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A PR ER e T, [ ¥R ] 2012 12022 4F, 7E = R RFRMN P B X BB oA, 43 3SREE T 1131
4512 AN EHFZE (020 cm) HHERES . A REE S SRS ANGE . Wi . LR AREESSER, ot
HEPfb M, 455 1982 35 R BB A K, 2 ST 7R AT 1982, 2012 1 2022 4F 3B AEE . 4HA
W =Rt as oA, A RS S0 I BEAL AR R i fh + A 208 . AN S 2R EZE M E, [ 4
] 1982, 2012 Al 2022 4F A RS B2 58 2.35, 3.50, 4.35 mg/kg, R ETHEHE; ARG E S
4 0.18, 0.14, 0.11 mg/kg, 2= TS ARSI HN 026, 0.63. 0.58 mg/kg, BIETHEMHE#EIE. &M
I, 1982, 2012, 2022 4EASCEERIBIH AN 5398 50.8%. 45.5%. 31.8% F141.3%. 39.4%. 33.8%, &
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Temporal and spatial variation of soil available zinc, molybdenum and boron
contents in Dali tobacco-growing fields and the influencing factors

SU Xin-yue'”, WANG Jin-feng’, SUN Nan', KUAI Yan’, FAN Zhi-yong®, ZHANG Jiu-quan‘, XU Ming-gang"**
(1 State Key Laboratory of Efficient Utilization of Arid and Semi-arid Arable Land in Northern China / Key Laboratory of Arable
Land Quality Monitoring and Evaluation, Ministry of Agriculture and Rural Affairs / Institute of Agricultural Resources and
Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China; 2 Shanxi Key Laboratory of Soil
Environment and Nutrient Resources, Shanxi Institute of Ecological and Environmental Technology, Shanxi Agricultural
University, Taiyuan, Shanxi 030031, China; 3 Tobacco Company Dali Prefecture, Dali, Yunnan 671000, China,

4 Institute of Tobacco Research, Chinese Academy of Agricultural Sciences, Qingdao, Shandong 266101, China)

Abstract: [ Objectives ] The spatial and temporal distribution and the influence factors of soil nutrient contents
reflects the rationality during a certain period of tobacco cultivation. The study will provide theoretical basis for
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scientific fertilization strategy in high-quality tobacco production of Dali Prefecture. [ Methods ] In 2012 and
2022, total of 1131 and 4512 top soil samples were collected in the tobacco fields of the plain area in Dali
Prefecture, Yunnan Province. The location, altitude, soil texture and pre-crop information of each sample were
investigated, and the physical and chemical properties were analyzed. The data of the second soil census in 1982
was used as reference. Geostatistics were used to analyze the spatial and temporal distribution of available Zn, Mo
and B contents in 1982, 2012 and 2022, and regression analysis and random forest model were used to quantify
the main factors affecting the changes of soil available Zn, Mo and B contents. [ Results ] In 1982, 2012 and
2022, the average available Zn content was 2.35 mg/kg, 3.50 mg/kg and 4.35 mg/kg, respectively, showing an
increasing trend; The available Mo content was 0.18 mg/kg, 0.14 mg/kg and 0.11 mg/kg, respectively, exhibiting a
downward trend. The available B content was 0.26 mg/kg, 0.63 mg/kg and 0.58 mg/kg, respectively, showing a
rising first and then decreasing trend. The nugget values of available Zn and B in 1982, 2012 and 2022 were
50.8%, 45.5%, 31.8% and 41.3%, 39.4%, 33.8%, respectively, showing moderate spatial autocorrelation, and the
available Zn and B contents were low in the middle and high in the outskirts of the test area geographically. The
nugget values of available Mo were less than 25%, and showed a decrease trend from high in the southeast to low
in the northwest. The available Zn and B contents were significantly higher in the plains than in the mountainous
areas; the available Mo content was significantly higher in the clay than in the sand and loam soil, and the
available B content was higher in the loam than in the other textures of soils. Soil pH, organic matter, available N,
P and K, and the altitude strongly affected the spatial and temporal variation of the three elements. The main
influencing factors were available P and altitude (interpretation rate 20.5% and 16.8%) for Zn, altitude and
available N (interpretation rate 13.7% and 12.8%) for available Mo, and available N and K (interpretation rate
17.6% and 15.6%) for available B. [ Conclusions ] The soil available Zn, Mo and B contents in tobacco-growing
fields in Dali Prefecture show a general increase, compared to 40 years ago, and are graded at V (rich), 11
(deficient) and III (moderate) levels at moment, respectively. All the Zn, Mo and B content were affected by
topographic feature, soil texture and fertility. In general, Zn application should be appropriately controlled, B
application be maintained, and Mo application be increased. However, Zn and B application should be considered
when the previous crops are grain crop and rape, and Mo should be applied when following legumes crop, for the
high-quality tobacco production in the test area.

