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Multiscale Regional Formula Fertilization Considering Environment

Information Incompleteness
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Abstract Conventional formula fertilization tends to calculate regional rate of fertilizer application by means of analyzing spatial distribution of
regional cultivated land productivity combined with experiment data. However, as environment information of cultivated land is incomplete due
to limitation of traditional cultivated land management technology and data acquisition, uncertainty of rate of fertilizer makes it hard to define
the interval of formula fertilization and support the regional fertilization task. With the technique of spatial analysis and multiscale uncertainty
theory, conventional fertilization can be optimized. Four steps are involved to calculate regional formula fertilization interval based on conven-
tional formula fertilization; (i) To simulate cultivated land productivity according to EGLSN Model, and make it crop target field; (ii) To de-
termine rate of fertilizer according to target field to define cultivated land productivity fertilizer interval and mid-value; (iii) To define region
fertilizer interval length and value of region varying with scales as environment information becomes complete gradually; (iv) To apply block
fertilizer combined with conventional formula by soil testing. Multiscale optimizing formula fertilization system has been established by using the
ArcEngine as a platform to integrate the methods, which is applied in Xinjiang County, Shanxi Province, in order to optimize the existing ferti-
lization formula in study area. It showed that the optimized formula fertilization had more spatial details of productivity than the original one.
And the new method is available to support formula fertilization in any region or the block with uncertain environment information. It is there-
fore concluded that the proposed method has the potential for popularity, which provides a multiscale, multiple-factor and standardized formula

fertilization method.
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1 Introduction

Cultivated land, as a kind of important farming landscape, not on-
ly provides plenty of means of agricultural production to people,
but also has great influence on conservation of water resource, reg-

ulation of climate and maintenance of biodiversity .

However,
human activities are becoming gradually frequent, only emphasi-
zing value of agriculture production, which has been a main factor
leading to damage of cultivated land *'. Although it is necessary
to improve cultivated land productivity by applying fertilizer, blind
and excessive application of fertilization in country has resulted in
increase of cost and profligacy as well as environment pollution in
recent years. Cultivated land is a geography complex formed under
certain conditions, and it will be affected by climate, topography,
water, farming methods and so on, so spatial variety exists in cul-

BI To apply fertilization according to

tivated land productivity
evaluation of cultivated land productivity has a great impact on
sustainable development of agriculture, while utilization of fertiliz-
er will be improved, production cost reduced, and ecological envi-
ronment protected and income of farmers increased ). Overseas
researches concerning formula fertilization mainly place emphasis
on recommending formula fertilization by soil or plant testing: bal-
anced fertilization. Data of nutrient will be obtained by using

soak, and the rate of nutrient will be defined according to the in-
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dex ). Researchers abroad have an orientation toward the system
1 178 Studies in this field

are much backward in China. Scholars tend to explore from sever-

of formula fertilization by testing soi

al angles like evaluation strategy of cultivated land productivity
and identification of formula fertilization through developing formu-
lation to calculate the cultivated land productivity and fertilizing
rate with empirical method '), The research range is narrow
and it is mainly focused on cultivated land at county level. Al-
though some researchers have developed regional fertilizer formula
based on evaluation of cultivated land in grand area according to
AHP (Analytic Hierarchy Process) '), AHP is still not available
to decide the fertilizer rate in various regions, due to the demand
of large experiment data. But great progress has been made in es-
tablishing special information system by using GIS technology to
study cultivated land. Some scholars take wetland in Songnen
Plain as a study object and establish a database. GIS technology is
adopted to develop wetland information system of Songnen Plain,
and information of cultivated land can be operated: query, modifi-
cation, count and visualizing analysis "®’. What’s more, cultivat-
ed land management system of Yongji City in Shanxi Province has
been established through the coupling of MapGIS and AHP ''".
Study concerning fertilization decision system combined with ex-
pert knowledge and spatial data of cultivated land has gradually
become hot issue. Some formula fertilization expert systems meet-
ing local actual conditions have been developed: vegetable fertili-
zation expert system of Shanxi Academy of Agricultural Sciences
8 Karst County formula fertilization by soil testing expert system

software of Guizhou Academy of Agricultural Sciences ',
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Mengcheng County formula fertilization by soil testing expert deci-

sion system of Anhui Agricultural University .

