg,
(EbREZE | R BE AN, RIES M. T
SO S B AR fR YL R, A 7.06 ~ 3 291.28 mg/kg,
EREHRAIZES, FE A 103.52 mglkg, AES REL
1E 2 UL b, (HARR & /T 200 mg/kg AOFE 5 L
=T 90%, SO, SR EEMAZEER, Fit,
A AR 4 B O R AR i

IR E SR TR T, 8 R B AR
£ 0.50 ~ 27.60 mg/kg, “F-J4{E K 4.35 mg/kg, A K
AR IR, (EARIERE | UG BE RN O BE S48 5, Ar A A
SefAs, MR A RBARMEE R 2 (R 1), BHEARL
BRI EZE 7.23 ~ 233.93 mglkg, “FIIE N
43.89 mg/kg, 54 &5 Er i LIS, AR Ak AR
B, MbRAEZE . WEREAV EE YRR, A SRR AS .
T AU & S LR,y 3.85 ~ 304.50 mg/kg,
SEYE A 28.14 molkg, HrPRORRIA Y R B
B 1A, HApME S &7 80 mg/kg LAR, it
BB R BB, S BRIX —FE i, HA A RRIE S A
ML, IEmA, SEBRMELRE. LA
AR AR et K, 4 0.25 ~ 79.50 mg/kg, F
YIE N 4.08 mg/kg. S5H %G, AR A
SLIEURD, KT 20 molkg BIRESEUY 34, HAE
HREAS O, HARFE ST EAE 20 mo/kg DA, it
SEER RN, SIBE 3 EEREs, TIEa R
PR RE S HAR M TR, B mASE
HAb oo Rm i, S AR SR s
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Table 1 Descriptive statistics of soil properties
Eizg ) He/MA HRME el PR 5 REL W g i B2
Fhiki (g/kg) 75.40 798.00 496.66 136.27 0.27 -0.68 0.12
Kk (g/kg) 173.00 773.00 330.7 81.24 0.25 2.86 0.92
i (g/kg) 28.36 626.03 172.7 102.33 0.59 1.24 0.94
pH 5.03 8.19 7.45 0.50 0.07 2.66 -1.51
A LT (g/kg) 6.90 69.60 28.55 9.45 0.33 0.42 0.30
4 %.(mglkg) 0.50 4.30 1.79 0.58 0.32 0.48 0.25
IR A (malkg) 23.10 563.10 119.10 59.67 0.50 11.34 2.17
i 58 (mg/kg) 0.25 79.50 68.85 44.15 0.64 2.97 1.59
B (mg/kg) 55.60 432.00 208.44 67.97 0.33 -0.21 0.51
45 (cmol/kg) 5.06 258.98 25.69 14.85 0.58 121.49 8.14
et (cmol/kg) 0.75 10.34 5.04 1.47 0.29 0.56 0.23
A 58 (mglkg) 7.06 3291.28 103.52 222.37 2.15 167.47 12.07
A 5554 (mglkg) 0.50 27.60 4.35 3.33 0.77 6.97 2.16
504 (malkg) 7.23 233.93 43.89 30.96 0.71 5.57 1.95
%4 (malkg) 3.85 304.50 28.14 17.03 0.61 138.20 8.87
A3 (malkg) 0.25 79.50 4.08 5.42 1.33 106.88 9.14

2.2 TEMRETES R X ES

MBI IX A S b i 3 A R B (K 2A), &+
by 2 A AR A LY VUSRI A BT LA AR 2%, B
e+ B AR AT PR AR A L R AR L X
HAFMETI R - . bRt . OF%
+ . WL B R ) RO A T A T
KIS A vE e . 358 pH A5 A o X 5 W
(& 2B), HEZEmERYE 3 (pH < 7.0) 5 Vi 32 5
FE e A B DX, Bk 138 (pH>T7.0) T B4 A e A7
BTSN o 5 LB & RARAT — 2 14 R 43 A
fE(& 2C), & KT 40 mglkg #Y 3 30 M 7E Ay
IR BELAR TR 2 A Rl 1 M [ e B A TP R
L XA AL A v, P R R B A Hee AL
TRIFRE

KF EHER P B IR IT R 2 [ A, Koy
WX AR SRR 1~ 2 glkg(K 2D), HorAi 54 1L
oy AR A FALZ AL, FE AT T AR IR AN e A R P R o i
B, =T 29/kge KRN SR EAHZ A
(B 2E), 4o bR ) 7K A PR 0 i Mk 80 mgrkg,
Ji R AR 1) R Y Y T 8200 AT i 2 5 e R
F Al BT o (RAS I BRI, R DK i L o R
L, XTSRS — T A A R
A, 3% 2 b ) K RS 7 A — g s . A AL
8 B AR AR A TR A b B L AR 8 30 % il IX 1)
Bt (R B TP R A A e (] 2F), Horb, R
X A R0 S B R = T 60 molkg, ZRIh S E E