Key words: Dali Prefecture; tobacco-planting soil; trace elements; spatio-temporal variation; influencing factor
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DK HAY M55 A (0% ~10%) . FPEEAESF (10%~
100%) . #AF S (>100%) 3 2809, FNE ) 2500
(One-Way ANOVA), XM HrHI7E IBM Statistics
SPSS 26.0 #AF5E . GS+10.1 FRBUR A J7
ZHSA R e 24, Hh A0V [nugget effect,
CO/(CO+C)] T RG2S AR, 78

*1 ERLEFRDIERFRYSIRE

Table 1 Classification standards of soil available Zn, Mo and B in tobacco-growing fields

$8¥r Indicator I I m v \Y
BRUEE Available Zn (mg/kg) <0.30 [0.30, 0.50) [0.50, 1.00) [1.00, 3.00) =3.00
HR5A Available Mo (mg/kg) <0.10 [0.10, 0.15) [0.15, 0.20) [0.20, 0.30) =0.30
A Available B (mg/kg) <0.20 [0.20, 0.50) [0.50, 1.00) [1.00, 2.00) =2.00
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32, BRAS[A] A A G (<25%); HAEEs Rl 3 A O
(25%~75%); 5575 18] A AH G (>75%)", 5 H] Arc
GIS 10.1 # Geostatistical Analyst $5 3 g9 338 77 B
A E R AT E I o s W A, e s
Reclassify T B8 &SR TG, 1 HIBEHL
FRARBLTY (random forest) 44T T 2 I BE I R X A 3%
BE L AHFIBISE M 4R X A

2 ZER550T

2.1 tEETIEEYIRE TR BT AHE

40 A0k, BfE R AR AR BRI, AR
R ETHEY, HERRETRES, WEekh
FHE TR (3 2)0 3 MFARAREE . AN LR
MIEZ 3 (K-S K35, P<0.05), 1982—2022 4FA4
BUPEAE RSN R A 0.050 mg/kg, Hid 2012—2022

ARAE R fINH 2 K 0.085 mg/kg, 1982 Fl 2022 4EAF
SERB (M 120.8% Fl 184.8%) K@ik As &, 7E
25 (8] P A A0 A SRR AT , 1982—2022 AT RLEHAE
TR F A 0.002 mg/kg, HH 2012—2022 4E4EH R
R R B K (0.003 mg/kg). 1982—2012 4FEA R B4R
KB AR N 0.012 mg/kg, 2012—2022 4EAEH T %
B R 0.005 mg/kg, 1982, 2012 Fl 2022 4F 3 4t
WA S5 R BT RN 69.6% . 86.1% F1 73.2%, @
22 {EETEAYUHELENTEESR

K BEPH AR A 250 ek T 3R M8 T 2% 43 BT B REAE
SR FE 3, 1982, 2012, 2022 4EHEAH 354 5k
FIVHI %) B 4 3500 43 53 4 50.8% . 45.5% . 31.8% Al
41.3%. 39.4%. 33.8%, HJE 25%~75%, J@HaEss
B FI AR SEE . 1982, 2012 Fl 2022 4F4K H A SUH ) B

2 1982, 2012 712022 FHEMTIRBWHE. BN ERER MR S
Table 2 Descriptive statistics of soil available Zn, Mo and B contents in tobacco-growing fields in 1982, 2012 and 2022

