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TRANSLATORS’ PREFACE 

Nearly ten years ago, in the course of research on a point of Chinese economic 
history, the translators had occasion to consult T’ien-kung k’ai-wu. Its special 
quality made us realize how limited was our own knowledge of traditional 
Chinese technology. It occurred to us, as we enthusiastically pored over this 
work, that others might share our interest. 

T’ien-kung k’ai-wu, which may be rendered as “The Creations of Nature 
and Man,” is by no means the only or the oldest Chinese work on technological 
subjects, but while other works dealt with individual subjects, the present book 

covers practically all the major industrial techniques of its time, from agricul- 
ture, textiles, mining, metallurgy, and chemical engineering, to the building of 
boats and the manufacture of weapons. Professor Joseph Needham, author of 
the monumental treatise on Science and Civilization in China, calls it “an 
important book on industrial technology” of the early seventeenth century by 
“the Diderot of China, Sung Ying-hsing.” 

The original preface was dated 1637, but only a bare outline of the 
author’s life can be reconstructed from presently available sources.’ Sung’s 
early years were typical of those of a young man of a scholar-official family. He 
was born, probably shortly before the end of the century, in Feng-hsin, Kiangsi 
Province. In his youth he received the usual classical education and passed the 
public examinations to the level of a provincial graduate in 1615. Thereafter he 
served in a number of official capacities in several provinces, including his 
native Kiangsi. It was there, while serving as the Education Officer of Fen-i 
district, that he wrote the present book. In addition to T’ien-kung k’ai- 
wu, Sung wrote a work on phonology, and a collection of critical essays, but 
these have been lost. After the fall of the Ming dynasty in 1644 Sung, together 
with his elder brother Ying-sheng, retired to his native home and led a secluded 
life. The probable date of his death is placed at around 1660 by V. K. Ting. 

In the early years of Manchu rule, as he wrote a short biography of his 
brother Ying-sheng, who had taken his own life because of acute depression 
over the fall of Ming, Sung Ying-hsing could hardly have dreamed that it was 
he himself who was to achieve greater renown three centuries later. Neither 
could he have foreseen that, decades after the “alien” Manchu rulers had been 

overthrown, there would be a keen and widespread interest, both in China and 
abroad, in the technological history of the country, and that T’ien-kung k’ai- 
wu would benefit many scholars other than his book-bound contemporaries 
whom he so impatiently chided in the Preface. 

Although outstanding in scope and factual details, Sung’s was not the only 
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TRANSLATORS’ PREFACE 

book on science and technology produced in his period. At the end of the Ming 
dynasty (late sixteenth and early seventeenth centuries) many inquiring minds 
among the literati were rebelling against the futility of the idealist school of 
thought of Wang Yang-ming, and the result was the upsurge of interest in the 
materialistic aspects of life and the publication of several works of a factual and 
technological character that have since become classics in their fields. The 
seventeenth century as a whole saw the strengthening of this trend, which 
culminated in the thought and teachings of Wang Fu-chih and Yen Yuan and 
later in Tai Chen. Yen Yuan, the master of pragmatic philosophy, and Sung 
Ying-hsing would have found each other congenial; Yen planned for the 
curriculum of the Chang-nan Academy, of which he was the director for a short 
period in 1696, courses on military and industrial techniques in addition to 
those on classical studies.* When we compare Yen’s plan with the 1637 Preface 
of T’ien-kung k’ai-wu, the similarity of intent is obvious. 

Apart from the atmosphere of general reaction against idealist thought, 
the actual condition of Ming society must have helped inspire Sung’s book. 
Since the latter part of the sixteenth century the decline of Ming power has been 
accelerated by such familiar manifestations as corruption in government, popu- 
lar unrest, ineptness in dealing with external foes, and over-all economic 
maladjustment indicated by measures to change the tax system. In short, it 
was an era when the more thoughful educated people were casting about for an 
explanation of the ills of the times and above all for some far-reaching remedy 
that might help to avert a dimly sensed impending crisis. The first edition of 
T’ien-kung k’ai-wu was published only seven years before the Manchu forces 
toppled the moribund Ming dynasty, and the disturbed times were probably an 
added impetus goading Sung to undertake the writing of a factual book on the 
arts and techniques that went into the making of the necessities of daily life, in 
an attempt to persuade the vast majority of the scholar-officials that these too 
were matters that merited attention. The author was apparently a close associ- 
ate of his elder brother Ying-sheng, though their temperaments were obviously 
different. While Ying-sheng remained the more conventional Confucian 
scholar-official, who was later to end his own life as a final gesture of loyalty 
and patriotism, Ying-hsing expressed his concern over the state of the nation 
through positive use of the knowledge at his command. The note of conviction 
rings clear in his preface, in which he makes it plain that he was having 
T’ien-kung k’ai-wu published even though (he adds wryly) this work was not 
likely to advance any person’s official career. 

It has often been said that the coming of the Jesuit missionaries to China 
in the latter part of the Ming dynasty had greatly influenced the intellectual 
atmosphere of the times, and various works on technology, many of which were 
translations, are cited as proof of this thesis. While the Jesuits undoubtedly did 
contribute to the fund of scientific knowledge available in China in the six- 
teenth and seventeenth centuries, there is little indication in the present 
work—with the exception of certain items in the chapter on weapons—that 
they had greatly influenced the writing of Sung Ying-hsing. Seen from the 
perspective of more than three centuries, it appears that the Jesuits were so 
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TRANSLATORS’ PREFACE 

readily accepted by the Chinese because the conditions in China were then ripe 
for the introduction of materialist science, and the late-Ming literati such as 
Hsii Kuang-ch’i, who collaborated closely with the missionaries in scientific 
work, reflected the same sort of concern with technological knowledge as did 
Sung Ying-hsing when he labored over the draft of the present book. 

Finally, Sung’s home province might have provided much stimulus to his 
interest in matters industrial and technological. The mid-Yangste province of 
Kiangsi has been known for centuries for its rich products: rice and other 
agricultural goods, and above all for its fine porcelain and certain minerals, coal 

and copper among others. V. K. Ting points out that in Sung’s time natives of 
Kiangsi often worked as miners in neighboring provinces, and recent research as 
presented in the Yabuuchi volume shows that Sung Ying-hsing did in fact draw 
extensively upon the data available in his own province in describing many of 
the techniques of industry and agriculture. Thus, T’ien-kung k’ai-wu resulted 
from both the intellectural climate and an immediate local background in 
late-Ming China. 

Two editions of T’ien-kung k’ai-wu appeared before 1644, testimony that 
the book was well received by Sung’s contemporaries. But apparently no new 
editions were printed during the Ch’ing period, and until recently no copy of the 
Ming editions had come to light. Various portions of the book, however, were 
preserved in the eighteenth-century encyclopedia Ku-ching t’u-shu chi-ch’eng, 
in a compendium on agricultural techniques entitled Shou-shih t'ung-k’ao, and 
in an early nineteenth-century edition of the Gazetteer of Yunnan Province.* 
During the eighteenth century, one of the Ming copies was also reprinted in 
Japan. The current “resurrection” of T’ien-kung k’ai-wu dates from 1914 when 
V. K. Ting came upon quotations from it in the Gazetteer of Yunnan Province 
in sections dealing with the metallurgy of copper and silver. The only copy of 
the book he was able to find, however, was one of the Japanese copies the 
philologist Lo Chen-yii had brought back to China in the 1880’s. In 1927 after 

collating the Japanese copy with the portions of the book available in the 

Ku-chin t'u-shu chi-ch’eng, Mr. T’ao Hsiang reissued the work in China. A 

1929 reprint of the T’ao edition included a Supplement by V. K. Ting. In the 

early 1930’s at least one popular edition appeared, an inexpensive volume 

published as one of a series of books on Chinese culture designed for use by 

students.® During the 1950’s interest in this book was kept alive by a Japanese 

translation (Tenk6é kaibutsu no kenkya—Tokyo, 1953) and critical studies by 

the seminar of Prof. Yabuuchi and by a reprint in Taiwan, in popular format, 

of the second T’ao edition. It appears that no one had found any copy of the 

original book or was aware of the two Ming copies in the Bibliothéque Nation- 

ale in Paris—one each of the two Ming editions.° 

Finally in 1959, the Chung-hua Publishing Company of Shanghai re- 

printed in three attractive volumes the first Ming edition—322 years after its 

original publication in 1637. According to the publisher’s postface, the 

original copy had been in the private library of a family named Li in Ningpo, 

Chekiang, who had recently donated their collection of Chinese books to the 

National Library of Peking. 
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The appearance of the 1959 reissue helped to clear up an important 
question: what exactly did the illustrations look like in the original book? The 
T’ao edition (as explained by V. K. Ting) incorporated many drawings from 

the Ku-chin t’u-shu chi-ch’eng that were not in the Japanese copy; the added 
drawings are more ornate and perhaps to some eyes more pleasing, but they 
add nothing to the technical subjects being illustrated. Moreover, several of the 
figures in the second chapter (Clothing Materials) are identical with some in 
another eighteenth century compilation, the imperially commissioned Keng 
chih t’u or Pictorial Accounts of Agriculture and Sericulture. This variance led 
us to the conclusion that the “prettier” drawings in the Ta’o editions are in fact 
not the authentic Ming illustrations. The figures in the 1959 reproduction of the 
1637 version, on the other hand, are striking for their simplicity and clarity, as 
would have been approved, we believe, by an author whose main concern was 
didactic rather than esthetic. Although retaining those figures from the Ta’o 
edition that are not in the 1959 copy, we have indicated the source in the 

captions. 
In our present effort we are deeply indebted to the many scholars who 

have published works on the very wide spectrum of subjects treated in this 
book. We wish to express our special appreciation to Professor Lien-sheng 
Yang of Harvard University, who not only has given us encouragement and 
helpful suggestions from the beginning, but has also been good enough to read 
the present work in manuscript form. We are conscious of the fact that, in spite 
of our application, many imperfections still remain: for these the translators 
alone are responsible. 

E-tu Zen Sun 

Shiou-Chuan Sun 

October, 1962 

The Pennsylvania State University 
University Park, Pennsylvania 

NOTES 

1. The first biographical sketch of Sung Ying-hsing written in modern times was by 
the geologist V. K. Ting (Ting Wen-chiang), who gathered the data from various 
historical records and published his sketch, along with a critique of the book, in a 
supplement to the 1929 reissue: T’ien-kung k’ai-wu (in Hsi-yun-hsuan ts’ung-shu, 1929). 
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TRANSLATORS’ PREFACE 

This supplement is available also in a new “paperback” version of the 1929 edition that 
was published by the Chung-hua ts’ung-shu wei-yuan-hui in Taipei, 1955. Sung Ying- 
hsing’s life also appears in Arthur Hummel, ed., Eminent Chinese of the Ch’ing Period 
(Washington, D. C., 1944), pp. 690-691; and in Yabuuchi Kiyoshi, Tenk6é kaibutsu no 

kenkya (Tokyo, 1953), p. 11. 

2. Among the works that portray mainly indigenous Chinese technology written by 
men trained in traditional learning, we may mention the Pen-t’sao kang-mu (Materia 
Medica) by Li Shih-chen, and Wu-pei chih (Treatise on Weapons and Military Equip- 
ment) by Mao Yuan-i. 

3. Joseph Needham, Science and Civilization in China, vol. II, p. 915 (Cambridge 

University Press, 1956), II, 515; Hummel, II, 915. 

4. See Ting; Ts’ai K’o-nan, “T’ien-kung k’ai-wu tsai Chung-kuo chi-shu-shih shang ti 
chia-chih,” Cheng-lun chou-k’an (China Critic Weekly), no. 177 (May 27, 1958), pp. 

22-24; and Yuan Yuan, comp., Yun-nan t’'ung-chih (A Gazetteer of Yunnan Province), 

1835 ed., chs. 73, 74. 
5. Published by the Commercial Press, Shanghai, in its Kuo-hsueh chi-pen ts’ung- 

shu (Basic Books of Chinese Studies) series. 
6. Prof. L. S. Yang called attention to the Bibliothéque Nationale copies in his article 

reviewing the Yabuuchi volume, in Harvard Journal of Asiatic Studies, vol. 17, nos. 1-2 

(June, 1954), pp. 310-311. 





AUTHOR’S PREFACE 

TO THE EDITION OF 1637 

Under heaven and upon earth, things are to be numbered in the tens of 
thousands, and there are a like number of phenomena. All details are complete, 

nothing is overlooked: such cannot have been the fruit of human endeavors 
alone. Living amidst the myriads of things and phenomena, however, man still 
knows nothing of them unless one by one each thing is shown before his eyes 
and he is instructed about it by word of mouth. How much knowledge can one 
gain in this way? 

Of the tens of thousands of things and phenomena in the world, about half 
are of benefit to mankind and half not. A person who is endowed with 
intelligence and possesses a knowledge of the natural world is much respected 
by the multitude of ordinary folk. Yet there are those who, not being able to 
distinguish between jujube flowers and pear blossoms, would prefer to indulge 
in speculations about the water-plants of Ch’u; not knowing the measurements 
and care of cooking pots, would prefer to discourse emptily on ancient sacrifi- 
cial vessels of Lii; when they paint, they delight in depicting ghosts or monsters 
but scorn such common subjects as dogs or horses. Even if the talents of these 
people equal those of Kung-sun Ch’iao of Cheng and Chang Hua of Tsin,* they 
are still, I say, unworthy of emulation! 

We are fortunate to be living in an era of enlightened rule and great 
prosperity, when the carriages from Yunnan may be seen traversing the plains 
of Liao-yang [Southern Manchuria], and the officials and merchants from the 

southern coast travel about freely in Hopei. Within an area of some ten 
thousand square li, is there anything or any phenomenon that may not be seen 
or heard [by a person with an inquiring mind]? Had one been a scholar of the 
early Eastern Tsin or late Southern Sung period, then he would have regarded 

the local products of Yen, Ch’in, Chin, and Yii [the modern Hopei, Shensi, 

Shansi, and Honan provinces] as “foreign” goods. To obtain a fur hat he would 

have to resort to the channels of international trade! That indeed would be as 

if we were, today, trying to obtain the rare arrows made by the Su-shen 

tribesmen [in modern Kirin]. Furthermore, the scions of noble houses and the 

imperial princes are born and raised in vast palaces, cut off from the outside 

world. Yet, while the best rice is cooking in the palace kitchen, perchance one 

of the princes would wish to know what farming implements look like; or, while 

the officers of the Imperial Wardrobe are cutting suits of brocade, another of 

the princes might wonder about the techniques of silk weaving. At such times a 
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AUTHOR’S PREFACE 

volume of drawings that depict these tools and techniques will indeed be 
treasured as a thing of great value. 

During the past few years I have written a book entitled T’ien-kung 
k’ai-wu chiian, or A Volume on the Creations of Nature and Man, but it is 

sadly limited by the author’s lack of wealth. It was my wish to purchase some 
rare artifacts in order that [statements made in the book] might be objectively 
verified, yet I lacked the funds; and although I wished to gather a group of 
colleagues to discuss the general subject of the book and to ascertain the truth 
of its contents, yet there was no meeting place for such conferences to take 
place, The result, therefore, is that the book has been written entirely out of 
what I have carried in my own head, based on inadequate observations and 
scanty knowledge. How worthless such a work must be! However, I have a 
friend, Mr. T’u Po-chii, who is earnest and sincere in character, and is devoted 

to the study of natural phenomena. He believes that in any piece of writing, 
whether by a contemporary or past author, if there be one worthy sentence, or 
one iota of merit, then this work deserves to be completed and made known, 
and he himself would work diligently and faithfully to achieve that end. Last 
year my book Hua-yin kuei-cheng was entrusted to Mr. T’u for publication, 
following which, upon his suggestion, I am having the present work published. 
Is not this turn of events the handiwork of Fate? 

The present book is divided into three parts, the order of their contents 
arranged in such a way as to indicate my desire to emphasize the importance of 
the agricultural products and the subordinate roles of metals and gems. In the 
original draft there were two chapters on astronomy and music, but upon 
second thought I have decided to omit them before publication, as these 
subjects require a great deal of special knowledge that does not fall within my 
own field of interest. An ambitious scholar will undoubtedly toss this book onto 
his desk and give it no further thought: it is a work that is in no way concerned 
with the art of advancement in officialdom. 

Sung Ying-hsing, written in 
the Hall of Inquiry into the Home Arts, 
in the fourth month of 1637. 

* Kung-sun Ch’iao (Tzu-ch’an) of the Spring and Autumn period (770-403 B.c.), 
was a contemporary of Confucius. He served as chief minister of the state of Cheng for 
forty years, during which time Cheng was made strong enough to discourage invasion by 
its two strong neighbors, the states of Chin and Ch’u. This feat was held as evidence of his 
great administrative ability. Chang Hua lived-in the Tsin dynasty (A.D. 265-420). Learned 
in a wide range of subjects, he was the author of Po-wu chih or Account of Natural 
eheneres and Things. In later literary allusion he was often paired with Kung-sun 

jao. 
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Translators’ Notes 

We have preserved the original order of division 
of this book into eighteen chapters, which are 
grouped under three parts. The author ex- 
plained his reasons for this arrangement in the 
preface to the 1637 edition. 

In the translation, parentheses ( ) denote in- 

terlinear notes in the original text, and brackets 
[ ] indicate words added by the translators to 
clarify the text. 

Reference works consulted by us are listed in 
the Bibliographies. These works have been 
useful both as background material for the 
translation, and as sources for the brief notes 

at the end of each chapter. For the reader 
who is interested in pursuing individual topics 
further, they can serve as the basic bibliography 
on the historical as well as technical aspects of 
the subject matter. 



THE GROWING 
OF GRAINS 

~ 

Master Sung observes that, while the existence of the Divine Agriculturist 
of antiquity is an uncertain matter, the truth denoted by the two words of his 
name has existed down to the present day. Man cannot live long without the 
sustenance of the five grains; yet the five grains cannot grow of themselves; 
they must depend on man to cultivate them. The nature of the soil changes 
with time, and the species and properties [of the plants] differ according to 
the geographic environment. But why was it that the classification and expla- 
nation of the numerous varieties of grain had to await the coming of Hou-chi, 
even though a thousand years had elapsed between the time of the Divine 
Agriculturist and the Emperor T’ao-t’ang,* during which interval grain was 
used as food and the benefits of cultivation had been taught throughout the 
country? It was because the rich men regarded the [farmer’s] straw hat and 
cape as convict’s garb, and in aristocratic households the word “peasant” had 
come to be used as a curse. Many a man would know the taste of his break- 
fast and supper, but was ignorant of their sources. That the First Agriculturist 
should have been called “Divine” is certainly not the mere outcome of human 
contrivances. 

GENERAL TERMS 

“Grain” is not a specific term. The “hundred grains” refer to crops in 
general, while the “five grains” are sesamum, legumes, wheat, panicled millet, 
and glutinous millet. Rice is not included because the ancient sages who wrote 
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TIEN-KUNG K’AI-WU 

on the subject were natives of northwestern China.’ Nowadays seventy per cent 

of the people’s staple food is rice, while wheat and various kinds of millet 
constitute thirty per cent. Sesamum and legumes are used exclusively as vege- 
tables and [for making] oil, although tradition still classifies them among the 

grains. 

RICE 

There are numerous kinds of rice. Of the nonglutinous kind, the plant is 
denoted by one word and the grain by another, both of which are pronounced 
Keng; of the glutinous kind, the plant is called t’u and the grain nuo. (In the 
south [of the Yangtse River] where no glutinous millet is grown, wines are 

made from glutinous rice.) A further variety is originally nonglutinous, which 
yields a late harvest of slightly glutinous grains (commonly known as the “light 
of Wu-yuan” * variety, and is fit only for making gruel). As to shape, there are 
long-speared and short-speared rice (south of the Yangtse the long variety is 
called “early Liu-yang,”* and the short-speared “early Chi-an”°), long- 
grained and pointed-grained, round-top and flat-top grains, and so on. Colors 
of the grain vary from snowy white, ivory, and red, to semiviolet and dappled 
black. 

Rice should be planted in wet fields not earlier than just before the vernal 
equinox which is known as “she planting” (if the weather is cold the plants are 
sometimes killed by frost), and not later than the Ch’ing-ming festival.* Before 
planting the seeds are wrapped in straw and soaked for a few days until the 
shoots appear, then they are planted in the fields. When the shoots are about an 
inch high they are called “young plants.” After thirty days the young plants are 
thinned and transplanted; this should not be done, however, if the fields are 

suffering from drought or flood. When past the [transplanting] time the young 
plants will harden and develop sections [in their stalks], and if left thus in the 

field they will each produce only a few grains. One mou of young plants can 
provide rice plants for twenty-five mou of the transplanted fields. The early 
variety ripens seventy days after transplantation (of the many local names of 
this type I shall enumerate only a few: “quell-your-hunger” and “urgent- 
for-the-throat” for keng rice and “silver-wrapped-in-gold” for nuo rice), and 
the latest variety cannot be harvested until winter, since it has a growing period 
of 200 days. In Kwangtung, where there is neither frost nor snow in the rice 
region, rice is planted in winter and harvested in midsummer. 

Damage from drought is feared if rice plants are short of water for as 
many as ten days. The variety that is planted in the summer and harvested in 
the winter needs a field continuously fed by mountain streams; this is a hardy 
specimen, and this kind of soil is of a cold nature that does not stimulate plant 
growth. In lake-side fields the transplanting takes place in the sixth month 
[approximately the month of July in the solar calendar] after the summer 
innundations are over; meanwhile, the young plants are temporarily kept in 
high fields to await the proper time. In the southern plains the fields often yield 
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Figure 1-1. Soil is loosened by ploughing. 



T’IEN-KUNG K’AI-WU 

two harvests per year. The second crop is commonly called late-glutinous. 

When the first crop has been reaped in the sixth month, the same field is 

ploughed over, and the young plants of the second crop are planted. These 
young plants were sown at Ch’ing-ming at the same time as those of the early 
crop; yet while the latter cannot survive for one day without water, these plants 
[of the late variety] could live through the hot sun and dry weather of the fourth 
and fifth months [approximately May and June] without bad effects. This is a 
remarkable phenomenon.” If there is little rain during the autumn for the 
second rice crop, then the fields should be constantly irrigated and watered— 
such are the toils of the farmer for the making of Spring wine! All rice plants 
die if water is lacking for ten [consecutive] days, yet there has been developed 
an early nonglutinous strain that can be planted on high hills.* This is another 
remarkable phenomenon. The kind called “fragrant rice” is known for its 
fragrance and enjoyed by the aristocrats. With a small yield and lacking in 
nutritious value, this variety deserves no recommendation. 

THE CARE OF RICE 

The industrious farmer fertilizes his fields and stimulates the [growth of] 

rice in many ways, for when the soil is lean and depleted the spears of rice 
become sparse and barren. Commonly used throughout the country as fertiliz- 
ing agents are: human and animal excretions, dry cakes of pressed seeds 
(“dry” because the oil has been taken off; of these sesamum and turnip seed 
cakes are the best, next are those made from rape seeds, followed by the 

big-eyed t’ung seeds [Aleurites cordata], and lastly camphor, tallow, and cotton 

seeds), grass and tree leaves. (In the south where green lentil flour is made, the 

liquid waste is used in the fields as a very rich fertilizer. When the price of beans 
is low, soy beans can be cast into the field, each bean enriching an area about 
three inches square; the cost is later twice repaid by the grain yield.) If the soil 
contains cold paste,’ bone ashes should be sprinkled around the roots of young 
rice plants (the bones of any bird or animal will do). Lime should not be used 
to cover the plant roots in warm, sunny soil. When the soil is hard, rows should 
be ploughed and the clods stacked up, then wood is burned under them [to 

loosen the soil]. This method, however, is not suitable for clayey, carbona- 
ceaous, or sandy soil. 

THE CULTIVATION OF RICE: PLOUGHING, HARROWING, 
ROTARY HARROW, FOOT WEEDING, AND HAND WEEDING 

Where no second crop of rice is planted, the land should be turned 
immediately after harvest, so that the stalks will rot in the ground. The 
decomposed stalks make a fertilizer twice as effective as manure. If, because of 
dry weather or laziness, the farmer does not plough the land until the following 
spring, the benefits will have been greatly reduced. In fertilizing the land, 
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Figure 1-2. Soil is broken into fine particles by harrowing. 
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whether using dried cakes or liquid wastes, he must be careful to apply the 
fertilizer at a time when the application is not likely to be washed away by rain. 
Therefore, the experienced farmer diligently studies and observes the weather. 

The industrious farmer will plough the field two or three times [Figure 

1.1] before using the harrow [Figure 1.2], thus breaking the soil evenly and 

finely and distributing the plant foods therein. Those who do not have work 
oxen attach a pole to the plough and place it on [the shoulders of] two men 
who, walking one behind the other, pull it. The result of one day of such 

ploughing is equal to that done by one ox. If the farmer has no cattle, a rotary 
harrow that is pulled by two men can be constructed. The result of one day of 
such harrowing is equal to that done by three oxen. There are only two kinds of 
cattle in China: the water buffalo and the yellow ox. The buffalo is twice as 
strong as the ox, but he requires twice as much care as the ox, since he has to 

be housed in a mud barn during the cold winter and provided with a pond for 
bathing in summer. Prior to spring the ox must not be exposed to rain while he 
is perspiring from ploughing, and when it rains he should be driven to the barn 
immediately. He will be immune to wind and rain after ku-yii [“grain rains,” a 
solar period between late April and early May]. In the Yangtse delta area the 
farmers use hoes instead of ploughs, and do not use working cattle. Considering 
the cost of the ox and the feed, and the risks of sickness, theft, and death, I 

think human labor is more suitable [than cattle] for the poorer peasants. 
Suppose that a farmer with an ox can work ten mou of land, and that another 
industrious farmer, using only a hoe, works half that amount. Since the latter 
has no ox, he need not concern himself with pasturage problems in his fields 
after the autumn harvest, when such things as legumes, wheat, sesamum, and 
vegetables can all be planted, and the additional harvest will compensate the 
farmer for that part of the land not planted [that is, the five-mmou difference]. 
This would seem to be a suitable arrangement. 

A few days after transplanting, the old leaves wither on the'rice plants and 
are replaced by new ones; when the new leaves are grown then it is time to 
weed (commonly known as “beating the plant”). Leaning on a stick [for 
balance], one pushes the earth around the roots [of the rice plants] with one’s 
feet, at the same time bending the weeds so that they will not grow again 
[Figure 1.3]. Such weeds as Backmannia crucaeformis can be broken by foot, 
but darnels, tares, and smartweed cannot be killed in this way, and have to be 
uprooted by hand [Figure 1.4]. Hand weeding is hard on one’s back and hands 
and requires keen eyesight.’° The plants will flourish after all undesirable weeds 
are eliminated. Thereafter one needs but to eliminate [excess] water to prevent 
flooding and irrigate the fields to prevent [damage from] drought, and in due 
time the harvest will be ready for the scythe. 

RICE DISASTERS 

The early variety of rice is harvested and stored in early autumn. If it is 
put away in the barn while the noon sun is shining, so that the heat is carried 
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Figure 1-3. Foot weeding. 
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Figure 1-4. Hand weeding. 
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into the storage bin and closed in immediately, the rice grains will retain the 
fiery quality of the weather (this misfortune is a common occurrence in the 
homes of industrious farmers). Then, in the following spring, when the land is 
fertilized and therefore is hot by nature, with the southeasterly wind to add to 
the heat, the [soil] will give forth blazing heat waves, which will greatly 
damage the young shoots [that have germinated from the fiery grains]; this is 
one kind of disaster. [To prevent this, either] wait until the cool of the evening 

before putting the grain into the storage bin, or gather a jar of snow and ice 
water at the time of the winter solstice (water gathered at the beginning of 
spring is not effective) and sprinkle it on the grain at Ch’ing-ming sowing time 
to the amount of a few bowlfuls per tan [of seed grain]. This water will imme- 

diately dissolve the hot properties of the grain, so that the young shoots will 
be unusually handsome even though the warm southeasterly wind prevails 
(the trouble obviously rests with the seeds, yet people blame it on the spirits 
and gods!). 

