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Abstract. In this paper, an approach to assessing ecological suitability of crop
growth was developed using GIS, through a case study of maize planting in
Jilin Province, in the northeast China, in order to improve the accuracy and
objectivity of the evaluation, promote the rationality of crop distribution, and
increase the efficiency of the agro-resource utility. Climate and soil conditions
in the region were taken into consideration in the research. The crop potential
productivity under the climatic condition of 46 meteorological stations in the
region, namely photo-temperature-water climatic potential productivity, was
calculated based on the meteorological data of the precipitation, temperature,
wind speed and sunshine hours from 1980 to 2006, and the crop potential
productivity was used as index to evaluate the climatic suitability for crop
growth. The point data were interpolated in a GIS environment and formed
climatic suitability map. The assessment of soil suitability for crop growth was
derived from soil fertility map drawing on the basis of information on 12
parameters, such as terrain, depth of soil body, thickness of black earth, soil
erosion and organic mater. The ecological suitability map is completed using
methods of spatial overlay in GIS. Comparing with the crop yield map that
based on the statistical yield of 30 years in each county, the result of ecological
suitability assessment is consistent with the yield. Therefore this method is
feasible to assess the ecological suitability in the region.

Keywords: Land Suitability Evaluation, Crop Production, Climatic Potential
Productivity, Grid Segmentation, GIS

1. Introduction

Land suitability evaluation is the process of assessment of land performance when
land is used for specified purposes. Adaptation of crop growth to the potentialities and
constraints of local agroecologies is a key principle of sustainable land management.
The principal objective of land evaluation is to select the optimum land use for each
defined land unit and the conservation of environmental resources for future use.
Detailed objectives can vary considerably according to the purpose and scale of land
evaluation[1].

Large area lands are used for grain crop production in the northeastern China. The
degree of land suitability for crop production is quite different by reason of the
diversity of climate, complexity of soil and variety of terrain. Land suitability is the
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fitness of a given type of land for a defined use, but large-scale crop production can
not arrange optimum crop for each land unit. Proper land suitability classification
approaches are needed to meet the demand of evaluating land suitability for crop
growth and large-scale crop production management.

Photo-temperature-water climatic potential productivity, calculated based on the
meteorological data of the precipitation, temperature, wind speed and sunshine hours,
etc., was taken as indicator for climatic suitability evaluation, and soil fertility
composite index based on terrain, depth of soil body, thickness of black earth, soil
erosion, organic mater, etc. was taken as index for soil suitability evaluation. Taking
maize production in Jilin province as a case study, this research brought forward an
approach to evaluating land suitability for large-scale crop production using the
spatial analysis and overlay function of geographic information system.

2. Methods

2.1 Index and method for climatic suitability evaluation

The crop climatic potential productivity (photo-temperature-water potential
productivity) is the highest theoretical productivity of the crop when crop makes full
use of the present climatic resources in this area with the most appropriate technology
and managerial techniques. The climatic potential productivity is not the real
productivity in the area, but it could be taken as the indicator for evaluating climatic
suitability for crop production. The higher the climatic potential productivity is, the
more suitable the climate in the area is for the crop growth.
Climatic potential productivity was calculated by the formula as follows [5]:

Y :f(Q)f(T)f(\N) (1)

Where:

Y is Climatic potential productivity

f(Q) is photosynthetic productivity and is the utmost productivity of the crop when
crop makes full use of solar radiation in this area with the most suitable temperature,
water, soil fertility, technology and managerial techniques.

f(Q=2> Qeall-p)1-y)d(-aw)l- X) (1-H)" Q)

2 Q is total radiation per unit area and per unit time casting on the area, € is the
ratio of photosynthetically Active Radiation(PAR) to total solar radiation, « is plant
absorption rate for PAR, o is absorption rate of nonphotosynthesis organs, V is
limitation rate of photosaturation, ® is quantum efficiency, ® is loss rate
of respiration, X is ash content in the product harvested , H is water content in the

product harvested.
f(T) is temperature reversionary function
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0.027T —0.162 6'C<T<2I'C
0.086T —1.41 21°C<T <28C
f(T)=41.00 28°C <T <32°C
—0.083T 32°C<T <44°C
0 T<6C T2>=44C 3)
f(W) water reversionary function
(1-C)R 0<(1-C)R<ET
fW)= ET, "
0 (1-C)R>ET, @
ET, =k, ET,

)

R is precipitation, C is runoff coefficient, ETm is crop water requirement, ETO is
reference evapotranspiration, Kc is crop coefficient.

