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Table 1

Basic information of Fangzheng County, Ningxiang City and Jinxian County
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County Longitude Latitude

=
Climate type

TR FEH PR FEVERE

Mean annual temperature/’C Mean annual precipitation/mm Rice cropping pattern

75 1E Fangzheng 128°13'~129°33'E 45°32'~46°09'N  FE 4 K Fiti 1 2% L 1
T % Ningxiang 111°53'~112°46'E 27°55'~28°29'N T Hhvtfy K i 1t 25 R/ 45k
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Distribution map of sampling points in Fangzheng County, Ningxiang City and Jinxian County
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Table 2 The turning point value of membership function

=20 i pHfL oM/ AN/ AP/ AK/
County  Turning point pH value (g'kg™) (mgkg") (mgkg') (mgkg")
X 5.5 20 100 20 130
FiE X, 6.5 50 200 40 200
Fangzheng X3 7.0
X4 7.5
X 45 10 100 5 50
Ty X, 5.5 40 200 20 150
Ningxiang X3 6.0
X4 7.0
X 45 20 100 5 50
Beia e X, 6.0 40 200 40 150
Jinxian X3 7.0
Xy 8.5

E: OM AEMUR, AN AR, AP NHXMBE, AK . T,
Note: OM is organic matter, AN is available nitrogen, AP is available phosphorus,
AK is available potassium. The same as below.
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Note: The middle solid lines represent the median value and the dashed lines represent the average value; the upper and lower edges of the box represent the 75% and
25% sequence of values, respectively; the upper and lower short lines outside the box represent 95% and 5% confidence intervals, respectively; the half violin shaped

area reveals the data distribution.
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Fig.2 Absolute yield, relative yield and sustainable yield index (SYI) of rice in typical counties
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29.51%~59.51%) . WL LGSR ECRI, HIEEK
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P E S (0.5140.102) > 1% (0.38+0.08b) > ik 7~
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Table 3 Changes of soil fertility indicators and integrated fertility index in typical counties

B TR H i o AN/ o " GBI TR
Count ele‘mve H value k! o ! ok ! Integrated fertility
Y production level p (gkg ) (mg'kg ) (mg'kg ) (mgkg ) index (IFI)
FiE % 5.88+0.29a 33.454+9.38b 163.17+39.37b 36.55423.50a 178.13+62.12a 0.55+0.24b
Fangzheng T 5.82+0.37a 36.81+8.82ab 177.48+45.67b 39.65+14.17a 174.03+41.29a 0.64+0.21ab
151 5.8240.33a 41.98+17.14a 214.03+91.33a 39.2249.38a 171.45+32.10a 0.69+0.15a
Fy % 5.69+0.52a 38.40+8.28ab 188.06+25.27a 8.81+6.34ab 90.75436.24a 0.70+0.10a
Ningxiang T 5.67+0.52a 36.75+7.89b 180.89+32.55a 7.07£3.82b 100.23+46.58a 0.66+0.15a
151 5.69+0.57a 40.64+7.10a 185.02+32.21a 11.93+7.11a 93.19+51.86a 0.69+0.14a
i % 4.72+0.21a 30.50+6.94b 88.62+11.84b 27.31+13.62b 48.78+13.41b 0.29+0.05¢
Jinxi;n f 4.76+0.18a 34.27+6.26b 98.38+15.72b 35.63+19.49b 60.084+26.30b 0.38+0.08b
151 4.76+0.24a 38.82+5.18a 119.48422.80a 57.87+30.55a 77.81427.91a 0.51+0.10a

W ARVNG FREFORFE — B3R RK R P Bk FZ [ 2R B2 (P<0.05).

Note: Different lowercase letters indicate significant difference between different rice relative yield levels in the same county (P<0.05).
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oM .
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b. T%
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LR
. Correlation
pH JiiE coefficient
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oM 0s
72 08
AN E N . .
Ningxiang 0.4
AK v Jinxian | ]~ 04
IFI Ak ok KRR :gg
pH OM AN AP AK IFI -1.0

d. e B

d. All counties

*EERIR AE 0.05 0.01. 0.001 ZKT-5EMa 553 . S RIRS £ S 2 R ARG 7= it 5 L3RR J1FRFRAE 0.05 A1 0.01 ZKFAESG, KSR RRAHE K.

Note: *, **, **** indicate significant effect at 0.05, 0.01, 0.001 levels, respectively. Solid green and orange lines means correlation significant between rice relative
yield and soil fertility indicators at 0.05 and 0.01 level, respectively, and solid gray lines mean insignificance.

