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INTRODUCTION

Chinaistheworld slargest devel oping country with ahistorical tra-
ditional agriculture. Wheat and maize, as main food crops, contributed
greatly to the formation of the famous Chinese traditional agriculture.
Since the Qin and Han dynasties, some 2,000 years ago, grain produc-
tion has been the focus of Chinese agriculture, especially inthe Y ellow
River basin (Ding Shengjun, 1988). Nevertheless, along with theindus-
trialization and population growth in China, the fragile equilibrium be-
tween food demand and supply has caused extensive concerns from
policymakers and strategists (Brown, 1995; Tang and Ye, 1995). To-
wards asustainable agricultural use of land resources, either qualitative
or guantitative aspects of the relationships among land productivity,
food or grain production, population carrying capacity and land re-
source sustainability have to be examined. In this paper, an attempt is
made to assess the population carrying capacity and the potential sus-
tainable agricultural use of the land resources in Caoxian County in
north China.

MATERIALS
Physiography of the Study Area

Caoxian County is located in the aluvia plain of the lower Y ellow
River in north China s Shandong province. It stretches from 115°0 to
115°52'E and from 34°33' to 35°0’N, with aterritory of 1,966 km?2. The
agricultural arable land accounts for 102,720 hectares (1,027 km?2).
Population was 1.16 million in 1995 (Caoxian Office of Statistics,
1995). The parent material of Caoxian soilsis loess transported by the
Y ellow River from the L oess Plateau in the upper and middl e reaches of
the river. The county is located within the semi-arid temperate zone.
Theprevailing climateisthe East Asian continental monsoon. Four sea-
sons are distinctly differentiated. Annual sunshine hours account for
2,569.7, with an average sunshine percentage (n/N) of 58. Multi-year
mean of solar radiation is513.0 KJ-cm~2, and the photosynthesis active
radiation (PAR) is 223.2 KJ-cm~2. Annua average temperature is
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13.8°C with a daily difference of 10.6°C. The frost-free period is 211
days (or 193 days when P = 90%), between March 29 and October 27.
Statistics from a 28-year analysis reveal that the extreme temperatures
do not impose adisastrousthreat to crop cultivation. The multi-year an-
nual precipitation mean is 686 mm, ranging from 284 mm (in 1966) to
1,047 mm (in 1957), with arainfall of 547 mm at P = 80%. The co-exis-
tence of precipitation and thermal resources facilitates the devel opment
of crops.

There are four groups of soilsin Caoxian, namely aque-soils (C), sa-
line soils (D), akali soils (E) and dust deposition soils (). They occupy
98.74%, 0.36%, 0.51% and 0.39% of the land surface, respectively
(Table 1).

Selected Land Utilization Type

Theland usein Caoxian isacombination of rainfed and irrigated ag-
riculture, mainly of food crop plantations. In this context, the rotation
cropping of winter wheat and summer maize during the same year has
been selected as the land utilization type (LUT).

The crop cycles of winter wheat and summer maize take 248 and 100
days, respectively. Crop development stages (CDS) are notified as Di
where i is the serial number of the stage in concern (Tables 2 and 3).

TABLE 1. Soil classification: coding and list of families with distribution

Altitude Distribution (%)
Code Name -
(m) Family | Sub-group | Group

Call |Sandy cinnamonic aque-soils 62 3

Ca Cal2 |Silty cinnamonic aque-soils 58 4 11
Cal3 |Clayey cinnamonic aque-soils 60 4
Cbh21 |Sandy auge-soils 54 45
Cb22 |Silty aque-soils 56 21

Cb - 66

c Cb23 |Clayey aque-soils 49 <1 9

Cb24 |Clayey deposition aque-soils 59 <1
Cc51 |Sandy saline aque-soils 56 16

Cc Cc52 |Silty saline aque-soils 57 4 20
Cc53 |Clayey saline aque-soils 55 <1

cd Cd71 |Sandy alkaline aque-soils 60 <1 1

<

Cd72 |Silty alkaline aque-soils 53 <1

Source: Caoxian Regional Planning Office (1986a)
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TABLE 2. Crop development stages of summer maize in Caoxian (days)

