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ABSTRACT: Efficiency and sustainability of grain production are now important in China. In this study, the grain pro-
duction systems of Jiangsu and Shaanxi Provinces were compared, to analyze their efficiency and sustainability in
terms of utilization of natural resources, inputs of purchased energy and materials, and outputs. Flows of energy and
materials between environment and human society were identified, and the natural and human work involved in gener-
ating inputs as materials or energy were valued in terms of equivalent amount of solar energy required for their produc-
tion using emergy method. The results showed environmental resources were continually playing a less important role
in the systems, when inorganic subsidiary emergy inputs increased drastically while organic ones decreased or in-
creased little. Deterioration of input emergy structure affected the systems’ efficiency and sustainability, resulting in e-
mergy investment ratios and environmental loading ratios increasing while yield ratios and sustainability indices de-
creasing. In general, efficiency and sustainability of grain production in Jiangsu are worse than those in Shaanxi. This
analysis also suggested that inorganic subsidiary emergy should be introduced properly, and peasants in Jiangsu should

utilize natural conditions wisely while those in Shaanxi pay enough attention to soil and surface water conservation.
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1 INTRODUCTION

Grain production has always been top-priority issue con-
cerned by government and people (MA et al., 2002). Af-
ter China put household contract responsibility system
in force, its domestic issue of grain was basically settled
in the mid 1980s (MA and XU, 1999). However, in the
days when idea of sustainable development is broadly
accepted, efficiency and sustainability of grain produc-
tion are now in question, which have prompted interest
in reviewing grain production patterns we now adopt.
Emphasis has therefore been placed on enhancing ef-
ficiency and sustainability of grain production. As grain
production is not only the course of grain plant assimi-
lating and transforming materials and energy from na-
ture to part of itself through photosynthesis, but also the
course of human applying his knowledge or experience
and introducing subsidiary materials and energy from
human society to meet his purposes (HAO, 2002), such
production is always considered as one synthetic eco-e-
conomic system. To analyze the system need dissect
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grain production process, assess its inputs and outputs,
explore the cause to its unsustainability, and put forward
pertinent countermeasures. An important question thus
existed, how to handle physic-ecological and socio-eco-
nomic data simultaneously?

Taking the form of currency, economy analysis is a
familiar method to reflect the system'’s function and ef-
ficiency. Although the method is simple and widely
used (XIE, 1998), it neglects the environment’s contri-
bution, and conclusion of one time can not be compared
with others at another time. Energy analysis method has
much progress in evaluating the system. However, it
does not consider environment’s contribution either and
mixes quality discrepancy of different energy. Many
scholars thus hold dissidence to it (ODUM, 1996;
BROWN and ULGIATI, 2001). The importance of
grain production for China highlights the need for more
suitable approaches to analyzing the system. In this
study, method of emergy accounting developed by O-
DUM (1996) was selected as it offers a means of quan-
tifying both socio-economic inputs’ work and environ-
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mental one. The aim is to compare efficiency and sus-
tainability of the system in different parts of China,
taking Jiangsu and Shaanxi provinces as cases. Here
efficiency is intended as the ability to yield more but
consume less, while sustainability as having less inter-
ference and stressing on ecosystem and socio-economy
system.

2 METHOD

Emergy theory was founded by American ecologist H
T ODUM, based on energy value theory, aiming to
study ecosystem and human socio-economy system
(CHEN and XU, 2002). More and more people have
so far accepted the theory and its method. The theory
deems eco-economic system is self-organizing one
with dissipating structure, in which energy from the
sun is transported and transformed from low-grade
creatures to high-grade consumers. As part of energy
dissipates, the quantity of energy becomes less. Since
energy always converges at lower step to make less
other energy at higher step, energy hierarchy appears.
Thus, though energy decreases from lower step in the
hierarchy to a higher one, the transformed energy in-
creases ability.

In order to take into account the varied quality of en-
ergy, two terms—emergy and transformity were intro-
duced (ODUM, 1996). Based on this, energy in any
form can be transformed to same energy unit obtained
by multiplying the energy in Joules (or grams) by spe-
cific solar transformity (solar emJoules per Joules or
solar emJoules per gram), and the transformity can be
derived from previous studies (BROWN and HEREN-
DEEN, 1996, DAESEOK and SEOK, 2002). Readers
holding interests in fuller treatment can refer to O-
DUM (1996), BROWN and ULGIATI (2001) et al.

