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Abstract: [ Objectives ] Comprehensive considering soil nutrient, landscape, and cropping managements, the

paddy fields were divided into fertility zones using Gaussian and categorical mixture model, which would help
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figurate and quantitative estimation of chemical fertilizer input, and increase the precision of fertilizer
recommendation. [ Methods ] During 2008—-2017, 6382 paddy field samples were collected in Zhuji City,
Zhejiang Province. The distance to village, soil types, surface soil texture, parent materials, landscape and
cropping system of the samples were investigated in sifu. Then the soil pH, organic matter, total N, available P and
available K contents of the samples were measured in laboratory. During the same period, six sites with "3414"
experiment design were selected using main rice cultivars of “Yongyou’ and ‘Xiushui’ as tested materials, and rice
yield and optimal NPK fertilizer application rates covering different fertilization levels were obtained from a total
of 28 field experiments. A hybrid cluster model combined Gaussian and categorical mixture models were
developed for dividing fertility zones with different fertility levels. The fertilizer reduction potential of different
zones was estimated based on the optimal fertilization strategy and regular fertilization data of local farmers.

[ Results ] The paddy fields in the whole study area could be divided into seven fertility zones, each of which
had a good coincidence with the existed level of farmland fertility. There were four, one and two zones
corresponding to the fertility levels with high, moderate and low, respectively. The dominant factors influencing
the basic fertility zoning of each farmland were the elevation, soil readily available potassium content, annual
precipitation, annual mean temperature and geomorphological zoning. The fertilizer reduction potential in paddy
fields was 26.2—71.3 (average 48.7) kg/hm® for N, 9.9-23.5 (average 16.7) kg/hm’ for P,O;, and 18.5-39.9
(average 29.2) kg/hm’ for K,O, respectively. The levels of fertilizer reduction potential were basically consistent
with the basic fertility levels of the zones, and the reduction potential in high fertility zones was greater than that
in the low fertility zones, there were also zones of higher fertility with low fertilizer reduction potential (e.g., zone
3) or zones of lower fertility with high fertilizer reduction potential (e.g., zone 6). From the spatial perspective,
there was great reduction potential on nitrogen fertilizer in zones 4, 5, 6 and 7, and on phosphorus and potassium
fertilizer in zones 2 and 7, while low reduction potential on phosphorus and potassium in zones 1 and 5.

[ Conclusions ] The paddy fields in Zhuji City have been divided into seven fertility zones using the Gaussian-
categorical mixture clustering model. The zone division estimated by the model is much closer to the practical
situation than that by traditional methods depend on soil nutrient contents. Overall, the fertilizer reduction
potential is well agree with the estimated fertility zones, and the fertilizer reduction potential is 26.2—71.3 kg/hm’
for N, 9.9-23.5 kg/hm’ for P,O;, and 18.5-39.9 kg/hm’ for K,O, respectively.
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Fig. 1 Sampling location in paddy fields of Zhuji City, Zhejiang Province
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Table 1 Soil properties, meteorological conditions, topography and cropping patterns in the tested area
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Category Content Spatial resolution Temporal coverage Data source
THEE pH, TSRO (AHLBT. A HAET . A% J5. Point 2008—2017 % M
Soil properties Soil nutrients (organic matter, total N, available K, and available P) Field survey
BHUZ TS G R Kid) A Point 2008—2017 A MR
Soil texture (loam, clay loam, and clay) Field survey
KR (HFER ., WEE, BER) A Point 2008—2017 VeGibEs
Paddy soil subgroup (hydrogric, gleyed, and perco-genic) Field survey
R REmThL, PRI 1 km 1970—2000 WorldClim2i2!
Meteorology Precipitation and average temperature
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Cropping pattern __ Single rice, double rice, and rice-wheat (oil rape)
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Fig. 3 Spatial distribution of basic fertility zone for paddy fields (a) and cultivated land quality in Zhuji City (b)
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Table 2 Statistics of soil properties in zones
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431X 2 Zone 2 1452 36.0 16.5 2.1 16.7 19.1 91.7 64.0 16.2 53 279
431X 3 Zone 3 710 33.8 17.5 2.0 16.3 12.6 83.5 71.6 17.8 47 2.58
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2 All 6382 35.1 20.8 2.0 21.4 16.9 96.3 78.4 33.1 55 2093
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RN X2 AR /N, PR 1% (18] 4),
AT 5 b T v R R Ay X B M s, AT