it 120 mg/kg, MBIEREM., —BOA R, A S0
T 60 mg/kg FFUA H BRI A Bl AR I R S 1)
KUK, TR 120 molkg, HXU EA Y w22, BFSE
XA SRR, AR S R 166 mg/kg
(&l 2G), Ja R F7 o e i P R A el 12922281
T pH 55 A AR s 1 X e - S A 5 44y A s (P&
2H) , = TR AT - 3 A3 E 2R (<18 cmol/kg) o202,
A 127 1l XA A Y — A B o PR 3R s M
Fr s A3 A 5 A S A AR 2 A0 (18 21), [RIRE
T 43 A HE A 28 48 1 B ik v 3 R R 1) 4%
14 (<3.2 cmol/kg) [29-20-231 4y 1l Ay 12 b X HH A ) —
ABIR ] P 2 A R 9 23 ] 204 LA AR 554 o B PRl Y
(R 5 A TR AR AE (R 20), i X A — 2 T A
A RO & B AE 130 mo/kg LA b, T P Sl A 3
W RIS RT .

KT IR TR A R, A A0k i 23 (8] 43
15 H A= oo Z W AR B AN, BIARE A T+
BARCR G R, MRS AT RS
(F 2K), X ATHES IR tEAR DG, — M pH AR
U N AR SRR, (HEATEE S H R A
XK, — MoK ARk & i m, PR,
B S A AT R Z A (H -3 RO S ARk
% 3R 7 =X 4 s i 5 RA 2 (1] 2L) , /K H -8 AL
i o B T R — Ak, AR
T 2.5 mo/kg. ARG E/NT 5 molkg K2 H Bk
FRYRER, (R X e I T X e R AR 118201, Jf:
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(A) 55 (B) pH () AL (g/kg)

- El53-65 7.0~ 100 S
- H’ B 6.6~ 7.0 B 10.1 ~ 15.0 '
W Sp it (“ El7.1~75 C315.1~250
-ggggi“ =~ J B 7.6~ 80 25,1 ~ 40.0
L I g ~8.2. I 40.1 ~ 69.4
k= 8 o g
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P . 1 = "
£ = =
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=‘l’f:}(5’ 232250 L~ 200
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i [C140.1~65.0 60.1~90.0
ey I 65.1 ~ 80.0 E90.1~ 1200
K W 80,1~ 5624 - 120.1~2953

-
(G) M (mg/kg) ﬁ RS (cmol/kg) (1) A&tk 8E (cmol/kg)
[ 57.7 ~ 69.0 51~6.0 Ei2-16
E®1~1250 EH6.1~100 "' 1732
1125.1 ~ 166.0 C110.1~180 4 . El33-60
[ 166.1 ~ 300.0 [ 18.1~45.0 B6.1-~75
I 300.1 ~ 431.0 . 451~ 63.1 76103
ik

() 47305 (me/ke) k) FAERMIkg) (L) 47%5% (mg/kg)
73~ 160 B 7.4~ 100 ERE B39 -~50
9 16.1~30.0 r 9 10.1 ~60.0 “ B 5.1~10.0
[130.1 ~50.0 1 60.1 ~ 100.0 CJ10.1~200
I 50.1 ~ 130.0 B 100.1~150.0 .0 B 20.1~40.0

401 -~77.4
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B 150.1~2319 &

(M) 17855 (mg/kg) (N) A% (mg/kg)

Eo05~1.0 E03~05
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Fig. 2 Spatial distribution of soil properties
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TG AR e = B I o A A 0 A TR A AR Sk L
PR (R 2M), BFEH iR E 5 A, ikt
B AR, R LIRS, & T 0.2 mg/kg 14
ez BRAFOS20 ORAA AR = ), A3 RO 25 18] 4
A 5 A LA T Z B AN, 32 3 pH SR
W, = 7E pH B iy a9 5 A X i A e (A
2N), HJFHARFRADR . EAEENE, RE
A A AR AR R, BT A R X
RSB E/NT 0.5 mglkg Y i = FR{E (18201 7580
FIREE.

2.3 TEEBRERERSN

R T R o A e Ao A ) b RN T LU
LT i) R BEFRBR , AT 45 L eV BdE AT 1A O
Yo (&1 3), SRE S, FrillE 4 b ] A G2
em, BB RS pH O EAAE, X5
— AT, TS AL RS MR R IR LR
FR AR E A IEASCOC R, X ] RE I X g s
B SR Ao AL AR R it AT R P S R R AT —
RERFR , AT B0 2 DAl 338 oA 2 b 5 e B
] 2l 55

FhL

Fhki
B
il
pH
A HLE
2H
IR AR
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SRS
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A1
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P<0.05, +

B <001 - P P05, -
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Fig. 3 Correlation between soil basic properties

F T R 0 e SRk o 2 ) At 2 A
FRRH S, S T S T 5 DX i) AR e o A 1 O B A
R, AWPFEEE— B BEAT T 2 ek IR 8 3 o
Br, MEERER 2)F, M 5 MRHEERT 1/
Ty, R TUERAIA 73.68%, ] LU BRATSE X
T HERYIEAIRDL , RUIDIFEXA 5 KPR R
& LR TR