By attempting to account for all the work previously
involved in generating a kind of resources, product or
service, emergy method sets out to provide a scientific
basis for analysing grain-production system. One po-
tential advantage is the capacity to value natural re-
sources previously considered "free" (EDWARD and
TORBJORN, 2003). And what's most important is
that energy from any sources can be totalled and vari-
ous indices derived are more objective.

3 CASE STUDIES

Jiangsu Province, located in the east part of China, cov-
ers an area of 102.6x10°km? of which 69% is plain.
The temperate monsoon climate there is characterized
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by affluent precipitation and warm temperature. In
1980, there were 50.8567x10° people depending on a-
griculture, with net income of 217.90 yuan(RMB) per
capita. And in 2000, the number became 49.7227x10°
while net income became 3595.09 yuan. As peasant
population decreased, cultivated land per peasant in-
creased from 0.091ha in 1980 to 0.101ha in 2000. In
the system, rice, wheat and maize are mainly planted,
while soybean and tomato scatter.

Shaanxi Province is located in hinterland of China,
covering an area of 205.6x10°km? and topography
there is various. The climate is of continental monsoon,
with daily temperature between 7-16°C and annual pre-
cipitation 400—1000mm. In 1980, 23.25x 10°people too-
k part in agricultural activities, managing 3.816x10%ha
cultivated land, and the number became 10.13x10° in
2000 with 3.114x10%ha cultivated lands. Cultivated land
per peasant increased from 0.164ha to 0.307ha. Each
peasant’ s net income was 142.20 yuan in 1980 and
1443.86 yuan in 2000. Wheat, maize and rice are main
crops in the system, and tomato, soybean, millet and
broomcorn millet also play important role.

Following general analysis process given by emergy
analysts (ODUM, 1996; BROWN e al., 2001), the
study drew energy system diagram of gain production
system, worked out emergy analysis table of the sys-
tem in the two provinces (omitted here), and calculat-
ed relative indices. From Fig. 1, we can see grain-pro-
duction activity is driven by environmental emergy
and subsidiary one. In environmental inputs, those
from the sun, wind, rain and geothermal heat are re-
garded as free renewable emergy, while topsoil as
non-renewable one. Furthermore, subsidiary inputs can
be divided into inorganic (electricity, diesel, fertilizer,
pesticide, plastic, agricultural machinery, etc., they are
purchased and non-renewable) and organic ones (la-
bor, draught animal, seed and manure, they are indige-
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Fig. 1 Energy system diagram of grain production system
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nous and renewable). The flows were aggregated into
renewable environmental inputs (EmR), non-renewable
environmental inputs (EmN), purchased inorganic e-
mergy inputs(EmF), indigenous organic emergy inputs
(EmR1), total environmental inputs (Eml), total sub-
sidiary emergy inputs (EmU) and finally the total emer-
gy (EmY) being required to support the yield (Table 1).
These aggregated flows of emergy were used to derive
indices of input emergy structure, system’s efficiency
and sustainability as basis for comparing the two sys-
tems (Table 2, 3, 4 and 5). Thus results and conclusions
of emergy analysis are obtained by integrating the in-
formation given by these parameters. The data dealt
with here were taken from Statistical Yearbooks of the
two Provinces and Chinese Natural Resources Series,
the years selected are 1980 and 2000.
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4 RESULTS

4.1 Subsidiary Emergy Inputs
Table 2 shows organic subsidiary emergy had decreased
in the past 20 years (decreased by 39.7%) in Jiangsu,
while such index increased by 17.7% in Shaanxi. Con-
sequently, such variation results in organic subsidiary
energy input to grain production per hectare of Shaanxi
Province more than that of Jiangsu Province now, al-
though that was not the case in 1980. Additionally, in
organic subsidiary emergy inputs, labor emergy holds
rather large portion in both provinces. For example, the
proportion was 0.64 and 0.66 in Jiangsu in 1980 and
2000, while 0.43 and 0.50 respectively in Shaanxi
(Table 3).