A second kind of disaster is that, after the rice seeds are sown into a few 

inches of water, the grains do not all sink at once, and are blown into one 
corner [of the field] when a gust of wind comes by. [To avoid this] one should 

watch until the wind has stopped, then the seeds will sink after sowing and grow 
evenly into shoots. A third disaster is caused by the birds that eat the shoots. 
This problem can be solved by erecting a pole and flying an eagle scarecrow 
from it. A fourth disaster is brought about by prolonged rain before the shoots 
can fasten their roots in the soil, therefore resulting in loss of more than half of 
the plants; pray to Heaven for three days’ sunshine and all seeds will grow 
properly. A fifth disaster is plant pest (in the form similar to silkworm co- 
coons) within the tassles, a result of the combination of rich, wet soil and the 

steaming effect of warm south wind after the tassels have begun to form. Pray 
for westerly wind and rain, which will kill the pests and allow the grains to 

ow. 
A sixth disaster is the burning of the rice plants at night by wandering 

spook fires when the grains are ready for harvest. These fires originate from 
rotten wood. So long as the wood “originator” containing the fire “offspring” 
holds together, the fire essence will continue to exist intact for centuries. But in 

rainy years the neglected graves, having been broken open by foxes and the 
like, become waterlogged and the wood of the coffins proceeds to rot, and the 
disintegration of the “originator” releases the fire “offspring” to hover in the 
air. This fire of the nether world, however, cannot stand sunlight, therefore it 

will only appear after sundown at twilight, when it rises through clinks [into the 
air]; and, being unable to rise high, it can only hover aimlessly for a few feet 
before it has to stop. The grains and leaves of all plants are seared as soon as 
this fire touches them. Seeing gleaming spots at some tree roots, people who 

hunt these fires would take them to be ghosts and beat the spots with sticks, and 

then claim that the ghosts have turned into burnt twigs, not knowing that [the 

gleaming spots] are spook fires which can be instantly dispelled by lamplight 

(lights that have not been humanly lighted in lamps are of nether category, 

therefore disappear upon being confronted with lamplight). 

11 



T’IEN-KUNG K’AI-WU 

A seventh disaster is the lack of water and drying up of plants, for between 

the formation of the tassels and the maturing of the grains the water needed 

[per plant] is three pecks for the early variety and five pecks for the late variety 
(if the plants are short of one pint of water just before harvest, the grains will 

still be there, but their size will be small, and are easily broken when husked). 

Human ingenuity has, however, developed the arts of irrigation and watering to 
the utmost. The eighth kind of disaster occurs at harvest time, if there should be 
a strong wind that knocks the grains to the ground or a prolonged rain that 
dampens the grains, causing them to rot. However, a windstorm does not 
prevail beyond a distance of thirty li, and a rainy spell, 300 li; these disasters 
therefore are of a local nature. As to the grains lost during a windstorm, 
nothing can be done to retrieve them. [In the case of prolonged rain] the poor 
families can place the wet grain in a pot, apply heat below, eliminate the chaff 
and husk by roasting, and eat the roasted kernel to ward off hunger. This would 
be a way of supplementing [the inadequacies] of Nature. 

IRRIGATION: THECYLINDER WHEEL, OX WHEEL, 

TREADLE WHEEL, HAND-CRANKED WHEEL, 

AND COUNTER-WEIGHT LEVER 

Water is the most important thing in rice fields. The needs vary according 
to locality and the nature of the soil: some fields will run dry in three days while 
others in half a month, and water must be supplied by human effort when rain 
is lacking. 

The cylinder wheel [Figures 1.5 and 1.6] is used along river banks. The 

river is dammed and channeled [Figures 1.7 and 1.8] so that the water flows 
onto the lower part of the wheel, resulting in a continuous rotation; the 

cylinders attached to the wheel are filled with water [as they become sub- 
merged], which is subsequently emptied into a receptacle and thence into the 
fields. This apparatus continues its operations day and night and is sufficient for 
watering 100 mou of land; (when water is not needed, a piece of wood is tied 

to clog the wheel and stop its turning). [The cylinder wheel can be replaced 
with a water-turned wheel, as shown in Figure 1.9.] 

Near lakes and ponds where there is no flowing water, oxen are employed 
to turn the water wheel [Figure 1.10], or a few men can work a treadle wheel. 

Ranging in length between ten to twenty ch’ih, the treadle wheel [Figure 1.11], 
consisting of a wooden paddle chain and a sprocket wheel, [is turned by the 
weight of one or two persons on the wooden treadle pieces]. Water is carried 
upward by the paddles [inside a trough, on the upper end of which the water is 
discharged]. By this method one man can generally water five mou of land a 
day, while the ox wheel doubles the area. Around shallow ponds and small 
creeks, where lengthy wheels cannot be erected, short [hand cranked] wheels of 
a few ch’ih in length are used [Figure 1.12]. Here a man after cranking all day 
can irrigate only two mou. In Yangchou prefecture [in Kiangsu] the people use 
another type of wheels that are turned by the wind. They serve to eliminate 
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excess water from the fields before planting rather than to irrigate and are, 
therefore, not suitable as a remedy against drought. As to other devices, such as 

the counterweight lever [Figure 1.13] and pulley well [Figure 1.14], they are 
still less efficient. 

WHEAT 

There are several kinds of wheat. The ordinary wheat [Triticum vulgare] 

is called lai and is the principal species. Barley is called mou or k’uang. Then 
there are miscellaneous wheats consisting of oats and buckwheat. All are 
termed “wheat” because they are sown at the same time as wheat, have similar 
inflorescense, and are used for their flour in similar fashion. In our empire the 

staple food of the common people of the Yen, Ch’in, Chin, Yii, Ch’i and Lu 

provinces * consists of fifty per cent wheat, with the remaining fifty per cent 
composed of millet, rice, and kao-liang. [In the southern half of the country] in 

an area 6,000 Ji square from Yunnan and Szechuan in the west to Fukien, 

Chekiang, Kiangsu and Hunan in the east, only one-twentieth of the people 
cultivate wheat. The flour thus obtained is used for pastries and soups, not as a 
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Figure 1-5. Cylinder wheel. 
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staple food. Only one-fiftieth of the people plant barley, oats, and buckwheat, 

which are used only by the poor for meals, but never by the well-to-do. 

Shensi is the only place where k’uang wheat is produced. Known also as 

“dark barley,” it is barley changed by geographic environment so that the husk 
is of a blue-black color. The Shensi people use it as horse feed; human beings 
eat it only during famines. (There is also a glutinous barley, which the people 

of Honan use for wine-making. ) 
Oats have very fine panicles, each of which again consists of some dozen 

or so small seeds. Occasionally they grow wild. Buckwheat actually does not 
belong to the wheat family, but since its flour is used for food it has become 
known as a sort of wheat, and so we shall consider it as such. 

In the north wheat passes through four seasons [in its growth cycle], being 

sown in the autumn and reaped in early summer. In the south the period 
between planting and harvesting is shorter. It is strange that south of the 
Yangtse the wheat flower begins to bloom at night, while north of this river it 
starts in daylight. Barley is planted and harvested at the same time as wheat. 
Buckwheat is planted in mid-autumn and the crop is gathered within two 
months; frost kills buckwheat shoots, therefore a good harvest is expected if 

Heaven sends a late frost. 

THE PLANTING OF WHEAT: PLOUGHING AND SOWING 
IN THE NORTH; CULTIVATION 

The first stage of ploughing for wheat is the same as that for rice. After 
planting, however, all the hard labor such as foot and hand weeding is neces- 
sary for rice. Wheat needs only hoeing. 

Owing to the fact that the soil of the north is relatively sandy, friable, and 
easy to turn, the method and tools used for planting wheat are different [from 
those of the south]. In the north the ploughing and sowing are done simultane- 
ously [with a plough-seeder, Figure 1.15]. When an ox is used in turning the 
soil, the plough’s point is removed and in its place are fixed two iron [diggers] 
on the cross-beam which the local dialect calls ch’iang. A small square box 
containing wheat seeds is placed in the center of the ch’iang; five small holes, or 
“plum blossom holes,” are drilled in the bottom of the box through which seeds 
fall to the ground when the apparatus is shaken as the ox moves forward. When 
close seeding is desired, the ox is urged to go faster, causing the seeds to fall in 
greater quantities; when sparse seeding is desired, the ox is made to go slowly, 
so that fewer seeds will fall. After the seeds are sown a donkey is made to pull 
two small round stone rollers over the furrows so that the seeds are firmly 
packed in [Figure 1.16], because wheat will germinate only when firmly 
pressed into the earth. 

In the south the method differs from the north in that, after loosening the 

soil by much ploughing and harrowing, the [wheat] seeds are mixed with ashes 
and sown by hand. Next the earth is packed with the heels of the feet [figure 
1.17] instead of the donkey-drawn stone rollers used in north China. Planting 
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Figure 1-6. Elevated cylinder wheel [Ch’ing addition]. 
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Figure 1-7. A water-dam [Ch’ing addition]. 
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Figure 1-8. Irrigation channels [Ch’ing addition]. 
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Figure 1-9. A water-turned wheel for irrigation [Ch’ing addition]. 
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Figure 1-10. An ox-drawn wheel. 

should be followed by frequent cultivating, for which purpose the broad- 
headed large hoe is used [Figure 1.18). There cannot be too much cultivating 
once the wheat shoots appear (some people do it three or four times) ; and the 
entire field can be expected to yield good grain when all the weeds have been 
killed. “Frequent application [weeding] makes easy weeding” is true of both 
the north and the south. 

Fertilization of the wheat fields must be done before planting, as there is 
no way to do it afterward. In the Shensi-Honan area some people mix the seeds 
with arsenic against worms; [for the same purpose] only stove ashes are used in 

the south (commonly called “ground ash”). There are those who plant “ferti- 
lizer wheat” in the southern rice fields; that is, no crop is expected from the 
wheat, but in the spring, when the wheat and barley plants are good and green, 
they are ploughed under in the field, and this always doubles the autumn yield 
of rice. 

Other crops can be raised on the land after wheat has been harvested, 

since there is half a year’s time between early harvest and late autumn. The new 
crops can be anything the farmer chooses to plant that are suitable to the soil. 
In the south a crop of the late nonglutinous rice is sometimes planted after the 
barley has been reaped. Heaven will reward in every way the hard efforts of the 
industrious farmer! 
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The planting of buckwheat takes place always after the rice harvest in the 
south, and after the legumes and millet are gathered in the north. Buckwheat 
absorbs considerable nourishment and thus depletes the soil. Considering yield, 
however, which would be worth more than half the [regular rice or millet] 

crop, why should the diligent farmer object to refertilizing the field after it? 

WHEAT DISASTERS 

Wheat disasters are only one-third as numerous as those pertaining to rice. 
After the seeds are sown it does not matter whether there be snow, frost, dry 

weather, or excessive rain. Wheat needs very little water, and in the north one 

pint of rain in mid-spring will suffice to produce good full kernels of wheat. 
South of Chin-chou [in mid-Yangtse] and Yang-chou the only fear is prolonged 
rain, but if at the time of ripening there are some dozen fair days the harvest is 
more plentiful than the people can use. As a Yang-chou proverb sums it up: 
“An inch of wheat fears not a foot of water, but a foot of wheat fears only an 
inch of water’; that is to say, when the wheat plants are young they will survive 
even though submerged in water, but when the grains begin to ripen even one 
inch of water will soften the roots, the stalks will bend and fall into the mud, 

Figure 1-11. A treadle wheel. 
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Figure 1-12. Hand cranked wheel. 
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Figure 1-13. A counterweight lever. 
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and the grains will rot on the ground. There is a kind of boneless birds in the 
south which fly in flocks of thousands and live off the wheat fields; they are 
however not widespread, prevailing only in an area a few scores of li in width at 
a time. But if locusts appear north of the Yangtse, then it will be a catastrophic 
year in deed. 

MILLET AND SORGHUM 

There are many kinds of cereal which are used for their grain but not 
flour. A distance of a few hundred Ii will bring about differences in color, taste, 
shape and properties of the plants. Though they differ according to the local 
environment, and are known by an infinite variety of names, yet they are 
basically the same species of grain. Northerners call the nonglutinous rice, 
“rice” [ta-mi, or “big grain”], while all other cereals are referred to as 
“millet” [hsiao-mi, or “small grain”]. Large-panicled millet belongs to the same 
group as the small-panicled millet, while sorghum belongs to that of the 
small-grained millet. The large-panicled millet can be either glutinous or 
nonglutinous (the former variety being used for wine), but the small-panicled 

millet is never glutinous. All glutinous millet, whether large-panicled or small- 
grained, is called shu in general; thus, the latter word does not mean an 
additional kind of millet. 

The large-panicled millet is red, white, yellow, or black in color; some 

people take the black variety to be small-panicled millet, which is not correct. It 
is close to the truth to say, however, that the small-panicled is an early variety, 
because it is the first to ripen, therefore more suitable for use as offerings at 
sacrificial ceremonies. The large-panicled millet appears in the classics under 
such names as hsin, ch’i, chii, and p’ei; nowadays it is locally designated as ox 
hair, swallow’s cheek, horsehide, donkey skin, rice tail, and so on. The best 

planting time is the third month of the year, which gives harvest in the fifth 
month. The next planting time is the fourth month, harvesting the seventh 

month. The last planting time is the fifth month, harvesting in the eighth 
month. In all cases the blossoming and ripening of this millet take place out- 
side the growth period of wheat and barley. The size of the grain depends on 
the fertility of the soil and the climate. The Sung scholars are wrong in insisting 
that the musical standards [the twelve semitones] should be determined by the 

size of millet from a particular area. Sorghum and small-grained millet are 
called “yellow grain” in general. Wine can be made from a glutinous small 
grain. Further, there is a “reed millet,” known as kao-liang because it stands 

seven ch’ih tall and looks like reeds. The sorghum varieties are even more 
numerous than those of the panicled millet, and they are named either after 
families, or rivers, or mountains, or shape and size, or the season [of harvest]; 

they cannot be enumerated here. The natives of Shantung term all of them 
“grains,” making no distinction between sorghum and small-grained millet. 
All of the four varieties mentioned above are planted in the spring and reaped 
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in the autumn. The methods of ploughing and cultivating are the same as those 
for wheat; only the planting and harvesting seasons are different.” 

HEMP 

There are only two kinds of hemp [whose seeds] can be used as grain or 
for oil: hemp and sesame. The latter is generally considered to have been 
introduced into China from Ta-yuan” during the Former Han dynasty 
[220 B.c.—A.D. 8]. In ancient times hemp was termed one of the five grains, yet 
this is certainly inappropriate if hemp itself is meant. It is possible that the 
hemp mentioned in the ancient classics is a species now extinct, or that it was a 
variety belonging to the legume or millet family, but that in the course of 
transmission [of the texts] its name was incorrectly rendered. 

Sesame is both delicious and nutritious; indeed it would be no exaggera- 
tion to say that it is the king of all grains. Hemp, on the other hand, can only 
produce a little seed oil, and the coarse cloth woven from its bark fibers is of 
very little worth. As to sesame, a few handfuls [of the seed] are enough to quell 
one’s hunger for a long time; cakes, breads, or sweetmeats, when sprinkled with 

a few sesame seeds, will have their flavors improved and their values increased. 
When made into oil sesame can enrich the hair, benefit the intestines, make the 

strong-smelling [meats] savory, and dissolve poisonous elements. What enor- 

mous profits would accrue to the farmers if they devote more of their land to 
this crop! 

Sesame is planted in rows either in the vegetable garden or in the grain 
fields. The soil must be made extremely fine and all weeds eliminated, then the 
seeds, having been mixed evenly with slightly damp ground ash, are sown. 
Planting may take place as early as the third month until just before the Great 
Heat [in the last part of July] at the latest; those planted early will not mature 
until the Moon Festival [approximately mid-September]. The hoe is used 
exclusively for cultivation of the plants. The [seeds] are black, white, or red in 
color, contained in pods about one inch long. The kind having the four- 
ridged pod yields less than the eight-ridged, the difference being due to the 
fertility of the soil rather than to inherent characteristics of the variety. Out of 
every tan of seeds forty catties of oil is made. The dross is used as fertilizer for 
the fields or, in case of famine, as human food. 

LEGUMES 

There are as many kinds of legumes as of rice and millet. Their sowing 
and harvesting times last through the four seasons, and they have been used 
daily as human food since the beginning of man’s need for sustenance was 
known. One of the legumes is the soy bean,“* of which there are two varieties: 
the black and the yellow. These are sown not later than Ch’ing-ming or 
thereabouts. Of the yellow variety there are three types: “fifth-month yellow,” 
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Figure 1-14. A pulley wheel [Ch’ing addition]. 
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Figure 1-15. A plough-seeder. 
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Figure 1-16. Stone rollers used in north China for pressing seeds into the earth. 
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Figure 1-17. Seeds are sown with the fingers, then pressed into the earth with the feet. 
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“sixth-month popper,” and “winter yellow.” The yield of the first of these is 
small, while that of the last is always twice as much. The black variety is 
harvested invariably in the eighth month. North of the Huai River horses and 
mules that are used on long journeys must be fed this black soy bean before 
they can become strong and sturdy. The amount of the yield of the soy bean 
depends on the quality of the soil, the frequency of cultivation, and the amount 
of rainfall. All bean jams, sauces, and curds are made from soy. 

South of the Yangtse there is another species known as “long-legged 
yellow,” which is planted in the sixth month after early rice has been cut, and is 
harvested in the ninth or tenth month. The method of planting this bean in 
Chi-an, Kiangsi, is quite amazing: After the rice stalks are cut the stubble is not 
ploughed over, but in the open end of each stalk are placed three or four beans, 
which are pushed down with fingers. The beans are nourished by the dew 
gathered in the stalk stubs; later when the beans begin to grow the stubs will 
rot, providing further nourishment for the growth of the new crop. Should the 
weather be dry after the shoots appear, one pint of water [per plant?] is fed to 
the plants. In all, one watering and two cultivations are sufficient to bring forth 
a plentiful harvest. Birds must be kept away after the beans have been planted 
and before the young shoots appear, and man is the only effective guard against 
them. 

A second kind of legume is the green lentil, shaped small and round like a 
pearl. It must be planted at the time of the Small Heat [in early July]; if it is 

planted earlier than that, the stalks will grow up to several feet high and bear 
few pods; and if it is planted too late the plants, in the Limit of Heat [late in 

August], will blossom and also bear scattered pods, yielding a small harvest. 
There are two varieties: “pick green,” the pods to be picked day by day as they 
ripen; and “pull green,” the pods ripen at one time and the entire plant is pulled 
up at harvest. Green lentils are ground into flour, passed through water, 
collected [dried], and made into chips or noodles, which are delicacies in the 

diet. The liquid waste from flour-making is a rich fertilizer for the land. For 
storage the seed beans are mixed with either ground ash, lime, smartweed, or 

yellow earth, so that no worms will damage them for some four or five months. 
The industrious farmer frequently puts the seeds in the sun on fair days, which 
also keeps away the boring worms. If green lentils are planted in the summer or 
autumn in fields where rice has been reaped, the clods must be finely broken up 
with a long-handled axe in order to insure a good yield. If it rains heavily within 
one day of sowing so that the earth is made firm, the green lentils will never 
germinate. After the shoots have appeared, they must be guarded against 
flooding by excessive rain, and side ditches can be dug to channel the 
water out of the fields. In cultivating the fields of soybeans and green 
lentils, the land should be lightly ploughed, because the roots of the 
legumes are short and the shoots straight. If the furrows are deep the clods will 
pile up, preventing half of the seeds from growing. Our ancient agriculturists 
did not know that deep ploughing was not suitable for legumes. 

A third kind of legume is the pea. It is round, like the green lentil, but it 

has a black spot and is larger in size. The seeds are sown in the tenth month, the 
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Figure 1-18. Cultivating wheat with broad-headed hoes [Ch’ing addition]. 
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crop reaped in the fifth month of the following year. It can also be planted 
under trees that are late in putting forth their leaves. A fourth kind is the broad 
bean with its pod shaped like a silkworm * and seeds larger than the soybean. It 
is planted in the eighth month and harvested in the fourth month of the next 
year. In western Chekiang the broad bean is frequently planted under mulberry 
trees. It is a fact that things do not grow under trees where the foliage prevents 
dew from reaching them, but the pea and the broad bean are already ripe 
before the foliage becomes shady. Broad beans are produced in large quantities 
and sold cheaply along the upper reaches of the rivers Hsiang and Han [north- 
ern Hupei and southern Shensi] and in usefulness equal millet as staple food. A 
fifth kind is the small lentil. The red variety is effective when used medicinally, 
while the white variety (also known as the rice bean) is good as a vegetable. 
Planted at the time of the summer solstice, this variety is harvested in the ninth 
month, and is prevalent in the Huai and Yangtse river regions. A sixth kind is 
the black lentil, which in the old days was a wild plant, but is now a common 

garden bean in north China. Its flour, made into thin sheets, serves the same 

purposes as that of the green lentil. In Peking the street peddlers cry their 
“black lentil sheets” all day long, indicating that the amount produced is 
considerable. A further kind is the white bean, which grows along trellises and 
is also known as the “eye-brow bean.” In addition, there are long string beans, 
tiger-spot beans, knife beans [large French beans], as well.as the blaek-skin and 

brown-skin varieties of soybeans, and so forth, which are too numerous to 

describe. In all, they can serve as vegetable and take the place of grains in the 

feeding of mankind. How can students of Nature ignore them? 

NOTES 

1. T’ao-t'ang was another term for the semilegendary Emperor Yao (2356 B.C.— 

2256 B.c.) during whose reign Hou-chi was said to have served as the agricultural ad- 

ministrator. : ; 

2. Generally speaking, the whole of China can be divided into two major parts in 

terms of principal crops: the wheat region from about 100 miles north of the Yangtse 

River up through northern Manchuria, and the rice region from the Yangtse River 

Valley southward, throughout southern and southwestern China. 

3. Wu-yuan, a town in Kiangsi province. 
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4, Liu-yang, a town in Hunan province. 
5. Chi-an, a town in Kiangsi. 

6. Ch’ing-ming festival occurs in early spring, approximately early April of the 

solar calendar. On this day family tombs were visited and offerings made; it was also 

the occasion for a day’s outing in the country. 

7. Besides the method described here, an “interplanted” method is known to have 

been practised during the Ming dynasty in Chekiang, Fukien, and Kwangtung: the early 

variety of rice was transplanted from the seed bed in early July in rows wide apart. Ten 

days later the late variety was transplanted to the space between the rows. The early 

rice would be harvested two months after transplanting, and after the period for matur- 

ing, the late variety was also harvested. See Yabuuchi Kiyoshi, Tenkd kaibutsu no 

kenkya (Tokyo, 1953) p. 53. 
8. Probably “dry” or upland rice. It was said to have been introduced into China 

during the second millennium B.c. from northeastern India. In more recent times, a 

drought-resistant and early ripening rice was imported from Indo-China in the Sung 

dynasty (960-1279), and proved successful in central and eastern China. 

9. The soil containing the so-called “cold paste” is probably a strongly leached soil. 
Owing to the loss of calcium carbonate, phosphorous, and soluble mineral plant foods, 
leached soils are usually acid and tend to be sterile. 

10. The weeding rake is not mentioned here, but according to Wang Chin, who 

published his Nung-shu (Treatise on Agriculture) in 1313, a new tool for weeding had 

come into use in Kiangsu and Chekiang, the region where rice cultivation was most 
advanced in China. This weeding rake consisted of a rectangular piece of wood measuring 
about one foot long by three inches wide, on one side of which were affixed many short 
metal nails. A long bamboo pole attached to the piece of wood served as a handle. By 
using this rake the farmer could weed twice as fast as he could with his hands and feet. 
Seventeenth-century writings indicate that this tool continued in use during the Ming 
dynasty. 

11. Yen, Ch’in, Chin, Yii, Ch’i and Lu are the historical designations for the 

provinces of Hopei, Shensi, Shansi, Honan, eastern and western Shantung, respectively; 

that is, the area of the north China loess-plain. 
12. Maize, the sweet potato, the white potato and peanuts are four newcomers to the 

sixteenth and seventeenth-century Chinese table, although they are not mentioned in this 
book. Maize or Indian corn, American in origin, seems to have appeared on the Chinese 
frontier about 1550. It was brought from the Iberian peninsula to Mecca by way of South 
Africa, whence it was transported to west China. Some writers believe that maize entered 
China via northern India, thence to the upper Yangtse valley and then down the river. 
Other writers are of the opinion that maize was carried by Mohammedan pilgrims from 
Mecca directly into Sinkiang, and thence into north China, especially Shantung. Sixteenth- 
century Chinese writings on agriculture referred to maize as “Western barbarian wheat” 
and “imperial wheat,” indicating that it was a novelty to the Chinese in Kiangsu and 
Chiekiang. In contrast, the mention of cornmeal as an ordinary common foodstuff in the 
Ming novel Chin-p’ing Mei (sections 31, 35, and 74) suggests that maize was planted in 
Shantung in the later part of the Ming dynasty. By the end of the Ming, however, its 
cultivation had become quite widespread. 

The sweet potato was brought by the Spaniards to the Philippines, whence it was 
transported to the coastal province of Fukien by Ch’en Chen-lung in 1590. It was first 
planted on a large scale in that province as a famine relief crop, and within a few decades 
was grown in many parts of the country. The white potato arrived in Formosa in 1650, 
and reached the mainland a little later. According to Hommel, several earlier Chinese 
plants can be loosely classed as potatoes: several species of taro (Colocasia) or yam 
(Dioscorea), and sweet potato (Ipomoea batatas). The Materia Medica (shih-i chiian 8 

and kang-mu chiian 27) indicates that a tuber was probably known and eaten by the 
Chinese in the southeast coast and islands in the Tsin dynasty (a.D. 265-420). At that time 
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the tuber was called kan chu, sweet root, as described in Nan-fang ts’ao-mu chuang 

(written by Chi Han in the third century) and also in I-wu chih (written by Ch’en 
Ch’i-ch’ang). Fan Hsien (fl. 1723-36) states in his T’ai-wan fu chih that the original 

Chinese species is long and white, while the imported one is round and reddish yellow. It 
can be similarly deduced from Materia Medica (Chiian 27) that another plant resembling 
the potato was probably eaten in the T’ang dynasty (618-906) or at least in the Later 
Liang dynasty (907-60). At that time the tuber was called ?’w yii, earth root. The white or 

Western potato received the name yang shu, foreign tuber, because it had been introduced, 
at least in eastern China, by foreigners. Peanuts were probably brought by the Spaniards 
to the Philippines, whence they were transported to Fukien by Chinese merchants around 
1608. Both potatoes and peanuts can be grown in less fertile soil than other crops. 

13. Ta-yuan was a Central Asian state, now within the Uzbek S.S.R. 
14. Soybeans first appeared in Chinese written records in the second century B.c., 

although it is very likely that they had been known and used for a long time before then. 
15. The broad bean (also known as horse bean in the United States) is called 

ts'an-tou, silk worm bean, in Chinese. The pods of many kinds of beans are shaped more 
or less like a full-grown silkworm, and the term had probably come into use because the 

broad bean ripens at about the time the silkworm season begins. 
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Figure 2-1. Bathing silk-moth eggs [Ch’ing addition]. 
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Master Sung observes that, Man being the highest of all forms of life on earth, 
his five senses and the numerous organs are all completely present and should 
be preserved. Members of the aristocracy are clothed in flowing robes deco- 
rated with patterns of magnificent mountain dragons, and they are the rulers of 
the country. Those of lowly stations would be dressed in hempen jackets and 
cotton garments to protect themselves from the cold in winter and cover their 
nakedness in summer, in order to distinguish themselves from the birds and 
beasts. Therefore Nature has provided the materials for clothing. Of these, the 
vegetable ones are cotton, hemp, meng hemp, and creeper hemp; those derived 
from birds, animals, and insects are furs, woolens, silk, and spun silk. All the 

clothing materials [in the world] are about equally divided between vegetable 
and animal origins. 