ETO was calculated by modified Penman equation.

2.2 Index for soil suitability evaluation

Some soil elements that influenced crop production such as organic mater, total
nitrogen, available N, available P, depth of soil body, depth of black earth, terrain and
soil texture were derived to evaluate the suitability of soil. The range of each element
is divided into 3-5 level scales on the basis of their degrees of suitability or limitations
to the crop growth. The different levels are defined as follows:
® [Level 5: the characteristic (quality) is optimal for crop growth.
® [ evel 4: the characteristic is nearly optimal for crop production.
® [evel 3: the characteristic has moderate influence on yield decrease and
benefits can still be made.
® [evel 2: the characteristic decrease the yield and the land becomes marginal
for crop growth.
® ] evel 1: the characteristic may prohibit the use of soil for crop cultivation.
The suitability of each soil unit was evaluated on the basis of soil fertility
composite index, which accumulates all the level numbers of each element of this soil
unit. The higher the accumulated numerical value is, the more suitable the soil is for
crop growth.

2.3 Land evaluation methods

2.3.1 Classification of climatic suitability.

Corresponding to each meteorological station, there is a numeric value of climatic
potential productivity calculated. Classification of climatic potential productivity was
made using spatial interpolation method and a classification map was formed in
geographical information system. The map indicated that the region with high value
had more suitable climate for crop growth.
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2.3.2 Classification of soil suitability.

For large scale area, complex landform and soil quality determined that there are big
differences among the suitability of soil units. The problem is how to classify soil
units according to their fertility. The methods we used were: first, to form the polygon
map of soil fertility composite index on the basis of soil type map by calculating soil
fertility composite index of each soil unit in GIS platform. Next, segment the study
area by rectangular grid of a certain size. The size of grid was determined by the scale
of the study area and research objective. Then, calculate the weighted average soil
composite fertility index of each grid taking the area of the soil with different types in
the grid as weighting, and assign the value of the average fertility on the center of the
grid. Finally, form the map of soil suitability classification on the basis of the values
of fertility in each grid by spatial interpolation method.

2.3.3 Synthetical evaluation of land suitability.
Overlay the climatic and soil suitability map to synthetically evaluate the land
suitability.

The GIS platforms used were Arcview 3.2 and ArcGIS 9.0.

3. Case Study

3.1 Study Area

Jilin province is located in the central part of northeast China(122-131° E , 41-46°
N), covering the area of 187,400 square kilometers, The eastern part of the province
is the mountainous area of the Changbai Mountains with an elevation of over 1,000
meters and the Jidong hilly land about 500 meters above sea level. The western part
of the province is the Songliao Plain, whose low and level western section is the grain
producing area of the province. The soil type changes from dark-brown earth,
black soil to chernozem from east to west. The annual time of sunshine is 2,200-3,000
hours. The annual average effective accumulated temperature is 2,700-3,600°C. The
precipitation of the province in a year is 550-910 mm and the frost-free period lasts
120-160 days. Jilin is one of the most important commodity grain producing areas in
China. It abounds with soybean, corn, sorghum, millet, rice, small red bean, wheat,
tuber, sunflower seed, beet and tobacco.