Table 2 also shows inorganic subsidiary emergy densi-

Table 1 Emergy inputs and outputs of grain production systems in the two provinces

Jiangsu Province (x10?'sej)

Shaanxi Province (x10”'sej)

Item

1980 2000 1980 2000
Renewable environmental resources (EmR) 4973 4.791 4.108 3311
Non-renewable environmental resources (EmN) 0.134 0.095 2.938 2.013
Inorganic subsidiary emergy (EmF) 6.904 22.473 2.244 7.806
Organic subsidiary emergy (EmR1) 8.290 4811 5.106 4.839
Output (EmY) 20.301 32.170 14.396 17.969

Table 2 Emergy density of production systems in Jiangsu and Shaanxi provinces

Emergy density in Jiangsu Province Emergy density in Shaanxi Province

ftem 1980 2000 Variation 1980 2000 Variation
(10sej/ha) (10"sej/ha) (%) (10"sej/ha)  (10"sej/ha) (%)

Renewable environmental input 1.435 1.435 0 1.268 1.268 0
Non-renewable environmental input 0.039 0.028 -28.2 0.906 0.769 -15.1
Inorganic subsidiary emergy 1.990 6.717 237.5 0.691 2.986 332.1
Organic subsidiary emergy 2.386 1.439 -39.7 1.574 1.853 17.7

Table 3 Input emergy structures of production systems in Jiangsu and Shaanxi provinces

Jiangsu Province Shaanxi Province

Input emergy structure index Expression

1980 2000 1980 2000
Ratio of organic subsidiary emergy to inorganic subsidiary emergy EmR1/EmF 1.20 0.21 2.28 0.62
Ratio of labor emergy to total organic subsidiary emergy EmLab/EmR1 0.64 0.66 0.43 0.50
Ratio of fertilizer emergy to total inorganic subsidiary emergy EmFer/EmF 0.65 0.51 0.48 0.57
Ratio of environmental emergy to total emergy EmI/EmY 0.25 0.15 0.49 0.30
Ratio of non-renewable environmental emergy to total environmental emergy EmN/EmlI 0.03 0.02 0.42 0.38

ty increased from 1.99 x10%sej/ha to 6.717 x10"sej/ha
inJiangsu,while from 691x10"sej/hato 2.986x10"sej/ha
in Shaanxi, having increased by 237.5% and 332.1%
respectively. When these inputs, in both provinces, in-
creased drastically while organic ones decreased or in-
creased little, the ratio of organic subsidiary inputs to in-
organic ones continued to decrease, with the ratio being
1.20 in 1980 and 0.21 in 2000 in Jiangsu, and respec-
tively 2.28 and 0.62 in Shaanxi. Notably, chemical fer-
tilizer is always the main body of inorganic subsidiary

emergy inputs. Table 3 shows that the ratio of chemical
fertilizer emergy to total inorganic subsidiary emergy
inputs had decreased from 0.65 to 0.51 in Jiangsu. Op-
positely, such ratio had been increasing in Shaanxi,
from 0.48 to 0.57.

4.2 Environmental Emergy Inputs

The ratio of environmental emergy to total emergy
inputs shows the role environment plays in grain pro-
duction. In Shaanxi, the number was 0.49 in 1980,
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but in 2000 it became 0.30 (Table 3). Similarly,
the proportion decreased in Jiangsu, from 0.25 to 0.15
(Table 3).

Renewable environmental emergy density in Jiangsu
is always higher than that in Shaanxi, relating to its bet-
ter natural condition. However, Table 2 shows non-re-
newable environmental emergy density in Shaanxi was
much higher than that in Jiangsu, indicating grain pro-
duction activity in the former has inflicted serious de-
struction on local environment. For example, in
Shaanxi, the net topsoil emergy loss was 906x10'*sej/ha
in 1980, while total inorganic subsidiary emergy input
that year was only 691x10"sej/ha (Table 2). After many
years of administering, situation has been ameliorated.
However, the area of soil erosion was 128.8x10°km? in
2000, covering 62.61% of total area (MWR and CAS,
2002). So the proportion of topsoil emergy loss to total
environmental emergy inputs was still 0.38 in 2000. In
Jiangsu Province, the average proportion was only 0.02
in the past 20 years (Table 3).