The ingenious loom was first invented by a divine maiden, who brought 
the skill to mankind. Weaving progressed from plain to figured patterns, and 
woven splendor was created out of embroidered stuff. But, although silk looms 
are to be found in all parts of the country, how many persons have actually seen 
the remarkable functioning of the draw-loom? Such words as “orderly govern- 
ment” [chih, i.e. the word used in silk reeling], “chaos” [luan, i.e. when the fibers 
are badly entangled], “knowledge or good policy” [ching-lun, i.e. literally the 

warp thread and the woven pattern] are known by every schoolboy, but is it 

not regrettable that he should never see the actual things that gave rise to these 

words? I shall therefore first describe the raising of silkworms, in order to make 

known how silk originates. It is to be observed that beauty and plainness, high 

status and low in the world of man are provided for accordingly by Nature. 
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[SILK] 

Silkworm Eggs 

About ten days [after formation of the cocoon], the chrysalis becomes a 
silkworm moth and emerges by piercing the cocoon. The number of male and 
female moths are equal. The female stays immobile. The male flutters around, 
and mates with the first female moth he encounters. The mating continues for a 
half or an entire day before the two separate, after which the male dies of 
exhaustion. The female moth immediately begins laying her eggs, which are 
deposited either on sheets of paper or on cloth, according to local practice (in 
Chia-hsing and Hu-chou [both in the Lake T’ai region in Chekiang province] 
thick mulberry bark paper is used; this can be reused in the next year). One 
moth will produce more than 200 eggs, all adhering naturally to the paper in a 
single layer across the sheet without the slightest piling up. These eggs are 
stored by the silkworm raiser for use in the following year. 

The Bathing of Silk-moth Eggs 

Only the silk-moth [eggs] of Chia-hsing and Hu-chou prefectures are put 
through the bathing process. In Hu-chou the method consists of using either 
rain and snow water or lime [water], while in Chia-hsing brine is used. [In the 

latter instance], for each egg sheet two pints of brine are drawn from a salt 
storage bin and diluted with water in a bowl. The egg sheet is allowed to float in 
this solution [Figure 2.1]. (The same procedure is also used for a lime bath.) 

The bathing begins on the twelfth day of the twelfth lunar month and termi- 
nates on the twenty-fourth day, lasting for a total of twelve days. The egg sheet 
is then lifted out [from the brine or lime water] and dried in the heat provided 

by a weak fire. It is next carefully stored in a chest or box away from any breeze 

or moisture, until the time of Ch’ing-ming [i.e. the third lunar month] when the 
eggs will be hatched. 

The time for bathing the silk-moth eggs with rain and snow water is the 
same as that with brine or lime water. [In the former method, however,] the egg 

paper is spread out in a woven bamboo tray and held down by small stones 
placed on the four corners of the paper. The tray [with the egg paper] is placed 
on a roof top, and left at the mercy of frost, snow, rain, wind, and thunder- 

storms for twelve full days before the eggs are taken down for storage. 
The reason for bathing the silk-moth eggs is that the inferior eggs will die 

off in the process.* Thus, there can be a saving in mulberry leaves, while the 
yield of silk also will be high. No bathing is necessary for silk-moth eggs of the 
Late variety of silkworms. 

Avoidances for Silk-moth Eggs 

[Directly after the silk-moth eggs are laid], the egg papers are held in 
square frames made of four pieces of wood and hung up in the breeze. The 
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frames should be suspended from rafters and beams inside a house, so as to 
avoid the sun. Smoke from burning “ung oil and coal fire should also be 
avoided. In winter the glare of the snow must not reach the egg papers, since 
the insides of the eggs will shrivel up completely once touched by that light. The 
egg papers, therefore, should be immediately put away when there is a heavy 
snowfall. On the next day, when the snow is over, they can be brought out and 
hung up again. This continues until the twelfth lunar month, when the eggs are 
put through the bathing process and then stored. 

Varieties of Silkworms 

There are two kinds of silkworms, the Early and the Late. Each year the 
[first crop of the ] Late variety hatches some five or six days ahead of the Early 
kind (except for those of Szechuan province, which are different) and also 
forms the cocoons before the latter does.? The cocoons of the Late variety are 
in weight lighter by one-third. When the Early silkworms begin to form 
cocoons, the Late worms have already become moths, laid eggs, and so are 
ready for a new [i.e. late] crop [within the same season]. (The chrysalis of the 

Late silkworm is absolutely inedible.) 
Each of the three ways of bathing the silk-moth eggs should be followed 

carefully and consistently throughout. In case of error, such as soaking in brine 
the egg papers that ought to be given the rain and snow water treatment, the 
result will be that no worms can be hatched! 

The cocoons are of two colors only, yellow and white. Only the yellow 
kind is produced in Szechuan, Shensi, Shansi, and Honan provinces, whereas in 

Chia-hsing and Hu-chou prefectures only white cocoons are produced. When a 
white male is crossed with a yellow female, the offspring will make light brown 
cocoons. Yellow silk will turn white after being washed with hog-fat soap, but 
still it can not be dyed into light-blue or peachblossom-pink shades. 

Cocoons have several forms. The Late-variety cocoon is shaped like a 
thin-waisted gourd; the cocoons made by rain-and-snow water bathed silk- 
worms are either long and pointed, like a yew nut, or round and slightly 
flattened like a walnut. Further, there is another kind of silkworm which eats 

mud-spotted leaves without ill effect. This is known as “lowly silkworm,” and 
its yield of silk is particularly abundant. 

In accordance with their appearance, silkworms have been designated as 
pure white, tiger stripes, pure black, spotted, and so on. But they all produce 

silk in the same way. Recently sorhe small silkworm raisers have crossed an 
Early male with a Late female, thus hoping for the production of an excellent 
breed. This is an unusual occurrence worth noting. 

In places like Ch’ing-chou and Yin-shui [both in Shantung province] there 
is a wild silkworm ° that makes the cocoon [without human care], its natural 

habitat being old trees. Garments made of this silk are rainproof and dustproof. 
The moth flies away immediately upon emerging from the cocoon, and its eggs 
are not preserved on paper sheets. Wild silkworms are found but rarely in other 
localities. 
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Hatching and Raising the Silkworms 

Three days after Ch’ing-ming the silkworms will hatch out of the eggs 
without being huddled in cloth wrappings. The silkworm room should face 
southeast, all cracks [in the walls] should be papered to prevent draft, and the 

room ought to be furnished with a ceiling. If the weather is cold, the room is 
kept warm by means of a charcoal fire. Newly hatched silkworms are fed 
mulberry leaves that have been cut into shreds. No damage will be done to the 
knife blade if the leaves are not wrapped in straw while being cut. Freshly 
picked leaves are put in earthen jars so as to prevent wilting. 

Before the silkworms have had their second moulting, they should be 
picked up with small, round-pointed chopsticks when they are being changed 
from one basket to another, but after the second moulting they may be moved 
with the fingers. The frequency of basket changes depends on the diligence of 
the silkworm raiser. The result of infrequent changes is that the silkworms are 
often pressed to death by the weight of both the old thick leaves and the 
droppings. 

Silkworms [of the same crop] will moult at about the same time, going to 
sleep * after emitting some threads of silk. If the baskets are changed at this 
time, care must be taken that all traces of the old leaves are cleaned out. Should 

any leaves, entangled with bits of silk and left in the basket, be eaten by the 
silkworms after coming out of the moulting, the worms will die of the “swell- 
ing” sickness. 

In case of very hot weather after the third moulting, the silkworms should 
be moved to an airy and cool place that is free from wind and draft. After the 
final moulting the silkworms are to be given twelve feedings before changing 
baskets, more frequent changings will later result in producing coarse silk. 

Avoidances for Silkworms 

Silkworms are afraid of both fragrance and bad odors. They die if exposed 
to such smells as from the burning of bones, from the cleaning of latrines, and 
often also from the frying of fish or other oderiferous meats next door. They 
likewise will die if exposed to such smoke as that from coal stoves, incense, or 

sandalwood burners. They are also injured by the smell of night pots that some 
indolent woman may carelessly shake up. The southwest wind is dangerous: 
when it is too strong an entire trayful of silkworms are known to have stiffened 
and died. When bad odors approach, leftover mulberry leaves should be 
burned, and the smoke will ward off the odors. 

Mulberry Leaves 

Mulberry trees are grown everywhere. In Chia-hsing and Hu-chou [new 
trees are planted] by pressing the branches [of old trees] into the ground. The 
fresh side-branches put forth by a mulberry tree this year are gradually pulled 
downward to the ground with bamboo hooks, then in the winter they are 
covered with earth. In the following spring each of these branches will have 
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taken root at every joint, whereupon they are cut apart and planted separately. 
Such mulberry trees do not flower or bear fruit, but all the essence of the tree is 
concentrated in the growing of leaves. These leaves can be cut with scissors 
whenever they are needed. When a tree reaches seven or eight ch’ih in height 
the top is cut off, so that [branches will] luxuriantly spread sideways, and the 

leaves can be easily reached for picking without ladders or climbing. 
Another method consists of planting with seeds. At the beginning of 

summer *° the ripe purple mulberries are crushed and rubbed in yellow mud 
water, after which the entire pulp is poured to the ground. By autumn of the 
same year the seedlings will be over one ch’ih high, and in the following spring 
they are transplanted. These can also grow into luxuriant trees if they are 
manured frequently and diligently. Some of them, however, will bloom and 
bear fruit, in which case the leaves will turn out to be sparse and thin. 

Still another type of mulberry tree is called the “flowering mulberry,” of 
which the leaves are so thin as to be useless. However, when [twigs of the leafy 
type are] grafted onto it, this tree is also capable of growing thick leaves. 

In addition, there are three kinds of che trees, of which the leaves are used 

to supplement the mulberry leaves. Che trees are seldom seen in Chekiang,* but 
are most abundant in Szechuan. There the poor families cultivate the Chekiang 
variety [of silkworms] using che leaves as feed when mulberry leaves are 
insufficient. The physical properties of che leaves are the same as those of 
mulberry leaves. The cocoons of che-fed silkworms are called “tough cocoons,” 
their silk is considered to be the most durable, and is used in the manufacture of 

lute strings, bow strings, and the like.’ 

Leaves are picked with shears. The sharpest iron shears are the products 

of T’ung-hsiang district in Chia-hsing prefecture [in Checkiang province], 

unequalled elsewhere. Cutting off the leaves together with the twigs attached to 

them will enable a second full growth of leaves and branches to take place in 

the following months; thus a plentiful supply of leaves is insured at a minimum 

cost of labor. When the leaves of this second growth are gathered in mid- 

summer to feed the [second crop of the] Late variety of silkworms, only the 

leaves are picked, but the twigs are not cut. After this second growth has been 

used, still a third growth of leaves will mature in the autumn. The Chekiang 

people allow them to fall naturally with the coming of frost, then sweep them 

up as sheep feed, gaining therefrom good profits from the making of woolen 

materials. 

Care in Feeding 

Silkworms are allowed to eat wet leaves after their final moulting. The 

leaves picked on a rainy day can be fed directly to the worms; if picked on a 

fair day, however, the leaves should be sprinkled with water before feeding. 

This will make the silk glossy and lustrous. Before the final moulting takes 

place, however, the leaves gathered on rainy days should be hung by strings 

under the eaves and occasionally shaken, so as to enable them to dry in the 
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Figure 2-2. Transferring mature silkworms [Ch’ing addition]. 
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breeze. If the leaves are dried by patting them with the palms of hands, they will 
lose moisture, so that later the silk will also have a dried-up appearance. 

Just before each moulting period the silkworms should be well fed, then 
no harm is done if fresh leaves are given to them a few hours late after they 
emerge from moulting. The most unhealthful leaves are the damp ones 
gathered while there is fog. Leaf-picking should never be done on foggy 
mornings, but one should wait until the fog has lifted and, whether rain or 
shine, the leaves can then be gathered. Likewise, dew-covered leaves should not 
be picked until they have dried. 

Silkworm Diseases 

A previous section [i.e. avoidances for silk-moth eggs] has already de- 
scribed the sickness and destruction of silk-moth eggs. After hatching, the 
young silkworm is allergic to dampness, heat, and pressure, and these should be 
the care of the silkworm raiser. When the box of silkworms is changed during 
the first moulting period, the box should not be closed if it is coated with 
Chinese lacquer, otherwise the worms will emit foam and sicken. 

These are the symptoms of sickness: if the head of a silkworm becomes 
shiny, its entire body yellow, and its head increases in size while the tail part 
contracts; or if when a moulting period is due a worm remains wakeful, 
wandering about but eating little; such are the signs of sickness, and the 
affected silkworms must immediately be eliminated so as not to infect others.® 
The healthy and strong silkworms always stay on top of the leaves while 
moulting. Those that stay covered under are either weak or lazy, and their 
cocoons are also thin. There are other silkworms which do not know how to 
spin a closed cocoon but, emitting their silk in every which way, produce wide 
open nests [instead of the regular cocoons]. These worms are not lazy but 
merely stupid. 

Mature Silkworms 

When silkworms have completed their feeding and reached maturity, they 
will only await the proper hour [in order to commence cocoon-making]. As 
the young worms generally hatch from the eggs between eight o’clock in the 
morning and twelve noon, so the mature worms also [begin to] make their 

cocoons during those hours. 3 
The maturity of a silkworm is indicated by its throat, which turns trans- 

parent when it is fully mature [and thereupon it is caught and transferred to the 
bamboo screen and rice straw where it will spin the cocoon]. If the silkworm is 
caught too soon the yield of silk will be smali, but if too late some silk will have 
been already spun out, so that the cocoon will be thin. The best result would be 
that every single worm is caught at exactly the correct time, and this will 
require good eyesight as well as deft fingers [Figure 2.2]. Black silkworms are 
the most difficult to catch at the proper time, as the transparent parts in their 
bodies are not easily seen. 
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The Spinning of Cocoons 

The method used in Chia-hsing and Hu-chou for the spinning of cocoons 
is absolutely the best. People of other provinces, not knowing how to use [the 
controlled heat from] fires, allow the silkworms to take a free hand in spinning 
cocoons, some of which are even formed deep inside stacks of straw, or within 

crates and boxes, where the silk is not tempered by either wind or heat. That is 
why the pongee of north China and Chang-chou [Fukien] and the silks of 
Honan and Szechuan deteriorate so easily, whereas a garment made of Chia- 
hsing or Hu-chou silk, on the other hand, will remain intact even after numer- 
ous launderings. 

The [Chekiang] method is as follows: split-bamboo screens equipped with 
straw cocks are placed on wooden supports about six ch’ih from the ground, 
under which braziers of burning charcoal are placed (the charcoal should be 
explosion-free) some four or five ch’ih apart from one another. [Figure 2.3]. 
The fire is kept low when the silkworms are first put on the straw cocks. As the 
worm starts to spin out the silk, he is induced by the warmth of the fire to stay 
on at the same spot instead of wandering around. Then when the outlines of the 
cocoons are defined, the fires are increased by the addition of half a catty [of 
charcoal] into each brazier. Thus, the silk can be dried as soon as the worm 

spins it out; that is why such silk is long-lasting. 
The cocoon room should not have a low ceiling, because while the lower 

part of the room must be warm, the upper part should be kept cool. Cocoons 
that are formed directly above the fires are not to be used for producing 
silk-moth eggs; the breeding moths should come from cocoons further away 
from the heat. 

The straw cocks on top of the bamboo screens are made by twisting 
bundles of rice or wheat straws of equal lengths, and then securing them onto 
the screens. Persons who make the straw cocks best are those with a strong and 
sure hand. Some straw should be spread over the surfaces of the screens, so as 

to prevent the silkworms from tumbling through the cracks between the bam- 
boo slots, to the ground or into the fire. 

Gathering the Cocoons 

The cocoons are gathered from the bamboo screens three days after they 
are formed. The loose silk or floss, also known as stripping, on the surfaces of 

the cocoons is usually bought at a low price (100 cash per catty) by old women 
in Hu-chou, who spin it into yarn with the use of copper coins [as spindles], and 
weave it into the “spun-silk” of Hu-chou. After the floss has been taken off, the 
cocoons are spread out in large trays and placed on shelves to await reeling 
[Figure 2.4]. The silk fibers will decay and break if the cocoons are put away in 
covered containers. 

Pests 

Birds, rats, and mosquitoes are the three enemies of silkworms, The 
worms are safe from birds, however, in the cocoon stage, and the Early variety 
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Figure 2-3. Mature silkworms spinning cocoons on split-bamboo screens. 
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Figure 2-5. Separating single cocoons from the double cocoons and the multiple-worm 
cocoons [Ch’ing addition]. 
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6. Reeling silk fibers. Figure 2 
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Figure 2-7. A silk reel used in south China [Ch’ ing addition]. 
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ing addition]. Figure 2-8. Another silk reel used in north China [Ch’i 
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silkworms are not troubled by mosquitoes, but the menace of rats is with the 

worms from beginning to end. There are many different methods of preventing 

or getting rid of these three pests, depending on the ways of particular individu- 

als. (A silkworm will immediately die and decay, if it eats leaves soiled with 

bird droppings. ) 

Sorting the Cocoons 

For reeling silk, only the properly oval-shaped single cocoons should be 
chosen, because then the fibers will not become tangled. The double cocoons 
and the four- or five-worm cocoons are sorted out and put aside as a separate 
lot [Figure 2.5] for making spun or florette silk; if these defective cocoons are 

reeled, the resultant silk will be extremely coarse. 

Making Silk Wadding 

The fibers of such materials as double cocoons, remnants in the pot after 

reelings, and pierced cocoons from which the moths have emerged, are all 
either entangled or broken. They cannot be reeled into ordinary silk, but are 
made into silk wadding [in accordance with the following procedure]. The 

[cocoons are] first boiled in an aqueous solution of rice stalk ash (lime solution 

is not suitable), and then transferred to a basin of clean water. After clipping 
his thumb-nail, the worker picks up a group of four cocoons at a time, and 
bores a hole at one side of each cocoon with his thumb. This operation is 
continued until four groups of fours or a total of sixteen cocoons are treated. 
The thumb-pierced opening of each cocoon is further enlarged by pressing 
through it with the worker’s fist. These sixteen cocoons are then put under 
small bamboo bows [for a still further stretching]. This is what [the ancient 

philosopher] Chuang-tzu called “washed spun silk.” The secret of the whiteness 
and purity of Hu-chou products lies in nothing else but superior skill. When a 
cocoon is put under the bow, it ought to be done very quickly and deftly, so that 
it can be easily stretched while still wet. If the handling is slow and the bowing 
is done when the water has already drained off, then the silk fibers will become 
matted, and the product will not be pure white. 

The silk wadding made from the remnants of silk reeling is known as 
“pot-bottom” silk. Sewn inside the linings of garments or bedclothes, silk 
wadding will ward off the intensest cold and is called quilting. 

Making silk wadding requires eight times as much labor as silk reeling, the 
result of [one man’s] work for an entire day being only four ounces of wadding. 
The Hu-chou silk woven from yarn spun from this silk floss fetches a rather 
high price. A further variety is the stuff woven on draw-looms and called 
“figured spun silk,” which is even more costly. 

Reeling the Silk Fibers 

For reeling silk, a reeling machine must be made ready first, of which the 
design and dimension are given in the accompanying illustrations [Figures 2.6, 
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2.7 and 2.8]. A vat of boiling water [is used to kill the chrysalis and to soften 
and dissolve the sericin]. The coarseness or fineness of the reeled thread 

depends on the number of cocoons thrown into the water at one time. One 
reeler is able to reel thirty ounces of silk per day, but if the silk is intended for 
weaving kerchiefs, then the amount is reduced to twenty ounces, because the 
fibers have to be considerably longer. For the reeling of damask for clothing 
and gauze silk, twenty cocoons are thrown into the water at the same time, but 
for that of kerchief silk only about a dozen are put in. 

As the cocoons boil, the surface of the water is stirred with bamboo sticks, 

by this means the ends of the silk fibers are made visible. The ends are first 
taken by hand, then are passed through the bamboo eyelets [of the reeling 
machine]; they are next placed over the guide rolls (made of bamboo cylin- 
ders, resembling incense-stick containers) and guide rings, then fixed to the 
thread-passing rod and thence to be wound by the winch. In case one fiber 
breaks off during the mechanical process of reeling, the loose end is found and 
put in place; it is not necessary to tie it. The even distribution of the silk fibers 
on the winch is attributed to the [skillful application of the] guide rolls and the 
thread-passing rod. 

The method of silk reeling in Szechuan is somewhat different. Here the 
reeling machine is placed directly over the vat, and is fed with four or five silk 
fibers gathered from the vat at a time. Two persons are employed to look for 
the fiber ends in the vat [Figure 2.8]. This is not as good a method, however, as 

that practiced in Hu-chou [as described above]. 

The fuel wood used in silk reeling should be extremely dry and smokeless, 
so as not to damage the lustre of the silk. There are [two phrases consisting of] 

six Chinese words that constitute the secret of preparing high-quality silk. The 
first is “dry out of mouth”; that is, drying the silk with a charcoal fire as the 
cocoons are being spun by the silkworms. The second is “dry out of water”: as 
the silk is being wound onto the winch of the reeling machine, a small charcoal 
fire is made in a brazier and placed about five ts’un away from the winch. As 
the latter rotates and stirs the air nearby, [the silk] is dried in the heat as it 

passes through. This is called “dry out of water” (the fire is not needed if the 
day is sunny and there is a good breeze). 

Spooling the Silk Fibers 

The first step toward the preparation of silk fibers for weaving is spooling 
[Figure 2.9]. At a well-lighted spot under the eaves, a skein frame is set up by 

afixing four bamboo sticks to a wooden board, which is set on the ground. The 

[reeled] silk is stretched on the frame. At the point eight ch’th high on a pillar 

nearby a device is set up which consists of a small, semicircular bamboo hook 

hanging at an angle, through which the silk fibers are passed. The ends of the 

fibers are attached to a hand spool which is held and rotated by the [operator’s] 

hand, so that [the silk is wound and] ready to be converted into weft or tram 

yarn. In case some fiber breaks off during the spooling process, [the hook] can 
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be lowered by means of a lever that consists of a small bamboo rod with a 

suspended stone at its end [to serve as a weight]. 

[Spinning Silk Fibers into] Weft Yarns 

After spooling, the silk threads are made into warp and weft yarns [by 
means of spinning]. The warp yarn consumes less silk than the weft yarn, and 
the general proportions being four-tenths for the warp and six-tenths for the 
weft. The spools of silk fibers that are intended for making weft yarn are first 
sprinkled with water, then twisted with a spinning wheel [Figure 2.10] carrying 
a rotary ring, and finally spun onto the bamboo rod or bobbin (made of slender 
“arrow bamboo’). 

Warp Frame 

After spooling, the silk threads are drawn into warp strands for weaving. 
[In the process of drawing,] a straight bamboo rod is pierced with thirty holes, 

each of which is connected with a split bamboo ring, known as “slippery eye.” 
The rod is held in a horizontal position by fixing its two ends separately on two 
supporting pillars. The silk thread of each spool is first drawn through a 
separate bamboo ring, then passed through one of the holes of a palm-shaped 
“warp guiding-rake” or Chang-shan, and finally wound on a warp rack [Figure 
POE 

When a sufficient amount of the silk strands or roverings has been wound 
up, they are [taken down from the rack], and wrapped on [the roll of] a warp 

frame [Figure 2.12]. These threads are separated alternately one up and one 
down into two groups, by means of two pieces of bamboo. After that, the 
threads are first drawn through a combing harness (this is not the one used in 
weaving ), [and then fastened to the warp beam]. When this is done, the beam is 
placed at a distance of fifty to seventy ch’ih away from [the roll of] the warp 
frame. If the threads are to be sized, the sizing is carried out at this point; if this 
is not required, then the threads are rolled onto the warp beam and thus made 
ready for weaving. 

Sizing the Silk 

The material commonly used for sizing is the starch obtained from the 
gluten of wheat. Sizing is necessary for gauze [lo] and thin gauze [sha], but 
for damask and plain silk fabrics sizing can either be used or not. If the thin 
gauze is [later] to be dyed in such colors as not to show any of its natural hues, 
a solution of ox glue is used in sizing, and the product is called “thin-glue 
gauze.” The sizing liquid [feeder] is held on top of the combing harness, which 

is moved back and forth through the silk threads in order to size and subse- 
quently dry them. On a clear and sunny day the [sized threads] can be dried 
in a few moments, but on cloudy days a breeze would be needed for drying. 
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Figure 2-9, Spooling silk. 
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Figure 2-10. A spinning wheel for making yarns. 
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Figure 2-11. Drawing silk threads into warp strands. 

The Border of Silk Fabrics 

All silk fabrics, whether damask or gauze [or any other kind], must have 
specially woven borders. These borders measure twenty-odd [warp] threads on 
each side. The threads used for weaving borders must be first sized and then 
dried by [the above-described method] of using a combing harness. In order to 

reduce the number of warpings, which is a laborious process, the warp threads 
for the weaving of damask and gauze are usually three hundred to five or six 
hundred ch’ih in length. In order to show that the fabric is up to its proper 
length in each bolt, ink marks should be stamped on the border [at regular 
intervals]. 

The warp threads for weaving the borders of the silk fabric are not rolled 
on the warp beam but are wound on a different cylinder of the loom. 

Warp Count 

The harness used for weaving gauze and thin gauze usually consist of 800 
“teeth” or heddles, whereas that for damask and pongee contains 1,200 
“teeth.” Through the “hole” or eyelet at the central part of each “tooth” 
four [un-sized] warp threads pass at the same time. In the case of sized threads, 
four of them are combined into two warp yarns and subsequently drawn 

through an eyelet. It follows, therefore, that the total number of warp threads 
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Figure 2-12, A warp frame for separating and sizing warp threads, 
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Figure 2-13. A drawloom for figure-weaving. 

for weaving gauze and thin gauze is 3,200, and that for damask and plain silk 
fabric is 5,000 to 6,000. In ancient [Chinese] writings eighty warp threads were 
termed as one “strip”; the thick damasks and pongees of today, therefore, are 
the equivalent of the “sixty-strip fabric” of olden times.® 

For weaving figured fabrics, the “dry out of mouth” and ‘dry out of 
water” silk fibers from Hu-chou and Chia-hsing must be used as the foundation 
or warp, because they will not break off in the repeated processes of lifting and 
shedding. Silk fibers produced from other provinces can barely stand the strain 
of figure-weaving, and their use will result in an inferior product. 

Drawloom 

The drawloom frame [Figure 2.13] has a total length of sixteen ch’ih. At 
the upper part of the frame a hua-lou or “figure tower” is located. Below it a 
ch’ii-p’an or “drawer board” is placed [for keeping the many heddles of the 
weaving harnesses in their proper positions]. [On the lower end of each heddle] 

hangs a separate ch’ii-chiao or “rigid rod” or weight (the latter is made of 
water-polished bamboo rod, numbering 1,800 to a loom). A pit of about two 
ch’ih deep is dug in the ground at a spot directly beneath the “figure tower” to 

make room for the “rigid rods” (where the ground is damp the pit can be 

replaced by the construction of a two-ch’ih high frame) [on which the 
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loom rests]. A cross-plank is provided in the figure tower for the drawboy to sit 

or stand on. 
The warp threads are wrapped [in parallel order] on a warp beam, placed 

in the front of the loom. [From here the threads pass to the back of the loom 

where they are attached to the cloth roll]. Toward the middle part of the loom, 
two tieh-chu mu or “driving shafts” are connected separately with two wooden 
poles four ch’ih long, which in turn are attached separately to the two ends of a 
reed, For weaving gauzes, the shafts should be lighter by about ten catties in 
weight than those used for damask and pongee. For weaving plain gauze or soft 
thin gauze, or damask and pongee showing small, scattered designs, only two 
cross beams need be added to the [lighter loom] used for weaving plain gauze, 
and one weaver operating the loom with treadles is enough to finish the task; in 
this case no drawboy is needed to man the “figure tower,” nor need the “drawer 
board” and “rigid rods” be set up. 

The frame of the [draw] loom consists of two sections. [See Figure 2.13 

again.] The front section is level. The [back] section declines one ch’ih from the 
“figure tower” to the weaver’s body [or cloth roll], thus increasing the force of 

the driving shafts. For weaving kerchiefs and other small, delicate items, 

however, a [small] loom of level surface is used; and the loom treadles are 

operated by the two feet of a seated weaver. This is because the very fine silk 
fibers used for making such fabrics may not be able to withstand the force of 
the driving shafts. 

The Waist {or Small] Loom 

The drawloom need not be used in weaving such silk fabrics as “Hang- 
chou” pongee, “gauze-weave” pongee, light silk, plain silk, “silver stripe” thin 
gauze, and gauze for making caps, hats, etc.; a small loom is used instead 

[Figure 2.14]. The artisan works sitting down, with a square piece of cured 
leather placed under the seat.” Because the motions of weaving depend entirely 
on [the strength of] the weaver’s waist and lower spine, the apparatus is 
therefore called a waist loom. When used in weaving hemp or cotton cloths, it 
produces better looking and more durable fabrics [than does the draw 
loom]. Unfortunately, however, the practice has not yet become widespread. 

