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Fig. 1 Location of the sampling sites in the field
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Table 1 Statistical characters of soil properties in Jinxian County

- AL R R PH B ¥ 28 i A
Depth pH Organic matter Base saturation CEC Total nitrogen
(gke™) (%) (cmol kg™) (gke™)
0~20cm 4.80+0.29 33.63+6.71 38.38 £12.05 10.23£2.12 1.96 +0.42
20 ~ 40cm 5.52 = 0.54 15.49 £7.67 56.29 £ 18.40 8.84 £2.07 0.98 £ 0.40
W e gl AR A S
Depth Total phosphorus Total potassium Available phosphorus  Available potassium Ex.Ca'
(gkg") (gkg") (mgk'g) (mgkeg™) (cmol kg ™)
0~20cm 0.66+0.16 13.95+4.74 36.77 = 20.65 72.76 = 41.97 3.01+1.19
20 ~ 40cm 0.44+0.14 14.10 £4.78 11.45 £ 8.36 52.08 + 32.96 3.82+1.33
BREE AR S AR AR
Depth Ex.Mg ( cmol kg™) Ex.Na ( cmol kg™) DTPA-Fe?’ (mgkg™') DTPA-Mn (mg kg™)
0~20cm 0.55 £ 0.21 0.15 £ 0.04 255.72 + 77.03 39.76 £ 39.06
20 ~ 40cm 0.75 = 0.28 0.14 = 0.04 89.08 = 81.40 57.19+£45.45
W FEpi Ll AR A kgL
Depth DTPA-Cu (mgkg™) DTPA-Zn (mgkg ™) Bulk density (gem™) Silt/Clay
0~20cm 3.69+1.11 2.23+0.98 1.08+0.13 2.51 +0.62
20 ~ 40cm 2.07 +1.35 0.83+0.74 1.51+0.15 2.39+0.63
R ZIP LN YRS TR A AR T - 2 A AR
Depth Stability®’ Dry-MWD*) (mm) Wet-MWD (mm )
0 ~20cm 0.65+0.13 7.96 £1.22 1.99 £0.92
20 ~ 40cm - - -

T RPBIEAEIH £ b2, 1) Ex. Ca, Ex. Mg, Ex. NafRZcH M5 . 85 4h; 2) DTPA-Fe, DTPA-Mn, DTPA-
Cu. DTPA-ZnHRFEFRS . 5. . £ 3) StabilityREHRKFEEX; 4) Dry-MWDHWet-MWDA B ER T . BIFFHE
& H 44, FIENote: Data are mean +SD. 1) Ex. Ca, Ex. Mg and Ex. Na stands for exchangeable Ca, Mg and Na, respectively;
2 ) DTPA-Fe, DTPA-Mn, DTPA-Cu and DTPA-Zn stands for available Fe, Mn, Cuand Zn, respectively; 3 ) Stability refers

to stability of aggregates; 4 ) Dry and Wet -MWD stands for mean weight diameter of aggregates using dry and wet sieve method,

respectively.The same below
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Table 2 Rotated component matrix of topsoil properties of the paddy soil in Jinxian County (0~20 cm)

Wess R4 Rotated principal component

PC1 PC2 PC3 PC4 PC5 PC6
1% 5% 5 pH 0.773% 0.005 -0.275 -0.115 0.094 0.019

£ WL Organic matter -0.092 0.766 0.216 0.216 0.092 -0.178

4% Total nitrogen -0.185 0.912% -0.054 -0.024 0.182 -0.092

4 Total phosphorus 0.138 0.088 0.328 0.084 0.816% 0.037
4HliTotal potassium 0.084 -0.068 0.500 0.041 -0.251 0.681%

£ % Available phosphorus -0.155 0.148 0.291 -0.208 0.826" -0.121
THRE Available potassium 0.246 0.058 0.146 0.010 0.432 0.239

£ B4 1 EE Base saturation 0.869%’ -0.219 0.083 0.160 -0.170 -0.128
PHE F 2 # i CEC 0.231 0.610% -0.165 -0.129 0.374 0.414

e EAEEx.Ca 0.895% 0.169 -0.046 0.102 0.019 0.084

e EEEx. Mg 0.770% 0.190 0.073 -0.040 0.229 0.394
ZHEAHEx Na 0.513 0.422 0.077 -0.149 0.206 -0.093