Bio-stage Sowing Seedling Jointing Heading Ripening
Code D1 D2 D3 D4 D5
Date Jun-11 Jun-21 Jul-11 Aug-11 Sep-20
Rotating 10 30
with winter CDS-days
wheat | 20 | 40
Crop cycle 100
Date May-21 | Jun-01 Jun21 | Aug-01 Sep-10
Inter-cropping 10 40
with winter CDS-days
wheat | 20 | 40
Crop cycle 110
Source: Caoxian Regional Planning Office (1986b)
TABLE 3. CDS of winter wheat in Caoxian (days)

Bio-stage Code Date Stage length Crop cycle
Sowing D1 Oct-01
Seedling D2 Oct-08 ! 2
Tillering D3 Oct-31
Dormant D4 Dec-16 46 62
Reviving D5 Feb-16 248
Jointing D6 Apr-04 4 25
Heading D7 Apr-29
Flowering D8 May-06 ! 2
Ripening D9 Jun-05

Source: Caoxian Regional Planning Office (1986b)

There are only 15 days left for harvesting and sowing. The centuries
long “dedicated” Chinese agriculture had proved that these two crops

are fitting within one year, and the fieldwork is just a matter of tech-
nique and management.

Land Use Requirements of Wheat and Maize

Studies (Caoxian Regional Planning Office, 1986b) reveal that tem-
perature, rainfall and radiation conditions are suitable for winter wheat
and summer maize. Table 4 lists the climatic requirements and limita-
tions of winter wheat as an example.
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Severe limitations are not found for topography, wetness, physical
s0il characteristicsand fertility characteristics (Caoxian Regiona Planning
Office, 1986a). Table 5 summarizesthecriteriaused to classify local sa-
line and alkali soils.

METHODS

The hierarchical production potential models of land evaluation, in-
cluding the radiation-thermal crop production potential (RPP), the wa-
ter limited crop production potential (WPP) and the land production
potential (LPP), are applied in the study.

TABLE 4. Climatic requirements and limitations of winter wheat

Development stages| D1-D2 | D2-D3 | D3-D4 | D4-D5 | D5-D6 | D6-D7 | D7-D8 | D8-D9 Ccy’g';
Days 7 23 46 62 47 25 7 31 | 248

oo |Fevred| 20 | 00 | s | o | G0 | M0 | 120 | o0 |35
cc) | Actual | 120 | 328 | 281 61 | 305 | 364 | 142 | 657 [2.258
+/— +5 | +88 | +11 —4 +5 | +24 | +22 +7 | +158

Required 9 24 59 51 47 | 144 35 | 126 | 495

‘?r’r?r‘rf)’ Actual 12 24 29 19 32 42 9 46 | 2125
+/- +3 o | 30 | 32 | -15 [-102 | —26 | —80 [-282

Sunshine| Actual 44 | 160 | 280 | 354 | 308 | 183 54 | 268 [1651
(h) % 2.7 9.7 169| 215| 186 111 33| 16.2| 100.0

TABLE 5. Saline and alkali soils: classification criteria and distribution

Soil Unit (ms?g;,l) E(;S Classified As Dis‘{f,zt)‘“"” S(EA)';‘
Cc53 8>4 0<15 saline 0.04
Cd72 7>4 0<15 saline 0.07 0.47
Dall 11>4 0<15 saline 0.3
Da22 20>4 0<15 saline 0.06
Cd71 27> 4 44 > 15 saline-sodic 0.37
Eall 12>4 31>15 saline-sodic 0.46 0.88
Eal2 16> 4 30>15 saline-sodic 0.05

* Threshold values of EC and ESP are 4 mS-cm-1 and 15%, respectively (Van Ranst, 1997).
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Determination of Growing Period

The growing period has been defined following the FAO concept
(Cocheme and Franquin, 1967; Kowal, 1978). FAO defines the grow-
ing period asacontinuous period in the year during which the precipita-
tion is greater than half the potential evapotranspiration plus a number
of daysrequired to evaporate an assumed 100 mm of soil water. A usual
approach is to incorporate a temperature threshold value (generally
6.5°C) into the water balance and to subtract the period with tempera-
ture below the threshold value from the water availability period.