4.3 Emergy Investment Ratio (EIR)

EIR means the ratio of purchased inorganic subsidiary
emergy fed back from economy system to indigenous
ones. In 2000, such ratios were 4.59 and 1.47 in Jiangsu
and Shaanxi respectively (Table 4), indicating pur-
chased emergy amounted to 4.59 and 1.47 times the
value of indigenous inputs in the two provinces. Com-
pared with the ratio of 1980, it had increased by 240%
and 359.4% respectively. As EIR, to a certain degree,
reflects situation of economy development for a region
(BROWN and ULGIATI, 1997), such increase verifies
that economic power of both provinces was strength-
ened during those years.

EIR of Jiangsu, on average, was 3.32 times that of
Shaanxi, indicating grain production level of the former
was higher than that of the latter. However, as great deal
of purchased emergy is input in Jiangsu, the grain’s
market competing ability is lower. Oppositely, grain of
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Shaanxi has competing advantage.

4.4 Emergy Yield Ratio (EYR)

In 1980, the EYRs of Jiangsu and Shaanxi were respec-
tively 1.34 and 1.96, and in 2000 the number became
1.18 and 1.42, having decreased by 11.9% and 27.6%
respectively (Table 4). As EYR is the ratio of the emer-
gy of a product to the emergy of the inputs received
from economy (SIMONE e al., 2001), such decreases
indicate grain production system’ s function of the
provinces is now turning inferior, input emergy being
transformed less efficiently and return on the same in-
vestment becoming less. When considered subsidiary e-
mergy inputs, such decreases coincide with the law of
diminishing return.

Although inorganic subsidiary emergy and total sub-
sidiary emergy inputs introduced to grain production
system in Jiangsu were higher than those in Shaanxi
whether in 1980 or in 2000, EYR of the former had
been always lower than that of the latter (Table 4).

4.5 Environmental Loading Ratio (ELR)

ELR is the ratio of total non-renewable emergy inputs,
external and local, to renewable environmental emergy
inputs and indigenous organic subsidiary emergy, and
such ratio in both provinces had simultaneously in-
creased. In Jiangsu and Shaanxi, for example, the ra-
tios were 0.53 and 0.56 in 1980 respectively, while in
2000 the numbers were 2.35 and 1.20, having in-
creased by 343.4% and 114.3% respectively (Table 5).
As the ratio acts as a indicator for the system’s func-
tion, the continuing increases mean the systems’ func-
tion is now degenerating, inflicting more pressure on lo-
cal environment.

ELR of Jiangsu’s grain production system was not
high in 1980, even lower than that of Shaanxi’s. How-
ever, such ratio in 2000 was nearly 2 times that of
Shaanxi’s, indicating pressure inflicted by grain pro-
duction is much higher than what Shaanxi’s grain pro-

Table 4 Efficiency indices for production systems in Jiangsu and Shaanxi provinces in 1980 and 2000

Jiangsu Province

Shaanxi Province

Efficiency index Expression
1980 2000 Variation (%) 1980 2000 Variation (%)
Emergy investment ratio EmF/Eml 1.35 4.59 240 0.32 1.47 359.4
Emergy yield ratio EmY/EmU 1.34 1.18 -13.6 1.96 1.42 -27.6
Table 5 Sustainability indices for production systems in Jiangsu and Shaanxi provinces
. Jiangsu Province Shaanxi Province
Sustainability index Expression
1980 2000 Variation (%) 1980 2000 Variation (%)
Environment loading ratio (EmF+EmN)/(EmR+EmR 1) 0.53 2.35 343.4 0.56 1.20 114.3
Sustainability index EYR/ELR 2.53 0.50 -80.2 3.50 1.18 -66.3




Emergy Analysis of Grain Production System in Jiangsu and Shaanxi Provinces

duction activity did.

4.6 Sustainability Index (SI)

Sustainability index, in Jiangsu, was 2.53 in 1980 and
0.50 in 2000, decreased by 80.2%. Similarly, the index
of Shaanxi’s decreased from 3.50 to 1.18, decreased by
66.3%. As SI can reflect compatibility of socio-econo-
my system with its surrounding environment, such de-
creases indicate grain production is now having more
interference on eco-environment, and the systems are
less sustainable.

The SI of Jiangsu's grain production system was low-
er than that of Shaanxi’s whether in 1980 or in 2000, in-
dicating the system of Jiangsu is less sustainable than
that of Shaanxi.  According to relative judgment
(ULGIATI and BROWN, 1998), grain production sys-
tem of Jiangsu was already consumer-oriented one in
2000. Although the system of Shaanxi still had contri-
butions to socio-economy system that year, it cannot be
regarded as a main energy source for the province any
longer.