JLE Ay FEAEL ¥IE A5 FE (%) A g 13543 e/ ME RAE
Element Year Sample number Mean Coefficient of variation Skewness Kurtosis Minimum Maximum
A 1982 125 235b 120.8 322 1437 0.00 20.20
Available Zn 5415 1131 3.50b 63.8 13.98 233.58 0.07 184.37
(mg/kg)
2022 4512 435a 184.8 24.98 907.93 0.02 351.92
FRH 1982 109 0.18a 216.3 7.71 67.70 0.01 3.78
Available Mo 55 1131 0.14b 64.9 525 37.68 0.00 2.11
(mg/kg)
2022 4512 0.11¢ 148.2 8.57 108.35 0.00 3.62
A 1982 108 026 ¢ 69.6 1.94 5.84 0.00 1.12
Availlable B 5515 1131 0.63a 86.1 139 3.78 0.00 3.72
(mg/kg)
2022 4512 0.58 b 73.2 6.40 98.35 0.01 9.15

&3 1982, 2012 712022 FHEMTIREWHE. ENMSENFHERMERREY
Table 3 Semi-variance function models and the involved parameters for soil available Zn, Mo and B contents
in tobacco-growing fields in 1982, 2012 and 2022

JLHE Ay HEAY Yesx(d HEHE SR (%) R , B2
Element Year Model Nugget Sill Nugget effect Range Residual sum of squares

A 1982 =581 Guassian 0.33 0.65 50.8 42782 0.77 3.00E-02
AvailableZn 015 s Exponential 0.39 0.85 455 337500 0.94 4.17E-03

2022 8% Exponential 0.22 0.70 31.8 7331 0.80 7.71E-02
AR 1982  $8%k Exponential 0.11 0.80 13.9 6600  0.03 1.04E-01
Available Mo 15 ik Spherical 2.60E-03 0.03 8.2 7300 0.19 1.74E-04

2022 #RIR Spherical 6.60E-04 0.02 3.1 10500 033 4.88E-05
L] 1982 FKIR Spherical 0.01 0.03 413 38000  0.82 4.16E-05
Available B 2012 #5% Exponential 0.03 0.07 39.4 54900  0.93 6.55E-05

2022 8% Exponential 0.18 0.53 33.8 11693 0.95 3.58E-02
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Fig. 1 Spatial distribution of soil available Zn, Mo and B contents in tobacco-growing fields in 1982, 2012 and 2022
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Table 4 Variable characteristics of available Zn, Mo and B contents with topographies

, HR4E Available Zn A %U4H Available Mo HHN Available B
7
Topiow;f;phy EHEH Mean BRFECV SFH4{E Mean BRFRECV FH4{E Mean LR CV
(mg/kg) (%) (mg/kg) (%) (mg/kg) (%)
11} Mountain 3.84b 191.0 0.11a 154.0 0.49b 63.0
FB Hill 4.40 ab 79.3 0.10 a 56.6 0.46b 69.2
i Plain 5.00a 169.7 0.12a 178.4 0.67 a 74.8

T RSB E AR RNG B Ron P ) 22 5% B35 (P<0.05).

Note: CV—Coefticient of variation. Different lowercase letters after data in the same column mean significant difference among topographies
(P<0.05).

bis (3.84 me/ke) BT, AR A RN T BAT, WML (F 6). Rl - HEFHBIA AR iy
013 B2 B R 2 5 PIARMA R (067  HATHAERYE, BL A SR (013 me/kg) By
me/kg) BEH T UM R, FUMMIOARER . Bt o RO A R g
A RRCIRAT, SM510 793% A S6.6%, K (%, TR AR FLA 4 3RIE 10 S
RSSO E R 3 ORI R 243 TEEARY) AR T A, RIRTEEAEY)
SRR SRR ATV B, AT AR A e
242 THORUMER 3 Aapciek ity 18 (0 TRITEUKP, BEAEG Y AGRR £AT
EHERT MBI R V) (% 5), 2022 4 ORISR RS TFRERD AN, DIAK
KT HIR LA 3 P RO A A ey, sy A RITEIRIN IR lSRAVNE . SR b o
[ERFIV . AR oY T 1%, ke oo RHERRUHTR 6 (0.09 mg/kg) Bl AFHT

F - A 2 T PN e
%5 HE. EREAES LR FEVED ) 3 2000 & 5 R/ANRI K> E 28> K

TRAY M R A3 4k A0 A 6 1 S SE>EK . AN NS RECE, T

Table 5 Correlation of available Zn, Mo and B contents TEAEY B RS, A R AR S R B K
with soil physicochemical properties and altitude (285.7%), JERAR S ANREIFTHEAEY 0+ A 3R
HIHR REE AR A 5 SR B TR SR o R K N 7

