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Table 1 The indexes and grades of the chief nutrient of tobacco-growing soil in Hunan
25
FEbR Level
Index AR EH [ e
Extremely low Low level Suitable level High level Extremely high

R pH <5.0 50~55 55~7.0 7.0~75 >75
AHLF SOM (gkg™) <15 15~25 25~35 35~45 >45
2% TN (gkg!) <0.5 0.5~1.0 1.0~2.0 >2.0

2 TP (gkg™) <05 0.5~1.0 1.0~15 >15

B AK (mgkg™) <80 80 ~ 160 160 ~ 240 240 ~ 350 >350
KPR T WSCL (mgkg!) <5.0 5~10 10~20 20 ~ 30 >30

1.4 BUESH 10.2 Bt 45 19 Arctool box BEHei44 3 AN A 1 45

WHBARGHHT R SPSS 19.0 i 1E47,
Gt o3 bt K F% i 28 oA B 2 2R FH GS+9.0 il Arc
GIS 10.2 BIF5E M . MG 440 HriR 4, S GS+
9.0 #MF A shisk H RS & R X - 5657 /0 F8 b i e A2
J5 2 REUHARSESHL, BRR e R0 (R?) Bk,
BRI (RSS) H/MNUBIRISHS, i GIS
10.2 F A 021 5 25 R A T 530 v B A% 476 (B 2%
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3% 2 P AR ISR IE 5 3R i A
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Table 2 The main nutrient contents of soil in Chaling

EfsLaN A AL SR i LR EE (%)

Index Year Sample size average value Standard deviation Coefficient of variation
2009 39 5.78 ab 0.44 0.08

pH 2014 58 5.50b 0.95 0.17
2018 58 585a 0.85 0.15
2009 39 21.00 ¢ 4.55 0.22

HHUR (gkg) 2014 58 37.86a 9.57 0.25
2018 58 3091b 8.7 0.28
2009 39 1.16 b 0.35 0.30

2A (gkg!) 2014 58 2.05a 0.52 0.25
2018 58 1.97a 0.51 0.26
2009 39 0.45c¢ 0.18 0.4

2 (gkg) 2014 58 0.51b 0.15 0.3
2018 58 0.63a 0.15 0.24
2009 39 138.31b 60.86 0.44

HEA (mgkg) 2014 58 14401 b 48.24 0.33
2018 58 238.21a 76.13 0.32
2009 - - - -

KIEHEEE T (mgkg) 2014 58 14.67b 12.47 0.85
2018 58 17.95a 15.14 0.84

i ARVNS FREFORA AR A R EZR (P<0.05) (TRE) .

22 MREEMXEEFSRZZITNL
C, P4, JEMIBE h Ky 0 BRI 2%, Fom
HBEFLIR R RS C MWIEGE, 24 ﬁil

KRS, PGSR A2 RGN
TR G (125 [ AT SRR ﬁwﬁ<%%,%
W R G HA R AU S A e, 25 RS S 2 B2 45

MPER R WERILETE 25% ~ 75%, RWRG
HA PR ZS BIACE s FUE> 75% WITERH 24045 1)
AHCVEIR TS, 28 (A S R EZHLE R E M7, H
F 3 AIA. 2009 443 pH. A PR ABR 40 1/
T 25%, R Mamas [BAHCHE, T 2014 4F . 2018
A2 A4 pH ., AP SRV AIAE 25% ~
75% iR, R A HER A OCH:, RUFEVLHE
(UG AE | P )5 B2 of 448 pH FIAT AT 7 H 25 [
AR S T AR RGOS 3 NI B A R A
2Aﬁ%%*m$a%ﬂ ROBBI/NT 25%, N

MO, R IE 7 B Z M PER R
(Wﬁﬁ S, TR, R EE A )
MU A Al 3 I A (RO SR AN
[, 2014 =R Ay rh 423 [0 AHSCM:, FE 2009 45
F1 2018 AEFR I AR A AL AH M

Hi 1] 2 K2 3¢ 4 TIAL, 2009 4F 89.13% F A &

X344 pH &, 498 pH BRI X IR B4 v e
2Rl B IR IR EE s 71.67% HAFRE 2 Fb X I8 4 38
MURS AL 15~25 gkg'; 92.41% B HIEAR S
HOMIEEGON, WEREEE . ATERA X
RN TARI ; 88.12% BAE AN 135 e & ARG ;
86.60% B A K - HEH SO 5 =K, AN 12.63% I9AH
JH A AR A TE E RO, EE AR
KL Bk =B 4 8

MK 3 e 3% 4 Al 1, 2014 4F 61.32% I IAAE &
Fh X 4+ 4 PH K T 5.5, %% 2009 45 + 3£ 2 Ak i A1
MR, KRN ER IR, mAed., 5
VL2 FEAE A 1+ 5B R pH B 2009 4EA B s LR
AL & B RIE BT, mgo H3E 5 HIk 65.36%;
T 45% W HHAE B Fl X 30+ R & R BT EE K
S, ok H, EBE L BEaE =M TR BRI K 2014
AF - B A S R 2009 AEAR LR K, EHYT,
72 B o X B O & A T BT 2014 4R
THOKEHEA S G R A 46.05%
22.52%. 24.25%, KT A A AR X B A
HE AR B B AL Xk, 7 B R i ) A
AR K EPE R A AR GON, oAb R 1 g = 2
S iE H A



