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Abst rac t :  Three factors contributing to the increase of cocoon output are: the cocoon output per box, the 
area of mulberry field, and the egg amount raised per unit area of mulberry field. These three main factors 
were analyzed based on the statistical data on cocoon output collected in Zhejiang Province from 1963 to 1998, 
mad the proportions of the contribution to the increase of cocoon output were calculated by the factorization 
method. The results showed that the importance of the factors in increasing cocoon output was in the order: 
egg amount raised per unit area of mulberry field > cocoon output per box > area of mtdberry field. 
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INTRODUCTION 

Traditional silk products export from China 
dominate world silk markets; totaled 4 2 . 2  bil- 
lion US $ during 1 9 5 0 -  1998; and have a sig- 
nificant role in China' s foreign trade and nation- 
al economics. After Ch ina '  s development of 
sericulture techniques and the expansion of pro- 
duction scale,  cocoon output increased very fast 
except for a few years. However, what are the 
main factors contributing to cocoon output in- 
crease? How to measure the proportion of their 
contribution individually7 These very important 
problems in sericuhure economics were studied 
by the factorization method using 1963 - 1998 

cocoon output data collected in Zhejiang Prov- 
ince.  

METHODS 

Object ive  
As one of the highest quality cocoon produc- 

tion provinces with the most systematically col- 
lected sericuhure data among all the main cocoon 
production provinces (Table 1 ) ,  Zhejiang Prov- 
ince has a long sericuhure history, so its sericul- 
ture techniques were selected as representative of 
those of the whole country and selected as the 
target of the present study. 

Table 1 Yearly cocoon output in main  cocoon production provinces of China(104 tons) * 

1980 1985 1990 1995 1998 
Province 

Output( % ) Output( % ) Output( % ) Output( % ) Output( % ) 

Zhejiang 6 .5  26 .0  8 .5  25.1 11.8 24 .6  12.2 16.1 10.4 24 .0  

Jiangsu 3 .8  15 .2  7 . 2  21 .5  12.0  25 .0  18 .6  24 .5  8 . 9  2 0 . 6  

Sichuan a 9 . 2  36 .8  10.0 29 .8  14.3 29 .9  20 .3  26 .7  8 . 6  19.9  

Guangdong 2 . 2  8 . 8  2 .1  6 .3  2 . 6  5 . 3  3 . 3  4 . 3  1.5 3 .5  

Country-wide 25 .0  1130.0 33 .6  100.0 4 8 . 0  100.0 7 5 . 9  100.0 43 .2  100.0 

Source:(CHINA STATISTICAL YEARBOOK))." Before 1996, cocoon output of Sichuan province included that of Chongqing 

* Project supported by the Scientific Research Fotmdation for Returned Overseas Chinese Scholar, State Education Ministry. 
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M e t h o d  of  m e a s u r e m e n t  
Cocoon output can be resolved into three 

contributing factors : cocoon output per box, area 
of mulberry field, and egg amount raised per 
unit area of mulberry field; and can be ex- 
pressed by the following formula: 
Cocoon output = cocoon output per box x area 

of mulberry field x egg 
amount raised per unit area of 
mulberry field 

Analysis of collected data on the above three 
factors will yield their propertional contribution 
to the cocoon output. 

RESULTS AND DISCUSSION 

The  characterist ics  and  trend o f  c o c o o n  pro-  
duc t ion  in Z h e j i a n g  Province  f r o m  1963 to 
1998 

1. Overall characteristics 

The development of cocoon production in 
Zhejiang Province showed the following three 
characteristics after 1963: constant increase of 
cocoon output in overall trend, unbalanced de- 
veloping speed in different stages, insignificant 
area increase in mulberry field, which showed 
that the increase of cocoon output mainly de- 
pended on the increase of the cocoon output per 
box and the egg amount raised per unit area of 
mtdberry field. 

2. Characteristics and trend of different stages 

In order to understand the trend of cocoon 
output clearly, three-year-shifting revision meth- 
od was used to analyze the data on cocoon pro- 
duction from 1963 to 1998 (Table 2 ) .  The re- 
suits are shown in Fig. 1. 