Figure Designing 

The artisan who makes the figure design for weaving is the most ingenious 
person. The pattern and color of a fabric design are first painted by an artist on 
a piece of paper. The artisan takes. the painted design and translates it, 
precisely, in terms of the silk threads used, down to the last thousandth of an 
inch, and makes a pattern for weaving. This pattern is hung up in the “figure 
tower” of the drawloom; [it guides the drawboy] to lift the correct “rigid rods” 
of the heddles. Even if the weaver does not know what the figure and color on 
the fabric will turn out to be, he has only to follow the figure design and 
interlace the weft and warp threads according to specifications. Then, lo and 
behold, when the shuttle passes the desired figure appears on the fabric. 
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Figure 2-14. A waist [or small] loom. 
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The figure-patterns of damasks and pongees are formed by floating the 

warp threads over the filling or weft threads, while those of gauzes and thin 

gauzes are produced by combining [two or more] single threads or yarns in 

each weft strand. In the weaving of damasks and pongees the [warp] is lifted at 

every pick of the shuttle, but in the case of gauzes it is lifted only at every other 

ick. 
; The looms first devised by divine maidens have indeed been brought to 
perfection through human skill. 

Warping 

The [laborious process of] passing each warp thread or yarn through [a 
separate heddle-eye of] the weaving harness is performed by four persons, 
sitting alongside each other. The man in charge of passing the warp threads 
through the heddle-eyes holds the harness frame ready and waits for the 
threads to arrive. When the threads have been passed through [the proper 
eyelets of] the harness, they are held together with two fingers until some fifty 
or seventy threads are gathered; then these are tied together [to prevent 
slipping or tangling]. The key to keeping the threads in good order without 
tangling lies in the use of a separation bamboo rod. In case a thread breaks, it 
needs only to be pulled out a few inches; when it is released after the ends have 
been tied, it will snap back into position. Such is the natural good property of 
silk. 

Classification of Silk Fabrics 

In a Jo” or net fabric many tiny open ribs are woven for ventilation and 
coolness. The key to this weaving lies entirely in the function of the “soft” 
harness. The loom has two harnesses, one being “soft” and the other “hard,” 
and each harness is manipulated by a cam-type lever, [as exemplified by the 
lao-ya-ch’ih and se-mu of Figure 2.13]. After the shuttle is passed for five or 
three times, (a seven-time passage being used for weaving the thickest lo 
fabric), the two sets of warp yarns are individually twisted with each other 
through the raising of the “soft” harness. The warp yarns [in the close vicinity 
of the twisting] are not interlaced with filling, thus creating many open roads. If 
an open-mesh effect is obtained by interlacing the entire length of warp yarns at 
a considerable reed spacing, then the resultant fabric is called sha or gauze. 
This weaving depends also on the two cams [for manipulating the harnesses]. 

The replacement of the two cams by eight cross beams [probably a dobby 
arrangement] takes place only in the weaving of figured damask and pongee. 
[When the warp yarns are interlaced with two oppositely twisted weft yarns], 
which are carried separately by a left-hand shuttle and a right-hand shuttle, the 
resultant fabric is called crinkled gauze or crepe. 

The single-strand yarns are used for the ground warp of Jo or net, the 
two-strand yarns for chiian or pongee, and the five-strand yarns for ling or 
damask. The structural figure of fabrics is classified as plain-weave and damask- 
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weave. The former gives a dull appearance, while the latter exhibits a smooth 
surface with a characteristic luster. When silk filaments are [first twisted into 
yarns], then dyed, and finally woven, the resultant tuan fabrics are known as 
[warp-faced] satin-and [filling-faced] sateen. (Silk yarns are also dyed prior to 
the weaving of plain pongee in north China.) In the weaving of ch’iu-lo or 
“autumn net” on a silk-pongee loom, the warp yarns are interlaced twice with a 
light shuttle carrying the thin filling yarn and once with a heavy shuttle carrying 
the thick filling yarn. The same interlacing pattern [is repeated throughout the 
entire length of the fabric] at a considerable reed spacing, thus creating many 
open roads. This weaving technique had its origin in recent times. The ch’iu- 
lo fabric manufactured in Kiangsu and Chekiang as well as a similar fabric 
made in Fukien and Kwangtung, which is known as Awai-su, are all used for 

making the summer garments of high officials. The plain pongee, being inferior 
to the brocaded and/or embroidered: silk fabrics, is used as the clothing 
material for the provincial and minor officials. 

Boiling Off [the Gum from Raw Silk] 

The silk in the woven cloth is still in its raw state, which will become 

“souple” after boiling. It is first boiled with an aqueous solution of rice- 
stalk ashes and then steeped overnight in a solution of lard soap. Next the silk 
fabric is rinsed in hot water, and its dazzling luster will appear. Some people 
use [the aqueous extract of] smoked Chinese plums [as a degumming agent], 
and the result is a slightly duller luster. When the warp yarns of the fabric are 
made of Early silk, and the weft yarns Late silk, there is a loss in weight of 
three-tenths after boiling. If both the warp and the weft yarns are made of fine 
quality Early silk, then the loss in weight amounts to only two-tenths. 

After being boiled, [the fabric] is quickly spread out to dry in the sun. 
Next, in order to bring out all the luster in the silk, it is thoroughly polished 
with a large, round, smoothly ground piece of clamshell. 

Dragon Robes 

In our Dynasty the dragon robes * for Imperial use are woven in factories 

in Soochow and Hang-chou. [The drawloom used for such figure weaving is 

equipped with] a “figure tower” of fifteen ch’ih in height. Two highly skilled 

artisans [stay in the “figure tower” to] manipulate the “drawer board” in 

accordance with a prepared figure design. The shape of the woven dragon 

changes after every few inches of weave—[the design] being the result of the 

collective effort of all the [government] weaving establishments and not the 

work of any individual designer. The silk is dyed yellow before weaving. The 

weaving equipments are actually not. different [from those used in ordinary 

figure weaving], but the special care of the artisans as well as the sums 

expended [on the dragon robes] are scores of times more than the ordinary. 

Thus do subjects show their loyalty and respect [for the Emperor]. It is not 

possible to know the minute details involved in the weaving of these robes. 
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Japanese Satin 

Originating in the country of the Eastern barbarians, the manufacture of 

Japanese satin has spread to the [Chinese] coastal areas of Chang-chou 

and Ch’iian-chou. The silk used in this fabric is produced in Szechuan, whence 

merchants bring it to sell in exchange for pepper, which they take back on the 
return journey. The method of weaving [this satin] also came from the Japa- 
nese.'® The silk is dyed before weaving, and silk floss is concealed between the 
interlaced filling yarns. After every few inches of weaving, the warp yarns 
[showing on the surface of the cloth] are napped to produce a [soft hairy] fab- 
ric of dark luster. This [flannel-type] satin was very popular with the northern 
barbarians at the market places, but it is extremely nondurable and easily 
soiled. If it is made into hats or caps, they will accumulate dust in no time; and 
when it is made into garments their collars will wear out in a matter of days. 
Nowadays it is reported as of little value by both Chinese and foreigners. Since 
it will become an unwanted commodity in the future, there is no need to note 
down the method by which this satin is woven. 

COTTON TEXTILES 

Rich and poor alike use cotton clothing in cold weather. In ancient 
writings cotton “ was called hsi-ma or “nettle-hemp,” and was widely grown in 
the country. 

There are two species, the tree cotton [Ceiba pentandra] and the cotton 

plant [Gossypium indicum]. [Of the latter the] flowers are of two colors, white 

and purple, the white being nine-tenths and the purple one-tenth of all the 
cotton planted. 

Cotton is planted in the spring, and the bolls form in the autumn. The 
bolls are picked day by day as they mature and split open; therefore, not all 
cotton can be picked at the same time. The cotton seeds, which are tightly 
fastened to the fibers in the bolls, are eliminated by means of a cotton gin 
[Figure 2.15].° Then the clean fibers are bowed [Figure 2.16] (and subse- 

quently used as cotton padding for garments and bed clothes. This is the last 
step in the process.) 

After bowing, [the cotton fibers] are straightened and made into long 
slivers by rolling them with wooden boards [Figure 2.17], so as to be rendered 
ready for the spinning wheel [Figure 2.18], where the slivers are drawn out to 
the desired size and twisted into [single-strand] yarns. These yarns are spooled 
[and used directly as weft in weaving]. [Figure 2.19 seems to suggest that four 
spools of the single yarns are combined into two multiple-strand warp yarns 
through the use of a foot-operated spinning wheel.] The resultant warp yarns 
are wrapped in parallel order on the loom beam, and then interlaced with the 
weft yarns to form fabrics. A skillful spinner can hold a device consisting of 
three “tubes” in one hand [for guiding] the spinning of yarns onto the wheel. 
(The resultant yarns will be weak if the spinning is done too quickly.) 
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15. A cotton gin for separating fibers from seeds. Figure 2- 
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16, Bowing of cotton fibers. Figure 2- 
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Cotton fabrics are produced in all parts of the country. The best weaving 
is done, however, in Sung-chiang [Prefecture], and the best sizing and dyeing in 
Wu-hu. The tightly woven fabric is strong and long-lasting, while a loosely 
woven fabric is easily breakable. The best stone rollers [used for calendering 
the fabrics to give a smooth finish] are made of the cold-natured and fine- 

textured stones produced north of the Yangtse River (the cost being more than 
ten taels of silver for a high-grade piece). [In the process of calendering], the 

stone rollers will not become heated and the tightly woven fabrics will not 
become loose. The large firms in Wu-hu are best known for the good stone 
[rollers] they use. A great deal of cotton fabric is produced in Kwangtung in the 
south; but here the people also import the stones from afar [i.e. from north of 
the Yangtse], indicating that the good qualities of the latter have been truly 
proved. Cotton garments are often washed, and the same attention is paid to 
the pounding stones on which the laundering is done. The above method [for 
making cotton fabrics] is also used in foreign countries and Korea. However, 

the methods employed in the West are not known, since no information on the 
workings of the western looms is available. 

The patterns used for the figure-weaving of cotton fabrics are “cloud,” 
“twill,” “elephant eye,” and so on. These patterns are modeled after those used 
in [the weaving of silk fabrics by the] drawloom. But, since the fabric is only 
made of cotton, a plain unfigured weave would actually be good enough. It is 
not necessary to give illustration of the loom for weaving cotton fabrics, as it 
is to be found in every tenth household. 

Cotton Padding 

Out of a hundred persons who wear quilted garments in winter, only one 
[can afford to] use spun silk padding; the rest all use vegetable fibers. In ancient 
times hemp-quilted clothing was known, and nowadays the common practice is 

to use cotton-padded garments. After the cotton has been bowed, it is shaped to 

fit the garments and filled into the latter. The newly made clothes are light in 
weight and warm to the body, but the warmth is gradually lost with the passage 
of time and when [the padding] becomes hard and thin. To restore it to its 
previous state, the cotton should be taken out and bowed again. It will be as 
good as new when put [back] inside the garment. 

SUMMER CLOTHING 

Ramie, known in China as Chu-ma, is grown in all parts of the country.” 

It can be planted by either sowing the seeds or burying root cuttings. (In the 

Ch’ih prefecture [Kiangsi] the heads of roots are covered each year with a 

mixture of grass and manure, under which the root stumps will grow to the 

height of the manure covering. In contrast, the green ramie in Kwangtung 

province is planted by casting the seeds in fields.) There are two varieties of 

ramie: the Green and the Yellow. Each year [the stems of the plants] can be cut 

63 



TIEN-KUNG K’AI-WU 

two or three times; from these, fibers are obtained for the making of summer 

garments, curtains, and [mosquito] nets. 
After being peeled from the [woody portion] of the stem, the tissues of 

ramie fibers are stacked to dry in the sun, as they will rot if exposed to moisture. 

In order to separate the individual fibers [through the removal of gum], the 

dried fibers are steeped in water, but the length of steeping is not to exceed 

twenty quarters in time,” as prolonged soaking without separation will also 

cause rot. The natural color of ramie fibers is light yellow, but it is bleached 
into pure white. (The fibers are first boiled in an aqueous solution containing 
the ash of rice stalks and lime, then repeatedly rinsed in flowing water, and 
finally dried in the sun until the pure white color is achieved. ) 

Those who are skillful workers use treadle-powered wheels for spinning 
ramie yarns, and with this machine one female worker can produce [in one 
day] as much yarn as that produced by three men [using ordinary hand 
spindles]. However, the separation of the fibers [is a time-consuming process]. 
The entire day’s effort [of one person] will yield only some three or five ounces 
[of separated fibers]. The loom used for weaving ramie fabrics is the same as 
that for cotton cloth. Ramie fibers are always used in the threads for sewing 
cotton garments and leather shoes. 

[There is a similar species called] ke plant [Pueraria thunbergiana], 
which is a creeper whose fibers are several ch’ih longer than that of ramie. The 
fabric woven from the fine fibers of the ke plant is a costly commodity. [An- 
other similar species] is meng hemp [Abutilon avicennae], which can be 

woven into a very coarse fabric. The extremely coarse grade is used in making 
mourning clothes. It might be mentioned that the crudest fabric made from 
[the regular] ramie is used by the lacquer-ware manufacturers as “ash cloths,” 

while in the Imperial Palace it goes into the construction of torches. In addi- 
tion, there is a kind of palm-fiber gauze, which is made in Fukien Province 
from the fibers of plantain bark. This cheap fabric is thin and light, and de- 
teriorates rapidly. It is not suitable as a clothing material. 

FURS 

“Furs” is a general term for garments made from the skin of fur-bearing 
animals. There are hundreds of kinds of furs classified according to their 
values, ranging from the costly sable and fox to the inexpensive sheep and 
deerskin. 

The sable is a native of Manchuria and is found in the territory of 
Chien-chou as well as in Korea. This animal is fond of pine nuts. Therefore the 
native hunters, waiting in absolute silence, shoot it at night under the [pine] 
trees. The skin of one sable is less than a square ch’ih in size, so that over sixty 
sable skins will go into the making of just one fur garment. Dressed in a sable 
gown, a man standing in a snow storm will feel warmer than if he were indoors; 
and any sable hair that gets into one’s eye is easily removed. For these reasons 
it is most expensive. Sable furs are of three colors: one is the white kind, called 
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Figure 2-17. Straightening and rolling bowed cotton fibers into long slivers with the aid 
of wooden boards. 
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Figure 2-18. A hand-operated spinning wheel. 
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silver sable; another is jet black; and the third is dark brown. (The long- 
haired variety of black sable is so valuable that merely an over-cap made of it 
is now worth some fifty taels of silver.) 

Fox furs are also produced in [north China such as in] Hopei, Shantung, 
Southern Manchuria, and Honan. A gown lined with pure white fox fetches 
almost as high a price as sable, but yellow and brown fox furs are equal to 
one-fifth the price of sable. Fox furs are second to sables as protection against 
the cold. The underfur of Manchurian foxes is dark bluish in color, while that 
of foxes in China Proper is white. By blowing on the pelt and separating the 
overhair, the buyer [ascertains the origin of the fur and] grades it on the basis of 
the color of the underfur. 

As to sheep furs, that from the mother sheep is cheaper than that from the 

lamb. [The fur of] the lamb taken before it was born is called “unborn lamb” 

(with slight beginnings of curls in the hair); that of newly born lambs is called 
“suckling lamb” (with curled hairs like the ends of earrings); that of three- 

month olds is “running lamb”; and seven-month olds, “walking lamb” (with 

gradually straightened hairs). Fur clothes made of “suckling” and “running” 
lamb are free from sheep odor. [Such] lamb garments were worn exclusively 
by government ministers in ancient times, and even nowadays the high gentry 
of the northwestern provinces still greatly value them. The skin of adult sheep, 
however, are cured and made into heavy garments that are worn by the lower 
classes. 

All the furs named above are prepared from the [long-haired] sheep 
skins. The short-haired [goat] skins produced in southern China are only 

valuable for their hides. These hides are cured and made into parchment, 
which is as thin as paper and used in the manufacture of painted lanterns. 
Those who are accustomed to wearing sheepskin will cease to notice its odor as 
time goes on. The southern Chinese, who are not used to it, however, can not 

bear the smell; but since the coid weather is not severe in the south, there is 

actually little need there to wear sheepskin. 
After the removal of hair, the deerskin is cured and turned into a kind of 

soft leather for making jackets and trousers. This leather affords good 
protection against wind and is comfortable to wear; particularly good are the 
socks and boots made from it. In addition to being produced in large 
quantities in Kwangtung, deerskin is also prepared in Hunan and Hupei, where 
an important distribution center for it is the Wang-hua Mountain. Another 
property of deerskin is that it wards off scorpions. In north China, in addition 
to being clothing material, it is also‘cut into strips and used as a border for bed 
coverings, which naturally keep scorpions away. 

The strikingly marked leopard and tiger furs are used in making the 
military outfits for generals; the cheap dog and pig skins are made into shoes 
for the laborers. The otter fur is highly valued by the western tribes in making 
clothes, and is also used for decorating collars of clothing worn by officials and 

gentry. The hunters in Hsiang-yang and Huang-chou [in Hupei] travel over 

mountains and across great distance [to the places] where they can shoot otters 

whose furs they sell in a distant [market] at enormous profits. Further, there 
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Figure 2-19. A foot-operated spinning wheel [Ch’ing addition]. 
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are various kinds of rare furs from exotic places, such as “golden-haired ape” 
fur for making the Emperor’s over-caps and “ch’e-li monkey” fur for making 
the Emperor’s gowns. These furs are not Chinese products. 

The above is a general sketch of the animal furs that have been used for 
clothing, not counting the numerous varieties of local products. Birds also 
furnish material for clothes; there are people who make use of the small, inner 
feathers from the eagle’s breast and those under the wild goose’s wings. This 
stuff is called “‘swan’s-down.” Tens of thousands of birds have to be killed in 
order to obtain enough feathers for a single cloak. It isn’t worth the 
trouble. 

WOOLENS AND FELT 

There are two kinds of sheep. One is known as woolly sheep. Its wool 
fibers are made into felt or downlike fabric that is subsequently fashioned 
into hats, socks and the like, which are worn all over the country. In ancient 
times, before the “Western-Region” * sheep was introduced into China, the 
hair of this [woolly] sheep was also woven into coarse wool fabrics for the poor 

people’s clothing. These fabrics lacked any fine quality. Today some of them 
are still made from the wool of this sheep. Woolly sheep flourish in all areas 
north of Hsii-chou and the Huai River. South [of the Yangtse] sheep are 
raised only in Hu-chou, where they are sheared three times each year (in 
summer the hair is sparse). Each sheep yields enough wool every year for 
making three pairs of socks. Furthermore, each pair of sheep will produce two 
lambs in each lambing season. Therefore if a north China household keeps 
100 sheep, the income it derives from them will be some 100 taels [of silver] 
per year. 

The other kind of sheep is yii-t’iao sheep (this is a foreign term), which 
was introduced into China from the Western Regions only toward the end of 
the T’ang dynasty. The outer hair of this sheep is not very long, but the inner 
hair is fine and soft and is separated and woven into pubescence fabrics. The 
Shensi people call this animal [cashmere] goat in order to distinguish it from 
the [woolly] sheep. The former species was first brought from the Western 
Regions to Lin-t’ao [in Kansu, an old name for Lanchou]. At present Lan- 
chou is best known for the raising of [cashmere] goat. The high-grade wool 

fabrics are all manufactured in Lanchou and are called “Lanchou woolen” or 
“Ku-ku woolen,” according to its original foreign name. 

[This cashmere] goat hair is classified in two kinds. One, termed 

“combed wool,” is obtained by combing [the coat of the goat]. The resultant 

hair fibers are first spun into yarns and then woven into such fabrics as serge, 

pa-tzu [possibly twill}, and so on. The other, termed “picked wool,” is 

obtained by hand-picking the finest inner hairs, one by one. This is also made 

into yarn and then woven. Rubbed against the face, this fabric feels so smooth 

and silky as silk itself. A spinner working for a whole day can produce only 

about 0.1 ounce of yarn; and one bolt of cloth [made of this “picked wool”] 
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will require half a year to complete. The amount of “combed wool” that can 
be spun in a day, however, is several times that of “picked wool.” 

To make [a fine and even] wool yarn, a lead weight is suspended from the 
lower end of the strand of wool fibers, which are rolled and twisted by the 
spinner’s two hands. The loom used for weaving wool fabrics is larger than the 
cotton looms. Eight cross beams are employed on the wool loom; the wool 
yarns are placed on the warp beam and passed through their respective harness 
slots. [The harness is lifted by] stamping the four treadles under the frame. 
This is to separate the warp yarns [and to form the shed] so that the filling goes 
over two warp yarns, [then under one, over two, under one, and so on, with a 

progression of one at the point of interlacings]. The result is that [a twill 
weave or] a diagonal pattern is created across the face of the finished fabric. 

The shuttle is 1.2 ch’th in length. Both the loom and the goat were brought to 
China in past ages by barbarians who came [to China] (but whose names are 

not known); to this day, therefore, the weavers are all members of this race. 

No Chinese takes part in this work. 
Of the wool sheared from the [woolly] sheep, the coarse fibers are used in 

making felt,” and the finer ones, in weaving woolens. For making felt, boiling 

water is first prepared. Into it the wool is thrown and subsequently washed 
and agitated until the fibres have matted together. The resultant crude felt is 
spread over a wooden board [or mat] that has been fashioned in the shape of 

the thing to be made. Then the felt is finished by pressing a roller back and 
forth on it. The natural colors of felt are black and white; all the other colors 
are created by dyeing. As for such terms as ch’ii-yii carpets, p’ang-lu rugs, and 
the like, they are simply the names derived from many dialects both Chinese 
and foreign. The coarsest kind of blankets or rugs are made with horsehair 
and shoddy mixed with sheep’s wool. 

NOTES 

1. The bathing of eggs in rain and snow also prevents them from hatching until the 
next spring when young and tender mulberry leaves sprout. 

2. The Early and Late varieties of silkworms refer to the annual (one crop) and 
polyvoltine (two or more crops per year) classes respectively. Although the first genera- 
tion of the latter is hatched somewhat earlier than the annual variety, the last bit of work 
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involved with it would be finished later than that of the one-crop worm, therefore it is 
here called the late variety. 

3. Wild silk is produced by caterpillars other than the mulberry silkworm, or 
Bombyx mori. The term “wild” implies that these silkworms are not capable of being 
domesticated and artificially cultivated like the mulberry worms. 

4. Moulting of the silkworm is expressed in Chinese by the word mien, meaning 
“sleep,” because when the worm is about to shed its skin, it stops eating for a time and 
becomes motionless. Under normal conditions the worm sheds its skin four times prior to 
spinning the cocoon. 

5. “Beginning of summer” or li-hsia refers to a solar term in the traditional calendar 
year. It occurs approximately in the first half of May. 

6. In Chekiang, that is, around the silk-producing region of Chia-hsing and Hu- 
chou. 

7. In his Up the Yangtse in 1891 E. H. Parker recounted that in Chiating silkworms 
are frequently fed at first with the leaves of che or “silkworm oak”; however, when the 
worms grow older, the diet is changed to mulberry leaves. The silk is known as “hard 
silk.” 

8. Grasserie seems to be the silkworm disease described in this book. It is present 
when the worms become restless, bloated, and yellow in color; if punctured they exude a 
fetid matter filled with minute granular crystals. The disease is neither contagious nor 
hereditary. Its chief cause is mismanagement of the worms at moulting periods and 
uneven feeding. 

9. The warp count of Chinese fabrics underwent a series of changes with the progress 
of time. For example, Fan Wen-lan states that in the Chou dynasty kerchiefs were woven 
with 170-warp yarns in every inch of width. Lao Kan relates that in the Han dynasty an 
eight-thread “strip” of warp yarns referred only to hemp and tree-cotton fabrics, while the 
silk fabrics were measured by weight, usually in terms of so many “ounces” of silk. In the 
Ming dynasty, however, the term eighty-thread “strip” was broadened to express the warp 
count of silk damasks and pongees, as indicated in the present chapter. 

10. The piece of cured leather seems to be a sort of bolster for supporting the waist 
and back of the weaver. It is not clear why the text states that it is placed under the 
weaver’s seat. 

11. Gauze fabrics have long been known in China as Jo and sha. The complex lo 
fabrics were much more popular than the simple sha fabrics in the Han and T’ang 
dynasties (206 B.c.906 A.D.). In the Sung dynasty (A.D. 960-1279), however, the 

popularity of /o declined, while the manufacture of sha was considerably increased. From 
that time onwards lo was gradually replaced by sha and fell into disuse after the 
overthrow of the Ch’ing dynasty in 1912, chiefly because Jo was more expensive than sha 
to manufacture. 

12. Dragon robes had a long tradition in China dating back to the Sung dynasty. 
During the Ming and Ch’ing periods they generally served as an insignia of rank through 
the numerous variations of design and color. The imperial dragon robes, described briefly 
in the present section of the book, were worn by the emperor and those of highest ranks in 
his immediate family, while the lesser dragon robes or mang p’ao were used as court dress 
by officials down to the seventh rank. For an informative study on the subject see Schuyler 
Cammann, China’s Dragon Robes (New York, 1952). 

13. The so-called “Japanese satin” or wo-tuan is a Chinese misnomer. It was first 
brought into Japan by the early Spanish merchants and was subsequently introduced into 
China. The Chinese manufacture of the fabric, begun in the Ming dynasty, has centered at 
Chang-chou in Fukien province, thus giving the satin the other name Chang tuan. This 
material was widely used by the noblewomen of the Ch’ing dynasty (1644-1911) for 
making their richly ornamented dresses. 

14, Ceiba pentandra was known in China as mu-mien or “tree cotton” in very ancient 
times. This has led to a confusion of terms. The real cotton plant, Gossypium indicum, is 

believed to have been introduced into China from India via Persia in the early Han period, 
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ca. 138-126 B.c. For centuries, however, it seems to have been grown only as an orna- 
mental shrub. Not until the Southern Sung (1127-1279) and the Yuan (1279-1368) 

dynasties was cotton widely cultivated for the fiber of its fruit, and the two main areas of 
production were the lower Yangtse valley centering in Sung-chiang and Shensi in North 
China. 

15. The cotton gin used by the Chinese was very similar to the one invented by Eli 
Whitney in the United States in 1793. 

16. Ramie or “China grass” is an Asian perennial plant, Boehmeria nivea. It is 
known in China as chu-ma, in Cochin China as cay-gai, and in Bengal as kankura. The 
shrub reaches four to six feet in height, and is very hardy. It is cultivated largely in China 
and to a limited extent in Japan and India. The prehistory of ramie in China is still 
obscure, since a large number of bast fibers, including hemp, flax, and ramie, are all 

referred to as ma or “hemp” in ancient Chinese writings. One thing is certain, however, 
that ma was the first fiber plant of the Chinese and was used for clothing almost exclu- 
sively before the arrival of cotton. The use of ma as a textile was gradually replaced by 
cotton during the Ming and Ch’ing dynasties. 

17. Twenty quarters in the old Chinese way of calculating time are equal to ten 
hours. 

18. The “Western Region” sheep, as described in the present chapter, was probably 
introduced into China during the Han dynasty. It is related in Chinese history that, on a 
campaign against the Hsiung-nu (121-119 B.c.), the army of the Martial Emperor of Han 
defeated or killed 19,000 of the enemy and captured a million sheep. In addition to wool 
fibers, the hairs of the camel and the rabbit were also used in the T’ang dynasty (A.D. 
618-906) for making soft and fine wool cloth. Another important development at that 
time was the introduction of the cashmere goat into China proper from Tibet and northern 
India. The soft, silky inner hair of the animal was used by the nomadic Chinese in the 
Western Region for making wool cloth. However, for the next seven centuries most 
Chinese continued the ancient tradition of using long-fiber silk and hemp as textile 
materials and made little use of the short-fiber wool. Matthew Ricci writes of the Chinese 
wool industry at the end of the sixteenth and the beginning of the seventeenth centuries as 
follows: 

They shear sheep, but in the use of sheep’s wool they are not nearly as adept as 
the people in Europe, and though they place a high value on imported woolen cloth 
they do not know how to weave wool into cloth for clothing. True, they do weave 
a woolen cloth of light weight for summer use which is much in demand by the 
poorer classes for hats and for the carpets which they use as sleeping mats. These 
carpets are also used in the performance of their social rites. Woolen cloth is more 
in demand in the northern parts of China where the cold is almost as biting as it 
is in the northern parts of Europe. The natives gather the skins of foxes and of 
Scythian weasels, which they make into garments to ward off the rigorous frosts. 
19. Felt was widely used by nomads, particularly Tibetans and the Mongols. Their 

tents had to be impervious to wind and water and their saddlebags and other containers 
strong, light, and dustproof. Felt met these qualifications, and consequently became an 
essential item among the wandering people. In contrast, the use of felt by the ordinary 
Chinese has been limited to the making of pallets, runners, hats, and shoes. 
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Master Sung observes that in the sky the clouds are of different hues, and on 
earth the flowers and leaves are dissimilar in appearance. What-Heaven has 
established as model, the sages then followed. Dyes of various colors therefore 
were invented, which are derived from the five [primary] colors. Who can say 
that the Emperor Shun has not deliberated carefully in this matter? 