Formula fertili-
zation units of traditional cultivated land evaluation are the out-
come of soil experts” work-administrative division at county level,
present land-use map and soil map are overlaid together ", Then
soil experts’ experiential knowledge of soil and environment is in-
cluded. During the process of evaluating cultivated land productiv-
ity with traditional formula fertilization, soil experts will establish
empirical models about the relation between land and landscape
through field survey, and then they will interpret the aerial photo-
graphs or satellite photos with the help of topographical maps and
geological maps, to recognize landscape units with specific envi-
ronment features. Finally, fertilization units corresponding with
special landscape will be outlined by hand. Therefore, fertilization
units in traditional cultivated land productivity classification map
have some correspondence with landscape which corresponds with
multiple environment factors in certain areas. Conversely, envi-
ronment factors have different impact on cultivated land productiv-
ity in various areas. Researches of cultivated land productivity
evaluation and formula fertilization mainly focus on evaluation of
block in county at present. As parameters for different blocks are
different, it prevents different evaluation results from being com-
parable, which can not meet application requirement of cultivated
land productivity evaluation and fertilization among various re-
gions. At the same time, researches of information system for cul-
tivated land emphasize the data of cultivated land, display, man-
agement, and query and statistical analysis. Few of systems have
thematic features of cultivated land geographic assessment and for-
mula fertilization, but still remain at the level of classifying the-
matic data. Both researches of cultivated land productivity evalua-
tion and formula fertilization and researches of information system
for cultivated land have their limitation with incomplete cultivated
land environment information, and there is little literature con-
cerning regional formula fertilization with incomplete environment
information in traditional cultivated land productivity evaluation
and establishment of Multiscale Optimizing Formula Fertilization
(MSOFF). Under these circumstances, this paper is aimed at the
establishment of MSOFF based on multiscale regional formula fer-

tilization considering incomplete environment information.

2 Multiscale regional fertilization models
2.1 Introduction of multiscale regional fertilization models
Multiscale regional fertilization models mainly consist of two
sub-models ; multiscale cultivated land productivity model and for-
mula fertilization model. In the paper Building Multiscale EGLSN
System and Simulating Cultivated Land Productivity™ | it is said
that multiscale cultivated land productivity model counts yield at
county level to represent regional productivity of maize. Under this
circumstance, incomplete environment information, as an impact
factor which affects cultivated land productivity, is necessary, and
five factors are involved: eco-climate, morphologic landscape,

measure of land utilization, soil condition and nutrient manage-

ment. On the other hand, regional formula fertilization model de-
fines the rate of fertilizer application with target unit-of-output
method, and target unit-of-output is determined by cultivated land
productivity model which needs two parameters: amount of water
taken into per maize and regional soil utilization rate.

2.2 The establishment of regional multiscale cultivated land
productivity model With the coupling of GIS and EGLSN mod-
el, soil map is overlaid with land use map to act as base map, and
units are formed. These units become the basic units to establish
regional multiscale cultivated land productivity model. The estab-
lishment of multiscale regional cultivated land productivity model
is based on the perfect aggregation theory about the study of popu-
lation regional distribution and scaling up application. Two main
steps are included: collection of general data and pretreatment of
datasets with spatial join; analog computation and presentation of
multiscale regional cultivated land productivity based on overlaid

units. The detailed process is shown in Fig. 1.
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Fig.1 Establishment of regional multiscale cultivated land pro-
ductivity

2.2.1 Data sources. The research region is Shanxi Province,
between latitude 34°34'N to latitude 40°44’N and longitude 110°
14"E to longitude 114°33'E. It is a typical loess region, and maize
is the staple of the area. Data collected include meteorological da-
ta, soil data, landform data, soil experimental data of sampling
point, agricultural statistics and so on. Meteorological data is the
source of meteorological observation data provided by Weather Bu-
reau of Shanxi Province. There are 108 meteorological stations
(one station at the county level on average, and Wutai County has
two due to its unique landform), and data of frost-free period,
minimum air temperature, rainfall and =10°C accumulated tem-
perature (2004a-2005a). National digital soil map and soil data-
base are obtained by HWSD while soil property data are obtained
by analyzing thickness of the topsoil, soil texture, soil salinization
and so on. Digital geomorphologic map comes from landform divi-
sion map of Shanxi Province provided by College of Resource and
Environment, Shanxi Agricultural University while soil experimen-
tal data of sampling points are from formula fertilization by soil tes-
ting subsidies project data provided by Station of Soil and Fertiliz-
er, Shanxi Agricultural Department. Shanxi Statistic Bureau has
provided the data of maize management in Shanxi from Statistical
Yearbook of Rural Areas at County-level, and the data of yield of
maize in Shanxi from Statistical Yearbook of Shanxi Province.