T2 LIRMBRNERS RIFHEE

Table 2 Principal components and eigenvalues of soil basic

properties
F i FHIELE DR (%) SBTTHLE (%)
1 4.93 30.80 30.80
2 2.87 17.96 48.76
3 1.78 11.14 59.90
4 1.16 7.23 67.13
5 1.05 6.55 73.68

TEH — Tk (F1) b, PR3- 48 5 g Y 3 P it
G AP . R SSHAERS PSS Bk (3 3),
XA AT S LI SE Rl T B RAE , RO AR
A e 4 e B X, A B BRI 4 2R A R
S, TIRACHAE RGBS A pH B AR ERR S
BAGRE , NN AE S B R AN o 2 — F 03 (F2)
AR L HET L KRR AR A AR
AR N TR, R, AR — 2 AT,
X AT AESG S ) s bR e ML AR A, Rt A
HEAIAT HLAL S Bk 263773 B A RS s A 5%, A2
BEE R R T RIS S AR R R A OE, B
2, EREFRANMIEE B FRAE . 55 = S (F3)
A ST ) SR AL, PRI Ay 2Bt B v ) RSB
BB OBPRIAERL &R, H RS BRI B A
B 387 o 55 D 3 gy (F4) F 28y e 1) SR I B4
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IR pH. AR AR, R R R AL

3 pH SRR AMMEE N IES, pH B R TT

RS Z o TN (F5) i D 728 i) ek

BN, SR R S R RS A G
#=3 LIEURESEAS LG

Table 3 Loadings of soil basic properties on each principal

component
s 2cdni F ST
F1 F2 F3 F4 F5

A 0.23 000 -0.91 0.09 0.28
biaE A 020 -008 082 -0.30 0.20
kL -0.47  0.07 056  0.12 -0.53
pH 030 -014 036 -067 -021
A BT 0.73 045 010 035 0.05
B 0.73 050 -0.03 0.26 0.07
TR IFPER 0.27 065 -0.04 0.14 0.30
R 0.25 067 009 004 -019
AR 0.22 078 004 001 0.23
ACHRPERS 0.82 0.21 011 -018 —0.04
AR 0.80 023 -0.16 007 0.5
EEE U 0.15 062 011 -019 -0.10
G 030 -017 -037 0.63 0.26
ZEEITN 0.03 009 001 08  -0.07
A -0.04 008 -006 0.12 0.89
e 0.05 0.71 004 015  -0.01

PLEAMTaRET, Rl Ty . A A B
JRCHlL | RARE | A7 AR R R X AT A B

(A)F1 (B) F2
[ -1.00~-0.50 [ -1.00~-0.50
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I 051 ~1.00 ’ B 051 ~1.00
2 y : ..
(D) F4 ELE
n‘ e
B -1.00~-0.50 hed B - 1.00 ~—0.50
[ ~0.49 ~ 0.00 [1-049~0.00
I 0.01 ~ 0.50 [10.01~050
B 051 ~1.00

B 051-1.00 o

g |

RS e 7 3 o Y Y1 £ < =Y, A U E S % N =95, A
DA e 2 AT P B 2 [ AR R S, - S JB SR i) w7 7
FE, AR B PN R hn B . AL
B BhkL. pH. ARG 5 MEME, ENRNELR
BT 45 A FE R N LA AR AL, B R X s
PRAEAS F 3 5053 N 5 A v 2 ar 1) 1M T34 A
2 AR OC T
24 TEERBEZERZTESE
R T RIS X 3 BB AT A 2R 23 (Rl , R B
ANFE A F SR i 0 —1L S, 4 4 P IX
[4]. [-1.00, 0.50]. [-0.49, 0.00]. [0.01, 0.50]. [0.51
1.00], Z30ill Bl 4 S REfg s R, BVBH S 5300 |
— MR . — MR, . B RO, I A ]
LS 8] 530
F1 IERION B S0 A i DX AR A B AR A ZR AR L IX

e B ) IS el DXORT A i ) S A DX 3k 7 2807
fe o WG (JE AA), @50k 4 DIl g e 1 B RE AT
JI8A% . F2 s X 3B, FF e A VU R A
— Fr b AEAE e WA S ) A A5 U B ) e = A, G
A TT R 5T M X AEAE— 8 IR SR IR A R
MITELL(E 4B). F3 By -3 57 b 5 i ) BB 225G 1T i
SRV A L IX. R A B ) P R R A BT R AR 3
G X (& 4C), X SEHb X i S 7, A A RERE
M R (PP, o8 Ry 3 B X ) — A~ R IR R 2
F4 5 IR LA SO ST B IR F oA G, IR
&, PR TR A CER A3 B g S IR S TR T

(C)F3

[ -1.00~—0.50

[]-0.49~0.00

[70.01~0.50
B 051~ 1.00

4 TEEBERZESH

Fig. 4 Spatial distributions of soil constraint factors
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REZ Wl ReMER &, W ELRER (& 4D). F5 K
H 4 B ML IX, 32250 A A e A B v 3 R e A AR PG
B, 3Kl ) - B SR ) S R L A AT REXT R
AT REL Rt BT AFAE — 5 52 (] 4E).
25 MEMELEDLERNEENEE
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