300 X % @ R %52 %
=3 ITEFSFTRIYIERERRESY
Table 3 Semivariogram models of soil nutrients and their parameters
Eiioy ARRE R Hesx(l HEME 252 (km) Yoo (%)
Index Year Model CoNugget C,+CStill Range Nugget effect
2009 R 0.0009 0.1538 2.31 0.59
RIS pH 2014 BRI 0.245 0.792 7.84 30.93
2018 BRTE 0.187 0.633 7.22 29.54
2009 TR 12.8 60.1 1.14 213
AHLT (gke™) 2014 R 29.3 82.3 6.84 35.6
2018 B 20.2 77.4 9.98 26.1
2009 Bz 0.0394 0.1828 0.09 21.55
245 (gkg!) 2014 Bz 0.0876 0.2382 6.48 36.78
2018 Ei=¢1d 0.0047 0.2354 5.46 2
2009 TR 0.0053 0.0349 1.14 15.19
2 (gkg™) 2014 BRI 0.00707 0.02024 5.8 34.93
2018 B 0.00001 0.02122 22 0.05
2009 TR 110 3532 1.14 3.11
WL (mgkg') 2014 BRI 1 1847 1.16 0.05
2018 B 10 4461 1.46 0.22
2009 - - - - -
KEHEEF (mgke) 2014 =l 8.8 195.4 0.33 4.5
2018 B 1 211.6 1.14 0.47

2 1p 2009 7 AK_2009
= (mgkg")
(gkg™) d
05075 '/' =160 5%
Em0.50~0. -
0 5 10 20km mm0.75 ~ 1.00 0 5 10 20km 240 ~ 350

E2 2009 EXREBFEEMXTETERSSENHE

Fig.2 Distribution of main soil nutrients in Chaling in 2009
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Table 4 Distribution of soil nutrients
E s 33 AP Year
Index Level 2009 2014 2018
WA 0.00% 13.57% 0.13%
fi% 10.87% 47.75% 25.52%
pH & 89.13% 35.97% 69.86%
= 0.00% 2.71% 3.25%
W= 0.00% 0.00% 1.24%
AR 0.00% 0.00% 0.00%
ik 71.67% 0.00% 4.13%
EERIN i 28.30% 27.25% 81.49%
= 0.04% 65.36% 11.92%
=1 0.00% 7.38% 2.47%
A 0.00% 0.00% 0.00%
o i 7.59% 0.00% 0.00%
A s 92.41% 50.83% 68.94%
=1 0.00% 49.17% 31.06%
WAk 88.12% 60.81% 6.58%
) {5 11.86% 39.19% 93.41%
i .
i 0.00% 0.00% 0.00%
= 0.00% 0.00% 0.00%
AR 0.75% 0.11% 0.02%
ik 86.60% 86.85% 4.23%
L&l G 12.63% 13.01% 54.01%
= 0.02% 0.01% 41.57%
= 0.00% 0.00% 0.15%
LS - 24.25% 1.12%
1% - 22.52% 6.81%
IKEHER s - 46.05% 57.88%
[ - 7.12% 34.18%
[T - 0.06% 0.01%
N
K
TN 2014
(gkg™)
mml.0~15
5o
N
I
L KIS
e why W
e ~0.50 A 80~ 160 4 —110~20
=20320% 0 s ( =603% =205

B3 2014 FXRETEFTERDIENHE

Fig.3 Distribution of main soil nutrients in Chaling in 2014
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Fig.4 Distribution of main soil nutrients in Chaling in 2018
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Table 5 Effects of topography and time and their interaction on soil nutrients