2.2.2 Data pretreatment. Basic spatial data collected are incom-



74 Asian Agricultural Research 2015

plete for many technical and financial reasons, for example, mete-
orological data coming from separate stations lead to boundary in-
consistency of pictorial data vectorization. This paper analyzes the
regional simulation. Soil map and land use map are overlaid to be
base map, and units are formed. Before the regional simulation,
pretreatment is needed for the spatialization of environmental data
mentioned above like meteorological data, landform data and soil
data by GIS and database technology. As original meteorological
data are collected in the form of stations, these data are needed to
be processed to finish spatial interpolation with inverse proportion
weighting method by using GIS and database technology, to reach
spatialization. Then the grid layer formed with spatial interpolation
and base map are overlaid, and element identity becomes basis for
units to make an enquiry, so that meteorological data of each unit
can be inquired. With weighted average method, the data after
being overlaid is meteorological property of the unit. After Shanxi
Landform Division Map is vectorized, it can be overlaid with base
map in ArcGIS. Then landform information of simulated unit will
be identified by handling overlaid data according to Area-dominant
Method. Soil property of Shanxi soil finally is attached to base map
through soil classification and coding.

2.3 The establishment of formula fertilization model

2.3.1 The definition of regional target yield. To calculate aver-
age yield at county-level in Shanxi Province according to multi-
scale cultivated land productivity model, we take the average yield
as simulated cultivated land productivity and regional target yield.
2.3.2  Formula fertilization model. There are various methods to
establish formula fertilization model, and target yield method is a-
dopted in this paper. When the fertilization region is block, deci-
sion fertilization in formula fertilization by soil testing will be
adopted to fertilize. Average fertilizer rate will be calculated with
formula (1) in different regions according to average nutrient ab-
sorbed per maize.

P =M/100 x a/b (1)
where P refers to average fertilizer rate (kg/ha) ; M means region-
al cultivated land productivity or target yield ( —kg/ha) ; a repre-
sents absorbed nutrient per 100 kg crop (kg/100kg) ; b is nutrient
utilization ratio (% ). Values of @ and b, coming from the paper

53] are listed in

Soil Testing and Fertilization Recommendation
Table 1 and Table 2. After regional average fertilizer rate is calcu-
lated, interval of fertilization comes out by following formulas with
the aid of known environment information.

PU=INT [(Px(1+Ts) x(1+30,)] (2)

PL=INT [ (Px(1-Ts) x(1-30Q;)] (3)
where PU and P, stand for two different things, high limit and low
limit (kg/ha), respectively; P is the value that can be calculated
by formula (1) ; T, represents scale coefficient, and value of T,
and scale of Shanxi Province have been stated in Building Multi-
scale EGLSN System and Simulating Cultivated Land Productivi-
1y
information with i scale in the region; INT represents Integral

2 Q; refers to the sum of influence degree of j environment

Function.

3 System implementation and application

3.1 System implementation Regional optimized formula ferti-
lization method based on multiscale mentioned above has been im-
plemented in software system. This system is developed under Ar-
cEngine platform and C#. The object-oriented property of C# and
its complexity as a visual language make the development process
easier. ArcEngine, as a desk package of ESRI Company, is de-
veloped with C + + language and languages VB and C# can be
called in it. It also supports operation of 3D visualization and
analysis, including loading and overlaying maps and analyzing
buffering. In the process of software system implementation, Ar-
cEngine is mainly directed to realize data and result visualization
of multiscale optimized formula fertilization. Various vectors are
available in the system. After data sets are read, decision-makers
can choose any region and make fertilization decision with multi-
scale method. Organum is adopted for formula fertilization in this
system as its interactivity is great. Technical procedure of system
design is presented in Fig. 2. In the view of regional formula ferti-
lization, analyzers are supported to update data according to reality
and change fertilization decision by adjusting environment informa-
tion. Once there is any change of environment information, dialog
would remind the result and deliver the data to system database.
This function allows the analyzers to gain latest environment infor-
mation and design different formula. In the view of block formula
fertilization, analyzers are also able to lock block data with select
tool and set up traditional formula fertilization parameter or default
data, then relevant units will be highlighted in the view. After tra-
ditional formula fertilization parameters are set up, further analysis
of these data will be taken in the view of block formula fertiliza-

tion.