/34644 Combined nutrition index; SFG—F-#41h J1 54K Average fertility grade.
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1 N2 & Input variables
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B4 MATEMRAEMEATEAEZM
Fig. 4 Importance of input predictors for dividing basic
fertility zone of paddy fields

[1# (Note) : Elv— 2 Elevation; SAK— 3 # 5 £ Soil
available potassium; PRE—4E[% T & Annual precipitation;
TEM—4E IR E Annual mean temperature; Topo—HBJE 43X
Topography; STN—+ 34 Soil total nitrogen; SOM—+HEA
Jfi Soil organic matter; SAP— 134 &} Soil available phosphorus;
STX—H#F)Z HHE B Soil texture; STP— I Soil type;
CPS—H M= Cropping pattern.]
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MR
2.2 FEHECAERMEE

AIF 5% X P9 7K F Y A 8 et 3 70 4 i ok N
26.2~71.3 kg/hm’, -1 48.7 kg/hm*; P,0,9.9~23.5
kg/hm®, ¥ 16.7 kg/hm’; K,0 18.5~39.9 kg/hm?,
17 29.2 kg/hm?(# 3). LIBT3 & 7 & N
16.8%. P,0, 4 20.1%. K,0 } 21.6%., 43X FEAtAE
F17K 5 B R I D v ) B R — 3k, BV
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BIAE 743 DX 7 B sl . 0 AT O S e A oK
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5.6, 7T WA SR (N> 65kg/hm?), 77X 2,

7 BT AR T R (P05 > 20 kg/hm? . K,0 > 40
kg/hm?), TMisrIX 1. 5 BEFRIL R T80 (PO, <
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*3 EHEUBRERNEE

Table 3 Estimated potential of chemical fertilizer reduction in paddy fields

JE T /1 Reduction potential (kg/hm?)

AR KT

N

Important predictors

P,0; K,0

SAK/EIv/PRE/TEM

X A AR F1 7K T Area

Zone Basic fertility level (% 10* hm?)
/31X 1 Zone 1 %% High 0.30
/31X 2 Zone 2 #2%5 High 0.68
/31X 3 Zone 3 %% High 0.59
731X 4 Zone 4 B’ Low 0.21
/31X 5 Zone 5 % High 0.75
431X 6 Zone 6 BH% Low 0.46
43X 7 Zone 7 145 Moderate 0.66
2 All 3.65

22.8~75.2 (52.4)
31.7~75.2 (48.5)
29.5~66.3 (45.9)
21.7~65.0 (44.9)
25.5~69.4 (49.4)
24.7~73.6 (52.7)
29.3~72.6 (47.7)

26.2~71.3 (48.7)

11.7~21.8 (15.0)
8.6~29.7 (21.5)
8.3~22.8(16.7)
13.2~19.1 (13.2)
10.5~18.9 (13.1)
7.3~20.8 (14.7)
7.2~27.0 (19.4)

9.9~23.5(16.7)

24.5~39.9 (29.1)
14.2~57.1 (43.4)
18.3~30.5 (21.6)
29.6~28.7 (19.8)
12.7~30.5 (21.5)
10.9~33.5 (23.9)
12.4~49.3 (36.9)

18.5~39.9 (29.2)

PRE/EIV/SAK/TEM
PRE/EIV/ TEM/SAK
Elv/PRE/TEM/SAK
SAK/Elv/PRE/TEM
Elv/PRE/TEM/Topo
Elv/SAK/PRE/TEM

Elv/SAK/PRE/TEM

7 (Note) : Elv—p=i#2 Elevation; SAK— 13547 Soil available potassium; PRE—4E [ & Annual precipitation; TEM—4=F- 23R J%
Annual mean temperature; Topo—HbJE 43 X, Topography. JERfi AL 17K V258 i 5 O A 18 e i S Ik b P40 IR0 R L5 3] 251 The basic

fertility level of different zones was estimated according to the spatial map of cultivated land quality for Zhuji County.
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Fig. 5 Spatial distribution of reduction potential for chemical fertilizer in paddy fields
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