T 22305 PRI A £ Rl A B ¥y FfA BRI
Source Dependent variable sum of squares d.f. Mean square F value Significance.
pH 1.167 3 0.389 0.572 0.634
HHLE 287.924 3 95.975 1.307 0.275
. o 0.858 3 0.286 1.244 0.296
R ol
3 0.033 3 0.011 0.435 0.728
KR 26503.982 3 8834.661 237 0.073
e 201.043 3 67.014 0.28 0.84
pH 8.55 2 4275 6.962 0.001
AL 449.197 2 224.599 3.153 0.046
W ifﬁ 1.256 2 0.628 2.753 0.067
{7 0.041 2 0.020 0.791 0.455
KR 17600.49 2 8800.245 2.203 0.114
Afrht 677.551 2 338.775 1.525 0.222
pH 0.784 3 0.261 0.383 0.765
AL 79.802 3 26.601 0.342 0.795
o 0.101 3 0.034 0.141 0.935
| e
3 0.02 3 0.007 0.248 0.862
KB 2227.959 3 742.653 0.180 0.910
Atw 2079.727 3 693.242 3.24 0.025
pH 0.988 6 0.165 0.242 0.962
HHLE 584.484 6 97.414 1.326 0.249
<t ifﬁ 1.506 6 0.251 1.091 0371
{7 0.174 6 0.029 1.144 0.34
KB 36463.338 6 6077.223 1.63 0.143
Atrw 291.656 3 97.219 0.406 0.749
pH 0.468 4 0.117 0.19 0.943
HHLE 501.052 4 125.263 1.758 0.14
B ifﬁ 0.754 4 0.189 0.827 0.51
{7 0.014 4 0.003 0.132 0.97
KB 1803.183 4 450.796 0.113 0.978
Afrht 1241.508 2 620.754 2.795 0.065
pH 1.023 6 0.17 0.25 0.959
HHLE 240.613 6 40.102 0.516 0.795
b é\‘ﬁ 1.198 6 0.2 0.835 0.545
e 0.035 6 0.006 0.22 0.97
KB 10367.351 6 1727.892 0.419 0.865
A= 1156.739 3 385.58 1.802 0.151
=6 ARMEEFIEFSISE
Table 6 Simple correlation between topographic factors and soil nutrients
%73 Wi Yein)
s R Altitude Slope Slope direction
<130m 130~160m 160~190m >190m <20 2046  6~15° BRI FEBE EHYE PR
pH 573 a 5.69a 542a 593a 527b 5.86a 5.38b 5.69a 578 a 573 a 559a
AL (gkg’ ) 29.18 2 33.15a 3152a 3381a 2669b  32.75a  2929ab  29.71a  31.60a  3229a  31.83a
2R (gkg!) 1.65a 1.89a 181a 1.86a 1.51b 1.85a 1.70 ab 1.72a 1.79a 1.81a 18la
2 (gkg) 0.53a 0.56a 0.54a 049a 0.52a 0.55a 0.51a 0.56a 0.55a 0.53a 0.53a
WA (gkg!) 191.72a 171.63 a 15230 a 152.88a  17647a 18443a 15486a  18235a 18095a 176.10a 171.66a
53 S
75 gfiﬁﬁ 1347a 16.26 a 1427a 1477 a 1929a  1339a  1834a 2095a  16.64ab  856b  13.63ab
I MFEMIEEERTARNG ERFRREEREER (P<0.05) (HEHMEE) .
BT, 5 A ISR R PRI PTG, X AT REERAS B KSR s GEY R E, KL

Bz TR S o DX 1) 32 e HL A — AR R . BRI
AL 7 BB AL A SG , d HESR A
R X BB AT R FEAR — 202, 2018 AR LT . 2%

ﬁﬁﬁﬁﬁ%ﬂﬁﬁ%ﬁﬁ‘m%m?ﬁﬁziﬁ
FE T LIS 3] AR TEEE . 2009 ~ 2018 4F[a] -3 4
Tl i AN N, 2 BH IR 24 255 iz A0 R 42 A X 1) it Tl
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Spatial and Temporal Variation of Soil Nutrients in Tobacco-rice
Multiple-cropping Area of Chaling

ZHANG Yang'?, TU Nai-mei'", XIE Hui-ya?, CHEN Shun-yao?,
DENG Liu-ping?, FU Xue-ping’, WANG Xuan®’, HE Wei*
(1. College of Agronomy, Hunan Agricultural University, Changsha 410128, China; 2. Zhuzhou Tobacco Company of Hunan Province,
Zhuzhou 412002, China; 3. Chaling Tobacco Company of Hunan Province, Zhuzhou 412400, China)

Abstract: In order to explore the temporal and spatial variation characteristics of soil nutrients and their correlations
with topographical factors in tobacco-rice multiple-cropping area of eastern Hunan, the soil nutrients in Chaling in
2009, 2014 and 2018 were analyzed by using the traditional statistical and geostatistical analysis methods. The results
showed that the contents of soil organic matter (SOM) and available potassium (AK) were at low levels, pH and the
content of total nitrogen (TN) were at suitable level, and the content of total phosphorus (TP) was very low in 2009.
From 2009 to 2014, soil pH value was decreased, while the contents of other nutrients were all increased. From 2014
to 2018, the pH value of soil was increased, the contents of SOM and TN were decreased, and the contents of TP, AK
and water soluble chlorine were increased. The effects of random factors on soil pH and organic matter were more and
more significant with the increase of years of tobacco rice multiple cropping. The contents of available potassium and
water-soluble chloride always showed strong spatial correlation. Topographic factor analysis showed that the interac-
tion between period and topographic factor was not significant. Different slopes had significant effects on soil pH and
SOM content. Slope direction had strong effects on the distribution of available nutrients contents in soil. The cultiva-
tion system in the tobacco-rice multiple-cropping area of Chaling in the eastern Hunan was beneficial to improve soil
fertility. Thus, increasing the application of N fertilizer, stable phosphate fertilizer input and reducing the application
of K fertilizer could ensure the sustainable development of soil fertility.

Key words: Tobacco-rice multiple-cropping; Soil nutrient; Spatial and temporal variation; Topographical factor
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