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Abstract:To investigate the spatial distribution of soil available secondary elements Ca Mg and S and its influencing
factors and provide a theory basis for management of secondary elements and fertilizing reasonably on tobacco total
2088 soil samples were collected based on GPS technique. Available Ca Mg and S were analyzed by Atomic Absorption
Spectrometry. It addition spatial variability and influencing factors of 3 secondary elements were studied. The

concentrations of soil available Ca and Mg in Qujing tobacco area were moderate variability with the averages of 2579. 2
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and 323. Omg/kg respectively. The concentrations of soil available S represented strong variability with the average of
37. 6mg/kg. Soil available Ca Mg and S were moderate spatial autocorrelations and their spatial variability was caused
by structural factors and random factors. Soil available Ca Mg were high in most areas(96.5% and 96.0% ) and soil
available S was low ( <16mg/kg) or too high ( >50mg/kg) in some areas (0.70 % and 9.80% ) in Qujing tobacco
area. Altitude terrain conditions soil types soil pH organic fertilizer application rate and preceding crops were
influencing factors of 3 secondary elements. Scientific management should be adopted to manage secondary elements in
soil according to the status of secondary elements in different areas.

Key words:tobacco area; soil available secondary element; geo-statistics; spatial variability; influencing factor
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Fig. 1 Distribution of soil samples
1
Table 1  Descriptive analysis of soil secondary elements contents in Qujing (mg/kg)
X No. of o . . ) . distribution
index minimum  maximum mean S.D C.V skewness kurtosis
samples type
available Ca 2088 179. 6 7908. 4 2579.2 1470. 1 57.0 1.4 2.2 LN
available Mg 2088 30.4 1257.0 323.0 213.5 66. 1 1.4 2.6 CLN
available S 2088 2.0 228.37 37.6 38.1 101.2 3.2 11. 8 CLN
LN CLN °
Notes: LN denotes Lognormal CLN denotes close to Lognormal.
2
Table 2 Classified standard of soil available secondary elements contents in Qujing (mg/kg)

index critical value very low low middle high very high
available Ca 400 <300(3) 300 ~400(2) 400 ~800(56) 800 ~1200(150) >1200(1877)
available Mg 50 0~25(2) 25 ~50(16) 50 ~100(140) 100 ~ 150(301) >150(1629)
available S 16 ~50 <10(49) 10 ~16(315) 16 ~30(930) 30 ~50(413) > 50(381)

(

»

Note: Refer to < Acceptance standard of superior quality Flue—cured tobacco base of Qujing City >. Numbers in parentheses were the number of samples of

each class.

2.2

Kolmogorov-Smimov (K-S)
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Table 3 Semivariogram models of soil secondary nutrient and corresponding parameters
e i€ (eyrey (O e ey -
available Ca gaussian 0.175 0.270 64.9 0.230 0. 196 -0.0083 0.9391
available Mg exponential 0. 260 0.370 70.4 2.517 0.387 —-0.0002 0.8115
available S gaussian 0.371 0.520 71.3 0. 808 0.310 -0.0282 1. 0890
3 G, ( ) o
. 800mg/kg (800 ~ 1200mg/
kg)
;C ( ) 1200mg/kg
. ( ) ( >1200mg/kg) 7 « v )
;(Cy +C) ( N o
) ; > 1200mg/kg
G,/ (Cy +C) 96. 5%
<25% o
2.3.2
; 25% ~T75% ( 2-B)
;>75 % 2.517km (150mg/
" ke )
3 64.9% ~71.3% 96.0% ; (100 ~ 150mg/kg)
3.78% ; (50 ~100mg/kg)
( N ) 0.23% .
( N ) o
2.3.3
o ¢ 2-0)
o 0. 808km o
o ( >50mg/kg )
3 > N N
2.517km 9.80% ; (30 ~50mg/kg)
— 4 1
C 3). 42.04% ; (16 ~
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Fig.2 Spatial distribution of soil available secondary elements contents in Qujing(mg/kg)
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> > >
o N N ; > > >
N pH- N
pH > > >
2.4.1 N
21 . 3 o
4
(r=-0.246 P =0.000) Table 4  Soil available secondary elements contents
(r=-0.033 P = affected by different elevation mg/kg
0.057)
_ _ altitude ranges No. of available available R
(r =0.155 P =0. 000) o (m) samples Ca Mg available S
200m ( 4) 3
=2000 761 2322.3C 266. 1D 43.5A
3
1800 ~ 2000 974 2679.0B 329.8C 37.9B
1600 ~ 1800 237 3011. 6A 433.0A 24.7C
1600m ~ 1800m
1400 ~ 1600 112 2548. 6BC 423.7B 23.1D
: P <0.05 P
: <0.01(SSR ) .