Radiation-Thermal Crop Production Potential (RPP)

Theradiation-thermal crop production potential isthe maximum pro-
duction that a high-yielding variety at a specific location can achieve
under optimal conditions, i.e., being free of stresses of water, nutrients,
pests and diseases, and on aconstraint-free soil. The RPP valueisgiven
by the following model:

036bgm- KLAI - Hi
(/L) + 0.25¢t

RPP = [1]

where bgm is the maximum gross biomass production rate; KLAI the
maximum growth rateratio (KLAI = 0.35LAI — 0.03LAl 2); Hi the har-
vest index; L the length of crop cycle and ct the respiration coefficient
[ct = ¢30-(0.0044 + 0.0019t + 0.001t2), wheret is the mean daily tem-
perature and c30 takesthe value of 0.0108 for non-legumesor of 0.0283
for legumes).

The maximum gross biomass production rate can be calculated from
the sum of the maximum gross biomass production rate on overcast
days and the maximum gross biomass production rate on clear days:

bgm= f -bo+(1- f)-bc [2]

where f is the fraction of the daytime that the sky is overcast, f =1 —
n/N; bo and bc are function of latitude and time of the year. Their values
can be found from tables (Van Ranst, 1991). But such values are only
valid at light saturation (Pm) of 20 kg CH,O-ha~1-hr~1. The follow-
ing corrections have to be made when Pm is different from 20 kg
CH,O-ha~1-hr=1: or
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bgm= f -bo- (1+ 0.002y) + (1- f) - bc-(1+ 0.005y) whenPm>20 [3-1]
or
bgm= f -bo-(1- 0.025y) + (1- f) -bc-(1- 0.0ly) whenPm<20 [3-2]

whereyisthedifference (%) to thevaueof 20kg CH,O-ha~1-hr=1,i.e.
y = (Pm — 20)-5.

Water Limited Crop Production Potential (WPP)

RPP will bereduced if water stressoccursin the crop cycle, sincethe
crop cannot transpirate at its maximum rate. The yield reduction de-
pends not only on the extent of the water deficit but on the crop sensitiv-
ity to the water deficit as well.

The anticipated rainfed yield can be calculated from the data on the
relative evapotranspiration (ETa/ETm) and ky, the yield response fac-
tor, and the potential irrigated yield (RPP):

WPP = RPP- [1— k)/(l— ETaH [4]
ETc

Values of the yield response factor, ky, can be found in literature
(Doorenbos and Kassam, 1979). In the calculation procedures, the ky
values of different stages should beincorporated into the corresponding
relative evapotranspiration deficit ratio. If the ky valueisonly available
for thewholecrop cycle, it should be applied into theyield reduction ra-
tio after the evapotranspiration deficit ratio has been summed.

The maximum crop evapotranspiration (ET,,,or ET,) isthe maximum
ratethat acertain crop can evapotranspirate, whilst the reference evapo-
transpiration (ET,) is the maximum rate the reference crop (alfalfa or
grass) can evapotranspirate. A classical two-step approachisapplied in
this study to calculate ET,,, by combining the values of the reference
evapotranspiration (ET,) and of the crop coefficient (k.) in the follow-

ing way:
ET, =ET, =K, -ET, [5]
The crop coefficient accountsfor the effect of crop characteristicson
crop water requirements: it relates the reference crop evapotranspir-

ation (ET,) to the crop evapotranspiration (ET,) (Doorenbos and Pruitt,
1977). The crop coefficient is affected by crop characteristics, time of
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planting or sowing, stages of crop development and general conditions.
Figure 1 shows the K, values of winter wheat and summer maize in
Caoxian.