Among the many birds of the air the phoenix [i.e. king of birds] sports a 
red color, and among the multitudes of animals the unicorn [i.e. king of 
beasts] is blue-green. The same principle underlies the decision that vermil- 
lion and yellow [i.e. colors of the imperial palaces] should be the objects of 
obeisance by the multitudes of dark-robed literati. Lao Tzu once said, “The 
bland will absorb a mixture of tastes, and the white will absorb the rainbow 

colors.” All the silk, hemp, fur, and woolen stuffs are naturally plain, yet when 
dyed in various colors their value can be much enhanced. Is there one who 
contends that the Power of Creation had not exercised great care in its 
undertakings? I certainly would not believe him. 

DYES OF VARIOUS COLORS 

Crimson. The ingredient for this color is safflower cakes, boiled in the 
juice of smoked Chinese plums, and then levigated in an aqueous solution of 
caustic soda. The same result can be obtained by substituting for caustic soda 
the ash of rice stalks. The more times the substance is decanted, the more 

brilliant will be the color. Some dye works, however, dye [the materials] first 

with Venetian sumach as a base in order to save expenses. 
Safflower red is most allergic to garu-wood and musk [i.e. perfumes]. 

If [safflower-dyed] garments are stored together with these scents, the coloring 
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will be ruined within a few months. If, after a piece of cloth has been 
safflower-dyed, a removal in color is desired, the cloth needs only be moistened 
with a small amount [lit. “a few dozen drops”] of the aqueous solution of 
caustic soda or rice stalk ash, and the red color will be completely withdrawn 
from the cloth and returned to its original form. This liquid is stored in green 
lentil flour and can be released again for dyeing with no loss. Information 
about this process is not obtainable from dyers, who regard it as a trade 
secret. 

Lotus pink, peach-blossom pink, silver pink, and clear pale pink. For 

dyeing these colors the sole ingredient is also safflower cakes, the different 
shades resulting from variations in the amount of dye used. These colors will 
not show on yellow silk; therefore, white silk must be used. 

Wood red. Dye for this color is made by boiling sappanwood * in water, 
with gallnuts and alum added. 

Purple. This color is achieved by using sappanwood as a base, then 
dyeing again with green vitriol [ferrous sulfate, FeSO,]. 

Earth brown. The method for dyeing this color is not clear. 
Canary yellow. This color is dyed first with the aqueous solution of 

boiled yellow berberine wood and then soaked in the [seeth] water of 

indigo.” 

Golden yellow. This color is achieved by first dyeing with the aqueous 
solution of boiled Venetian sumach * wood, followed by shampooing with the 
alkaline solution of water-leached hemp ash. 

Tea brown. Dyed with the aqueous solution of boiled lotus-seed shells 
and then rinsed with the aqueous solution of green vitriol. 

Dark green. Dyed first with the juice of boiled “huai” flower and next 
soaked in indigo solution. Alum is used [as a mordant] for both the light and 
darker shades of this color. 

Bright green. Dyed first with the liquid of [boiled] yellow berberine and 
then soaked in indigo solution. Nowadays there is a shade called bright grass- 
green, which is obtained by using the liquid of boiled small-leafed Polygonum 
tinctorium plant [after dyeing with yellow berberine]; this results in a very 
brilliant hue. 

Light green. This is slightly dyed with “huai” flower [liquid] and soaked 
in green vitriol [solution]. 

Deep sky-blue. This color results from first dyeing the material lightly in 
a vat of indigo and then washing with sappanwood solution. 

Grape blue. First the material is deeply dyed in a vat of indigo and then 
washed with concentrated sappanwood solution. 

Egg-shell blue. This color is obtained by first dyeing [the cloth] with 
yellow berberine solution then soaking it in indigo vats. 

Peacock blue and sky blue. Both are dyed with indigo, the difference 
being only one of shade. 

Black. It is first dyed a deep blue with liquid indigo then soaked in the 
liquids of boiled Venetian sumach’ wood and afterwards [in those of boiled] 
myricaeceae bark. According to another method, the tender indigo leaves are 

714 



DYES 

first soaked in water; next, green vitriol and gallnuts are added, and [with the 
cloth] are soaked together in this liquid. Cloth dyed in this fashion, however, 
will deterioriate rapidly. 

Pale blue and light blue, These two colors are both achieved by dyeing 
slightly in an aqueous solution of indigo, A new method nowadays consists of 
dyeing in the slightly boiled liquid of Polygonum tinctorium. 

Ivory color. This is obtained by dyeing slightly in the liquid of Venetian 
sumach, or in [an aquaeous solution of] yellow earth. 

Mauve. Dyed first in a dilute sappanwood solution, followed by soaking 
in the dilute liquids of lotus-seed shells and of blue vitriol, respectively. 

Supplement [1]:The dyeing of black kerchiefs, This black color is not 
obtained from indigo. [The material to be dyed] is first boiled for a day in a 
mixture of water and acorn shells or lotus-seed shells, and strained off; and is 

again boiled for one night in a pot containing the aqueous solution of iron ore 
and green vitriol, This results in a deep black color. 

Supplement [2]: Dyeing navy-blue cloth. For many centuries Wu-hu [on 
the Yangtse in Anhui] was famous for its dark blue cloth. Its blue sheen, a 
result of [this locality’s] starching and smoothing process, was highly valued by 
peoples of countries far and near. Yet human nature eventually tired of this 
material, therefore a method for dyeing the navy-blue color has been developed 
in recent times. This new method consists of the following: the high-quality 
[cotton] cloth of Sung-chiang [in Kiangsu] is first dyed a dark blue and is dried 
in the air without the starching and smoothing treatments. The cloth is next 
rinsed in an aqueous solution of glue and bean milk, This is followed by 
dyeing the cloth slightly in a vat of the highest grade of indigo, called “standard 
vat.” Thus the finished product will show a red iridescence, and it has 

become much prized. 

INDIGO 

There are five kinds of indigo plants, and they all yield indigo. “Tea 
indigo” is another name for the variety satis tinctoria, a plant that is propa- 
gated by sprig-planting. Others, the Polygonum tinctorium, “horse indigo” 
[strobilanthes flaccidifolius], and “Kiangsu indigo” [Indigofera kiangsu] are all 
seed-grown, There has recently been developed a variety of Polygunum 
tinctorium having small leaves, commonly called “Pigweed indigo” [Amaran- 

taceae tinctorium], which is a still better species.* The “tea indigo” plant is 

harvested in the eleventh month of the year. All the leaves are cut off and put 

into a pit for the manufacture of indigo. The tops and bottoms of the stems are 

trimmed off so that only a few inches near the roots are left, which are dried in 
hot air and then covered with earth for storage. In the spring the soil of the 

hilly country is made extremely fertile and friable by burning [the winter’s grass 

and leaves?]. In this prepared soil holes are then made at a slanting angle with 

an awl-hoe (this hoe, about eight inches in length, has an end that curves to- 

ward the holder), and the indigo stems are inserted into them. They will live 

and grow into new plants without trouble. 
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As to the other varieties of indigo, their seeds are gathered and sown in 
prepared seed beds. Young shoots of the plants will appear in late spring, in 
the sixth month the fruits are formed, and in the seventh month [approximately 
early August to early September, solar calendar] the plants are cut and 
harvested for making indigo. 

In making indigo, large amounts of [the harvested] leaves and stems are 
placed in pits; for smaller amounts barrels or vats are used. The plants are 
soaked for seven days in water to extract [and hydrolyze] the [indigo] juice 
[ie., indican].° Five pints of lime are added to each tan of this solution, 

which is then stirred and agitated several dozen times [to secure air for 
oxidation]. The indigo will precipitate and settle in the bottom [of the vat] 
when the agitation of the water ceases. In recent times the people of Fukien 
province have cultivated mostly “tea indigo” on their hills, the proportion 
being several times the amount of all the other kinds of indigo planted [there]. 
[The harvested plants] are packed in wicker baskets in the mountains and 
brought [to markets] by boats. [In the process of soaking the plant in water], 

the foamy substance on top of the liquid surface, that has been skimmed off 
and dried, is called “indigo florets.” Before being put into the vat [for 
oxidation] the indigo [plant extract] must first be mixed with the aqueous 
solution of rice-stalk ash, and [after it is in the vat] it must be stirred 

innumerable times every day with a bamboo stick [to secure air for oxidation]. 

The finest grade [of indigo] is called “standard vat.” 

SAFFLOWER 

Safflower is planted by sowing the seeds in fields at the beginning of the 
second month [early March, in the solar calendar]. If it is planted too early, a 

kind of black antlike insect will appear when the shoots are about one foot high 
and attack the plant roots, causing the plants to die immediately. In fertile soil 
the shoots will grow to be two or three feet tall. Stakes should be fixed along 
each row and strings tied across them, in order to prevent the plants from being 
broken by strong winds. But this procedure need not be followed if the 
safflowers are planted in poor soil and the plants are under one and one-half 
feet high.° 

The safflower begins to bloom in early summer. [The calyx] under the 
flower is ball-shaped and covered with thorns, and the flower rests on top of the 
ball. Safflower must be picked early in the morning while it is still moistened 
with dew; as the sun rises high and the dew dries, the flower will close up into a 
solid ball, and it is no longer fit for picking. But on a cloudy or rainy morning, 
when fewer flowers will bloom, it is safe to pick them even though the dew 
drops have evaporated, since there is no sunshine. Safflower will continue to 
bloom every day for an entire month. Those flowers destined for use in 
medicine need not be made into cakes. Those that are to become dyes, 
however, must be put into cakes before they can be used: in this way the yellow 
juice [in the flower] is eliminated and a true red color obtained. The seeds of 
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safflower can be pressed for oil. A silver-leafed fan will turn golden after 
having been brushed with this oil and dried over a fire. 

The Manufacture of Safflower Cakes 

The safflower blossoms are picked while they are still moistened with dew, 
and are thoroughly pounded. After the pounded mass is put into a cloth sack 
and soaked in water [for a certain time,] it is squeezed to remove the yellow 

juice. The solid residue is again pounded and further purified [by decomposing 
its yellow coloring matter] with soured millet or rice juice. [The acid-treated 
mass] is first put in a sack, then soaked in water, and finally squeezed to remove 
its decomposed yellow matter. Then for one night this solid residue is covered 
with [branches of] Artimisia apiacea, after which it is shaped into cakes, dried 

in the shade, and stored. When dyers know the correct method [of preparing 
safflower cakes], “brilliant will be our red color.” * This is the color known 

as scarlet (safflower cakes are also necessary in dyeing red paper for cere- 
monial uses; otherwise the color would be quite pale). 

Supplement: Rouge 

In ancient days the best rouge was made by tinting cotton-wool with 
litmus [tzu kuang in the text],° while that tinted with the juice of safflower or 
mountain pomegranate flowers ranked second. Nowadays in the Chi-ning 
area [in Shantung], however, it is made only from the dregs of safflower left 
over from dye works and is worth very little. The dried [safflower] dregs are 
called “purple powder”; it is sometimes used as a color by artists, but dyers 
discard it as waste matter. 

“Huai’ Flowers 

A huai tree ® will not bloom and bear fruit until it is ten-odd years old. 

The immature, unopened flowers are called huai flower buds, which are a 

necessary ingredient in dyeing cloth green, just as safflower is in dyeing it red. 

To gather the buds, bamboo mats are spread closely under [the tree] to receive 

them [as they are picked]. The buds are then boiled once in water, strained, 

and fashioned into cakes; they are now ready for use by dyers. The mature 

flowers will gradually turn yellow. After being gathered they are mixed with a 

little lime, [dried] in the sun, and stored for use. 
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NOTES 

1. Sappanwood is the hard wood of the Caesalpinia sappan, a tree common to the 
warmer regions of Asia. According to Li Shih-chen, sappanwood was used by the Chinese 
for dyeing fabrics in the Western Tsin dynasty (A.D. 265-316) and possibly earlier. It is 
described in Nan-fang t’sao-mu chuang (A.D. 264-367) and also in T’ang Pen-ts’ao (A.D. 

600). It constituted an important item of foreign commerce in the Ming dynasty, being 
imported chiefly from Malaya and the East Indies. 

2. Yellow berberine wood is from the Berberis thunbergii, a tree which the Chinese 
have used for its yellow dyestuff ever since the Han dynasty (206 B.c.-219 a.D.), if not 
earlier. “Seeth” water is the liquid from which the indigo precipitate settles out at the end 
of the oxidation process. When seeth water is evaporated, yellow-brown to deep brown 
residues are obtained. 

3. Venetian sumach or Turkish sumach is a small tree whose wood and leaves yield 
the yellow dyestuff known as “Young Fustic.” 

4. The mention of indigo plants in Erh-ya and Kuang-chih suggests that they might 
have been used as dyestuff or medicine in the Chou dynasty (1122~256 B.c.) or at least in 

the Ch’in dynasty. (221-206 B.c.). The cultivation, preparation, and use of indigo as a 
dye are fully described in Ch’i-min. yao-shu written by Chia-Ssu-hsieh in the fifth century. 
The commonly used indigo plant in China has been and is the Polygonum tinctorium, 
chiefly found in the central and northern parts of China as well as in Manchuria. The 
Isatis tinctoria or wood plant, at one time widely grown in south China, is now used in 
limited quantity to blend with indigo in the dyeing of fabrics. The so-called “tea indigo” 
plant of the Fukien province may belong to one of the many species of Indigofera, such as 
tinctoria, sumatrana (the Indian plant), arrecta (the Natal plant), Paucifolia (Madagas- 

car plant), secundiflora (Guatemala plant), argentea, disperma, and others. 

5. The extraction of indican by hot water is mentioned in the older Ch’i-min 
yao-shu but not in the present book. It is possible to recover 80-85 per cent of the indican 
by hot water extraction, as against 40-50 percent by ordinary steeping. 

6. Safflower or bastard saffron is an annual thistle-like plant belonging to the 
Cynarocephalae. A native of Southern Asia, it has been cultivated and used as both a red 
dye and a drug in China since ancient times. According to Li Shih-chen, Chung-hua 
ku-chin chu states that safflower juice was first used for making face-paint rouge in the 
time of King Chou (1154-1122 B.c.) in the Shang dynasty. Po-wu chih relates that the 
seeds of a “barbarian safflower” were brought to China from the Western Region by 
Chang Ch’ien in 126 B.c. The cultivation, preparation and utilization of safflower were 
fully described in Ch’i-min yao-shu, written long before the present book. 

Modern research discloses that safflower is a very weak dyestuff, four ounces are 
necessary to dye one pound of cotton light pink, eight ounces for a rose-pink, and about 
one pound for producing crimson. It is now-rarely used as a dyestuff, though it is still 
employed in China and other countries in the making of cosmetics. 

7. A quotation from the Book of Poetry. 
8. Litmus, assuming that this is the substance meant, is well known to the modern 

chemists and is derived from various species of lichens. It is one of the tints called “lichen 
purple dye” and is sometimes used in dyeing crimson. 

9. Sophora japonica or “huai,” a large and beautiful tree belonging to the Legumino- 
sae grows abundantly throughout China. It can be seen from Erh-ya and the Rites of Chou 
that in the Chou dynasty (1122-256 s.c.) huai was considered the fittest tree for the 
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imperial palace as well as for the meeting places of highest officials. The cultivation of 
huai trees and the use of their flower-buds as a yellow dyestuff are respectively mentioned 
in Ch’i-min yao-shu (fifth century) and Pen-ts’'ao shih-i (eighth century). The method of 

dyeing, not described in the present book, consists in simply boiling mordant-treated silk 
for one to one and one-half hours in a decoction of the flower buds. When applied to wool, 
the huai buds give a dull orange color with chromium as the mordant, a yellow of 
moderate brilliancy with aluminum, a bright yellow with tin, and a dark olive with iron. 
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Figure 4-1. Beating rice grains into a wooden barrel in the wet field. 
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Master Sung observes that, as Nature creates the five grains to nourish 
mankind, it places the essential part of the substance inside covers as though 
wrapping these cereals in yellow robes. Rice is enclosed in chaff, wheat is 
covered by bran, and the millet and sorghum grains are hidden behind 
featherlike spears. It would seem as though the method of obtaining the fine 
and polished parts is to be a veiled mystery. For those who are discriminating 
in food nothing can be too refined, and the work of polishing and grinding 
provides a livelihood for thousands of people. This [desire for refinement] 
results in excessive use of small and humble tools such as the mortar and 
pestle. Is it not true that those who invented these implements were really 
divine forces in human disguise? 

POLISHING RICE 

For the separation of rice grains from the stalks after reaping, half of it is 
done by beating sheaves of the plants by hand [against a receptacle], while the 
other half is accomplished by spreading the rice plants on the ground and 
passing over them a stone roller drawn by an ox. If the former method is used, 
the sheaves can be beaten against either a wooden barrel or a slab of stone. If 
during harvesting time the weather is often rainy, and the fields and rice plants 

are both wet so that nothing can be spread on the ground, the grains are beaten 

into a wooden barrel right in the fields [Figure 4.1]. But if the weather is fair 
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and the rice plants are dry, a slab of stone will serve the purpose very nicely 

[Figure 4.2]. Rolling off the grain with an ox-drawn stone roller requires one- 

third the human labor required by hand-threshing [Figure 4.3], but there is 

the danger that the tips of seed grains may be damaged so greatly that they will 

not germinate. In the south, therefore, in households where large amounts of 

rice are produced, the ox [drawn roller] is used to separate rice grains [from the 

stalks] for ordinary use, but seed rice is obtained by hand-beating against 

stones. 
In the best rice crop, nine-tenths of the heads are full of kernels and one- 

tenth, empty. Owing to unfavorable weather or improper cultivation, how- 
ever, the proportion may be six-tenths to four-tenths. In the south the 
winnowing machine * is used throughout for the elimination of husks [Figures 
4.4 and 4.5]. In north China, on the other hand, where less rice is produced, it 

is generally winnowed by tossing [the unseparated grains and husks in the 
wind]. The same method is used for wheat and millet, but it is not so efficient 

as the machine. 
The husks of rice grains are removed with a hulling mill, while the bran is 

eliminated with either a pounding mill or a rolling mill. A water-powered 
pounding mill can serve the dual purposes of both pounding and hulling. The 
hulling process can be eliminated also by feeding dry grains into a rolling mill. 
There are two kinds of hulling mills. The first is made of wood. The wood 
(mostly pine) is sawed into pieces one foot long and built into the shape of 
large millstones. The [inner] faces of the two circular blocks are both marked 

with diagonal grooves, and the protruding [center] of the lower block is 
inserted into the upper; in the center of the upper block there is a large hole 
into which the grain is fed [Figure 4.6]. A wooden mill is good for hulling 
over 2,000 tan of grain before it is worn out. It will not pulverize the grain 
even though the latter is not entirely dry, therefore it is used for preparing the 
myriads [of tan] of rice set aside for government taxes, army provisions, or 
tribute. The second kind of hulling mill is made of earth. A round frame is 
first constructed of bamboo, into which clean yellow earth is packed solidly; to 
both the upper and lower piece is then affixed a number of bamboo teeth.? The 
rice grains are fed through the upper piece [Figure 4.7]. The capacity of the 
earthen mill is twice that of the wooden one. The slightest moisture in the 
grain will result in broken kernels if it is put through this earthern mill, which is 
worn out after hulling 200 tan of rice. Strong men are required to operate the 
wooden mill, but even women and children can work an earthen one. Rice 

hulled by the latter provides the daily food of the common people. 
After hulling, the husk and the bran are eliminated by means of a 

winnowing machine. The grain is then poured onto a sieve and agitated with a 
rotating motion [Figure 4.8]. Kernels whose husks are not yet broken will rise 
to the top, and they will be returned to the hulling mill [Figure 4.9]. A large 
sieve has a circumference of five feet, a small one is half as big. The center of 
the large kind rises in a hump, and it is operated by able-bodied men. The 
small kind, with a level center surrounded by sides two Chinese inches high, is 
worked by women and children. 
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Figure 4-2. Beating rice grains against a slab of stone on the dry ground. 
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Figure 4-3. Rolling rice grains with an ox-drawn rolier. 
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Figure 4-4. Separating husks with a winnowing machine. 
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Figure 4-6. A hand-operated wooden hulling mill. 
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“operated earthen hulling machine. 
Figure 4-7. A hand 
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Figure 4-8. Separation of the husk-free grains by sieving [Ch’ing addition]. 
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Figure 4-9. Unhusked grains being sieved out and returned to the hulling mill [Ch’ing 
addition]. 
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Figure 4-10. A foot-operated pounding mill [Ch’ing addition]. 
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Figure 4-12. A water-powered pounding mill. 

After being [hulled] and sieved, the rice grains are next subject to 

pounding in a mortar, of which there are also two varieties. For a large family 
of more than eight members, the stone mortar is settled in a depression dug in 
the ground. A large mortar will contain five pecks of grains, a small one half 
as much. [A few feet away] the pestle is affixed to a cross beam (the tip of the 
pestle is made of iron and glued [to the wooden part] with vinegar dregs), and 
is operated by foot [Figure 4.10]. Too little pounding will result in unpolished 
grains, and too much, in fragmentary ones. The most refined rice is produced 
in this fashion. For [smaller] households that need not cook large meals, a 

wooden hand-pestle is used in pounding against a mortar of either wood or 
stone [Figure 4.11]. After pounding, the chaff becomes pulverized, and is 
known as fine bran. It is [commonly] used as dog and pig feed, but it also 

serves as human food in times of famine. When this fine bran is winnowed and 
blown away by the wind, all chaff and dirt are eliminated, leaving behind the 

polished rice. 
Water-powered mills* are used by people who live beside rivers in 

mountainous country. These mills are very popular as they save ninety per 
cent of human labor when used in pounding rice. They are constructed on the 
same principle as that of cylinder wheels for irrigation, [the main element be- 

ing] the proper channeling of water [Figure 4.12]. The number of mortars 
[to each water mill] varies, ranging from two or three mortars in places where 
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the water supply and land area are limited, to as many as ten, the latter set 

up where the volume of water is large and land plentiful. An extremely in- 

genious way of building water-powered pounding mills prevails in Kuang- 

hsin prefecture [in Kiangsi province] of southern China. The chief difficulty 

in the construction of such a mill [is the elevation of the land]: if the land is 

low where the mortars are set in the ground, they may be damaged by floods; 

if, however, the land is high, it would be difficult to make use of the water 

currents. In Kuang-hsin the people use a boat as the base ground. It is se- 
cured by wooden pilings that surround it, and is filled with earth in which the 
mortars are set. Across the current of the stream a low stone dam is erected 
[to provide water power]. Thus is a water-powered pounding mill completed 
without having to build embankments of wood, earth, and so forth. 

There is still another type of water mill that is made to do threefold work 
simultaneously: When the swift current sets the water wheel in motion, it turns 
a flour mill, a pounding mill for polishing rice, and a device for drawing water 
to irrigate the rice fields. Such a machine can only be invented by unusually 
clever minds. People who live along rivers and use water mills sometimes 
never cast their eyes on a [wooden or earthen] hulling mill all their lives. For 
the elimination of husk and bran they only see the [water-powered] pounding 
mill. However, they winnow grain as is done in other parts of the country. 

[One kind of] hulling mill is built of stone; stone is also used for making 

pivot poles and driving wheels. The stone hulling mill can be powered by 
either ox or horse [Figure 4.13], the work done by an ox in one day being equal 
to that of five men. Only thoroughly dry grains can be hulled and/or polished 
by this mill, for moistened grains will be crushed into fine fragments. 

GRINDING WHEAT FLOUR 

The essential substance of wheat is flour. As the utmost in refined grains 
is the twice-polished rice, so the utmost in pure substance of grains is the 
double-bolted wheat flour. When wheat is harvested it is put in bundles and 
the grains are separated from the stalks by beating, as is done with rice. In 
North China, where the winnowing machine is not widely known, the elimina- 

tion of husks is accomplished by hand-winnowing. This must be done away 
from the house when there is wind. Winnowing cannot be undertaken on 
windless or rainy days [Figure 4.14]. After winnowing the wheat is washed 
thoroughly in water, dried in the sun, and then run through the mill. There are 
two species of wheat: the purple and the yellow, the former being the superior 
variety. The yield from good wheat is 120 catties of flour per tan of wheat, 
while that from the inferior kind is less by one-third. 

There is no fixed size for grinding mills.“ The large ones are turned by 
strong oxen, over whose eyes the shells of wood-oil seeds [Aleurites cordata] 
are placed as blinders, so as to prevent dizziness. A wooden pot is suspended 
under the belly of the ox to receive its excretion, otherwise [the wheat and the 

94 



THE PREPARATION OF GRAINS 

flour] will become soiled.° Smaller mills, powered by donkeys, [Figure 4.15] 
can take fewer catties of wheat. The smallest kind of mill is operated by men. 
An ox-powered mill can grind two tan of wheat in a day; a donkey-driven mill, 
half of that amount; while a strong man is able to grind three pecks [i.e. 
three-tenths the amount done by an ox], a weaker one can do [only] half as 

much. 
Water mills have been described in detail in the section on polishing rice. 

The same system is employed [for grinding flour, Figure 4.16], and is three 
times more efficient than an ox-powered mill. Above an ox-, donkey-, or 
water-powered mill a cloth sack, wide at the top and narrow at the bottom end, 
is suspended; [a small hole is made in the bottom end and] in it are put several 

pecks of wheat grains, so that the receiver in the millstones is constantly 
supplied. This is not necessary when the mill is hand-operated. 

There are two kinds of millstones, and the nature of the stone determines 

the quality of the flour. The lack of pure white, top-grade flour south of the 
Yangtse River is due to the fact that [mills there are provided with] sandy 
stones. In the process of grinding, the rough surfaces of the millstones are 
heated by friction and for this reason they pulverize [instead of simply 
pressing] the bran of the ground wheat. This results in the mixing of the dark- 
colored bran particles with the flour, from which they cannot be separated by 
screening. North of the Yangtse, however, the stones are cold and smooth; 

those produced on Chiu-hua Mountain in Ch’ih-chou [in Anhui] are especially 

fine. Buhrs made of this stone will not become heated, and the bran, though 

pressed into the thinnest slivers, will not break into fragments. Therefore, no 
black particles are present in the flour, which will be pure white. The teeth in 
southern millstones are worn out after twenty days of use, but those in northern 
mills will last for six months. Where 100 catties of flour, including the ground- 
up bran, are obtained in the south, only eighty can be gotten from northern 
mills, The price of top-grade flour ‘therefore is two-tenths higher [than that of 
the inferior grade]. However, as this [high quality] flour is also the material 
out of which gluten of wheat and starch are manufactured, it would seem that 
in the final balance the profit is even greater. 

After grinding, the flour is passed through the flour-bolter several times; 
for the industrious worker there can not be too many repetitions of the process 

[Figure 4.17]. The screen of the bolter is made of silken gauze woven for 

bolters. That which is woven of Hu-chou silk will remain in good condition 

after bolting some 1,000 tan of flour, but those [screens] made of yellow silk 

from other places cannot outlast 100 tan. When the final product is obtained, 

it will keep well in storage for three months in the cold season, but during 

spring or summer flour will spoil within twenty days. For best eating, 

therefore, flour has to be used while it is fresh.° 

Barley is usually polished to rid it of chaff, boiled, and eaten in grain 

form; less than one-tenth is made into flour. As for buckwheat, it is first 

slightly polished, and then pounded or ground into flour before it is used as 

food. Buckwheat ranks far below wheat, both in quality and in price. 

95 



TIEN-KUNG K’AI-WU 

Loa) Lamy | ryt.) 

k RO by S ae z— 

Ree ; f ‘i. 