Table 1 The average nutrient absorption of 100 kg maize (kg)

Nutrient Type (N) (P,05) (K,0)
Absorbed dose (a) 1.85 0.66 1.04
Table 2 The fertilizer utilization ratio ( % )
Nutrient Type (N) (P,0;) (X,0)
Fertilizer utilization ratio (b) 32 25 43

Seript
languagc

Tool Set of 'acka
Regional MSOFFDLL
Fertilization

Statistical
sof tware

Cam of Arc CIS Design [yser
| Engine |+| NET |+| o Interface

Fig.2 Technical procedure of the MSOFF system design
3.2 Application of multiscale regional formula fertilization
3.2.1
county level is 10000 — 100000 ha, and regional target yield is

Fertilizer formula at county-level. When the area of
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cultivated land productivity in eco-climate scale, fertilizer formu-
las for 108 counties in Shanxi Province can be calculated with the
multiscale regional optimized formula fertilization system. Some
are listed in Table 3. According to formula examination of Shanxi
in 2014, fertilizer formula for maize in Hejin City 22 -9 -9 N-
P,0,-K,0, 641kg/667m" recommends fertilizer rate 65 kg-75 kg:
25 kg-41 kg N, 14 kg-15 kg P,0,, 14 kg-16 kg K,O. And fertiliz-

er formula for maize in Xinjiang County 22-9-9 (N-P,05-K,0),
641 kg/667m’ suggests fertilizer rate 65 kg-75 kg: 25 kg-41 kg N,
14 kg-15 kg P,0s, 14 kg-16 kg K,O while fertilizer formula for
maize in Wenxi County 22-9-9 (N-P,0,-K,0), 641 kg/667m’
advises fertilizer rate 65 kg-75 kg: 25 kg41 kg N, 14 kg-15 kg
P,0Os, 14 kg-16 kg K, O.

Table 3 108 regional productivity and fertilizer formulas in Shanxi at county level (kg/667 m®)

Administrative Cultivated land N P,0, K.0 Administrative Cultivated land N P,0, K.0
area productivity c N area productivity : N
Ruicheng County 660 38 17 15 Daning County 211 12 5 5
Pinglu County 421 24 11 10 Licheng County 304 17 8 7
Yongji City 783 45 20 18 Xiangheng County 386 22 10 9
Yanhu District 553 31 14 13 Qinyuan County 343 19 9 8
Linyi County 685 39 18 16 Huozhou City 252 14 6 6
Xia County 702 40 18 16 Fenxi County 156 9 4 3
Hengqu County 434 25 11 10 Xi County 213 12 5 5
Wenxi County 527 30 13 12 Qin County 452 26 11 10
Wanrong County 417 24 11 10 Yonghe County 141 8 3 3
Yangcheng County 310 17 8 7 Wuxiang County 278 16 7 6
Zezhou County 270 15 7 6 Lingshi County 235 13 6 5
Jiang County 584 33 15 14 Jiaokou County 184 10 4 4
Xinjiang County 641 37 16 15 Jiexiu City 352 20 9 8
Hejin City 727 13 4 7 Yushe County 240 4 1

3.2.2 Multiscale regional formula. Fertilizer formula with in-
tegrating systems is user-oriented, but for various reasons, users
have no complete control of regional environment information. Al-
so, there is limited environment information in the system database
so that it is hard to be adopted in reality directly. Considering the
incompleteness of cultivated land information, the system deduces
fertilizer rate according to interval length and mid-value of regional
fertilizer rate. The interval length is defined as absolute value be-
tween high limit value and low limit value while interval mid-value
is the average value of high limit value and low limit value. Xin-
jiang County, located in the southern Shanxi Province, 41km from
north to south and 25km from east to west, is typical maize-wheat
cropping area. If there is no environment information (Q, =0),
when regions in Xinjiang County are chosen, interval mid-value of
regional fertilizer rate in different range is in accordance with the
value in formula at county-level. Information about interval length
is shown in Table 4. If scale T.(T, =0) is not taken into consid-
eration, and interval length difference influenced by rate of fertil-
izer application can be calculated according to current environment
information, and interval mid-value is the same as the value in fer-
tilization formula at county level (Table 5). In practice, any re-
gion in system, environment information and scales should be con-
sidered to count variation of fertilizer interval length and mid-val-
ue. Analyzers are capable of choosing cultivated land area 0.9 ha
in the base map of Xinjiang County with mouse, and putting it into
different scale, narrowing the region based on complete environ-

ment information gradually to analyze fertilizer condition. The de-

tails can be found in Table 6. Still another point needs to be taken
up here; users’ understanding of environment information is poor
due to insufficient knowledge. When the system is designed, to do
addition accordingly with fertilization region determined by com-
plete environment information which includes known environment
information will be adopted, to extend the interval. When the val-
ue of soil nutrient is definite and water conservation indefinite, the
minimum interval length of region fertilization is 9-4-3. To add the
interval length of soil nutrient to interval length of water conserva-
tion, then the interval length of fertilizer is 13-6-5, but mid-value
of fertilizer keeps unchanged (36-16-15).