Actual evapotranspiration is the amount of water that is actualy re-
moved from the soil due to the processes of evaporation and transpira-
tion. If the soil moisture, available for uptake by the plant through the
root system, is adequate to meet the crop’s demand, then the actual
evapotranspiration of the crop (ET,) equals the maximum crop evapo-
transpiration (ET,) or the crop evapotranspiration (ET.); when the
amount of available soil moisture is limited, ET, will be smaller than
ET,,. ET, can be estimated through the application of the soil water de-
pletion fraction p. Since evapotranspiration impliesadecrease of the ac-
tually available soil moisture over the rooting depth per time unit:

Eta= ﬂ-ETc= _d&.D) [6]
(1- pSa.D dt

where S.D < (1 — p)Sa.D; Sa.D isthetotal available soil water over the
root depth; S.D isthe available soil water at timet over theroot depth; p
isthefraction of easily available soil water; (1 — p) issubsequently the
fraction of scarcely available soil water. The above relationship can
equally be written as:

FIGURE 1. Kc-curve of winter wheat and summer maize adapted to Caoxian
conditions
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—ETct
ETa=S.D-S.D-| et PSP [7]

Thisistheexpression for the actual evapotranspiration during the pe-
riod of t days (mm-period—1) after a fraction (p) of the total available
soil moisture (Sa) over the rooting depth (D) has been depleted. The ac-
tual available soil moisture content at the beginning of theperiodis S.D
and the potential crop evapotranspiration during the period isETc. Fig-
ure 2 presents the relationship among available water capacity, the
depletion factor, evapotranspiration and yield reduction.

Land Production Potential (LPP)

All soil parameters that have a direct impact on the performance of
crops, not included in the calculation of water-limited crop production
potential, have to be considered in the land production potential (LPP).
Such soil factors include: apparent cation exchange capacity (ACEC),
organic carbon (OC) in the topsoil (0-25 cm), pH, electrical conductiv-
ity (ECe), and exchangeable sodium percentage (ESP).

FIGURE 2. Soil water availability, actual evapotranspiration and yield reduction
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Numbered ratings attributed to these soil factors can be combined to
asoil index, §, using the following formula

_ R(ACEC) R(O.C) R(pH) R(EC) R(ESP)
=" 100 100 100 100 100

[8]

Crop productionisnot only aninteractive process of physical charac-
teristics of the environment, such asenergy, material, but an application
of knowledge as well. Human activities play an impressive role in the
sustainabl e devel opment of the land productivity. Therefore, there must
be aplace for the management factor to be incorporated into the simula-
tion of the crop production.

The management index, M,, isdifficult to determine. The human ac-
tivitiesare closely related to t¥1e availability of capital. Thusitisacon-
venient way to correlate the management index to the level of inputs
available to the crop production. In this study, 6 scenarios are designed
to simulate different behavior patterns of the farmers. two management
practices (rainfed or irrigation) by three input levels (high, medium and
low).

6 (scenarios) = 2 (practices) X3 (input levels)

Combining the soil and management indices, the land production po-
tential (LPP) can be finally given by:

LPP =WPP XS, xM, [9]
LPP is an attempt to simulate the final yield achieved in the field.
Therefore, it is necessary to keep in mind that LPP is always related to
the conditions assumed in different scenarios.
RESULTS AND DI SCUSSION
Radiation-Thermal Production Potential
Thecrop cycleof winter wheat is 180 days (excluding 65 days of dor-
mancy). During this period the leaf areaindex (LAl) at full crop devel-

opment is 4.5 m2-m~2, Maximum biomass production rate is 357 kg
CH,0-ha~1-h~1 and the total accumulated net biomass production is
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20 tons-ha~1. Providing that 40% can be economically harvested, the
yield istherefore 8.1 tons-ha—1.

For summer maize, the maximum LAI during 100 days of itscrop cy-
cleis 3.5 m2-m~2, The maximum biomass production rate and the total
accumulated net biomass production are 715 kg CH,0O-ha~1-h~1and 18
tons-ha—1, respectively. Theyield is 6.4 tons-ha-1 when the harvest in-
dex takes avalue of 0.35.