5 DISCUSSION

The aim of this study is to use emergy method to ana-
lyze efficiency and sustainability of grain production
systems in different parts of China. This method pro-
vides an analytical framework and the results provide
much insight into the systems in the provinces and un-
derlying reasons.

5.1 Variation of Input Emergy Structure

As chemical fertilizers and agricultural machinery had
respectively substituted for manures and draught ani-
mals in Jiangsu, input organic subsidiary emergy per
hectare decreased. Oppositely, as peasants in Shaanxi
have limited money, they should input more indigenous
organic subsidiary emergy to maintain increasing need
for grain. Since each peasant in Jiangsu has less culti-
vated land and other organic subsidiary emergy inputs
are decreasing, peasants there produce grain more in-
tensively, resulting in proportion of labor emergy to to-
tal organic subsidiary emergy being larger than that in
Shaanxi.

As purchased emergy had already been input exces-
sively in Jiangsu, the pace of inorganic subsidiary emer-
gy increasing in Shaanxi is faster than the former. With
agriculture modernization developing in Jiangsu, chem-
ical fertilizers’ proportion to total inorganic subsidiary
emergy, affected by increasing of other inorganic sub-
sidiary items, started to decrease. Oppositely, as pur-
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chasing ability of peasants in Shaanxi is limited and the
effect of chemical fertilizers is over-weighted, they of-
ten choose them first.

As inorganic subsidiary emergy introduced increased
drastically while organic one decreased or increased lit-
tle and environmental resources remained, environmen-
tal resources are playing a less important role than be-
fore in both provinces, particularly in Jiangsu. Addi-
tionally, input environmental emergy in Jiangsu was
most renewable while non-renewable one occupies
large portion in Shaanxi.

As grain production system is driven by inputs from
environment and human society, they should be intro-
duced proportionally to form one appropriate structure.
Therefore, the variation of input structure in the two
provinces will surely affect the system's efficiency and
sustainability.

5.2 Grain Production System’s Efficiency

With economy developing, peasants have more money
to introduce industrial inorganic emergy, accompanied
by indigenous organic emergy, to grain production pro-
cess. As a result of inorganic subsidiary emergy inputs
drastically increasing while environmental emergy in-
puts remaining, EIR started to increase rapidly in the
two provinces. As Jiangsu shares higher economy de-
velopment than Shaanxi does, grain production system’
s EIR 1is always higher than that in the latter, indicating
free environmental resources were utilized more pro-
foundly.

Although more and more emergy was invested on
grain production, the two systems’ EYR decreased con-
tinually. The reason is that structure of input emergy
has not been optimized when scale of inputs was en-
larged. Facturaly, organic subsidiary emergy inputs
have not been added according to inorganic ones,
which also result in such ratio of Jiangsu being lower
than that of Shaanxi.

An efficient grain production system should use less
inputs but yield more outputs, so grain production sys-
tem’s EIR increasing while EYR decreasing indicate
the two provinces’ systems are now transforming input
resources with low efficiency.

5.3 Grain Production System’s Sustainability

A general definition of sustainable agriculture is "the
ability to maintain production over long time frames
despite major ecological and socio-economic perturba-
tions and stress" (ALTIERI, 1987), so sustainable grain
production system should have high EYR but low
ELR.
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As Jiangsu’s agriculture activity shares superior natu-
ral conditions and subsidiary emergy introduced was
most organic in 1980, grain production system’s ELR
was lower than that of Shaanxi’s. In the course of intro-
ducing inorganic subsidiary emergy drastically when
organic ones decreased and environmental input re-
mained, such ratio in Jiangsu continued to increase. Al-
though the ratio of Shaanxi’s also increased fast, it was
still lower than Jiangsu’s in 2000, because of inorganic
subsidiary emergy introduced there less than that of
Jiangsu and the system’s organic ones having increased
little.  As the stress on environment brought by grain
production is increasing while the systems’ emergy
yielding ability is decreasing, Sls for the two systems
are decreasing. The reason of this decrease also lies in
the fact of people laying particular emphasis on in-
putting more inorganic subsidiary emergy, which leads
the grain production systems in the two provinces to be-
come unsustainable.