Va iy BINS 
AVX 

CH 

Figure 4-13. An animal-driven hulling mill [Ch’ing addition]. 

96 



THE PREPARATION OF GRAINS 

ae 
{38S==— 

ome 

Figure 4-14. Winnowing by tossing [Ch’ing addition]. 
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Figure 4-15. An animal-driven grinding mill [Ch’ing addition]. 
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Figure 4-16. A water-powered grinding mill. 

PREPARING MILLET, SORGHUM, SESAMUM, AND BEANS 

[The threshed] millet is winnowed to obtain the grain, pounded to 
eliminate the husks and chaff, and ground into flour. Besides using the 
winnowing machine and the tossing method there is still another way [of 
winnowing millet], that is by shaking it with winnowing riddles. For this, 

round riddles are woven of split bamboo, on which the millet grains are spread 
and shaken into the air. The lighter particles [i.e. the empty husks etc.] will 
fly forward and fall to the ground, while the heavier particles that remain be- 
hind, are the good, full kernels.’ 

All the methods and implements for pounding, grinding, and winnowing 
millet [are the same as those for the other grains and] have been described in 

the sections on rice and wheat. In addition, however, there is an implement 

called the small rolling mill [Figure 4.18]. In every North China household 

that has millet to prepare there is a stone block, the top of which has a center 
rising higher than the edges. No opening is made along the edges, Millet is 
put on the block, and is rolled by two women who stand facing each other 
across the block and pass the rolling stone back and forth between them. The 
rolling stone is cylindrical in shape and is similar to that of the ox-pulled rolling 
mill [Figure 4.19]; but a wooden handle is attached to each end [of the small 
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Figure 4-17. A flour-bolter. 

100 



THE PREPARATION OF GRAINS 

ony 
BR bp kL” 

Ape: ap 
ene eer 

Figure 4-18. A hand-operated small rolling mill. 
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Figure 4-19. An ox-driven rolling mill. 
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Figure 4-20. A water-powered rolling mill [Ch’ing addition]. 
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Figure 4-21. Separating sesamum grains from their stalks by striking them against a 
stone [Ch’ing addition]. 
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Figure 4-22. Separating beans from the pods by beating with a flail. 
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roller]. Any grain that falls toward the edge of the block is promptly swept 
back with a little brush. In many a household this small roller is used to the 
exclusion even of pestle and mortar. [A water-powered rolling mill is 

illustrated in Figure 4.20]. 
After sesamum is harvested, [the cut plants] are dried in very hot sun and 

gathered into small bundles. Then, holding one bundle at a time with both 

hands, [the farmer] hits it [against a stone], causing the seeds to fall on a woven 

bamboo mat that has been prepared as a receptacle [Figure 4.21]. Sieves for 
screening sesamum resemble small rice sieves, except that the former is five 
times finer than the latter. The seeds will pass through the holes, while bits of 
leaves and other waste matter will remain on top and can be discarded. 

[To separate the beans from their pods], a small crop may be simply 
beaten with a flail after harvesting [Figure 4.22]. For a large crop, however, 

the labor-saving method is to spread it on the ground, let it dry under bright 
sunlight, and then roll off the beans by means of a stone roller pulled by an ox 
[Figure 4.3]. The flail for beating the beans consists of a handle made of a 
bamboo or wooden stick, through one end of which a round hole is bored. 
Another piece of wood about three feet long is inserted in this and tied. The 
bean pods are spread on the hard ground, and the flail is applied by swinging 
the handle. After the beans have been flailed, the pods and leaves are blown 

off with the winnowing machine. This is followed by sieving. Thus, the good 
beans are made ready for storage in the barn. It is therefore said that 
pounding and grinding do not apply to sesamum, and that hulling and rolling 
are not to be used on beans. 

NOTES 

1. The winnowing machine with attached rotary fan was invented by the ancient 
Chinese, according to Needham. For a description of this machine, see R. P. Hommel, 
China at Work (Boylestown, Pa., 1937), pp. 74-77. 

2. The hand rice-hulling mill with clay disks and bamboo teeth was used in the Chou 
dynasty (1122-256 B.c.) and is still used in China today. The principle is the same as the 
wooden mill: the dried clay serving merely to hold the rubbing surfaces, the bamboo 
strips, in place. 

3. Water-powered mills for preparing cereal grain were probably used in China as 
early as the first or second century a.D., and became common in the period of the Three 
Kingdoms (A.D. 220-64). 
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4. It is difficult to ascertain exactly when wheat was first ground into flour in China. 
The Tributes of Yii in the Book of History lists “grinding stones” (li-ti) as one of the 

native products to be sent annually to the government from Chin-chou, in the modern 

Hupei-Hunan-Kiangsi area. But these were probably whetstones for sharpening blades. 
5. According to one account, Ch’ii, a clever miller of the Yuan dynasty, solved the 

sanitation problem with a two-story millhouse. On the ground floor animals drove shafts 
which powered millstones upstairs. 

6. Flour made in this traditional way spoiled quickly, chiefly because of the high 
moisture content. 

7. According to Hommel, the ordinary grain-riddle in Chekiang province is made of 
split bamboo strips. For the binding around the edge, strips of cane are used. The square 
meshes measure 0.1875 or 0.125 inch, and the diameter of the whole riddle is 21.5 inches. 

On a windy day one man holds up with outstretched arms a riddle filled with grain and 
shakes it in such a way as to throw the contents up in the air. The wind carries off the 
chaff and the grain drops straight down into a shallow basket about four feet in diameter 
and with edges about nine inches high. Another man scoops up some more grain from a 
large basket and fills the riddle whenever it becomes empty. 

For winnowing threshed rice which has not yet been hulled, the meshes of the riddle 
are equilateral triangles, each about 0.75 of an inch. The riddle is made entirely of split 
bamboo strips, and its diameter is 22 inches. One man holds it up and another, stepping 
upon a little bench about a foot and a half high, pours into the riddle a scoopful of grain 
which runs through with little shaking, the bits of straw staying behind. The first man must 
keep the riddle at a certain height in order that the swiftly running grain may have the full 
benefit of the wind. 

107 



TIEN-KUNG K’AI-WU 

Figure 5-1. Spreading ashes for “planting” sea salt (lower) and collecting sun-dried raw 
salt (upper). 
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Master Sung observes that, as there are five phenomena in weather, so are there 
in the world five tastes; * this being the truth first imparted to King Wu of Chou 
[eleventh century B.c.] by the saga Chi-tzu. A man would not be unwell if he 
abstained for an entire year from either the sweet or sour or bitter or hot; but 
deprive him of salt for a fortnight, and he will be too weak to tie up a chicken 
and feel utterly enervated. Is it not because this taste, deriving from [salt] 
water, which is the primary Creation of Heaven, is the main life-giving source 
for human beings? In all parts of China there are always some places where 
certain grains or vegetables can not grow, yet east and west, across the land, 
salt is everywhere obtainable in various forms. Who can tell the whys and 
wherefores of this? 

THE SOURCES OF SALT 

There is no uniformity in salt sources. They are generally classified as six 
different kinds: sea, lake, well, earth, rock, and gravel salt. This does not 

include the “tree-leaf” salt of the Eastern barbarians and the “bright” salt of 
the Western barbarians.’ Of all the salt produced in China, sea salt constitutes 
eighty per cent, while well, lake, and earth salt make up the remaining twenty 
per cent. Some kinds of salt are produced by human labor, others are obtained 
in their natural state. In brief, as soon as it appears that there might be 
difficulties in transporting salt [from one place to another], Nature then will 

devise some other way to cope with the situation [so that no region will lack 
salt]. 
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SEA SALT 

Sea water contains salt. High ground on the sea shore is called a tidal 
mound and low ground, marshes. They both produce salt. Methods of extract- 
ing salt differ widely, though sea water is the same everywhere. One method, 
employed on high ground which is not submerged by tides, is to “plant” salt. 
Each “planter” has his own area staked out, on which no encroachment is 
allowed. When the weather is predicted to be fair, ashes of rice and wheat 
stalks, as well as those of reeds, are widely scattered on the first day on the 

ground until [the layer is] about one inch thick; then the ashes are rolled 

smooth. When the dew begins to evaporate on the following morning, the salt 
will rise rapidly [through the ashes]; after it has been exposed to the noonday 
sun the salt is swept up together with the ashes to be boiled and crystallized 
[Figure 5.1]. A second method, employed on lower land that is slightly sub- 
merged by tides, does not [require the] use of ashes. After the tide recedes, the 
[brine-wetted] ground is exposed to the sun for half a day, when salt frost will 
appear on the surface. It is immediately swept up and refined. Yet a third 
method, employed in low ground where the tides are deep, makes use of deep 
pits dug in the ground. Some wooden sticks are laid across the opening of the 
pit; it is then covered with a reed mat, and over that sand is spread. When the 

tide comes in and covers the ground, the brine will drip through the sand into 
the pit. The mat and sand are then removed and a lamp is held over the pit. The 
presence of briny vapor is indicated when the lamp goes out. The brine is then 
taken out and refined. 

In all these methods the important factor is fair weather, and prolonged 
spells of rain will create a “salt famine.” Also, at the Huai salt factories 

[Northern Kiangsu] there is a kind of salt that crystallizes on the ground and is 

shaped like horse’s teeth. It is called “sun-dried salt,” and is usable as soon as it 
is swept up. Still another variety is “straw salt” which is obtained from boiling 
straws and grass drifted ashore from the sea. 

For draining and crystallizing salt two pits are dug, one shallow and the 
other deep. The shallow one is about one foot in depth, with the opening 
covered by reed mats resting on a wooden frame. The raw salt swept [from the 
ground] is then spread on the mat (the method of draining is the same whether 
or not ashes are mixed with the raw salt), with the edges made higher than the 

centre like a dyke; next, sea brine is poured over the top [of the spread salt] and 
allowed to drain down into the shallow pit. The deep pit is some seven or eight 
feet in depth; it receives the drained brine from the shallow pit, which is then 
evaporated in a pan for crystallization [Figure 5.2]. 

In ancient times, the pans used for crystallizing salt were termed “strong 
pans,” of which there were two types. They have a circumference of several 
dozen feet, and a diameter of about ten feet. The type made of iron is 
constructed of iron plates held together by iron rivets; their bottoms are level, 
and the sides are 1.2 feet high. When the seams of a pan are filled with the 
solidified brine, they will become watertight for all time. The furnace under one 
single pan is equipped with a number of doors [at which fires are lighted], 
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Figure 5-2. Sea brine passed through raw salt in a reed mat and allowed to drain into 
a shallow pit. 
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Figure 5-3. Boiling salt brine. 
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Figure 5-4. Weighing and storing salt [Ch’ing addition]. 
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Figure 5—S. Introducing lake brine into plots (lower); collecting sun-dried salt (upper). 
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ranging from seven or eight to about a dozen [Figure 5.3]. Another type [of 
pan], employed in Kwangtung, is made of bamboo. The latter is woven into 
pans ten feet across and one foot deep. The bamboo pan is plastered with 
clamshell lime and is attached to the inside of a large [iron] pot. When fire is 

lighted under the pot, heat is transmitted [to the bamboo pan, and the brine] 
boils, subsequently crystallizing into salt. These salt pans are not as suitable for 
the purpose as the iron ones. 

If the boiled brine is slow to crystallize, a mixture of the ground pods of 
Tsao-chiao (Gleditschia chinensis), millet grains, and chaff should be added to 

the boiling liquid, and salt can be obtained shortly afterward. The role of the 
gleditschia pods in the crystallization of salt is similar to that of plaster- 
of-Paris in the solidification of bean curds. The salt produced at the Huai River 
and Yang-chou factories * is heavy and dark, while that produced in other 
places is light and white. Compared in terms of density, if one peck of Huai salt 
weights ten ounces, [an equal volume of] the product of Kwangtung, Chekiang 
and Ch’ang-lu will weigh only six or seven. The production of straw salt is 
irregular, since [the drift-straws] may come at intervals of either once in a few 
years or several times within a single month. 

Salt dissolves immediately in water and is quickly converted into brine by 
the wind, but it can be made more solid with fire. No closed barns are needed 

for the storage of salt. As the thing to avoid is wind but not moisture, a 
three-inch layer of straw on the ground will suffice to protect the salt from 
dampness. If around this [stored salt] a wall of sun-baked brick and mud 

plaster is erected and covered with thatch about one ch’ih thick, the salt will 

remain in good condition indefinitely [Figure 5.4]. 

LAKE SALT 

Lake salt is produced in two places in the Empire: one is Ningsia, which 
provides for the needs of the frontiers; the other is Chieh Lake * in Shansi, 

which supplies the various districts in Shansi and Honan provinces. Situated 
amid the districts of An-i, I-shih, and Lin-chin, Chieh Lake is surrounded by a 

brick wall which serves as a protective boundary. The lake brine is dark green 

in color where it is deepest. The people who “plant” salt there plough the land 

near the lake into plots separated by dykes, and clear brine from the lake is 

introduced into the plots. It is important that no turbid brine be allowed to 

contaminate the clear, lest the salt brine vein will be covered by the settled 

impurities. This step of the operation should be done in the spring. After a 

period the brine will turn red,” until late summer or early autumn when the 

south wind blows hard across this area, so that the [brine evaporates entirely 

and] salt crystallizes overnight [Figure 5.5]. This salt is called “grain salt,” also 

termed “large salt” in ancient records, because while sea salt is finely granu- 

lated, this lake salt is formed in big crystals, hence the term “large.” It can be 

used as table salt as soon as it is swept up. The salt producers, however, have to 
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deliver it to the authorities, and receive only a few dozens of copper cash for 

each tan. 
At Hai-feng and Shen-chou [in Kwangtung and Hopei, respectively] 

where sea water is introduced into ponds [on the shore] and crystallized by sun, 

the salt can also be used directly as table salt without refining, which is the same 

as Chieh [lake] salt. It differs vastly from the latter, however, in the season of 

production and in the fact that [the crystallization of salt in these localities] is 

not dependent on the south wind. 

WELL SALT 

The provinces of Yunnan and Szechuan, situated far from the seacoast 

and on high elevations, are not easily reached by boat or cart. Here salt is 

buried underground. In the rocky mountains of Szechuan, salt wells can usually 

be drilled not far from rivers. The diameter of the well shaft is only a few 

inches [Figures 5.6 and 5.7], and the opening on the ground can be covered 

amply with a small bowl. The well must be more than 100 feet in depth, 
however, before the salt water vein can be reached, hence the drilling of a salt 
well is a difficult and costly undertaking. The tool used is an iron drill with a 
very hard and sharp tip shaped like the blade of a chisel, which bores holes in 
the mountain rocks. The drill is suspended and held in place by a bundle of split 
bamboo strips, fastened together with ropes [Figure 5.8 and 5.9]. Each time 
the rock has been penetrated a few feet, the bamboo-suspender is lengthened 
by attaching to it another section of bamboo. Up to the first ten feet or so of the 
well, the drilling equipment can be operated by stepping on it with one’s feet, 
like the motion of pounding rice in a mortar. When the well becomes deeper, 
the drilling equipment is operated by hand. The rock fragments that result from 
the drilling are scooped up with an iron vessel attached to a long bamboo pole.® 
The time required for completing a salt well ranges from over a month for a 
shallow one to some six months for a deep one. [The reason for the small 
diameter of the shaft is that] a wide shaft allows the brine to degrade, through 
dissipation of its vapor, and become unsuitable for making salt. 

When the brine level in the well is reached, good bamboo stalks about ten 
feet in length are brought in, and from them all the inner section partitions, 
except the one in the bottom end, are removed [Figure 5.9], and a valve which 

permits the brine to enter is set in that partition. This bamboo is lowered into 
the well with a long rope [Figure 5.10]. After it fills with brine, it is raised to the 
surface by means of a pulley fixed over the well and [a windlass] turned by an 
ox-powered wheel [Figure 5.11]. The brine so obtained is then poured into a 
pan for evaporation and crystallization (only a medium-sized pan is used, not 
the “strong” pan) [Figure 5.12]. Salt of a very white color will quickly 
crystallize from it. [The transportation of salt in Szechuan and Yunnan prov- 
inces is illustrated in Figure 5.13.] 

A highly amazing phenomenon is the fire wells’ of western Szechuan. 
These wells actually contain cold water, without the least appearance of fire. 
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Figure 5-6. Opening ground for drilling a salt well [Ch’ing addition]. 
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Figure 5-7. Lining a drilled shaft with stones [Ch’ing addition]. 
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Figure 5-9. Preparing bamboo stalks [Ch’ing addition]. 
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Figure 5-11. Raising brine from the bottom of a salt well [Ch’ing addition]. 
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Figure 5-13. Transporting salt in Szechuan and Yunnan [Ch’ing addition]. 
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But, split open a long bamboo stalk and take out its inner section partitions, 
then put the stalk together again and securely wrap it with varnished cloth. 
Next, place one end of this bamboo into the well, while the exposed end is 

connected with a curved section [of bamboo] to reach the bottom of a [salt] pan 

filled with brine. It will be seen that heat radiates [from the mouth of the 

bamboo] to boil the brine in the pan [lower right of Figure 5.8]. Yet if the 
bamboo stalk is opened and examined, not a bit of charring or burning 
evidence can be seen. To use the essence of fire yet seeing not the fire—this is 
indeed one of the strangest things in the world! 

It is extremely easy for [the operators of] the salt wells in Szechuan and 
Yunnan to avoid paying the salt tax by covering up the wells. It is impossible to 
track down all these people.* 

POWDERED SALT 

Salt can also be obtained from alkaline soils. Aside from the powdered salt 

[so produced] in Ping-chou [northern Shansi], the natives of Ch’ang-lu [east- 
ern Hopei] also scrape up the earth and derive salt from it. This salt is of a 

mixed dark color and is rather unpalatable. 

ROCK SALT 

In such places as Chieh [in Kansu] and Feng [in Shensi] in the western 

provinces, where neither sea salt nor well salt is available, a kind of rock salt is 
produced from the cliffs and caves. This natural salt has the color of red earth, 
is freely obtainable by scraping, and is [sold] without refining. 

NOTES 

1. The five phenomena of weather are fair, rainy, hot, cold and wind. The five tastes 
are sweet, sour, bitter, hot and salty. 

2. “Tree-leaf” salt, called “wood salt” in Pei shih (History of the Northern Dynas- 
ties (A.D. 286-581), and also in T’ang shu, is presumably formed by evaporating ground 
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brine on trees and is still used by the aborigines of Formosa. “Bright salt” is simply a salt 
of large crystals. 

3. The Huai River region and Yang-chou were the largest sea-salt production areas 
and distribution points of eastern China. The salt industry of this territory was started by 
Liu P’i, otherwise known as the prince of Wu, of the Former Han dynasty (ca. 206-193 
B.C.), and was fully developed by a salt-and-iron minister named Liu Yen (ca. A.D. 
756-66) of the T’ang dynasty. In comparison, the salt industry of Kwangtung reached its 
maturity in the Han dynasty, and the salt yards of Ch’ang-lu in Hopei province, according 
to one modern author, started in the Chou dynasty (1122-256 B.c.). Other sea-salt 
producing areas, not mentioned in the present book, are the seacoasts of Shantung, 
Manchuria, and Fukien. The salt industry of these three regions dates from the Hsia, 

Chou, and T’ang dynasties, respectively. 
4. The Chieh Lake in Shansi, approximately 50 li long and 15 li wide, was the most 

famous salt-producing lake in China. References to this salt can be found in many ancient 
Chinese records, including the Tso Chronicles. It should be noted that most of China’s salt 

lakes are in the western and northwestern provinces, such as Shansi, Shensi, Ningshia, 

Kansu, Sinkiang, Chinghai, Tibet, and Mongolia. 

5. The red color is believed to be caused by numerous small insects in the lake 
brine. 

6. The technique of drilling deep wells dates from the Warring States period 
(403-221 B.c.) or at least the Former Han dynasty (206 B.c—25 A.D.). 

7. Natural gas from the “fire wells” or huo-ching of Szechuan was known in the Han 
dynasty (206 B.c—220 a.p.). Hua-yang-kuo chih says that the Han Chinese used this 
natural gas for various purposes, including boiling salt brine. 

8. From a historian’s point of view, the real interest attached to Chinese salt lies in 
its taxation and administration, as evidenced by the numerous Chinese records. The 
system of collecting tribute salt from the salt-rich districts was probably started in the Hsia 
dynasty and continued in the Shang (1766-1122 B.c.) and Chou (1122-256 B.c.) 
dynasties. Although tribute salt can be considered as a sort of salt tax, the taxation of salt 
was not proclaimed until the Spring and Autumn period. Chinese records show the Kuan 
Chung (696-681 B.c.) advised Duke Huan of Ch’i to levy taxes on salt and iron. The 
Ch’in dynasty (221-207 B.c.) collected twenty times more salt tax than the previous 
dynasties. Salt was continually taxed in the early part (206-127 B.c.) of the Former Han 
dynasty and became a government monopoly in the reign of the Martial Emperor (126 
B.c.). At the beginning of the Later Han dynasty (a.D. 25), the government monopoly of 
salt was replaced by taxation, which was generally continued in the Southern and 
Northern dynasties and in the early part of the Sui dynasty. The salt tax was eliminated by 
emperor Wen-ti (A.D. 584) of the Sui dynasty but was restored by emperor Hsiian- 
tsung (A.D. 723) of T’ang. About thirty years later (A.D. 756) another emperor of the same 

dynasty again instituted a government monopoly of salt, which continued for more than 
seven hundred years. In 1618, the government monopoly was modified into a monopoly by 
government-licensed merchants, a system which lasted until the end of the Ch’ing 

dynasty. 
, 
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Master Sung observes that pleasant scents, fresh colors, and mild, sweet taste 

are the general desires of man. Yet Nature is able to enhance these qualities to 
their extreme states, so that the pleasant become fragrant, the fresh become 

brilliant, and the mildly sweet become very sweet. Of the material from which 
sweet things are made, eight-tenths come from vegetable and wood sources, 
while winged insects also exert their efforts to the utmost, gathering [nectar 
from] many flowers and producing a delicious concoction. Who was it that 
[first] discovered the use [of honey], so that people in all parts of the country 
might benefit from it? 

PLANTING OF SUGAR CANE 

There are two kinds of sugar cane, most of which comes from Fukien and 
Kwangtung. The other provinces altogether produce but one-tenth the amount 
produced in these two. The kind that is large and resembles bamboos is fruit 
cane: it is cut into sections and chewed fresh for its sweet juice, but is not used 
for making sugar. The other kind, smaller and resembling reeds, is sugar cane 
[Miscanthus sacchariflorus]. People do not dare eat it, because its sharp 

fibres will cut the mouth.* This is the material from which both white and 
brown sugar are made. 

The manufacture of sugar from cane juice was not known to the ancient 
Chinese. It was during the Ta-li reign [A.D. 766-88] of the T’ang dynasty that 
the art of sugar-making was first introduced at Sui-ning in Szechuan by the 
monk Tsou, who had come from the west. The large quantities of cane 
produced today in Szechuan owe their origin also to the Western Regions. 
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In early winter just before the coming of frost the sugar canes are cut 
down, stripped of tops and roots, and buried under earth * (avoid low ground 
or places where water gathers). These are dug out on sunny days the following 
spring, five or six days before the Rain Water period.‘ The bark is peeled off, 
and the canes are chopped into sections about half a foot long, usually leaving 
two joints to a section. These are laid on the ground close to each other and 
lightly covered with earth, the ends of the sections overlapping like fish scales. 
[Each section must be so placed that] both buds on it are laid in a level position. 
The buds must not be placed so that one points up while another points down, 
resulting in difficulties in germination. When the shoots are about one or two 
(Chinese) inches high, they are repeatedly watered with the supernatant liquid 
of manure. [The young plants] are transplanted when they reach six or seven 
inches in height. 

Sugar cane must be planted in sandy soil, the best choice being the alluvial 
soil along rivers. To test the soil, the earth is dug to a depth of about one and 
one-half feet, and a sample of this sandy soil is given a taste test. Cane should 
not be planted where the soil tastes bitter in the mouth. Deep in the mountains 
and along the upper reaches of rivers, however, no cane should be planted even 
if the soil tastes sweet, because the cold-retaining climate of the mountain will 
later give a bitter taste to the sugar. [The location of cane planting therefore] 

should be at a distance of some forty or fifty li from the mountains, on a plot 
of good earth on level alluvial soil (but yellow-mud bottom land should never 
be used). 

Furrows for sugar cane are ploughed four feet apart and four inches deep. 
The cane shoots are placed in the furrows, spaced at about three clusters for 
every seven feet, and covered with about one inch of earth. Fewer shoots will 
grow if the covering earth is too thick. When three, four, or half a dozen or so 

shoots have emerged, more earth is gradually added while the rows are culti- 
vated; this thicker earth at the base will insure the growth of tall plants and 
deep roots, without the danger of toppling. The more frequently the cane is 
cultivated, the better, while the amount of manure to be added is determined by 
the original richness of the soil. After the plants are about one or two feet high, 
the residue of sesamum or rape seeds, from which oil had been extracted, is 
soaked in water and poured between the cane rows. Later when the cane has 
reached [a height of] two or three feet the earth between the rows is turned with 

an ox-drawn plough twice a month. First the earth is turned and the side roots 
are cut by the plough, then the earth is heaped [around the base of the plants] 

for the protection of the plant roots. At the beginning of the ninth month the 
roots should be protected by [a further] covering of earth, so as to prevent harm 

from frost or snow after the harvest. 

VARIETIES OF CANE SUGAR 

Three varieties of sugar are made from the sugar cane: rock sugar, white 

sugar, and brown sugar, the differences being determined by the age of the cane 
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juice. The latter’s nature is such that in autumn it turns a dark red color; after 

the winter solstice, it changes from red to brown, and finally to white.® In 

regions south of the Five Ranges ° where there is no frost, the cane is left 

standing [in the fields until winter] in order to obtain white sugar. North of 

Shao-chou and Nan-Hsiung [in Northern Kwangtung], however, frost appears 

in the tenth month [i.e. approximately through November], and will immedi- 

ately destroy the sugar element in the cane. The plants therefore cannot wait to 

produce a white color [cane juice] in winter, and should be cut down earlier for 

making brown sugar. To do this, the entire harvesting process must be accom- 
plished ten days [before the first frost]. Before the ten-day period, the cane will 
not have matured sufficiently, while after frost the crop may be worthless. For 

this reason every household that plants ten mou [i.e. 1.7 acres or more] of sugar 

cane is equipped with its own cane crusher and juice boiler in order to carry out 

the work with dispatch. In the frost-free southern Kwangtung, man can set the 
time [of harvesting the cane] early or late, as he prefers. 

THE MANUFACTURE OF SUGAR 

The [vertical] roll crusher used for crushing cane in sugar manufacturing 
[Figure 6.1] is erected as follows: Take two wooden boards measuring five feet 
long, two feet wide, and one-half foot thick. At the ends of each board holes are 
bored to accommodate the supporting posts [for the upper board, which is 
placed horizontally several feet above the lower]. The upper ends of the posts 
protrude a little bit above the upper board, while the lower ends extend two or 
three feet below the lower board and are buried in the ground, so that [the 

whole apparatus] will be stable. At the center of the upper board two openings 
are made, through which two large rollers (made of very hard wood) are 
placed one next to the other. It would be best to have the rollers measuring 
seven feet in circumference. One of the rollers is three feet long, the other four 

and a half feet. Affixed to the protruding end of the latter one is a curved pole 
made of bent wood, measuring fifteen feet in length; this is attached to an ox 
that pulls it in a circle [and thus turns the rolls]. The surfaces of both rollers are 

deeply corrugated or cogged; the cogs of one roll fit into the grooves between 
cogs of the other. The sugar cane which passes between the two toothed rollers 
is pressed and crushed. This is on the same principle as the cotton gin. As the 
cane is pressed the juice runs off. The residue is fed into the crusher again 
through the receiving hole on the rollers, and after having been crushed three 
times all the juice in the cane will be pressed out. The bagassee is used as 
fuel. 

On the lower board two depressions one and one-half inches deep are 
hollowed out to receive the bottom ends of the rollers. The board is not 
perforated, and therefore it catches the juice. An iron pellet’ is affixed to the 
center of the bottom end of each roller to facilitate rotation. The cane juice 
flows into an earthenware jar through a trough that has been cut in the 

board. 
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Figure 6-1. Crushing cane with a vertical-toothed roll crusher. 