Water Limited Production Potential

Since ET, evaluation is based on physical soil properties, WPP val-
uesin Table 6 are in accordance with soil units. Considerable reduction
is observed for WPP values.
Landscape and Soil Constraints

Summarized in Table 7 aremajor soil constraintsfor crop production

and the overall soil index for pilot crops of wheat and maize in this
study. A value of zero of the soil index simply impliesunsuitability (i.e.,

TABLE 6. WPP determination (tons-ha~1)

Soll Wheat Maize
Call 3.1 5.9
Cal2 3.1 5.9
Cal3 3.4 6.4
Cbh21 3.0 5.6
Ch22 3.0 5.7
Cbh23 3.1 5.7
Cb24 3.1 5.9
Cc51 3.0 5.6
Ccb52 3.1 5.9
Cc53 3.1 5.9
Cd71 3.0 5.6
Cd72 3.0 5.6
Dall 3.0 5.6
Da22 3.1 5.9
Eall 3.1 5.9
Eal2 3.0 5.6
Ib11 2.9 4.8
Weighted mean 3.0 5.7
RPP 8.1 6.4
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TABLE 7. Major soil constraints and soil index (Sy)

Soil Major constraints Sy -
Wheat Maize
Call texture 0.92 0.81
Cal2 fertility 0.81 0.82
Cal3 fertility 0.86 0.74
Ch21 texture, o.c. 0.73 0.73
Cbh22 texture, o.c. 0.61 0.57
Cbh23 pH 0.66 0.57
Ch24 texture, o.c. 0.7 0.83
Ccbh1 texture 0.79 0.66
Cc52 pH 0.73 0.64
Cc53 salinity 0.18 0.25
Cd71 salinity, alkalinity, pH 0 0
Cd72 salinity, pH 0 0
Dall salinity 0 0.17
Da22 salinity 0 0
Eall salinity, alkalinity, pH 0 0
Eal2 salinity, alkalinity, pH 0 0
Ib11 texture 0.82 0.77

order “N” in FAO land suitability classification) for the crop in con-
cern.

Although not listed in Table 7, climatic factors are usual constraints
to grain production, especially water availability in rainfed farming.
Temperature sometimes becomes a limiting factor for a specific grow-
ing period, but not in general. In irrigated farming, much of the limita-
tion related to water availability will be improved immediately and the
suitability classes rise accordingly.

Management Practices

In rainfed agriculture, assumptions have been made that irrigation is
very exceptional, and therefore WPP best reflects the productivity be-
fore correctionsare madefor other soil constraints. Inirrigated farming,
major constraints coming from water shortage will be removed accord-
ingtoinput levelsand therefore the actual evapotranspiration will bein-
creased and higher production will be achieved.

Theinput levels have been set as low, medium and high, and values
of 0.6, 0.8 and 1.0, respectively, have been designated to the manage-
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ment coefficient (M,), after examining agricultural economic condi-
tions and farming be¥1aviors of local farmersin Caoxian.

Land Production Potential

Thefirst predicted production potential (RPP) has been corrected for
water availability, soil related factors and the socio-economic corre-
lated management factors. All major factors that play arole in the en-
ergy, material and monetary circulations of the crop production process
have been examined and included into the eval uation procedure. There-
fore, LPP isthe most comparative estimate of the actual land productiv-
ity. Tables 8 and 9 present the LPP results under different scenarios.

Matching Predicted and Observed Yields

Multi-year averages of yieldsfrom 10 out of 17 soil unitsin Caoxian
have been collected based on a matching/overlaying inventory using

TABLE 8. Land production potential for rainfed farming (tons-ha~1)