Influencing factor Available Zn Available Mo Available B

SERBO, LA RTEEME Y0 AT O 7 5 2
KR T oS BRI S, R B A B 26X 3 R AT
PR ST EE IO B, L R O 47 S R W
B Avallable N 0183500527 052"y B, 2R BRTFEAE A - AT A

pH 0.085** 0.040** 0.190**

A HLE Organic matter 0.189** —0.033** 0.517**

PG Avale P 023070012 ORI W, 3 M LA R B 10,045, ~0.048,
HRH Available K 0.208** 0.062** 0.429%* 0,047, T MR A AT

IR Altitude 0.049%* —0.057** -0.004 2.4.4 A TEE 4 pH . ATHLE .
Noter P=0.01 WAL AT . U RIS 3 R AT 2

*6 AEFMTRANE. B E (ng/ke)
Table 6 Available Zn, Mo and B contents under different soil textures of the tobacco-growing fields

-3 b B 30EE Available Zn A545H Available Mo AL Available B
Soil texture  SPgyff Mean ~ ERFHCV (%)  THEMean  ERFRECV (%)  THHMean  BERRECV (%)

3+ Loam 441 a 195.2 0.11b 145.5 0.6la 59.0
b+ Sand 4.53a 147.5 0.11b 181.8 0.53b 64.2
i+ Clay 424 a 184.2 0.13a 176.9 0.56b 94.6

T FSIEEEIR A FRNG 7R b ] 22 5 W25 (P<0.05)

Note: CV—Coefficient of variation. Different lowercase letters after data in the same column mean significant difference among soil textures (P<0.05).
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Table 7 Effect of previous crops on available Zn, Mo and B contents in tobacco-growing fields
o AR EE Available Zn F 34 Available Mo HW Available B
Prii?ffi?op SEH{H Mean B ERECY SEH{H Mean BRERCV SEHI{H Mean LR ECV
(mg/kg) (%) (mg/kg) (%) (mg/kg) (%)
Kir Garlic 6.65 a 72.4 0.14a 139.1 0.74 a 433
FEK Corn 4.22 be 176.9 0.12a 132.5 048 e 60.1
#&4H Flue-cured tobacco 438b 285.7 0.12a 163.6 0.53d 70.1
2% Legumes 438Db 114.7 0.09b 174.7 0.67b 66.8
% Rape 4.61b 86.3 0.13a 190.8 0.56 cd 62.0
/N Wheat 338¢ 111.7 0.12a 195.4 0.47¢ 67.3
K# Barley 4260 93.7 0.13a 1673 0.62 ¢ 100.9

T FFEHRE ARG T E2RR A FRTEEY T LR & B 28 5 13 (P<0.05).

Note: CV—Coefficient of variation. Different lowercase letters after data in the same column mean significant difference in element contents among

different previous crop treatments (P<0.05).

R (8 2). AR =i EZE T
AR AR, AR S3 20.5% F1 16.8%.
TR AR R A R R, AR BRI
13.7% 1 12.8% Wi ik S0 RIS A5 B0 0T A 803 5 22 52
K, HMRERSN 17.6% Fl 15.6%.

3 i
R A K BT RO B e R ROk A SR AR
L2y, feE TR WAL A1 DR 5 T B A ) e

FIARIE o PR ERE R TR & i, HER
i NS 7 S 15 A5 e A A v A

ARWFFT R IR, 1982—2022 4F 40 4F ] KBEM AR X A7 %L
PR, BARLE LG, #2022 FIV. VR
DL A A 99.6%. X A BN 4 S ik
TR IOk, A LR A K it ARG AT 8 F BOR
MR, A DL R A AR I T 8 RO
0 SRR B AE FOR s, A LR H
LRI B : Mg : Zn=1: 1 : 1, KEEM 1%
AT 11 A B3 4 A S O AE 0.76~
6.73 mg/kg, HHAVEI | DRIEFEL LS WG N
HE . X B XA T R H s ELLASFE R
F, — AR . ERRGR SR S B R

H3UEE Available Zn H AU Available Mo %40 Available B
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Fig. 2 Importance of influencing factors on available Zn, Mo and B contents in tobacco-growing fields
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