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Table 1 Descriptive statistics of soil micronutrient contents ( mg kg™ ) in the mid-reaches of the Yangtze River Valley
TR FEA KL He/ME wRAE ¥E LREDA i ERRE i U g
Soil micronutrients n Min Max Mean Median SD CV (%)  Skewness  Kurtosis
Bk Fe 41 943 12.4 206.8 88.0 69.3 67.0 76.1 1.18 1.89
% Mn 41943 6.4 62.2 27.2 23.3 19.3 71.1 2.93 15.81
i Cu 41943 0.63 6.07 3.05 2.80 1.93 63.1 3.08 44.19
B Zn 41939 0.30 4.35 1.71 1.27 1.56 91.2 4.54 57.03
B 41 943 0.06 1.12 0.41 0.29 0.46 112.2 4.00 20.68
*2 TEREFRSFFERBELRERLSSY
Table 2 Semivariogram model and its parameters for soil micronutrients
A
WTE HL A Heae i ey %fﬁf:f: 2 YesE BB 5%
Soil micronutrients Theoretical model Nugget (C,)  Sill (C+C,) (%) Range (km) R’ RSS
£ Fe $6#Exponential 0.320 0.714 55.2 111 0.998 2.49x 107
% Mn 18 B Exponential 0.157 0.474 66.9 99 0.748 5.84%x 107
i Cu 15 % Exponential 0.248 0.496 50.1 174 0.897 331x107°
B Zn F8FExponential 0.479 0.964 50.3 411 0.981 3.05x 107
i B ERIE Spherical 0.101 0.216 53.2 228 0.975 1.54x 107

. RE I 3R B0 A 2R Y A S BE 254341 Note: The distributions of the five soil micronutrients were all in lognormal pattern
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Fig. 2 Spatial distribution of the soil micronutrients in the mid-reaches of the Yangtze River Valley

F3 KITHLEBERSFRSEREIT

Table 3 Grading and area statistics of the soil micronutrients in the mid-reaches of the Yangtze River Valley

T ER G L e -1 4 ez JLEZ
Soil micronutrients Level/ Ratio Extremely rich Rich Moderate Deficient Extremely deficient
2 Fe I3 Level (mgkg™) > 60 20 ~ 60 10~20 4.5~10 <45

H Ratio (%) 59.1 38.6 2.1 0.1 0
4 Mn 78 Level (mgkg™) > 40 20 ~ 40 10~ 20 5~10 <5
el Ratio (% ) 11.1 68.9 17.8 1.7 0.5
i Cu 394 Level (mgkg™) >3 1~3 0.5~1 0.2~0.5 <0.2
H 7 Ratio (%) 49.7 49.0 1.2 0.1 0
% Zn 5% Level (mgkg™) >4 2~4 1~2 05~1 <0.5
el Ratio (% ) 0.9 29.4 38.9 26.2 4.6
W B 539 Level (mgkg™) >1 0.5~1 0.25~0.5 0.1~0.25 <0.1
He 4] Ratio (% ) 3.6 20.5 58.2 14.0 3.7

Mn, Cuf§Zk 3 F 6 UL ER e pl Y e, 5 B<0.25 mg kg™') 2 9130.8%F117.7%., 55 —
W97 7% . 80.0% . 98.7%, FeFfCulh= M HH RIS AZIRAALL, Wb, ®IFg . VL79 =4 4%
¥IR01%, L/mEEREZ; MaBtZ M EHZI00  Fe. Mn, Co™ %KLL LAY HLBIXA KR B2 5
2.2%; Zn MBI UL AFEACE BT 7 0 LGB B HoBe = Fn ™ e = (o FF i SRR A Az
439 H38.9%M58.2%, WA HLEISHR0.9%  FIBE RAER SRS, (EA5A4T 4124 L BlAT
M3.6%, = MM™HEHFZ (MZn<] mg kg™ Frdm o I = ARk R SR S AR, AT
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AE R T HHERI B . KM 455 |k I )
FR B A Ak 12207
24 TEWERS/TEIAHEIMER