Soil High input Medium input Low input
Wheat Maize Wheat Maize Wheat Maize
Call 2.9 4.8 2.3 3.8 1.7 29
Cal2 25 4.8 2.0 3.9 15 2.9
Cal3 2.9 4.7 2.3 3.8 1.8 2.8
Ch21 2.2 4.1 1.8 3.3 1.3 2.5
Ch22 1.8 3.2 1.5 2.6 1.1 1.9
Ch23 2.0 3.2 1.6 2.6 1.2 1.9
Ch24 2.2 4.9 1.7 3.9 1.3 29
Cc51 24 3.7 1.9 3.0 1.4 2.2
Cch2 2.3 3.8 1.8 3.0 1.4 2.3
Cc53 0.6 15 0.4 1.2 0.3 0.9
Cd71 0.0 0.0 0.0 0.0 0.0 0.0
Cd72 0.0 0.0 0.0 0.0 0.0 0.0
Dall 0.0 1.0 0.0 0.8 0.0 0.6
Da22 0.0 0.0 0.0 0.0 0.0 0.0
Eall 0.0 0.0 0.0 0.0 0.0 0.0
Eal2 0.0 0.0 0.0 0.0 0.0 0.0
Ib11 2.4 35 1.9 2.8 1.4 2.1
Weighted mean 2.2 3.9 1.7 3.1 1.3 2.3
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TABLE 9. Land production potential for irrigated farming (tons-ha=1)

Soil High input Medium input Low input
Wheat Maize Wheat Maize Wheat Maize
Call 75 5.2 6.0 4.1 4.5 3.1
Cal2 6.6 5.2 5.2 4.2 3.9 3.1
Cal3 7.0 4.7 5.6 3.8 4.2 2.8
Cbh21 5.9 4.7 4.7 3.7 3.5 2.8
Ch22 4.9 3.6 4.0 2.9 3.0 2.2
Cb23 53 3.6 4.3 2.9 3.2 2.2
Ch24 5.7 53 4.5 4.2 3.4 3.2
Cc51 6.4 4.2 5.1 34 3.8 25
Cch2 5.9 4.1 4.7 3.3 3.5 25
Cc53 15 1.6 1.2 1.3 0.9 1.0
Cd71 0.0 0.0 0.0 0.0 0.0 0.0
Cd72 0.0 0.0 0.0 0.0 0.0 0.0
Dall 0.0 11 0.0 0.9 0.0 0.7
Da22 0.0 0.0 0.0 0.0 0.0 0.0
Eall 0.0 0.0 0.0 0.0 0.0 0.0
Eal2 0.0 0.0 0.0 0.0 0.0 0.0
Ib11 6.6 4.6 5.3 3.7 4.0 2.8
Weighted mean 5.8 4.3 4.7 3.5 35 2.6

the GIS methodology applied. Village level yield data are well docu-
mented in the agricultural statistical yearbooks published by the local
authorities. Table 10 lists alimited time series of area-wide yield data
for the past 50 years. The above-mentioned 10 soil units take 98.3% of
the land surface in the study area. Such observed yields reflect the total
grain production on an annual basis. Considering that rotation of winter
wheat and summer maize is fitting into one year in the study area
(2-crops-1-year cropping), the comparison ground exists. Predicted
yields of winter wheat and summer maize are drawn from the most
common scenario of medium input and half rainfed by half irrigated
lands. Table 11 summarizes the predicted and observed yields.

The combined yield of grainswas 1.5 tons-ha—1 during 1950-1970in
Caoxian. Thisfigureincreased to 3.5 tons-ha—1 during 1970-1980 but is
still lower than the land production potential under rainfed farming with
low input, which is 3.6 tons-ha—1. However, the situation changed dra-
matically since the Chinese rural reforms in late 1970s. The combined
grainsyield reached 8 tons-ha~1 during the period of 1980-1995, which
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TABLE 10. Yield records of wheat and maize in a time series

Wheat Maize

Sowing Harvest Yield Sowing Harvest Yield
Year (ha) (ton) (kg-ha—1) (ha) (ton) (kg-ha—1)
1950 55,267 24,621 446 7,867 3,186 405
1955 76,467 61,422 803 11,867 6,987 589
1960 60,867 37,935 623 3,267 2,808 860
1965 42,333 28,099 664 7,933 9,336 1,177
1970 44,867 34,525 770 9,333 16,660 1,785
1975 48,467 67,975 1,403 15,400 35,921 2,333
1980 49,000 104,003 2,123 15,600 38,493 2,468
1984 67,067 249,488 3,720 9,000 34,560 3,840
1992 72,201 306,891 4,251 21,373 113,692 5,319
1993 77,185 342,210 4,434 32,636 153,017 4,689
1994 71,823 355,314 4,947 30,592 146,688 4,795
1995 76,334 355,377 4,656 39,380 215,760 5,479