B DTPA-Fe -0.171 0.058 0.723% 0.050 0.310 -0.145
HREHDTPA-Mn 0.632% -0.306 0.209 0.150 -0.002 0.092
HHAADTPA-Cu 0.133 0.124 0.778% -0.094 0.189 0.064
HEEDTPA-Zn 0.011 0.018 0.853% 0.022 0.202 0.046

25T Bulk density -0.176 -0.763% -0.137 -0.250 0.129 -0.087

Al e Silt/Clay -0.032 0.141 0.237 -0.364 -0.213 -0.739*

A1 58 1A 5 M Stability 0.014 0.084 -0.072 0.914% 0.034 0.016

T4 P44 5 & HADry-MWD 0.017 0.008 0.257 0.551% -0.230 0.084
TR0 -2 T B AR Wet-MWD 0.085 0.166 -0.127 0.912% 0.049 0.124
FE{E Eigenvalue 3.70 2.87 2.70 2.39 2.20 1.55

J7 Z BTk Variance contribution ( % ) 17.64 13.66 12.85 11.38 10.49 7.37
BBk E Total cumulative (% ) 17.64 31.30 44.14 55.52 66.01 73.38

H: 1) PCL~PCORERER T ~ FWsr6; 2) XM T8 AR BT AE Jix £ R AR it A i/ NIOR EMDSI 4 65 4r; 3) 48
b B 8 A5 7E 1% 32 4 1 I F i 2848 = Note: 1) PC1 ~ PC6 stands forprincipal component 1 ~6, respectively; 2) The indiceswill be

used as alternative indicators in MDS; 3) The indices have high factor loading in this principal component
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#3 HERBEKBEESRERSHEXRME (0~20 cm)
Table 3 Correlations between rice yields and different principle components in Jinxian County (0 ~ 20 cm )
PC1 pPC2 PC4 PC5 PC6
Fr i Yield 0.18% 0.23%%* -0.03 0.00 0.29%%

W BHEIREp <0 01K LERE (BREKE ) ; *E£R7Ep <0.05KF LEEE (BEKK ) Note: ** means significance at p

<0.01 level (single-tailed test ) ; * means significance at p < 0.05 level ( single-tailed test )
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Table 4 Cutoffs values of standard core functions of soil quality indicators for rice yield estimation based on remote sensingintepretation

FETAG B0 1 B . )
. B SR T B R BT S
Cutoffs values based on yield
E it KB B R o Common cutoffs values
estimation
Index Standard core function
FFRLower limit _-BRUp limit TFRLower  EFRUp limit
(L) (U) limit (L) (U)
# ML Organic matte ) =0.9 %3 f 0.1 25 42 10 30
. 0.1 x=<L
44 Total potassium , 12 17 15 20
. ={0.9x>—=4+0.1 L<x<U
BRI S T e e it [ u-L” s 9 12 5 20
CEC 1 x = U/
o 21 o
ZE AT flx) = {U' Ixy T o st 1.4 4
Ex.Ca 1 v =
X = Xyin
75 #Bulk density 0.9 x—=—+0.1 x<L 0.85 1.0 1.1 1.2
flx) = I L<sax<sU
s — 2.5 2.85
B 1 -0.9x *=U v > U
Silt/Clay Xy = U

'1.1.--$b|' )

Hﬂs“}; o P

Soil quality idex (S ) Yield {t hm™)
P 7§ High: 0.90 fily High: 11.43C

B (& Low: 0.39 i Low: 2.083

K2 TIERRELEGIEE (a) FUKRE™ R (b) 2SE3 A

Fig. 2 Spatial distribution of soil quality index (SQI) (a) and rice yield (b ) in Jinxian County
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Yield-Based Soil Fertility Quality Assessment and Constraint Factor-Based
Zoning of Paddy Soil—A Case Study of Jinxian County