OB ii i 7 Vi SR A NS S e B X G 3 D 1]
FROE, AMFREHG LR . 2 LR 5L
TR R AR R (R4) o HHURIHE T
HERE SN R 2 — T ORI
AT NERE ISR A AT AR B R R R A Y 2
5o RV K H RS b ) 3 R R
PIFely 22 5 i K, 7K A RO & 1 o B b i) —£%
L (101.3 mg kg™') 5 Mn, Cu., Zn# ¥R

KEEF R, MBS RILHBES ., ANF 5
KA Fe. Mn. Cu. Znir iR DKRE L&,
BN 2 DL B A i s Fedr i DLAT SR+ A0 A%,
Mn FlCufs 5240 51 DA+ A B AR A AR, R ) 128
ZnFIBE i SR 22 BBV, YR UIAERL., KL
Wi E B R e & B AR IR N T74.7 ~ 106.0
mg kg™, FILAYHLA R 45 5 A KAL) > V8 5 A
FRAY > H LR+ > WY ; Mn
S U DR 4T B b e, T e AU R A
Cu. ZnMIBE B IETEE/N, 4351°83.03 ~3.11,
1.70 ~ 1.86110.36 ~ 0.45 mg kg’

F4 FRTHFA. TRXBAIRLERMIERERS S

Table 4 Soil micronutrient contents relative to land use, soil type and parent material

£ Fe £ Mn i Cu ¥ Zn B
432 Class FEAEL Sample number
(mgkg™)
+ 1 F JKH Paddy field 31651 101.3 27.5 3.16 1.81 0.41
Land use E 4 Upland 10 292 47.1 26.1 2.71 1.40 0.41
T JKAE £ Paddy soil 31 651 101.3 27.5 3.16 1.81 0.41
Soil types 213 Red soil 3145 48.9 27.3 3.00 1.25 0.34
WA Yellow brown soil 1483 56.9 26.8 2.23 1.72 0.50
1 Fluvo-quic soil 2 828 44.1 23.2 2.88 1.52 0.44
B A B L TR 9761 74.7 25.9 3.11 1.75 0.42
Parent materials River alluvial deposit
WEruaagit 7729 87.3 29.1 3.11 1.70 0.44
Quaternary red clay
TeBTE RN 8 268 92.1 27.6 3.03 1.86 0.45
Weathered argillaceous rocks
ahhE R 6 745 106.0 27.3 3.09 1.77 0.36

Weathered crystalline rocks

3 45

KA i H L3RR SR 5 (Feo Mn. Cu,
Zn. B) FEAAREKR, HIHRWIESS M. A
R SR A 0 2 T 25 R RO R 2 AT G e ROt
B, ShARFZRAMIMES, REeE S
B L AE 22 186 50.1% ~ 66.9% , HA rh 4K
25 ) A SE Tk, ZS RELEEIE g (99 ~ 411
km) o 8T AreGISF G 3R 5 55 )@ M I AE
FIHE AN AT, AT 00 A R YT T A - 45

oI5 0 & B A 2 (A S Al 455 5 Rk e

AP SR AR, RS Fe . Mn,
Cudy E A RIEESRTE, #FA 1= ; ZnMBHY
WA 557N, A 45 30.8% F117.7 % W #f 3t Jg T
BeZORA . MR A R R A SR
FE . AEMIRAE AT A, A5G IR R A 1Y A5 (R O
A, AT R R IEENE T A B R R = R A R Y % WA
AR AL SRS

2 % XM
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Spatial Distribution of Micronutrients in Farmland Soils in the Mid-Reaches
of the Yangtze River

ZHANG Zhi' REN Yi* LU Jianwei' ZHENG Lei*> MIAO Jie' LI Xiaokun' REN Tao' CONG Rihuan'’

(1 College of Resources and Environment, Microelement Research Center, Huazhong Agricultural University, Key Laboratory of
Arable Land Conservation ( Middle and Lower Reaches of Yangtze River ) , Ministry of Agriculture, Wuhan 430070, China )

(2 National Agricultural Technology Extension and Service Center, Ministry of Agriculture, Beijing 100125, China)