3.2 Data

1:500,000 soil map and attribute data were provided by Soil and Fertilizer Station of
Jinlin Province. The data of crop yield, planting area of 30 years in each county were
obtained from Statistics Bureau of Jilin Province. Meteorological data of precipitation,
temperature, wind speed and sunshine hours from 1980 to 2006 in 46 meteorological
stations were provided by Meteorological Bureau of Jilin Province.
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3.3 Result

3.3.1 Climatic suitability evaluation.
The value selection of the parameters in the photosynthetic productivity calculation
formula were as follows [2,3,4]:

¢ =0.49, a =0.48, p =0.10, ¥ =0.01,©=0.224, ® =0.30,X =0.08,H =0.14

Y. Shan calculated the water requirements of maize in the Bajiazui irrigation area
in Qingyang city, Gansu Province. Modified Penman equation was used to calculate
reference evapotranspiration, and crop coefficient Kc was obtained by experiment[2].
Compared with the test result, the result calculated by penman equation was more
accurate than that of the other methods. We used this value of Kc in this research to
calculate water requirements.

Climatic potential productivity was calculated using the methods mentioned above.
The higher the value of climatic potential productivity was, the more suitable the
climate was for crop growing. The classification of climatic suitability in Jilin
Province was made by equally dividing the range of the numerical value of climatic
potential productivity of all counties into 8 level and mapping in GIS software. The
evaluation map is presented in Fig. 1.

Degree of climatic
suitability
Low

100 0 100 200 K
———

High

Fig. 1. Classification of climatic suitability for maize production in Jilin Province

From the view of climatic conditions, mid-eastern Jilin Province is the most suitable
region for maize production, including most part of Ji’an, Tonghua, Liuhe, Meihekou,
Dongfeng, Liaoyuan County and a part of Yongji and Jiaohe County. Light, heat and
water resources are abundant in the farming season in this region. The climatic
suitability gradually decreases from this region to the east and the west region
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respectively. The eastern part of Jilin Province is full of water resources, but is lack of
light and heat resources. Maize production in the western part is restricted by the
water condition despite the abundance of light and heat resources.

3.3.2 Soil suitability evaluation.
Soil elements which influence crop production were used to analyze soil fertility,
including: organic mater, total nitrogen, available N, available P, depth of soil body,
depth of black earth, thickness of strata feature, terrain, soil texture, soil moisture,
obstacle factors, soil erosion, and unit production. The irrigation was not taken into
consideration because maize planting is rainfed in Jilin Province. The different level
scales of suitability or limitation were defined in table 1[6].

Table 1. Definition of level scale of soil evalution elements

Levels 5 4 3 2 1 Note
Organic >6 6~5 5~4 4~3 3~2 1
mater >5 5~4 4~3 3~2 <2 2

(%) >4 4~3 3~2 2~1 <1 3
>3 3~2.5 2.5~1.5 1.5~0.6 <0.6 4
Total >0.3 0.3~0.25 0.25~0.20  0.20~0.15  0.15~0.1 1
nitrogen >0.25 0.25~0.20  0.20~0.15 0.15~0.10 <0.1 2
(%) >0.20 0.20~0.15  0.15~0.10  0.10~0.05 <0.05 3
>0.15  0.15~0.125 0.125~0.075 0.075~0.03 <0.03 4
Available N >250 250~200 200~150 150~120 120~75 1
(mg/kg) >200 200~150 150~120 120~75 <75 2
>150 150~120 120~75 75~30 <30 3
>120 120~90 90~60 60~30 <30 4
Available P >30 30~25 25~20 25~20 <10 1
(mg/kg) >25 25~20 20~10 10~5 <5 2
>20 20~15 15~10 10~5 <5 3
>15 15~10 10~5 5~3 <3 4
Depth of soil >100 100~50  50~30 <30
body (cm)
Depth of 50~30 3020 <20 Yellow (1
black  earth >50 >30 30-20 <20 exposure 2)
(cm) >20 <20 3)
g‘lﬁ;‘;“ >200 100~50 @)
>50 <50 5)
depth
Depth of 200~100

. >30 <30 (6)
calcic
horizon
Terrain Plainness Slight Slow slope Steep

unevenness slope
Soil texture Loam soil  Sandy loam Sandy soil Rocky soil
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(Tilth layer) soil
Soil moisture ~ Highly . moderate liable-
sufficient Sufficient drought Drought
Obstacle None Mild Moderate Severe
factors(depth) (Deep) influence influence influence
P (Middle) (Shallow)  (Exposure)
Soil erosion Noormild  Moderate Severe E’éggﬁlse
erosion erosion erosion X
erosion
Unit

production >7500  7500~6000 6000~4500 4500~3000 <3000
(kg.ha™)