To every fan of cane juice is added one-half a pint of lime.* In boiling the 
[clarified] juice for sugar, three cooking pots should be arranged to form a 
triangle [and used simultaneously]. First the thick syrup [that has been ob- 
tained after boiling in the other two pots] is transferred into one pot, then more 
thin [uncooked] juice is gradually added into the two other pots. If the fire lacks 
even one handful of fuel wood [from the proper amount], the sugar will become 
“irregular sugar”; it will be full of foam and not of much use. 

MAKING WHITE SUGAR 

In south China, in Fukien and Kwangtung, for example, old sugar canes 
that have stayed in the fields during the winter are pressed in roll crushers, as 
described above, and the resultant juice is collected in large jars. [While the 
juice is cooking], the strength of the fire should be determined by the degree of 
boiling shown by the juice. When the bubbles are very numerous and fine, like 
those in boiling soup, and when touched with fingers [the syrup] will stick to the 
hand, then the cooking is sufficient [for “graining”]. The cooked syrup [or 
massecuite], now a dark yellowish color, is kept in barrels, where [approxi- 

mately 55 per cent of the total sucrose] will crystallize into dark granules, [and 

35 per cent remains in solution as molasses]. 
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Next, a [conical] earthenware funnel (potters can be taught to make 

these), having a wide top and pointed base, is placed over a large jar [Figure 
6.2]. The small hole at the base of the funnel is plugged with straw, and the 
dark sugar granules are transferred from the barrels into the funnel. When 
these granules are consolidated, the straw is removed from the hole, and 

yellow-earth water is poured over the contents. The dark impurities [incuding 
some molasses] in the sugar are thus run off into the jar, while only white sugar 
is left inside the funnel.? The uppermost layer, about five ts’un thick, is 
extremely white, and is called “Western sugar” (because sugar from Western 
countries is most white and excellent). Below this upper layer the sugar is 
somewhat yellow brown in color. 

To make rock sugar, the “Western sugar” is [dissolved in water] and 
boiled with the addition of albumen, followed by skimming off the floating 
scum. When the correct temperature is reached, split pieces of new green 
bamboo, cut into one-ts’un bits, are thrown into the syrup and left over night.*° 
The sugar will naturally crystallize into “rocks.” There is no definitely fixed 
quality of sugar used to make lions, elephants, dolls, etc. 

Figure 6-2. Removing dark impurities from crystallized raw sugar. 
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There are five grades of white sugar. The best is “rock mountain,” next 
followed by “clustered branch,” next “glossy jar,” and next “small grain.” The 
lowest grade is “sandy bottom.” 

MAKING OF ANIMAL-SHAPED CANDY 

To make animal-shaped candy, a large pot is filled with fifty catties of 
sugar and heated gradually from below. The sugar syrup will boil gently if the 
fire is placed to one side of the pot; however, it will boil over and overflow to 
the ground if the fire is placed directly under the center of the pot. A mixture of 
the whites of three eggs and half a pint of water is added slowly to each pot of 
sugar, with the aid of a spoon. The sugar syrup and the added mixture in the 
pot are slowly heated so that the impurities and scum will float to the surface 
and then are skimmed off with a rattan strainer. The clarified syrup, being clear 
and clean, is transferred into a copper pot and warmed over a low fire of coal 
briquettes. After being cooked for a certain time, the syrup attains a correct 
temperature [i.e. chemical and physical properties] and is poured into the 
molds. Each mold, in the shape of a lion or an elephant, etc., is composed of 
two pieces of pottery that come together [to form an entire mold]. As the liquid 
sugar is ladled into the mold, the latter is immediately turned around, allowing 
the syrup to flow off. Since the mold is cold and the syrup hot, a layer of sugar 
will naturally adhere to the [inside of the] mold and become solidfied.* This is 

called feast candy and is used at banquets. 

HONEY 

In all parts of the country there are honey bees, but their numbers are 
naturally smaller in areas where large quantities of sugar cane are produced. Of 
the honey made by bees, 80 per cent come from crags and caves [i.e. wild 
bees], while 20 per cent come from domestically kept bees. There is no fixed 
quality for honey: it can be green or white, yellow or brown, all depending on 
the local conditions and the nature of the flowers. There are for instance, 

rape-flower honey, grain-flower honey, and hundreds of other varieties. 
Whether wild or domesticated, the bees all have their bee kings,” who live 

in specially built chambers the size of a peach. The king’s position is inherited 
by his son. The king never hunts among the flowers; he is waited on everyday 
by many other bees, who take turns in supplying him with nectar taken from 
flowers. Twice a day (in Spring and Summer, the season of honey-making) the 

king travels abroad, accompanied by eight other bees that are on duty. The 
king goes by himself to the opening [of the beehive], from where he flies off, 
with four attendant bees supporting his belly with their heads and four others 
flying beside him. They return after a few hours, keeping to the formation as 
before. The keepers of domestic bees either hang barrels below the eaves or 
place wooden boxes outside the windows as hives, on which scores of round 
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holes are drilled to allow passage of the bees. Nothing would happen if one or 
two bees are killed by the keepers, but if the number reaches three the entire 
group would swarm to attack the people. This is known as a “bee rebellion.” 

Bees are a favorite food of bats, When one of the latter gets into a beehive 
through a crack it will devour large numbers of them. But if a bat is killed [by 
the beekeeper] and hung in front of the hives, no other bat will dare eat the bees 
again. This is commonly known as “warning through execution.” 

If a new colony of domestic bees is to be started by a keeper with a group 
transferred from his neighbor’s hives, a son of the bee king must also go with 
the group to serve as its king. Upon leaving, [the young king] is surrounded 
during the flight by an entourage resembling honor guards. Sometimes the 
country people entice [a new colony of bees to their houses] by spreading 
fragrant wine-mash [outside the houses]. 

In making honey the bees build up honeycombs, which have a spongy 
appearance. [Honey is] made with the substance emitted by the bees after 
digesting the nectar gathered from flowers. The fragrance [of the honey] is 
achieved by the admixture of some human urine, such being the magical 

powers of that which is itself deteriorated or odorous. To get the honey, the 
comb is cut, which will kill most of the young bees [i.e. larvae] in it. Yellow wax 

is found beneath the honeycomb. Among crags in the mountains, where the 
[wild] honey has not been gathered for years and is fully ripened for harvest- 

ing, the local people usually pierce the combs with long poles, and the honey 

will flow out freely. Those honeycombs that are not so old and full can be 
gathered [individually] by climbing onto the rocks, and are cut and treated 
in the same way as domestic honey. Most of the wild honey found inside 
earthen caves is produced in North China. The damp climate of South China is 
favorable for the production of honey on mountain rocks but not for that of 
cave honey. Out of each catty of honeycombs twelve ounces of honey can be 
extracted. Honey is widely used in northwestern China, being of equal im- 
portance with cane sugar as a sweet condiment. 

MALTOSE 

Maltose can be made from rice, wheat, sorghum, or millet. According to 

the “Grand Regulations” chapter [in the Book of History], “this [i.e. making 

maltose] is the ultimate development in making sweet condiments out of 
grains.” The method of making maltose consists of soaking the grains of 
wheat or rice and the like [in water] and allowing them to sprout. They are then 

dried in the sun, cooked and treated, and maltose is obtained. The best quality 

is white. A reddish variety, resembling amber, is called jellied maltose; it melts 
in the mouth, and is a favorite in the palaces. The confectioners of the south 
refer to maltose as malt sugar in order to distinguish it from cane sugar. 

There are hundreds of ways in which maltose is prepared by candymakers 
to please the human palate, which can not be enumerated here. There is a 
variety called “nest of silken threads” which is used [exclusively] by the 
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Imperial household. It is possible that the method of preparing this particular 
Sweetmeat will be passed down to the future generations, [thus making it 
available to the common people]. 

NOTES 

1. Fruit cane and sugar cane have long been a major cash crop for the farmers of 
south China. The fruit cane is over one inch in diameter with more juice and softer fibers. 
It is a perennial plant, and can be cultivated up to latitude 30 north in central China and 
31 north in Szechuan. In contrast, the sugar cane is slender, less than one inch in diameter, 

with tougher fibers and less juice, but it has higher sugar content. It is an annual plant, and 
is not cultivated north of latitude 28 north in central China and 30 north in Szechuan. 
Probably it was also eaten fresh occasionally by the early Chinese, as indicated in Materia 
Medica. 

The sugar beet is not mentioned in the present book since the possibility of extracting 
sugar from beets was discovered only in 1747. 

2. The ancient Chinese cane sugars, such as che-chiang in the Ch’in dynasty and 
che-t’'ang in the Han dynasty, were used in the form of syrup. Genuine crystallized cane 
sugar was first sent to China from Indo-China in the Han dynasty as tribute, and its 
manufacture in China was started in the T’ang dynasty. It is related in the Hsi-yii chuan of 
The History of T’ang that Emperor T’ai-tsung (627-649) had sent emissaries to India to 

learn the method of sugar making. He subsequently ordered the officers at Yang-chou to 
offer as tribute the sugar cane from which sugar was made. Up to then, however, sugar 
seemed to have remained a luxury item, its use limited to the imperial palaces. According to 
T’ang-shuang p’u, written by Wang Shao of the Sung dynasty, and as related in the present 
book, sugar making was popularized by the monk Tsou in Szechuan in the Ta-li period 
(766-788) of T’ang. The manufacture and use of sugar soon became widespread in China, 
although the techniques continued to undergo improvements. The manufacture of “rock 
sugar” in China was started at least in the Sung dynasty (960-1279) if not earlier, as 
pointed out by T’an Tan-chiung. 

3. This protects the bud of the “seed” stock from damage by frost and snow. Almost 

to the end of the nineteenth century sugar cane was propagated entirely by planting the 
stalks, the bud at each joint germinating and producing a new cane of the same character 
as the parent stalk. Not until about seventy years ago was it discovered that some of the 
seeds could be made to germinate under favorable conditions. This discovery resulted in 
the creation of many new varieties. 

4. Rain Water (yii-shui) is one of the twenty-four solar periods in the agricultural 
year. It occurs sometime in late February or early March of the modern solar calendar. 

5. Cane juice contains, besides sucrose, a small amount of organic acids, and some 
protein. A high percentage of protein hinders the crystallization of sugar, hence in order to 

131 



TIEN 

obtain white sugar it is necessary to harvest the cane after it has fully matured at the end 
of autumn, when the sugar content is at the highest point. In some parts of China as well 
as in Louisiana, where the cane must be harvested in November before the arrival of frost, 

complete maturity may never be reached. In Hawaii, where more favorable climatic 
conditions exist, twenty-two months are sometimes allowed to elapse between the germi- 
nation and harvest of the cane. 

6. The Five Ranges are mountains separating Kiangsi and Hunan from Kwangtung 
and Kwangsi, hence Kwangtung is often referred to as Ling-nan or “south of the Ranges.” 
The climate south of the Ranges is warm and approaches the subtropical. 

7. “Tron pellet” is used here to translate fieh-ting or “iron ingot”; apparently it serves 
as a bearing. 

8. Lime is used to neutralize the organic acids of the juice and to coagulate a number 
of undesirable impurities. The resultant aggregates rise to the surface or settle to the 
bottom. T’ang-shuang p’u indicates that the Chinese in the Sung dynasty were sometimes 
unable to determine the suitable amount of lime for making crystal sugar, and for this 
reason they produced a sort of: molasses-sugar. 

9. White sugar is referred to as T’ang-shuang, i.e. “sugar frost,” in premodern 
Chinese writings. The early white sugar had the texture of coarse flour rather than the 
loose granulated appearance of the modern product. It is now known that certain earthen 
materials are good adsorbents and/or ion exchangers. Therefore, the slurry of 

yellow mud, on passing through the dark raw-sugar granules, removed the color and 
odor. 

10. Small sugar crystals attached to the bamboo strips.act as seeds or reactive centers 
to promote the deposition of additional sugar. 

11. The animal candy would therefore be thin, crisp, semi-transparent, and hollow- 
centered confections. 

12. Bee king (feng-wang) should, of course, be “queen bee.” Although it is possible 

to interpret the word “wang” as “nii-wang,” i.e. female king, this text clearly does not 
warrant such a translation. 

13. Maltose was known to the ancient Chinese as f’ang, i, fu; and san, and was used 
in China long before cane sugar. References to it are found in writings dating from the 
Chou dynasty (1122-256 B.c.), and possibly it was made at a much earlier date. 
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Master Sung has observed that, with earthenware brought about through the 
use of water and fire on clay, even the daily labor of a thousand workers is not 
enough to fill the demands of a large country, so numerous are the people’s 
needs for pottery. As shelter against wind and rain, houses are built, and so 
there is need for tiles. In order to defend the country the rulers must construct 
strategic defense works, hence city walls and ramparts are built of bricks, and 
invaders are kept out. Sturdy earthen crocks preserve wine to a good vintage, 
while clean pottery vessels are instruments for containing the sacrificial offer- 
ings of wines and bean sauces. The sacrificial dishes of Shang and Chou times 
were made of wood; was it not because the people then wanted to show great 
respect [towards the spirits]? In later times, however, ingenious designs began 
to appear in various localities, human craftsmanship exerted its specialities, 
and superior ceramic wares were produced, beautiful as a woman endowed 
with fair complexion and delicate bones. [These wares] sparkle in quiet retreats 
or at festive boards, a concrete sign of civilized life. It is hardly necessary to 
adhere [to the ways of Chou and Shang] forever.* 

TILES 

The material for making tiles is a sandless clayey earth, which is obtained 

by digging about two ch’ih under the earth’s surface. Within a hundred /i [of 

any place] there is sure to be a suitable clay for the construction of houses. The 
tiles used for the houses of the ordinary people are all made from the quarter 
sections [of a cylinder]. The process of making such tiles involves the prepara- 

tion of a cylindrical core mold, on the surface of which are four ribbed 
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demarcation lines. The clay is mixed with water and made into a high rectangu- 
lar pile. Then the moist clay pile is sliced by the iron wire of a bow, with the 
wire located at 0.3 inch away from the back of the bow. The sliced clay layer is 
lifted like a piece of paper, and wrapped around the cylindrical core mold. 
When slightly dried, the clay is removed from the mold, and naturally falls 
apart into four pieces [Figure 7.1]. There is no standard size for tiles, which 

range from a measurement of eight to nine inches on each side for the large 
ones to seven-tenths of the above size for the smaller ones. Those used to catch 
rainwater along house roofs, called drain tiles, must be the largest in size, so 
that they can sustain a continued rainfall without overflowing. 

When the green tiles are made and dried, they are piled in the kilns and 
fired. The firing may last either one day and night or two days and nights, 
depending upon the number of tiles placed in the kiln. The methods used for 
the water-tempering and glazing of tiles are the same as those for bricks. There 
are “water drip tiles,” to be placed at the eaves; “cloud tiles,” below the roof 

ridge; “curved cover tiles,” over the roof ridge; and tiles variously shaped like 
birds or beasts, to be affixed at the two ends of the ridge. These latter tiles have 
to be handmade, piece by piece; but in so far as they are prepared through the 
use of water and fire and firing in kilns, they are made by the same method 
[used for making other kinds of tiles]. 

Figure 7-1. Making tiles. 

136 



CERAMICS 

Tiles used by the Imperial Household, however, are quite different from 
the above. The Jazuli tiles are made piece by piece, either flat or rounded in 
shape, with the aid of round bamboo or polished wood molds. Only clay from 
T’ai-ping prefecture [in Anhui province] is used for [making imperial tiles]. 
(This clay must be transported 3,000 li to Peking, in the course of which 
indescribable damage is caused by adulteration with sand, and by the lawless 
behavior of the transport laborers and boat crews, Even the imperial mausolea 
are built with such tiles, and no one has dared give advice to the contrary.) 
When the tiles have been shaped, they are first placed in the “glazed tile” kilns, 
in which [they are fired] to the proportion of 5,000 catties of fuel wood per 100 
pieces of tiles. The fired tiles are painted with a mixture of pyrolusite [MnO,] 
and palm hairs for green color, and with [a paste of] ochre, rosin and rushes 
[juice] for yellow. The painted tiles are then placed in another kiln to be fired 
again at a lower temperature. The gemlike brilliance of lazuli colors will then 
be achieved. Occasionally this kind of tiles is used in the palaces of princes 
(living) in the provinces as well as in temples and monasteries, although the 
materials and methods of glazing may be somewhat different from one place to 
another. Ordinary people, on the other hand, are forbidden to use [lazuli tiles] 

for their houses. 

BRICKS 

Clay for making bricks is also obtained from the ground, in color either 
blue, white, red, or yellow (that found in Fukien and Kwangtung is mostly red; 
blue clay is produced chiefly in Kiangsu and Chekiang and is called “good 
clay”), the best being the kind that is adhesive, fine-textured and sandless. The 

clay is mixed with water and trampled over by several oxen driven by a man, so 
that it becomes a thick paste. After that, wooden frames are filled with this clay 
paste, the surface is smoothed with wire-strung bows, and so the green or 
unbaked bricks are formed [Figure 7.2]. For the construction of city walls and 

house walls, there are two kinds of bricks known as “recumbent brick” and 

“side brick.” The former are oblong pieces, used in building city walls and the 
houses of well-to-do people; they are placed solidly one upon another. Those 
people who wish to economize, however, usually put down alternate layers of 
“recumbent bricks” and “side bricks,” and using stone fragments and bits of 
earth they fill the inner spaces; this is done to reduce the cost. Aside from 
building walls, the bricks used for making foundations are called “square- 
frame bricks”; for supporting tiles at corners of eaves, “Huang-pan bricks”; for 
constructing curved arches of small bridges, rounded doorways, or graves, 
“knife bricks” or “curved bricks.” One side of the “knife brick” is cut off 
wedgewise; when several of these are packed closely together and constructed 
into a dome, the structure will not collapse even when trodden and weighed 
down by horses and carriages. 

To make “square-frame brick,” the clay paste is first put into the square 

frame, and then a smooth board is placed over it; two persons step on the board 
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in order to pack the mass and ensure the solidity of the green brick. [After be- 

ing air dried,] the green brick is then fired to harden it. The bricks used for lay- 

ing foundations are first trimmed around the edges by stone workers. The 

knife bricks are larger than the wall bricks by one-tenth of an inch; the huang- 

pan brick is one-tenth the size of the wall brick, while the square-frame brick is 
ten times as large as the wall brick. After the green bricks are made and 
[air-dried], they are placed inside a kiln and are fired for one complete day and 
night for 3,000 catties [of bricks], and twice that length of time for 6,000 

catties. The fuel for firing bricks is either wood or coal; when the former is used 
the brick produced will be bluish gray in color, while the latter will make white 
bricks.’ At the top of a wood-fuel kiln three holes are opened on one side for 
the emission of smoke. When the process of firing is completed and the fire is 
withdrawn, these holes are sealed with mud, and then water is employed for the 
superficial glazing on quenching [of the bricks]. 

[As to the amount of heat applied in the firing process], if it is one ounce 

[ie. degree] less than the proper temperature, the glaze will have no luster; if 
three ounces less, the product is known as “low temperature brick,” with the 

clay colors plainly showing. This brick will disintegrate immediately after 
exposure to frost and snow and change back to clay. On the other hand, if the 
heat applied is one ounce more than the proper temperature, cracks will appear 
on the brick; if three ounces more, the size of the bricks will shrink and they 
will be full of crevices. The whole piece is warped, breaks like iron fragments 
when struck, and is altogether unsuitable for use. Skillful [builders], however, 

utilize these pieces by burying them underground as foundations for walls, thus 
putting them to the same kind of use as good bricks. The way to check the 
temperature in the kilns is to watch the clay through the kiln doors; under the 
attack of fire the clay will manifest an attitude of uncertainty, and appear 
similar to gold and silver at their melting point. The pottery works foremen will 
recognize [the proper temperature]. 

The superficial glazing or quenching of [bricks and tiles] is done by 
pouring water onto the level space atop the kiln which is surrounded by a raised 
wall on all four sides. Forty tan of water are needed per 3,000 catties of bricks 
or tiles in the kiln [Figure 7.3]. The water, once having permeated the earthen 
covering [of the kiln], will react with the heat [to form superficial glaze on the 
brick surfaces]. When the right proportion of water and heat is achieved, then 
the quality and durability of the [bricks] are assured.’ 

The coal-fuel kilns are twice as high as the wood-fuel ones, having tops 
that are domed but not sealed. Inside the kilns are laid round cakes [bri- 

quettes] of coal one and one-half ch’ih in diameter, and each layer of coal is 
alternated with a layer of bricks [Figure 7.4]. The bottom layer consists of 
reeds that serve as kindling. 

A large factory for the making of bricks for Imperial Palaces is situated at 
Lin-ch’ing [in Shantung], and is operated under the direction of an official of 
the Board of Works. Previously many different kinds of bricks were produced 
here, such as “secondary brick,” “tally brick,” “flat-bodied brick,” “look- 
board brick,” “axe-blade brick,” “square brick,” and so forth, but half of 
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Figure 7-2. Making bricks. 
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Figure 7-3. Superficial glazing of bricks and tiles by water-quenching. 
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Figure 7-6. Making large jars. 
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these varieties were eliminated in later times. The bricks are transported to 

Peking by loading forty pieces per rice-tribute boat, and half as many pieces per 

ordinary private boat. The fine-quality square bricks, used in building the 

central halls [in the Palace], are made in Soochow and transported [to the 

capital]. As to the making of lazuli bricks, we have already mentioned it in the 

section on tiles. The fuel [for these bricks] is taken from the T’ai-chi-ch’ang, 

and the firing is done at the Black kiln.* 

WATER JARS AND THE LIKE 

Of pottery jars there are hundreds of kinds, from the large-sized heavy 

water jars to the medium-sized bowls, down to small vases and cannisters. 

Their shapes and styles differ according to the locality; they cannot be enu- 

merated here. All the articles are round ware, without square angles. After the 

right kind of clay has been obtained, the making of these wares is performed on 

a potter’s wheel. The experienced artisan is able to measure with his eye the 
amount of clay needed for an item, take nearly exactly that amount into his 
hands, and with the help of another person place it on the revolving potter’s 
wheel; then with one single molding the article is done. [See the upper part of 
Figure 7.5.] However, the large “dragon and phoenix jars” used in the Court 
(produced by kilns at Ch’ii-yang in Chen-ting prefecture, and I-chen in Yang- 
chou prefecture), and the large figured jars of South Chihli province [modern 
Kiangsu and part of Anhui] are made by an entirely different method: the clay 
is allowed to form very thickly over the body of the jar, in order that figures and 
designs may be carved on the wares. This is why the price of such jars is fifty 
or one hundred times [that of ordinary jars]. The ears and spout on some of the 
large and small earthen jars are made separately and then affixed to the body 
with the aid of a liquid glaze [see the lower part of Figure 7.5]. All pottery 
wares have [solid] bottoms except in Shensi and further west, where the 

steaming pots used for cooking purposes are bottomless [i.e. having per- 
forated bottoms], and are made from clay instead of wood. 

Glaze is applied to all the interior and exterior surfaces of fine pottery 
wares and usually to one-half of the body of a coarser ware. No glaze, however, 
is used on the interior of such objects as crockery mortars, because their rough 
surfaces should be retained for the easier braying and pounding of things; 
“sandy” pots and pans [for cooking] are also left unglazed in order to allow 
easier conductivity of heat and better cooking. Glaze material is locally obtain- 
able. In Kiangsu, Chekiang, Fukien, and Kwangtung a special kind of fern, 

called “chueh-lan-ts’ao” is used, a plant that [commonly] serves as kitchen fuel 

for the local people. It is not over three ch’ih in height; the leaves and branches, 
somewhat resembling those of fir trees, are fibrous yet not prickly (there are 

dozens of names for this plant, depending upon the locality). The potters, after 

gathering these ferns, burn them, and the ashes are then placed in a cloth bag 
and washed [or classified] with water. The coarse particles are discarded as 

refuse, while the finest particles are [saved as concentrate and are] mixed with a 
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pulp of red earth and water at a ratio of two parts fern ash to one part pulp. 
After the mixture is thoroughly stirred it is painted on the unbaked ware. A 
shiny glaze will naturally result after firing. I do not know what material [for 
glazing] is used in north China; special materials are also used in glazing the 
yellow pottery of Soochow. Only rosin and pyrolusite are employed, however, 
in the glazing of the “dragon-and-phoenix wares” used in the Imperial Pal- 
aces.° 

Small ceramic articles are fired in “bottle kilns,” and large ones in “jar 
kilns.” These kilns are operated separately only in Shansi and Chekiang; in 
other provinces both the small and large articles are produced from the same 
kiln. Wide-mouthed large water jars are made by first fashioning each one in 
two cross sections; then the two pieces are joined together and held in place by 
wooden pegs both inside and outside. Small-mouthed jars are also made in two 
sections; in piecing them together, however, wooden pegs cannot be used [on 
the interior], but instead a ring-shaped circular tile, which has been prefired in 

another kiln, is placed inside the jar [where the seam is]. The joint is then 

reinforced on the outside of the jar with wooden pegs. The earthen quality [of 
the ring and jar] will naturally make them adhere to each other. [Figure 7.6.] 

The bottle and jar kilns are not built on level ground but along hilly 
slopes, each kiln works occupying a tract of land between one hundred to two 

Figure 7-7. Bottle kilns inter-connected to jar kilns. 
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or three hundred ch’ih. Several dozen kilns are built together, one above the 

other up the slope, in order to avoid trouble caused by the lack of drainage, 

while at the same time the heat will be able to ascend gradually from the lowest 

to the topmost kiln ’ [Figure 7.7]. In cases where it is necessary to have several 

dozen [kilns] for the proper firing of the wares, the potters suffer from [the 

considerable amount of capital required for the production of such cheap 

commodities,] and the enterprise must be started with the joint effort and 

resources of many persons. When the construction of the [inter-connected] 

brick kilns is completed, their tops are covered with a three-inch layer of 
extremely fine earth. The walls of each individual kiln are equipped not only 
with “smoke windows” at intervals of five ch’ih but also with a double door that 
opens from the middle. When charging the kilns, the smallest articles are placed 
in the one on the first or lowest level, and the largest water jars are put in the 
last or highest one. Fire is started in the lowest kiln, while two persons carefully 
watch the temperature. The amount of fuel needed is generally 100 catties of 
wood per 130 catties of pottery. When the correct temperature is achieved the 
door [of the fired kiln] is closed, after which the fire is lighted in the second kiln, 

and so on, until the last kiln is fired. 

WHITE PORCELAIN (SUPPLEMENT: BLUE PORCELAIN) 

The raw material used by porcelain makers for their finest wares is a white 
soil known as white clay, which is produced at only half a dozen places in 
China. They are: in north China, Ting-chou in Chen-ting prefecture [in Ho- 
pei], Hua-t’ing district in P’ing-liang prefecture [in Kansu], P’ing-ting in T’ai- 
yuan prefecture [in Shansi], and Yii-chou in K’ai-feng prefecture [in Ho- 
nan]; in south China, Te-hua in Ch’iian-chou [in Fukien] (the clay is 

actually obtained from Yung-ting district, but the kilns are in Te-hua), and 
Wu-yuan and Ch’i-men in Anhui (white clay produced in other places than 
these does not stick together when molded into pottery ware, and so is often 
used as plaster for walls). The Te-hua kilns specialize in making porcelain 
buddhas and delicate figurines, things that are of no great practical value. The 
products of Chen-ting and K’ai-feng kilns, on the other hand, have an earthy 
color and lack lustre. The porcelain of all these places together cannot com- 
pare with that produced in the Yao prefecture of Kiangsi province. In the dis- 
tricts of Lung-ch’tian and Li-shui in Ch’u-chou prefecture, Chekiang province, 
however, there is manufactured a kind of glazed bowls and cups that are blue- 
black like lacquer and are called “Ch’u-kilns ware.” At the foot of Hua-liu 
Mountain in Lung-ch’iian district there were, during [late] Sung and Yiian 
dynasties, kilns operated by two Chang brothers, whose wares were highly 
prized. These are the pieces called in curio shops the “Brothers-kiln ware.” 