In Fig. 1, the area of mulberry field changed 
slightly, it only increased by 2 9 . 3  % compared 
to the maximum production year (1994) and the 
minimal production year (1964) .  But there were 

significant increases in cocoon output per box, 
egg amount raised per unit area of mulberry 
field, and cocoon output. The cocoon output per 
box of the highest production year (1984)  in- 
creased by 6 3 . 5  % over that of the lowest pro- 
duction year (1964) .  The egg amount raised per 
unit area of mulberry field of the highest produc- 
tion year (1992) increased by 2 9 8 . 3 %  over that 
of the lowest production year ( 1 9 6 4 ) ,  and the 
total output in the highest production year 
(1993) increased by 6 4 9 . 7 %  over that of the 
lowest production year ( 1 9 6 4 ) .  Analysis of the 
above factors show that the increase of cocoon 
output was mainly due to the advance of science 
and techniques which enhanced the cocoon out- 
put per box and the egg amount raised per unit 
area of mulberry field. 

According to the range of output fluctuation, 
the changing process of 34 years can be divided 
into four main stages, the average growth rate 
per annum was 1 1 . 6 %  from 1964 to 1974, 
- 2 . 1 %  from 1974 to 1977, 6 . 3  % from 1977 

to 1993, - 9 . 1 %  from 1993 to 1997. 
The changes of the cocoon output per box 

could be divided into six stages: the average 
growth rate per annum was 3 . 6 %  during 1964 - 
1973, 0 %  during 1 9 7 3 -  1978, 2 . 8 %  during 
1978 - 1984, 0 %  during 1 9 8 4 -  1988, 
- 1 . 9 %  during 1988 - 1994 and 3 . 7 %  during 
1 9 9 4 -  1997. The statistics show that there were 
two fast increase stages: first from 1964 to 1973 
and then from 1978 to 1984, mainly due to the 
development of new silkworm and mulberry vari- 
eties, the adoption of new techniques and eco- 
nomic policy, and also to the role of science and 
techniques in the process of breakthrough-stabili- 
zation-breakthrough. The year-by-year decreas- 
ing trend in fluctuation of cocoon output per box 
showed that the sericulture farmers had learned 
advanced techniques in Zhejiang Province. 
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Table 2 Statistical data on sericulture production in Zhejiang Province ( 1963 - 1998) * 

Cocoon output Eggs reared Cocoon output per box Egg amount raised per unit Area of 
Year (1000 tons) (10 000 boxes) (kg/per box) area of mulberry field mulberry f idd 

( b o x e s / h a . )  (10 000 ha.  ) 