Note: 1 Eastern cold and humid mountain area
2 Eastern warm and humid semi-mountainous area
3 Central semi-humid liable-drought plateau area
4 Western semi-humid semiarid plain area
(1) Black soil, chernozem, meadow brown soil, and paddy soil
(2) Albic soil, acolian sandy soil
(3)Dark-brown earth
(4) Peat soil
(5) Swampy soil, bury peat soil
(6) Chestnut soil

Degree of soil

suitability
Low
L]
| —
=
100 0 100
— — - High

Fig. 2. Classification of soil suitability for maize production in Jilin Province
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Soil suitability was divided into 8 levels on the basis of soil fertility composite
index in Jilin Province. The evaluation result was presented in Fig. 2. The most
suitable region for maize production expresses zonary distribution from Yushu,
Nong’an to Changchun in Jilin Province. In general, the soil in the eastern humid
semi-mountainous area and the western part of central semi-humid liable-drought
plateau area, with sufficient or moderate soil moisture, plain or slightly uneven terrain,
thick soil body and black earth, no or mild erosion and rich nutrients, is suitable for
maize production. In the eastern part of central semi-humid liable-drought plateau
area, soil is moderately eroded and the soil nutrients in these areas are less nourishing
than those in the region mentioned above. In the western semi-humid semiarid
transition plain region and semiarid plain region, the surface soil is liable to erosion
and black earth layer is thin due to the rugged or long gentle slope terrain, and soil
condition restricts crop production.

3.3.3 Synthetical evaluation of land suitability.
Mapping land suitability for maize production was made by overlaying the climatic
and soil suitability in GIS platform. Result of evaluation was presented in Fig. 3.

*

Degree of Land
suitability
Low

100 0 100 200K

e o

High

Fig. 3. Classification of ecological suitability for maize production in Jilin province

Ecological condition is suitable for maize growth in the central part and mid-
eastern part of Jilin Province. Light, heat and water resource are rich in the maize
growing season. Soil condition satisfies the need for maize growth. In fact, there are
several national commodity grain bases in the region. Most of eastern mountain area
is covered with forest because the cool and cold climate is not suitable for crop
cultivation. In the western part of Jilin Province, the poor soil condition and
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deficiency of water restrict the utility of light and heat resources, therefore the
ecological condition is unsuitable for maize production.

4. Conclusion

Comparing with the crop yield map which is based on the statistical yield of 30
years in each county, the result of ecological suitability assessment is approximately
consistent with the yield. Crop production is determined by two major aspects, the
aspect of land physical resources such as soil, topography, and climate, and the aspect
of socioeconomic resources such as management level, market position, and other
human activities. The former are relatively stable properties, while the latter are much
more variable and dependent on social and political decisions (E. Van Ranst et al.,
1991). This method is feasible to assess the ecological suitability in the region. More
socioeconomic factors should be taken consideration during crop structure
arrangement.

The crop climatic potential productivity (photo-temperature-water potential
productivity) is the highest theoretical productivity of the crop when crop makes full
use of the present climatic resources in this area with the most appropriate technology
and managerial techniques. The climatic productivity could properly evaluate the
climatic suitability for crop growth by establishing the relationship between crop
product and the light, heat and water resources.

Analyzing spatial data in large scale area, it is difficult to extract the regularity
among data due to the complexity of distribution of spatial attribute. Geographic
information system is increasingly applied in the analysis of complex spatial data by
its powerful function of data management, spatial analysis and graphics display. In
this research, grid segmentation method is used to extract the regularity of soil
fertility in large area in GIS. The analysis result is more rational and reliable.

In the paper an approach to assess the ecological suitability of land is suggested.
Parameters in the method such as crop coefficient, grid size and the number of
classification grades should be adjusted according to the crop species, scale of area
and purpose of analysis.
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