Table 4 The interval length of region varying with range considering no
environment information (kg/667 m’)

Re I Al Interval Interval
(E“fe | “IE“& N length length (
4 e (P,05) K,0)

Eco-climate ( 10000-100000 ) 37 16 15
Landscape (1000-10000) 22 10 9
Measurement of land utilization

(100-1000) 14 6 6
Soil condition (10-100) 7 3 3
Nutrient management (0-10) 3 1 1

3.2.3 Fertilizer formula for block. Regarding fertilizer in block,
content of nuirient in soil should be analyzed according to soil
sample testing data to establish regression model of testing value

and fertilizer rate to carry out decision fertilization. The system
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can also store relevant statistic data which can be called at any

time when calculating block formula fertilization.

Table 5 The interval length of region varying with environment infor-
mation ignoring scale (kg/667 m’)

FEnvironment Interval Interval Interval
information length fength fength
(N) (P,05) (K,0)
Accumulated temperature 37 17 16
Landscape 19 8 8
Land formation 6 3 2
Water conservation 6 3 2
Topsoil texture 3 1 1
Topsoil thickness 5 2 2
Degree of salinity 1 1 1
Difficulty of tillage 1 1 1
Maize straw returning 1 1 1
Soil nutrient 2 1 1

Table 6 The length and middle value of region varying with range of se-
lected region (kg/667m’)

Interval length Mid-value

?ﬁz%e %gx:;r;r::zzt of fertilizer of fertilizer
N-P,0s- K,0 N-P,0;- K,0

0-10 Accumulated temperature 18-8-7 37-16-15
Landscape 12-5-5 37-16-15
Land formation 11-54 35-16-15
Water conservation 1044 40-18-17
Soil texture 1044 37-16-15
Topsoil thickness 944 40-18-16
Degree of salinity 944 33-15-14
Difficulty of tillage 944 33-15-14
Maize straw returning 944 38-17-16
Soil nutrient 94-3 36-16-15

4 Conclusions

This paper mainly analyzes the shortage of traditional formula ferti-
lization which can’t gain regional fertilizer rate considering incom-
plete environment information, puts forward multiscale regional
formula fertilization based on traditional method, and designs sys-
tem accordingly. During the process of regional formula fertiliza-
tion, different formula fertilization varying with regions should be
adopted and formula should be reasonable. And in small region
like block, formula fertilization can be in accordance with tradi-
tional formula fertilization. With the application of multiscale
method, fertilizer formulas for 108 counties in Shanxi Province
with target yield method can be obtained. Once these formulas are
confirmed, decision can be made according to the completeness of
environment information, and fertilizer region can be shrunk in to-
tal. The system is also available for multiscale formula fertilization
transition from region to block, and this completeness of regions
makes formula fertilization have realistic meaning. Application ca-
ses in Xinjiang County suggest that optimized method is functional

for formula fertilizer with incomplete environment information.

There are still some improvements in need for current model, for
example, target yield for multiple scale regional cultivated land
productivity is assured under static condition, but in practice fac-
tors that have impact on growing of the plants are diverse. So the
establishment of dynamic model by long-term observation is neces-

sary in the future.
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nomics, Management and Psychology. However, theoretical re-
searches about these are extensive and separate, and there are few
classic theories to support these researches. Through search of re-
lated literature, papers of related theoretical analysis are basically
coming from general periodicals and few are from authoritative pe-
riodicals. In future, it is recommended to further combine theoret-
ical advantages of multiple disciplines and make theoretical analy-
sis on development capability of new generation farmers.

4.3 Making further exploration of scales and effective em-
pirical analysis At present, academic circles have designed many
scales for development capability of new generation farmers, but
most scales focus on self development of farmers. Few researches
focus on external factors such as policies and environment, and
few researches care about empirical analysis on development capa-
bility of new generation farmers. Most researches are based on
scales and related factors, while few researches touch upon dy-
namic analysis and comparative analysis of time series and panel
data. In future, it is recommended to make extension on the basis
of scales, consider time changes in empirical analysis, and make
dynamic analysis on changes in development capability of new

generation farmers.
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