1963 13 .6  7 4 . 6  18 ,3  9 . 7  7 , 7  

1964 16 .6  7 7 . 9  2 1 . 3  10.1 7 . 8  

1965 24 .1  9 4 . 2  2 5 . 6  12,1  7 . 8  

1966 29 .1  108 .4  2 6 . 9  14 ,0  7 . 8  

1967 2 6 . 8  113 .9  2 3 . 6  14 .7  7 . 8  

1968 3 7 . 9  130 .2  29 ,1  16 .8  7 . 8  

1969 4 0 . 7  146 .3  2 7 . 8  18 .7  7 . 7  

1970 4 1 . 3  158 .7  2 6 , 0  2 0 . 0  8 . 1  

1971 43 .1  163 .4  2 6 . 3  2 0 . 2  8 .1  

1972 5 1 . 0  167 ,5  3 0 . 4  2 0 . 4  8 .1  

1973 5 3 . 8  181 .4  2 9 . 7  2 1 . 7  8 . 4  

1974 57 .1  185.1  3 0 . 8  2 1 . 6  8 . 5  

1975 5 1 . 6  185 .6  2 7 . 8  2 1 . 2  8 . 8  

1976 53 .1  172 .3  3 0 . 8  19 .7  8 . 9  

1977 5 2 . 6  173 .7  3 0 . 3  2 0 . 0  8 , 6  

1978 4 6 , 9  173 .8  2 7 . 0  2 0 . 5  8 , 5  

1979 5 7 , 8  173 .3  3 3 . 3  2 0 . 6  8 . 4  

1980 6 5 . 0  187 ,5  3 4 . 7  2 2 . 3  8 , 4  

1981 6 5 . 3  190 .7  3 4 . 3  2 2 . 6  8 . 5  

1982 67 .1  2 0 3 . 3  3 3 . 0  2 3 . 9  8 . 5  

1983 62 .1  181 .5  3 4 . 2  2 1 . 3  8 . 5  

1984 7 0 . 2  194 .9  3 6 . 0  2 2 . 6  8 . 6  

1985 8 4 . 2  2 3 2 . 0  3 6 . 4  2 6 . 9  8 . 8  

1986 8 9 . 0  2 6 8 . 9  33 .1  3 1 . 5  8 . 6  

1987 9 8 . 0  2 6 8 . 9  3 6 . 4  3 2 . 2  8 . 3  

1988 106 .0  2 9 6 . 8  3 5 . 7  3 5 . 8  8 . 3  

1989 114 .0  3 4 3 . 8  3 3 . 2  4 0 . 8  8 . 3  

1990 118 .0  372 .1  3 1 . 7  4 2 . 3  8 . 7  

1991 119 .0  3 8 5 . 8  3 1 . 0  4 1 . 5  9 . 3  

1992 141 .0  4 1 5 . 7  3 3 . 8  4 2 . 8  9 . 9  

1993 132 .0  4 3 3 . 0  3 2 . 5  4 3 . 4  10 .0  

1994 134 .0  411 .1  3 4 . 3  4 1 . 1  10.1  

1995 122 .0  404 .1  3 1 . 9  4 2 . 0  9 . 9  

1996 83 .7  2 6 2 . 7  3 3 , 6  2 9 . 3  8 . 8  

1997 9 4 . 8  2 5 9 . 6  3 8 . 5  3 1 . 3  8 .1  

1998 104 .0  2 8 8 . 8  3 8 . 0  3 5 . 5  8 .1  

* Source: The data (1963 - 1995) comes from ((Agrieuhure Production Statistics in Zhejiang Provinee))compiled by the Statistical Bureau of Zhejiang Prov- 
ince. The data of eggs after 1993 is adjusted according to the increase of egg amount per box. 

The area of mulberry field has been relatively 
stable. From 1964 to 1976, its average increase 
rate per annum was 1. 1 % ,  - 1 . 0 7 %  from 
1976 to 1980, 0 . 2 %  from 1980 to 1988, 3 . 8 %  
from 1989 to 1994, - 5.  8% from 1994 to 
1997. 

The egg amount raised per unit area of mul- 
berry field is an important indicator of the utili- 
zation rate of mulberry field. Its changes could 
be divided into fore: stages: its average growth 

rate per annum was 7 . 3 %  during 1 9 6 4 -  1974, 
- 2 . 4 %  during 1 9 7 4 -  1977, 5. 1% during 
1 9 7 7 -  1992, - 5 . 5 %  during 1992 - 1997. 
The relatively higher increase from 1964 to 1974 
was mainly due to the increase of mulberry leaf 
yield per unit area due more frequent application 
of fertilizers and the increase of rearing times per 
annum was due to application of artificial hatch- 
ing techniques. The higher increase from 1977 to 
1992 was mainly due to the great increase of 
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mulberry leaf yield per unit area what was caused 
by the popularization of new mulberry varieties 
such as tetraploid plants. However, panic buy- 
ing of cocoons caused cocoon production to in- 
crease greatly and broke the balance of supply 
and demand which led supply > demand after 
few years. Supply > demand made cocoon price 
dropped down dramatically and decreased the 
volume of silk expert which resulted in the low 
utilization rate of mulberry field, because many 
sericulture farmers gave up silkworm rearing dur- 
ing 1 9 9 2 -  1997. 

Determination of  the main factor ' s  propor-  
tional contribution to the increase of  cocoon 
output 

The increase of output is due to the increase 
of: cocoon output per  box, area of mulberry 
field, and egg amount raised per unit area of 
mulberry field. Here the concept of each factor'  
s proportional contribution to increase of cocoon 
output is used.  

Let A to be the output change of the analyzed 
year compared to the base year. X1 and Y1 repr- 

esent the egg boxes raised and the cocoon output 
per box in the base year,  respectively. X2 and 

I/-2 represent the egg amount raised and the co- 

coon output per box in the analyzed year,  re- 
spectively, then : 

A = (X2 - X1)Y1 + (Yz - Y 1 ) X 1  + 

( X 2 - X i ) ( Y 2 -  Y i )  = 

( X  2 - X l ) - 1 / 2 (  Y1 + Y2)  + ( I12 - Y1)  ~ 

1/2(X1 + X2) (1 )  
( X2 - X1 )" 1/2( Y1 + Y2 ) was considered as 

the contribution of egg boxes raised, ( Y2 - YI )" 