Abstract  [Objective]l The mid-reaches of the Yangtze River Valley is an important agricultural zone
of China. The region is very high in multi-cropping index and dominated with a cropping rotation system,
i.e. rotation of paddy/upland or rice/rapeseed. Long-term application of a large amount of chemical fertilizers
in that system has resulted in imbalance of soil micronutrients. [Method] To better understand nutrient
status of the soil in the region, the five micronutrient elements ( Fe, Mn, Cu, Zn and B) in the soil
were cited as objects in the study and a total of 41 943 soil samples were collected from Hubei, Hunan and
Jiangxi Provinces for analysis of contents of the five soil micronutrient elements and spatial distributions of
the elements for plotting a farmland soil micronutrient element distribution map of the region, with the aid of
the geostatistic function of ArcGIS. [Result] The statistical results show that the soil available Fe, Mn,
Cu, Zn and B contents averaged 88.0, 27.2, 3.05, 1.71 and 0.41 mg kg_l, respectively, with coefficient
variation ( CV ) lingering in the range from 63.1% to 112.2%, or at the medium or strong level. Among the
five elements, B was the highest in variability. Distributions of the elements could be characterized by peaks

that tended toward the right and to be medium or strong in variability, which was atiributed to the joint effects
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of natural and human factors. Results of the semivariogram analysis via GS+ 9.0 show that the distributions
of the nutrient elements appeared all to be in lognormal pattern, and the optimum theoretical model for all
the five, except B, was the exponential model and that for B was the spherical model. The nugget and sill
values in the model represented stochastic and structural deviations, respectively, and the mean nugget/sill
ratio varied in the range of 50.1% ~ 66.9%, indicating medium in spatial autocorrelation (25% ~75% ) ,
and the variations of the micronutrient elements were attributed mainly to stochastic deviations. The spatial
autocorrelation varied in the range from 99 km for Mn to 411 km for Zn, and disappeared when it went out of
the range. Spatial distribution of the micronutrient elements could be visualized with the Kriging method, and
properties, like content, of soil nutrients be assigned to evaluation units for farmland soils in the mid-reaches
of the Yangtze region. Spatial distribution of soil micronutrient contents did not show any obvious tendency,
but differed sharply between sub-regions. Fe and Mn contents were relatively low in the Jianghan Plain, Fe
content relatively high in the center and south of Jiangxi, Mn content relatively high in the east and north of
Hubei, Zn relatively low in Hunan, and Cu and B contents uneven in distribution. Soil micronutrient contents
were sorted into five levels from extremely deficient to extremely rich according to the standard of the Second
National Soil Survey ( SNSS) . Compared with the data of the SNSS, all the five soil micronutrients improved
somewhat in content, especially Fe, Mn and Cu. Statistics by evaluation unit shows that the areas with soil
Fe, Mn and Cu contents being sorted as rich or extremely rich were the highest in proportion, and the areas
with Zn and B contents being sorted as moderate and rich were the highest. The areas deficient in soil available
Fe, Mn and Cu accounted for merely 0.1%, 2.2% and 0.1%, respectively, and the areas deficient in Zn and
B did for 30.8% and 17.7%, respectively. On the other hand, when the contents of the soil micronutrients
were too high, the risk of metal poisoning would rise. In this study, effects of land use, soil type and parent
material were also analyzed on micronutrient contents. Fe content was obviously higher in paddy soil than
in upland soil, while contents of the other soil micronutrients was not much affected by land use. Among
the soils derived from different parent materials, the soil derived from weathered crystalline rocks was the
highest in Fe content ( 106.0 mg kg™ ) , while the soil derived from river and lake alluvial deposits the lowest
(74.7 mg kg™') ; the soil derived from weathered crystalline rocks was also the highest in Fe content (25.9
mg kg™ ) ; Cu, Zn and B contents in soils derived from different parent materials varied in the range of
3.03~3.11, 1.70 ~ 1.86 and 0.36 ~ 0.45 mg kg™, respectively. [Conclusion] With the contribution of soil
micronutrients to agricultural production becoming more and more prominent, it is essential to regionalize the
management of farmlands in the light of the spatial distribution of soil micronutrients, which will surely be
conducive to scientific application of macroelements fertilizers.

Key words Micronutrient; Spatial distribution; ArcGIS; Farmland soil; Mid-reaches of the Yangtze
River Valley
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