FAN Yanan" ? YAO Lipeng"® QU Mingkai’ HU Wenyou' HUANG Biao'" ZHAO Yongcun'

(1 Key Laboratory of Soil Environment and Pollution Remediation ( Institute of Soil Science, Chinese Academy of Sciences ) ,
Nanjing 210008, China )
(2 University of Chinese Academy of Sciences, Beijing 100049, China )

(3 Nanjing Municipal Research Institute of Environmental Protection, Nanjing 210019, China)

Abstract [ Objective] Soil fertility quality assessment and constraint factors analysis of soil quality
have vital theoretical and practical significances in regional soil improvement and utilization and guidance
agricultural production. Paddy soil is an important component of the soil resources in China. Researchers have
been using a set index system to evaluate soil fertility quality with results not so accurate. It is, therefore,
essential to explore for a more accurate scientific method for the evaluation. [ Method] Jinxian County of
Jiangxi Province was cited as a case for the study. A total of 103 soil samples were collected from the topsoil

(0~20cm) and subsoil (20 ~40 cm ) layers of the paddy fields in the region proportional to their respective
areas and types and 51 rice sampling sites set aside as a dataset for verificationof the yield prediction based
on remote sensing interpretation. A fairly more comprehensive dataset of soil properties was determined in the
lab. Correlation analysis and principal component analysis ( PCA ) of the dataset with predicted yields were
performed to determine minimum data set ( MDS ) and weight and membership read function models of the
evaluation index system. Soil fertility was characterized in level with the comprehensive index method and
main constraint factors of fertility quality in areas low in soil fertility quality. [Result)] To evaluate accuracy
of remote sensing interpretation, a fitting equation was established between measured and estimated yields. In

the light of the determination coefficient ( R?) and root of mean square error ( RMSE ) of the fitting equation,
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the normalized difference vegetation index ( NDVI ) can reflect more accurately crop yield. According to the
yield prediction based on remote sensing interpretation, yield of the rice crop in the region varied in the range
from 2.085 to 11.430 t hm™®, and averaged 7.215 t hm ™. Through principal component analysis MDS indices,
including organic matter, cation exchange capacity ( CEC ) , total potassium ( TK ) , exchangeable calcium
(Ex.Ca) , bulk density ( BD ) and clay/silt, were acquired. CEC and TK were common ones in both topsoil
and subsoil and the others standard ones. The correlation between soil quality comprehensive index ( SQI )
and rice yield was analyzed and calculated to be 0.73 (p <0.01 ) in coefficient, showing that SQI may be
used to indicate fertility level of the soil accurately. Based on the average yield, 7.215thm™, of the region,
threshold value of SQI for the region was determined to be 0.65. Areas with SQI value below the threshold
value are subject to the risk of low yield. Further analysis of the indices via principal component analysis
shows that the main constraint factors of soil fertility in the area are low organic matter content and heavy soil
texture indicating low mellowness of the soil, deficiency of meso-nutrients indicating acidification, and low
potassium content and high silt/clay ratio indicating poor soil physical structure. According to restraint-factor-
based zoning, the county could be divided into three regions. In the hilly area, southeast of the county, soil
acidification and poor soil structure are the main constraint factors; in the low mount and plain area, central
and west of the county, soil acidification is; and in the lake area, north of the county, low soil mellowness
is. Consequently, proper measures should be taken in correspondence to the areas facing different constraint
factors so as to improve soil fertility of the paddy fields. [ Conclusion]) Yield-based soil fertility quality
assessment is good for prediction of soil fertility accurately, and the models based on PCA, MDS, SQI and
RS technologies can be used not only in paddy soil regions, but also in other types of region for evaluation
of soil quality. Findings of the study show that over 30% of the paddy soil in the county are below the average
level, but it is still not very clear what causes the low soil fertility. In order to reveal the reasons PCA will be
performed to further reduce dimension of the evaluation indices, and zoning carried out on the town/township
scale. Zoning on such a scale will sure be of great practical significance to the government in decision making
and guiding agricultural production.
Key words Yield estimation based on remote sensing interpretation; Soil properties; Rice; Soil

fertility quality evaluation; Soil constraint factors
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