1 / 2 (  X 1 -I- 2 2 ) was considered as the contribu- 

tion of the cocoon output per box; Their propor- 
tional contributions are: 

dx = (X2 - X1)'I/2( Y1 + YE)/A'IO0 
dr = ( Y2 - Y 1 ) ' I / 2 ( X ,  + X2)/A'IO0 

In the same way, the increase of egg boxes 
raised is due to the increase of: mulberry field 
area, and egg boxes raised per unit area of mul- 
berry field. Then the proportional contribution of 
mulberry field area to the increase of egg boxes 
raised times the proportional contribution of egg 
boxes raised to the increase of cocoon output 
equals the proportional contribution of mulberry 
field area to the increase of cocoon output. Also 
the proportional contribution of egg boxes raised 
per unit area of mulberry field to the increase of 
egg boxes raised times the proportional contribu- 
tion of egg boxes raised to the increase of cocoon 
output equals the proportional contribution of egg 
boxes raised per unit area of mulberry field to the 
increase of cocoon output. The proportional con- 
tribution changes of cocoon output per box, area 
of mulberry field and egg amount raised per unit 
area of mulberry field to the changes of cocoon 
output in Zhejiang Province are shown in Fig. 2 
using 1964 as the base year.  

Fig. 2 shows that the importance of the main 
factors changed in different years,  and that their 
contribution to cocoon output increase was fid]y 
manifested after 1964. The proportional contri- 
bution to the increase of cocoon output was in the 
order: the increase of egg amotmt raised per unit 
area of mulberry field ( > 50 0% ) > the increase 
of cocoon output per box ( 2 0 %  to 4 0 %  ) > the 
area of mulberry field. 
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CONCLUSIONS AND SUGGESTIONS 

Conclusions 

1. Zhejiang P r ov i nce ' s  overall trend of co- 
coon production of has increased constantly since 
1963, while the developing speed in different 
stages was not stable. No significant increase 
showed in the area of mulberry field. Therefore, 
the increase of output mainly depends on the in- 
crease of cocoon output per box and egg amount 
raised per unit area of mulberry field. 

2 .  The most important factor causing cocoon 
output increase is the increase of egg amount 
raised per unit area of mulberry field; its propor- 
tional contribution is above 5 0 % .  The second 
important factor is the increase of cocoon output 
per box; its proportional contribution is 20% to 
4 0 % .  The area of mulberry field has the min- 
imal contribution. So the increase of cocoon out- 
put in Zhejiang Province mainly depends on the 
development of cocoon production techniques. 

3.  The factors affecting the cocoon output 
per box, the culture area of mulberry field, and 
the egg amount raised per unit area of mulberry 
field are very complicated, including populariza- 
tion of new mulberry varieties, rearing tech- 
niques and productive methods,  etc.  Therefore,  
the statistical data may not be very clear and 
definite.  

Suggestions 
Based on the analyzed results above, the fol- 

lowing suggestions can be used as reference for 
achieving stable and sustainable development of 
the sericuhure industry. 

1. Stabilizing the area of mulberry field, ad- 
justing the structure of sericuhure production, 
streamlining management.  

The area of mulberry field is the base to as- 
sure satisfactory cocoon output.  It must be stabi- 
lized or steadied by reclamation of wasteland, 
full utilization of side land,  or introduction of in- 
tercrops.  It is also important to make in great ef- 
forts in increasing investment and improving 

working conditions. 
2.  Accelerating transformation of sericulture 

technical achievements into practical production 
The application of agriculture t echn iques  re- 

search achievement in practical production is 
very inefficient in China, only about 3 0 % ,  
while it is 50 - 6 0 %  in developed countries. 
Therefore, it is very important for us to make 
great efforts in popularizing the sericulture tech- 
niques in order to reduce the difference of tech- 
nique between sericuhure farmers. 

3. Breeding new silkworm and mulberry va- 
rieties, developing techniques for saving labor 
force and making further improvements on the 
competition of sericulture. 

Profiting from the long history of silkworm 
rearing, sericulture farmers in Zhejiang Province 
learned advanced rearing techniques. It may be 
very difficult to increase the cocoon production 
significantly by improving rearing techniques,  so 
the most effective and economic way is to breed 
new silkworm and mulberry varieties develop 
techniques for saving labor and make further im- 
provements on land productivity and labor pro- 
ductivity. 
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