Note:In above table different small and capital letters following data
represent significant level at 0. 05 and 0. 01 respectively SSR determination.

2.4.2 The same as follows tables.
2.4.3
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> > > > pH 4-~5 pH 6~7
1089. 4mg/kg; 0
> > > > 7 pH
> Table 7 Soil available secondary elements contents
184. Omg/kg; > affected by different pH (mg/kg)
> > > >
pH . .
18. Smg/kgo pH values sample available available available S
number Ca Mg
s =17 491 4093. 1A 388.4A 40. 4Bb
Table 5  Soil available secondary elements contents 6~7 752 2602. 0B 343. 1B 31.7Ce
affected by different terrain conditions (mg/kg) 5-6 692 1799.7¢ 287.5C 37.58Bb
4 ~5 149 1101. 1D 175.5D 59.6Aa
. No. of X K i 2.4.5
terrain available Ca  available Mg  available S
samples
3
mountain 1323 2609. 4Aa 346. 1Aa 34.7Bb (r ~0.182 P
hilly 220 2350.7Ab 221.3Cc 48. 8Aa
basin 378 2613.4Aa  296.1Bb 41.8ABb =0.000)
(r=-0.046 P =0.034)
. 113 2450. 9Aab 342. 1ABa 35.5Bb
river aqueduct (r=0.009 P=0.670).
6 20.0 ( 3)
Table 6  Soil available secondary elements contents 3
affected by different soil types (mg/kg) 3
No. of available -
soil types o ° available Ca avarable available S ’ < 20g/kg
samples Mg
347 2933. 7 A 448. 7 A: 30. 1ABb ; = k 20g/kg ~
purple soil # . ’ 6Og/ 8 Og/ &
40g/kg o
. . 209 3276.4Aa 396. 3 Aab 28. 8Bb
new alluvial soils 8
331 2426. 9Bb 307. 7Be 437 Aa Table 8  Oil available secondary elements contents

paddy soil . .
affected by different organic content (mg/kg)

. 1033 2400. 9Bb 264.7Cd 41.3Aa
red soil
organic No. of available available available
, 123 2187.0Bb  382.8Ab 24.9Bb ranges(g/kg)  samples Ca Mg S
yellow soil
=60 130 3454.2Aa 328. 5Bb 42.4Aa
. . 32 2671.7ABab  337.5ABbc  34.0ABab 40 ~ 60 628 2794. 7Bb 320. 3Bb 34.4Ab
alluvial soil
20 ~40 264 2582.3BCc 306. 0Bb 40.0Aa
2.4.4 pH pH 3 <20 1062 2344.7Cd 397.9Aa 33.7Ab
2.4.6
pH (r 0. 684 0.262 P > > > > C 9)
0. 000) pH (r=
0.071 P =0.001). pH 1.0 1218. Smg/kg;
«C D 3 > > > >
3

145. 5mg/kg;

pH > > >



546 25

>
11. 4mg/kg.
12 13 19 20
9
Table 9  Soil available secondary elements contents as
affected by different organic content (mg/kg)
preceding No. of available available .
available S
crops samples Ca Mg
maize 62 2879. 6Bb 440.3Aa 26.3Bb
rape 243 2511.4BCbc  374.6ABb 25.4Bc¢
barley 392 2287.7Cc 294. 8Bc¢ 31.9ABb °
pea 196 3506. 2Aa 383.9ABab 36.8Aa
105 2293. 8Cc 313.6Bc¢ 34.5ABab 4
green manure
3 (0.2%)
(0.8%)
18.2% 17.4%
50mg/kg 16mg/
kgo 3
> 1200mg/kg 96. 5% ;
> (150mg/kg ) 96. 0% ;
( 9.80%)
22 ~24
° ( 0.70 %) 89.5%
64.9% ~71.3% 16 ~50mg/kg.
N N N pH
22 ~26 . 3
(2.517km) o
° 1 . M . : 2000: 201 -210
2
. . pH J . 1998 15 (6): 70 —72
3
J .
° 3 2004 10 (2): 218 -220
4
° J .
2005 28 (2): 59 - 63
5 M .
2000 153 -177
6 M .
1993.209 -213
7 J .

; 1998 30(6) : 320 - 323
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