TABLE 11. Predicted and observed yields (tons-ha=1)

Predicted LPP Observed

Soil R-M* I-M* Sum yield

Wheat Maize Wheat Maize Grain Grain
Call 2.3 3.8 6.0 4.1 8.1 7.8
Cal2 2.0 3.9 5.2 4.2 7.7 7.0
Cal3 2.3 3.8 5.6 3.8 7.7 7.3
Ch21 1.8 3.3 4.7 3.7 6.7 6.2
Ch22 15 2.6 4.0 2.9 55 6.0
Ch23 1.6 2.6 4.3 29 5.7 5.8
Ch24 1.7 3.9 45 4.2 7.2 6.7
Ccbh1 1.9 3.0 51 3.4 6.7 7.2
Cc52 1.8 3.0 4.7 3.3 6.4 5.7
Cc53 0.4 1.2 1.2 1.3 2.0 3.0

* R-M = Rainfed farming with medium input; I-M = Irrigated farming with medium input.

is equivalent to the land production potential under irrigated farming
with medium input. The current figure of combined grain yield was
10.1tons-ha—1in 1997, which already equalsthe LPP of irrigated farm-
ing with high input. The potential to produce more food under the cur-
rent technological conditions decreases accordingly.
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The above analysis suggests that the grain production in Caoxian is
nearly reaching itsfull potential. It is necessary to assessthe population
carrying capacity of the land resources in Caoxian by examining the
grain consumption habits of the local people.

Studies (Ding Shengjun, 1988; CAS Study Group, 1989; Tang and
Ye, 1995; Tang et a., 1997) concerning the quality of land resources,
the consumption of grain products in Chinaand the general conditions
in which the Chinese economy is now growing, a quantity of 400 kg of
grain was suggested to be the annual consumption level inthe middle of
the 1980s. It also recommended an aternative figure of 450 or 500 for 5
or 10 years, respectively, since then. Such figures were broadly applied
later as the low, medium and high levels of grain consumption.

It has been clear that the productivity of 10 tons-ha—1 of grain means:
(2) irrigated farming system; (2) such system ensures 50% of the arable
land under irrigation; and (3) ahigh level of input. Such conditions are
feasible in Caoxian County. The irrigated land surface accounted for
65% of al the sowing areain 1997. A high level of input is not aways
possible sinceit involvesthe rate of return of the capital inputs, the ex-
pectation of the harvest and the individual willingness. However, ame-
dium input level can be assumed and the capital agricultural goods are
getting relatively more easily available as time progresses.

The scale of the grain production in Caoxian in recent yearsis at the
level of 630,000 tons. Taking the criteria of per capita grain consump-
tion of 400, 450 and 500 kg, the population carrying capacity is there-
fore estimated as 1.58 million, 1.40 million and 1.26 million, respectively.
So, under the high level of grain consumption, the agricultural land re-
sources in Caoxian can support 1.26 million people (equivalent to 640
people per km2), which is slightly more than the current population of
1.16 million (equivalent to 590 people per km2).

Guidelinesfor Sustainable Use of Land Resources

It has been realized that there are no fundamental deficienciesfor ag-
riculture to be astrong enginefor economic growth asawhole (Schultz,
1964). However, it isonly half done to merely transform the traditional
agriculture into a highly proficient economic sector. Efforts have to be
made to maintain the sustainability of land resources, the physical basis
of agriculture (Ye and Tang, 1996).
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The soil resource with its various functions is of direct or indirect
benefit to man and environment. Resilience has to be maintained for
sustainable use. Sustainable land use refers to maintaining the three
ecological functions of soils: (1) biomass production; (2) filtration, buff-
ering and transformation of incoming materials and water; and (3) habi-
tats for organisms, including people. It also refers to maintaining its
suitability for three spatial attributes: (1) space for housing, industry,
infrastructure, etc.; (2) spacefor extraction of mineral and other non-re-
newing resources; and (3) areas of cultural heritage. In aword, sustain-
ableland use requires maintaining all land in a condition of usefulness,
long-term productivity and ecological stability.