5.4 Countermeasures

The findings in this study have profound implications
on grain production. As east part of China shares supe-
rior natural conditions, people there should utilize the
advantage scientifically, for example, to alter traditional
cropping system, to increase multiple crop index. Of
course, man’s behavior should not exceed renewable
environmental resources’ carrying capacity. While in
west part of China, as soil erosion is very serious, peo-
ple there should pay attention to soil and surface water
conservation.

To maintain grain production system efficient and
sustainable, subsidiary emergy should be input. As in-
dustrial subsidiary emergy with high quality should be
accompanied by organic ones with low quality (O-
DUM, 1996), we should introduce the two kinds scien-
tifically. Organic ones, particularly manures should be
added while inorganic ones input appropriately, propor-
tional to organic inputs.

6 CONCLUSIONS

Emergy analysis indicates the variation of input emergy
structure and difference of system’s efficiency and sus-
tainability. Subsidiary emergy inputs’ rapid increase
leads to worse emergy structure and decreasing effi-
ciency and sustainability. As peasants in Jiangsu lay
more emphasis on inorganic subsidiary emergy while
ignoring adding organic ones proportionally, efficiency
and sustainability of Jiangsu's grain production system
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are therefore lower than those of Shaanxi’s. Aiming to
alter the situation, pertinent countermeasures were put
forward. However, no single means can work efficient-
ly in isolation. Only can concerted measures increase
grain production system’s EYR on one hand and de-
crease its ELR on the other hand, namely prompt grain
production practice efficient and sustainable.

REFERENCES

ALTIERIM A, 1987. Agroecology—The Scientific Basis of Alter-
native A griculiure [M]. Boulder: Westview Press.

BROWN M T, HERENDEEN R A, 1996. Embodied energy anal-
ysis and Emergy analysis: a comparative view [J]. Ecological
Economics, 19: 219-235.

BROWN M T, ULGIATI S, 1997. Emergy-based indices and ra-
tios to evaluate sustainability: monitoring economies and tech-
nology toward environmentally sound innovation [J]. Ecolog-
ical Engineering, 9: 51-69.

BROWN M T, ULGIATI S, 2001. Measures of carring capacity
to evaluate economic investments [J]. Population and Enviro-
nment, 22(5): 471-501.

CHEN Dong-jing, XU Zhong-min, 2002. Emergy analysis of a-
gricultural eco-economic system in arid region of Northwest
China [J]. Journal of Glaciology and Geocryology, 24(4): 374—
379. (in Chinese)

DAESEOK K, SEOK S P, 2002. Emergy evaluation perspectives
of'a multipurpose dam proposal in Korea [J]. Journal of Envi-
ronmental Management, 66: 293-306.

EDWARD L, TORBJORN K, 2003. Emergy evaluation of three
cropping systems in southwestern Australia [J]. Ecological
Modelling, 161: 195-211.

HAO Qing-sheng, 2002. On the control of grain production sys-
tem [J]. Journal of Jilin Agricultural University, 24(3): 113 -
116. (in Chinese)

MA Ai-chu, YANG Gai-he, HEI Liang, 2002. China’s food pro-
duction countermeasures in WTO [J]. Journal of Northwest
Sci-tech University of Agriculture and Forestry (Social Scien-
ce),2(4): 10-14. (in Chinese)

MA Feng-lou, XU Chao, 1999. Food consumption and nutritional
and health status of Chinese population in the past five
decades [J]. Journal of Nuirition, 21(3): 249-257. (in Chinese)

MWR (Ministry of Water Resources of P. R. China), CAS (Chi-
nese Academy of Sciences), 2002. Atlas of Soil Erosion in
China [M]. Beijing: The Standard Press of China. (in Chinese)

ODUM HT, 1996. Environmental Accounting: Emergy and Envi-
ronmental Decision Making [M]. New York: Wiley.

SIMONE B, NADIA M, MARGHERITA P ei al., 2001. Sustain-
ability assessment of a farm in the Chianti area [J]. Jouwrnal of
Cleaner Production, 9: 365-373.

ULGIATI S, BROWN M T, 1998. Monitoring patterns of sustain-
ability in natural and man-made ecosystems [J]. Ecological
Modeling, 108: 23-36.

XIE Gao-di, 1998. Study on high efficiency utilization of Major
agricultural resources [J]. Resources Science, 20(5): 7-11. (in
Chinese)