A3 LIEAE N FAF 5 RIS = B HAE KX A

Fig.3 Correlation between soil fertility indicators and rice relative yield
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Table 4 Relative importance of different soil factors based on

random forest analysis in explaining the sustainable yield
index of rice

2231 TR R AHXS B A P1H
County Soil factor IncMSE/% P value
AP 8.68 0.02%*
> AN 6.90 0.06
I oM 4.91 0.17
Fangzheng AK 0.62 054
pH -0.65 0.66
AN 12.92 0.02*
; pH 10.77 <0.01 **
7 AK 7.38 0.07
Ningxiang oM 303 018
AP 0.80 0.41
oM 15.37 <0.01 **
HE . <0.01 **
HE% AN 12.25 "
Jinxian AP 9.26 <0.01
AK 591 0.06
pH -0.55 0.59
AP 37.66 <0.01 **
. AK 27.12 <<0.01 **
ﬁ);f AN 22.06 <0.01**
pH 14.66 <0.01%*
OM 11.71 0.02%*

Ve 7S [ 39 DR A X KR AT R 5 R AR AR Y . R R
FET 08" B 7 Z 1 I{E (Increase in Mean Square Error, IncMSE) {E
DA IR 42 R 3R (AR T (PP AR AR, IncMSE (0K, BT %A R
A, R NI,

Note: Different soil factors were ranked according to their relative importance to the
rice sustainable yield index.The "precision mean reduction value", namely increase
in mean square error (IncMSE), is used as an evaluation index for the relative
importance of different soil factors. The larger the value of IncMSE, the more
important the variable is; otherwise, it is relatively unimportant.

EIER, A KR e Emig B b
F A DTk B R (A SN 8.68%) , K AA ML
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E BRI, o G B0 2R 350 1 X K R v A P i
PRR B B K T oAt X, o ] 7 R X R I R A1
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Analysis of the key soil fertility factors of rice yield variation
in different counties

ZHANG Chu' , HUANG Jing" , SHEN Zhe', LT Jiwen' , HAN Tianfu® , AI Dong' , YAN Jun', SUN Geng*,
CHEN Jin® , LIU Kailou®® , ZHANG Huimin'*

(1. Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China;

2. Jiangxi Institute of Red Soil and Germplasm Resources, Nanchang 331717, China; 3. College of Agriculture, Zhengzhou University,
Zhengzhou 450000, China; 4. Hunan Institute of Soil and Fertilizer, Changsha 410125, China; 5. Soil and Fertilizer & Resources and
Environment Institute, Jiangxi Academy of Agricultural Sciences/Key Laboratory of Crop Ecophysiology and Farming System for the Middle
and Lower Reaches of the Yangtze River, Ministry of Agriculture and Rural Affairs/National Engineering and Technology Research Center
for Red Soil Improvement, Nanchang 330200, China)

Abstract: Soil fertility is one of the most important influencing factors on the rice yield. Among them, the relationship between
soil physical and chemical properties and rice yield can greatly contribute to rice production and fertilizer cultivation in
different regions. This study aims to analyze the absolute rice yield, relative yield, and sustainable yield index on the county
scale. The research area was also selected as Fangzheng County in northeast China, Ningxiang City in the middle reaches of the
Yangtze River, and Jinxian County in the middle and lower reaches of the Yangtze River. The key factors of soil fertility were
then determined to affect the rice yield in different regions. The results show that the two-season rice yield (9414.89 kg/hm?) in
Ningxiang City was significantly higher than that in Fangzheng County (8224.31 kg/hm?) and Jinxian County (5691.38 kg/hm?)
in the late season, due to different cropping patterns. But the average relative yield in Fangzheng County (89.88%) was
significantly higher than that in Ningxiang City (73.84%) and Jinxian County (65.67%). The sustainable yield index of
Fangzheng County was also higher (0.86), indicating high yield and stability. Furthermore, the low, medium, and high yield
levels were calculated using relative yields. Therefore, the soil fertility index and integrated fertility index of Fangzheng
County, Ningxiang City, and Jinxian County were higher under the high yield level. Among them, the soil organic matter
index, available nitrogen index, and integrated fertility index of Fangzheng County at the high yield level increased by 25.50%,
31.17%, and 25.45%, respectively, compared with the low yield level. The soil available phosphorus increased by 35.41% in
Ningxiang City, compared with the low yield level. The soil organic matter, available nitrogen, available phosphorus, available
potassium, and integrated fertility index of Jinxian County showed that the high yield level was significantly higher than the
middle and low yield levels, which increased 13.28%-27.28%, 21.45%-34.82%, 62.42%-111.90%, 29.51%-59.51%, and
34.21%-75.86%, respectively. There was no significant difference in the soil pH value among different yield levels. There was
a variation in the fertility influencing factors on the relative yield in different counties. The soil's available phosphorus,
nitrogen, and organic matter content were the key fertility factors for the sustainable yield index of rice in Fangzheng County,
Ningxiang City, and Jinxian County, respectively. Some suggestions were provided for soil fertilizer cultivation in the high and
stable rice yield at the county scale. In Fangzheng County, the soil available phosphorus shared the largest relative contribution
to the rice sustainable yield index (8.68%), followed by organic matter and available potassium. In Ningxiang, the relative
contribution of soil available nitrogen to rice sustainable yield index was 12.92%, followed by pH. In Jinxian County, the soil
organic matter shared the greatest impact on the rice sustainable yield index (15.37%), followed by available nitrogen and
available phosphorus. As such, there was the highest influencing level in the sustainable production of rice available
phosphorus in the soil index, followed by available potassium and available nitrogen. Therefore, Fangzheng County should be
focused on the soil available phosphorus in future rice production. While Ningxiang and Jinxian County should increase the
soil available nitrogen and organic matter contents.

Keywords: soils; fertility; rice; yield; typical counties; sustainable yield index
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