Asclaimed in Our Common Future (WCED, 1987), the ability of the
land resources for future generations to meet their own needs cannot be
compromised. Thus, concerning the current conditions in Caoxian, the
following guidelines are suggested to lead to a sustainable use of the
land resources.

Population control: Although grain production in Caoxian still meets
the needs of the local people, it could be harmful to have an abnormal
growth rate of population. Along the economic development process, it
is quite clear that the proportion of the traditional agricultural sector
will drop compared to the rise of other sectors like industries or even
services. The need of arable land to be used for non-agricultural pur-
poseswill be high. Thereisalready atendency for the arableland to de-
crease in the past 10-20 years. Nevertheless, population control is not
merely a precaution. It is a concrete measure in the sustainable use of
agricultural lands in the long run.

Integrated management of the land resources: The management of
land resources emphases not only on the waste of the land resources but
also on the abuse of the land resources. FAO indicates that sustainable
agricultural development is oriented to both technological and institu-
tional changes. Thereis much work to do under thisframework. For ex-
ample, setting up a resource accounting mechanism would be very
helpful to curb the improper use of land resources.

Appropriate technology: Modern agricultureisthefossil agriculture,
which compromised the sustainable basis of the land resources. Appli-
cation of large amounts of pesticides and herbicides not only endangers
human life but also damages the resilience of the land resources. Sus-
tainable agriculture is not limited to the context of ecological agricul-
ture, but they share much in this concern.

Improvement of farming system: Caoxian agriculture is typically a
traditional intensive farming system. The crop intensity index has been
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high for decades and the on-going rotation and inter-cropping farming
practices are in the margin of the soil tolerance to maintain resilience.
The magjority of Caoxian soilsare of asandy texture, with difficultiesin
holding nutrients. A low content of organic matter is another threat to
productivity on asustainable basis. Since the population pressureis not
ashigh asin other areasin southeast China, arectification of the current
farming system is urged to be studied and to be conducted. There exists
apossibility of introducing afallow rotation system into the local agri-
culture. Fallow could enhance the resilience of the soil base. All mea-
suresleading to an increase of the organic matter content in the soil are
encouraged.

CONCLUSIONS AND RECOMMENDATIONS

The whole set of land evaluation methodologies applied is feasible
and achieved satisfactory results in the data collected from the study
area. Nevertheless, the methodology applied remains a guideline. Pa-
rameters, even estimated on the basis of the local conditions, are better
than a blinding average value when the tested values of the parameters
arenot available. Inaccuracies of the results obtained in this study could
result from the lack of detailed soil analytical data. Many soil-related
parameters are estimated. Corrections made on the basis of broad infor-
mation to the important crop parameters could also result in inaccura-
cies.

The selected land utilization type reflects the reality of grain produc-
tion in Caoxain both in quantitative and in qualitative aspects. The pre-
dicted yields through different levels of production potentials fit into
corresponding management conditions along tens of years in the past.
The assumed scenarios reflect the management levels and work satis-
factorily. A new way to manage the land resources on a sustainable ba-
Sis is possible under current conditions. Measures can be taken to
increasetheresilience of the soil base of theland resources. Appropriate
technologies will increase the tolerance intensity of the soil. Constitu-
tional changeshaveto beintroduced into the system to maintain the sus-
tainable use of the land resourcesin the long run.

Following points are recommended for future studies: Adaptation of
the land evaluation guidelines into the specific study areasisawayson
top of the task list; the exchange of the Chinese soil classification sys-
tem into a FAO or USDA system, or vice versa, will greatly facilitate
the progress and the accuracy of the evaluation; the automated land
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evaluation system, combined with a geographical information system,
will not only improve the availability of evaluation results, but promote
land evaluation to much broader users as well. The land evaluation ap-
proach in agricultural sustainability studiesisanideal field for decision
support system (DSS) and/or expert system (ES), both in the core of
modern artificial intelligence (Al) theories, to apply. However, aland
information database remains the first step.
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