But the porcelain which has enjoyed far-flung fame, and which all China’s 
neighboring countries are eagerly seeking, is that produced from the kilns of 
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Ching-te-chen in Fu-liang district of Yao prefecture. From ancient times to the 
present day this place has been a center of porcelain manufactures. White 
clay, however, is not locally available, but must be obtained from two [near-by] 
mountains in Wu-yuan and Ch’i-men. One [mountain] is called Kao-liang 
Mountain, where “nonglutinous rice” clay [China-clay] of a hard character, is 
found; the other is called K’ai-hua Mountain, and here “glutinous rice” clay 
[China-stone] is found, which is soft and pliable in quality. Porcelain wares can 
be fashioned only out of a mixture of these two clays. 

These run-of-mine clays are molded into square blocks, and transported 
to Ching-te-chen on small boats. The porcelain makers then put an equal 
amount of each kind in a bowl, and pound the mixture for an entire day, after 
which [the powdered clay] is placed in a large water jar to be classified [by 
means of decantation]. The fine particles suspended in the upper part of the 
water column are poured into a second jar, whereas the coarse particles settle 
on the bottom of the first jar. The particles in the second jar are further 
classified to result in a suspension of superfine material, which is poured into a 
third jar. The particles that sink to the bottom [of the second jar] are called 

medium-sized material. After decantation, the fine-sized clay pulp is poured 
into an oblong ditch built of bricks beside the kilns, so that the clay pulp can be 
dried with the help of the [waste] heat. The dried clay is again mixed with clear 

water to form a paste, which is used for making the body of porcelain ware. 
There are two kinds of porcelain bodies. The first is called “pressed 

ware.” This consists of such articles as vases, jugs, incense burners, boxes and 

the like, which are not uniform in shape; also included are imperial articles like 

porcelain screens, candlesticks, etc. The way to make this kind of wares is first 

to fashion yellow-clay molds, whether whole or in two sections cut vertically or 
across; white clay paste is then cast into the mould, the seams are painted over 
with a liquid glaze, and the resulting product, after firing, will be an entire 

unbroken piece. The other kind of porcelain body is called “round ware.” This 
consists of the tens of thousands of dishes and cups and the like that are needed 
in everyday life: these actually constitute nine-tenths of all porcelain made, 
with the “pressed ware” taking up the remaining one-tenth. To make “round 
ware” a potter’s wheel must first be set up. The wheel revolves around a 

wooden axle [or spindle] which has been planted in the earth to a depth of three 

ch’ih to insure stability, with the exposed portion about two ch’ih in height. The 

vertical axle is mounted with two horizontal disks, one on top and one at the 

bottom, which are turned from the rims by means of short bamboo sticks. A 

mandrel made of sandalwood protrudes from the centre of the upper disk. In 

the making of cups and dishes, which need not conform to specific molded 

styles, the clay paste is placed over the mandrel that is made to revolve by 

turning the disks, The worker then presses his first finger with the nail clipped 

off, over the bottom of the clay, while the thumb lightly shapes the clay body as 

it revolves [Figure 7.8]. A cup or a bow] will thus be formed (new apprentices 

are allowed to discard their spoiled pieces and renew their effort with new 

clay). After long experience, when the artisan’s skill is highly developed, all 
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items so made will be identical as though they had come out of the same mold. 
If small cups are intended, the mandrel is used as it is. If medium-sized dishes 

or large bowls are made, the mandrel is first enlarged with clay and used after 

it is dried. 
After a clayware article has been made by hand on the wheel, it is pressed 

once with the mandrel, [which acts as a finishing mold]; this is followed by 

slight exposure to the air and another pressing while the clayware is still damp. 
When the ware is thoroughly dried, as indicated by its white color, it is dipped 
once in water [Figure 7.9] and mounted on a mandrel again to be polished 
twice with a sharp knife [Figure 7.8] (while the ware is being polished, the 

slightest tremor of the hand will result in jagged crackles in the final fired 
product). Thereafter the ware is inspected and repaired for blemishes and 

turned on the wheel for drawing a line along the rim [Figure 7.10]. The next 
step is the decoration of the ware by either writing words or painting [designs 
or figures] on it; after that is done, the ware is sprayed with a little water and 

then is ready to be glazed. No blue coloring material is used for the [glazing and 
painting] of “crackled” ware, “thousand-grains” ware, or “brown-colored” 

cups. 
‘ To make a crackled porcelain ware, the clay body is exposed directly to 

the sun after polishing with the knife until it is very hot and then is dipped once 
quickly in clear water; the resulting ware, after firing, will show crackled 

marks.* The “thousand-grains” ware is fashioned by very swift dotting of the 
surface with a liquid glaze, and the “brown-colored” ware is prepared by 

brushing the clay surface with the boiled juice of old tea leaves. (The Japanese, 

who highly value antique crackled ware, are willing to pay thousands of taels of 
silver for a genuine piece. There is an antique crackled-ware incense burner 
whose date is unknown; an iron nail whose gleam is not yet tarnished by rust is 
embedded in its bottom). 

The liquid glaze used at Ching-te-chen for coating white porcelain ware is 
composed of water, the clay from Hsiao-kang-tsui, and the ash of the leaves of 
peach-bamboo,’ and it has the appearance of a clear rice broth (the porcelain 
figurines produced in Ch’iian-chou are glazed with a mixture of pine-needle 
juice, water, and clay; it is not clear what materials are used for glazing the 
dark-blue colored porcelain of Ch’u-chou). This is placed in a large water jar 
[Figure 7.11]. The interior of the wares to be glazed is first rinsed with this 
liquid glaze, then a certain amount of the glaze is applied with fingers to the rim 
of each article, and it will naturally flow and spread to cover the entire [outer] 
surface.” 

The indispensable ingredient for blue color in porcelain decoration is 
pyrolusite [MnOg] (it is also used as a coloring material by varnish makers in 
the process of heating their oils). This mineral is obtainable near the earth’s 
surface, not more than three ch’ih underground at the deepest, and is found in 
all provinces. It comes in top-, medium-, or low-grade varieties. Before use it 
should be roasted in a red-hot charcoal fire, the top-grade material will then 
turn peacock blue; the medium, light blue; and the low-grade will have a color 

148 



CERAMICS 

Figure 7-8. Shaping (lower) and polishing (upper) clayware with potter’s wheel. 
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Figure 7-9. Dipping thoroughly dried wares in water. 
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Figure 7-10. Decorating porcelain ware. 
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Figure 7-11. Dipping clayware in liquid glaze. 
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Figure 7-12. Porcelain kiln. 
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close to that of brown earth. Each catty of untreated ore will produce only 

seven ounces of top-grade pyrolusite, while the amounts of the medium- and 

low-grade variety are proportionately even less. The [coloring materials used] 

for decorating the finest pieces of porcelain as well as the dragon-and-phoenix 

ware for imperial use are top grade. The price of such a high-grade pyrolusite is 

twenty-four taels [of silver] per tan, while the medium grade costs half that 
price and the low grade, three-tenths. Among the blue coloring material used in 
Yao prefecture [i.e. Ching-te-chen], that which is produced in the mountains 
of Ch’ii and Hsin prefectures [both in Chekiang] is the best and is known as 
“Chekiang stock.” The kind produced in Shang-kao, etc. is medium grade, and 
that from such places as Feng-ch’eng is low grade. After it is roasted, the blue 
coloring material is ground into a very fine powder with pestle and mortar (the 
inside surface of the mortar is unglazed and rough for better abrasion) and is 
then mixed with water for painting. Its color is black while being ground and 
suspended in water, but after [painting on porcelain and] firing the color turns 
into greenish blue. 

If a “purple-cloud” color crackled porcelain cup is desired, the ware is 
first wetted with an aqueous solution of rouge, and is then placed in a wire net 
for convenience in heating over a charcoal fire. After that, the ware is brushed 
once with a pad of cotton moistened with rouge, and the coloring effect is 
achieved. The kind of colored porcelain called “Hsiian-red” ware is made by 
the extremely skillful coloring in conjunction with the slight roasting of a 
special kind of prefired ware; it is erroneous to think that the red color of 
cinnabar can remain fast on the ware even after firing. (The process for making 
the “Hstian-red” ware was lost at the end of the Yuan dynasty, but it was 
rediscovered after many experiments during the Cheng-te reign [1506-21].) 

After being decorated and glazed, the procelain wares are packed into 
box frames or saggers (a slight heavy-handedness in packing them will result in 
warped shapes after firing). The saggers are made of coarse clay; each packed 
[piece of] porcelain ware is supported by a clay disk; and the empty space at the 
bottom of each sagger is filled with sand. One sagger will have room for one 
large porcelain article, or about one dozen small pieces. Good saggers can be 
used repeatedly for more than ten firings, but poorly made ones will disinte- 
grate after one or two.” After the kiln is completely loaded with packed 
saggers, a fire is kindled. Toward the top of the kiln there are twelve round 
holes, called skylights. The firing should continue for twenty-four hours, of 
which the first twenty hours consist of firing from the kiln door, allowing the 
heat to rise from the bottom upward; then lighted wood is thrown in through 
the skylights and burns for four more hours, allowing the heat to travel from 
the top downward [Figure 7.12]. While they are in the burning kiln the 

porcelain pieces are soft like cotton wool. To test the extent of firing, one article 
is taken out of the kiln with a pair of iron tongs, and the fire is stopped when the 
specimen is determined to be sufficiently heated. In sum, without counting the 
minute details, a portion of clay must pass through seventy-two different 
processes before it is finally made into a cup. 
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SUPPLEMENTS: TRANSMUTATION IN KILNS, 
AND MOHAMMEDAN BLUE 

In the Cheng-te reign [A.D. 1506-21] a eunuch was appointed to supervise 
the manufacture of porcelain for imperial use. That was the time when the 
process of making Hsiian-red was still lost, and [failing to produce it], the 
eunuch paid the penalty with his and his relatives’ lives. One of the potters 
killed himself by jumping into the burning kiln. Later he appeared in another 
person’s dream [and imparted the secret of the red color], who was able to 
produce the desired red. News of this event immediately became widespread 
and was known as transmutation or chanciness in the kilns. Subsequently the 
story was enlarged by miracle-fanciers to include such points as the kiln 
producing strange objects such as deer, elephants, etc. 

Mohammedan blue is the “deep blue” glaze material of the Western 
Region [Persia], the best quality of which is also called “Buddha’s head blue.” 
The top grade pyrolusite, after firing, is similar to the “deep blue” in color. It is 
not true that the “deep blue” can retain its original color after being exposed to 
the intense heat of the porcelain kilns. [For this reason, the “deep blue” painted 
on porcelain must be covered by a layer of colorless glaze prior to firing.] 

NOTES 

1. Black earthenware of the Lung-shan civilization and painted pottery of the 
Yang-shao civilization have been found in different parts of China, and the An-yang 
excavation sites have yielded pottery of the Shang dynasty (1783-1122 B.c.). The earliest 
bricks and tiles yet discovered (in 1955 in Cheng-chou, Honan) date from the Warring 

States period (403-221 B.c.). According to a journalistic account these are burnt hollow 

bricks engraved with hunting scenes. 
The specimens of the bricks and tiles of the succeeding Han dynasty (206 B.c—220 

A.D.) can be found in many Western museums. They include narrow rectangular bricks 
used as headers and binders for the construction of walls and tombs, square tiles to cover 
surfaces, inscribed bricks to record burials and other personal affairs, miscellaneous bricks 

used. as supports and bases for pillars, and hollow tomb bricks with holes in both ends. 

Some of the large hollow Han tiles from Honan province measure almost six feet in length 
and two feet in width. Dies were pressed into the clay before firing, leaving intaglio 
designs. These illustrate games, feasts, hunting, and fishing and also give some idea of 
commerce and industry. 
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Bricks and tiles of the Han and Wei periods are all unglazed, although glazed 

pottery first appeared in China during the Han dynasty. Glazed tiles and bricks were 

probably first used during the T’ang dynasty (a.D. 618-916). The History of Yuan records 

that four kilns were established in 1276 at Ta-tu for the making of plain, white- 

glazed bricks and tiles; three hundred workmen were employed there. The technique of 
making glazed tiles and bricks was further improved and manufacture flourished in the 
Ming and Ch’ing dynasties. Today glazed bricks and tiles are little used in China, though 

the unglazed ones are still used as building materials. 
2. The bluish-gray color is apparently caused by the deposition of fine smoke 

particles from the wood fuel in the pores of the bricks. These smoke particles are 
subsequently fixed by the fusible matter on the surface of the brick. The blueing of bricks 
and tiles by smoke is practically eliminated when the wood fuel is replaced by coal, 
particularly anthracite, since a coal fire gives a cleaner atmosphere and a higher tempera- 
ture. The term “white” is often used very loosely in clay working and is used to include all 
shades from a true white to a distinct cream or even a slight reddish or pale yellow 

color. 
3. The water-quenching (i.e. with steam) of red-hot bricks and tiles requires great 

skill and care. An improper cooling of kilns is the source of many defects, especially 
crazing, cracks, dunts, and feathering or crystallization. 

4. T’ai-chi-ch’ang and Black kiln were establishments administered by the Board of 
Works during the Ming dynasty. The former was a fuel dump, and the latter a place where 

bricks and tiles for palace use were made. 
5. It can be deduced from the Chinese word tseng that these bottomless steaming 

pots are similar to the currently used double boiler for cooking. The upper half of the pot 
has holes on its bottom to permit the passage of steam, and is then said to be bottomless. 

6. Chinese ceramic glazes: The first people who used glaze were the Egyptians of 
the Badarian and predynastic periods; they applied it to objects of stone and quartz; 
modern excavations at Mohenjo-Daro in Pakistan have uncovered glazed materials made 
in approximately 3000-2750 B.c.; and in Assyria and Babylonia colored glazes were used 
at about 1100 B.c. In China, the excavations at An-yang reveal that glaze of a sort was 

used by the Chinese in the Shang dynasty (1760-1120 B.c.). There is some probability 
that it was also used in the succeeding Chou and Ch’in periods, but the dating of the 
specimens in question is still uncertain. In the Han dynasty (206 B.c.—220 a.p.), the 
Chinese had a considerable trade with the Romans by the overland route through 
Turkestan and by sea via India and Persia; the silk of China was exchanged for western 
goods, among which Syrian and Egyptian glaze was almost certainly included. The first 
use of lead glaze in China at that time must have been learned from the West, although 
the Chinese soon developed notable techniques of their own. 

7. Lo Tsung-shan found that the ancient kilns in I-hsing of Kiangsu province were 
interconnected to save fuel and were elevated like a stairway to facilitate draught. Wang 

Chin, a modern Chinese scientist, believes that such interconnecting kilns have been used 

in China for over one thousand years. Waste fuel gases from the first kiln fired preheat the 
green goods in the rest of the kilns before entering the stack. Furthermore, the waste heat 

in the cooling kiln can be partly extracted as hot air and passed into the next kiln for 
combustion. 

8. In porcelain of the Sung and Ming dynasties, crackle varies from a “fishing net” 
pattern to what has been called “truite” or fish roe. Production involves the selection of a 
suitable combination of body and glaze and control of the heating and cooling rate. A 
delayed crazing, which may take months or years to complete, can give rise to a secondary 
crackle over and above the original one. Examples of this can be found in the lines of 
crackle of some Manchu wares that show two different colors, one generally black and the 
other light brown. It is assumed that the original crackle of the initially fired ware was 
stained with one kind of coloring material, and that the secondary crackle was stained 
with a different color. 
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9. Peach-bamboo is a large bamboo grown chiefly in Szechuan province and has no 
relation to the peach tree. 

10. Prior to the Ch’ing dynasty, both large and small round articles were dipped in a 
large jar filled with liquid glaze. Irregularly shaped wares were painted with a goat- 
hair brush. With these processes, the pieces were often too thinly or too thickly coated, 
and some of the large items were broken during the dipping. In the Ch’ing dynasty, small 
round pieces were still glazed by dipping, but vases and large round vessels were glazed by 
a primitive spraying process. A bamboo tube, approximately one inch in diameter and 
seven to ten inches long, with one end covered with fine gauze, was dipped into the liquid 
glaze and then blown through from the other end. This process had to be repeated from 
three to eighteen times, depending upon the article and the glaze. 

11. A passage in Ching-te chen t’ao-lu states that the characteristic yellow foot of 
porcelain wares produced by the Ch’ai yao of the Later Chou dynasty (951-960) was 
caused by the yellow earth placed on the inner bottom of saggers. Saggers were known to 
the Chinese long before this time and were used to protect porcelain wares from uneven 
temperature and kiln gases, as described in the present book. 
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Figure 8-1. Mold for bell. 
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Master Sung observes that ever since [the copper of ] Shou-shan * was mined by 
the Yellow Emperor, mining has had a long history in China. In the time of the 
Emperor Yii (2198 B.c.?) the chiefs of the nine provinces ” presented metals to 
the Emperor for the casting of his ting-tripods,* and thenceforth the art of 
smelting and casting metals was increasingly improved with time. 

In its natural state metal is enclosed in earth; likewise, when it is being 
made into useful implements it is also enclosed in earthen molds. The imple- 
ments may be fine or coarse, large or small. That which is blunt is used as a 
mortar [for pounding grain], that which is sharp is used for the ploughing the 
earth; make it thin [into pots] to stand between water and fire, and the people 

will have nourishment; make it ir to hollow [bells] and harmonious sounds will 

fill the air. The devout fashion metal into images, so that divine likenesses are 
seen in this mortal world—the more skillfully made ones borrow even the spirit 
of the Heavens. [Metal] coins are minted to circulate even to the remote corners 

of the empire—so numerous that it is impossible to count them. Such profusion 
can not have been achieved by human effort alone. 

TING-TRIPODS 

No information is available regarding the casting of the ting-tripods 
before the time of the emperors Yao and Shun. Then emperor Yii cast his nine 
ting. At that time the nine provinces had been demarcated, the annual tributes 
from each region had been fixed, the rivers had been dredged and brought 
under control, and the Tributes of Yii* had been written. Fearful, however, 

that the rulers of later ages might increase the taxes by great amounts, and that 
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later kingdoms might become oppressive, or that those in charge of irrigation 
and flood control might not follow the correct methods, Yu had all these 
matters inscribed and cast into the ting, which would be more durable than 
books, so that posterity could act according to the rules laid down. This was the 
reason for casting the nine ting. As the centuries passed people’s knowledge 
(about antiquity) became dim. It is said that such phrases as “pearls and fish” 
and “foxes and woven leather” were inscribed on the ting, but the words might 
have been mutilated and worn by time. The ignorant, however, took these to be 

sentences denoting frightful phenomena,° giving rise to the statement in the 
Spring and Autumn Chronicles that “if one knows the designs of the spirits 
then ghosts and monsters can be avoided.” 

By the Ch’in dynasty [221-206 B.c.] the ting-tripods of Yii had been lost. 
Although the Great ting of the state of Kao, and the two Fang ting of the state 

of Lii, were cast in the Spring and Autumn period [770-403 B.c.], their 

inscriptions by no means had the same intent as those of Yii; that is, these 

things were antiques in name only. In later ages there has been a multitude of 
documents and books, but ting-tripods were never made again. I have therefore 
noted their history here. 

BELLS 

Foremost among the metal musical instruments is the bell. When it is rung 
a large bell can be heard at a distance of ten Ji, and a small one at more than one 
li, Bells therefore are sounded for assembling people at the sovereign’s audi- 
ence, or when the officials go out, and for the accompaniment to singing at local 
festivities. In temples and shrines the ringing of bells is done to indicate the 
devotion of the worshippers as well as to rouse the serious attention of the 
ods. 

; Bells of high quality are made of copper [alloys]; those of lower quality, of 
iron. The Audience Bell now used in the North-Star Pavilion * is made entirely 
of bell metal. For casting one such bell 47,000 catties of copper are used, 
together with 4,000 catties of tin, fifty ounces of gold, and 120 ounces of silver. 
The finished bell weighs 20,000 catties, and measures 1.15 chang high, with a 

diameter of 8 ch’ih at the mouth. The double-dragon neck of the bell is 2.7 
ch’ih high. Such are the specifications of an Audience Bell. 

The method of making a bell of the 10,000-catty [class] is the same as that 
for casting ting-tripods. A pit one chang and several ch’ih deep is first dug in 
the ground. In the pit a houselike dry-mold foundation is constructed, the core 
of which is built of lime and mortar, and no crack is to be allowed to appear. 

After the core is dried it is covered with ox fat and yellow beeswax several 
inches thick, the proportion being eight parts of ox fat to two parts of beeswax. 
The foundation and core of the mold should be protected against the sun and 
rain (the casting must not be undertaken in the summer months, because then 
the fat and wax will not congeal). When the fat and wax have been applied 
securely on the core, they may be engraved with decorative designs, texts, or 
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Baa Uh 

Figure 8-3. Casting a thousand-catty bell and a statue of Buddha. 
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pictures, down to the last detail [see upper part of Figure 8.1]. Next, very fine 

earth and charcoal powder are pounded, screened, and mixed into a mud paste, 
which is gradually spread on [the surface of the engraved wax] until it is several 
inches thick. When it is thoroughly [air] dried, heat is applied from the outside 
so that the fat and wax will melt, and flow out entirely through apertures at the 
base. The bell or the ting-tripod will then be cast in the cavity thus vacated 
between the core and mold. 

Ten catties of copper are needed to fill the cavity previously occupied by 
one catty of fat and wax, therefore for every ten catties of fat and wax used, 100 

catties of copper [alloy] should be prepared for use in casting. The copper is 
melted when the cavity [of the mold] has been thoroughly drained. But as it is 
not possible to cast such 10,000-catty quantities of molten copper by hand, 
[melting] furnaces are built all around [the molding pit], and earthen trenches 

are made which decline toward the pit and connect the furnaces with the 
“copper hole” [i.e. pouring gate] on the bell mold. The trenches are surrounded 
with red-hot carcoal. When the metal is melted in the furnaces, the plugs in the 
trenches are removed (the trenches are at first closed by earthen plugs), and 
the molten metal [is tapped from the furnace and] flows like water down the 

trenches and eventually gets into the mold. And so a bell or a ting-tripod is 
cast [Figure 8.2]. 

The same method is used in the casting of 10,000-catty iron bells as well 
as cooking pots, except that the molds used for these iron castings tend to be 
less expensive.’ 

Not so much work is involved in casting articles weighing less than 1,000 
catties. The process requires about a dozen kettle furnaces, made of earth and 
reinforced with iron bars, and shaped like winnowing baskets. At the lower part 
of each furnace two iron tubes are inserted horizontally, so that two carrying 
poles can be put through, and the furnace is placed on an earthen mound. All 
furnaces are fired at the same time. When the metal is melted, the carrying 

poles are inserted, and each kettle is carried to the mold by two or more men, 
depending upon the weight of the load. The molten metal in the furnaces is 
poured into the mold in rapid succession, and it will naturally coalesce inside 
the mold [Figure 8.3]. If the pouring is not done rapidly, however, the metal 

that is poured in first will begin to solidify before the next lot comes in, thus 
making it impossible for the different parts to adhere and giving rise to defects 
[cold shuts]. 

For casting iron bells without the expenditure of too much fat and wax, an 
outer layer [or cope] of the mold is first made from earth, which is then cut into 
two sections either longitudinally or across. Dowel pins are used to insure the 
positive alignment of these two sections when the mold is closed. The reversed 
version of words are inscribed on the inside of this cope [see lower right of 
Figure 8.1]. The inner layer [or core] of the mold is smaller in size. On the basis 

of accurate calculations, a predetermined space can be established between the 
inner and outer layers of the mold. After the words are engraved, the surface is 
spread over with a thin layer of ox fat, so that later the bell casting will not stick 
to the mold. The cope is then laid over [the core], and the separate sections are 

sealed together with mud. The mold is then ready for casting. 
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The above method is also employed in making big chimes and musical 
boards. 

COOKING POTS 

The cooking pot contains water and withstands fire; it is an indispensable 
article of daily use. It is made of either cast iron or [remelted] junk consisting of 
old cast iron objects. The size varies, the commonest being two ch’ih in 
diameter at the mouth and the metal is about two-tenths of a Chinese inch in 
thickness. The smaller pots have a diameter half as big, but are of the same 
thickness. 

There are two layers to the mold, an inner and an outer. The inner layer or 
core is made first and allowed to dry thoroughly, after which the size of the pot 
is calculated and used as a basis for making the outer layer or cope of the mold. 
The latter requires great skill, for the slighest inaccuracy will render the mold 
useless. The mold is left to dry completely. 

Pig iron is placed in an earthen melting furnace with the interior shaped 
like a cooking pot. The rear of the furnace is connected to a bellows box by a 
blast pipe, while the front is equipped with a spout for discharging the molten 
iron. Each furnace contains enough iron for casting ten to twenty pots. The 
fluid molten iron [in the furnace] is tapped from the spout and poured into the 
molds with ladles, which are made of pure iron coated with earthen materials, 

each ladle holding approximately the amount needed for casting one pot 
[Figure 8.4]. Before the cast pot becomes cold the cope of the mold should be 
lifted and the pot inspected for defects. This is done at this stage because, while 
the iron is still red-hot, the cracks, blow holes, and other defects of the casting 

can be mended by pouring a little bit of molten iron onto the spot, which is then 
smoothed over with wet grass to leave no trace. Much mending is required if the 
pig iron is being cast for the first time. However, mending is not necessary if old 
cast-iron junk is re-used for casting. (In Korea it is the custom to discard old 
pots in the mountains, and never use them for re-casting. ) 

To test the quality of a pot after it is finished, one should strike it with a 
light stick; a sound resembling that produced by a wooden musical instrument 
indicates that the pot is good, but an inferior noise is the sign that the iron had 
not been refined enough and that the pot will be easily damaged. 

In large temples and monasteries there are huge “thousand-monk pots,” 
which are said to have the capacity of cooking porridge from two tan of rice. 

What an imbecility it is! 

STATUES 

The method used for casting bronze images of Buddhist or other gods is 

the same as that employed in the making of Audience Bells. While the bells and 

ting-tripods are cast in one piece, the statues, however, can be cast in sections; * 

therefore, the engraving of designs is much easier. The piecing together of the 

mold, on the other hand, must be executed with the greatest skill. 
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Figure 8-4. Casting cooking pots. 
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CANNON 

Refined copper is used in the casting of Western-ocean cannon, the 
Red-hair Barbarian cannon and French cannon. Equal amounts of refined and 
raw [or blister] copper are used in making such arms as signal guns and 
muskets. For making guns like Hsiang-yang, Chan-k’ou, First General and 
Second General, iron is used.® 

MIRRORS 

The mold used for casting [bronze] mirrors is made of ash and sand, and 

the bronze is an alloy of copper and tin (zinc is not used). It is stated in the 
K’ao-kung-chi*® that “the mixture of the same amounts of copper and tin is 
called mirror grade [of bronze].” Its surface shines when a coating of quick- 
silver is applied; bronze itself cannot be so bright. 

The palace mirrors used during the K’ai-yuan period [713-41] in the 

T’ang dynasty were made of equal parts of silver and copper, and that is why 
each such mirror cost several taels [of silver] in price. The vermillion spots on 

these mirrors are caused by the essence of silver and gold (gold was sometimes 
included in the alloy in the old days). In the present dynasty the products of the 
Hsiian furnace [are well known]. These had their accidental origin in a fire 
that razed a treasury, in which gold and silver were fused with copper and tin 
into one mass, thus giving rise to this special product of the furnace (a genuine 
Hsiian furnace article will have a golden sheen). The mirrors of T’ang and of 
Hsiian furnace are the products of prosperous times. 

COINS 

For the convenience of the people copper is minted into coins and 
circulated. On one side [of the coin] are inscribed characters indicating it is 

“currency” of a given dynasty, and the affairs concerning copper money are 
administered by a bureau in the Board of Works. Coins in circulation are 
usually computed at ten coins to 0.1 tael of silver, but there are large coins that 
are equal in value to five or ten [ordinary] coins. The disadvantage of coins is 

that they can be easily minted illegally, which is harmful to the people. That is 
why in all parts of the empire circulation of coins is frequently stopped. 

The approximate proportions of the materials used in minting coins is 

about six or seven parts of copper to three or four parts of zinc (called “water 
tin” in Peking). About one-fourth of the latter is usually lost through heat in 

the process. In the present dynasty only the Yellow Coins minted by Pao- 

yiian chii * in Peking and the Dark Furnace Coins of Kao-chou in Kwangtung 

are of high quality (the Kao-chou coins circulate widely in the Chang-chou and 

Ch’iian-chou areas,” each one of these being worth two coins of such localities 

as Nanking, Kiangsu, and Chekiang. There are again two varieties of Yellow 
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Figure 8—5. Casting coins. 

Coins: the “gold back” coins made of four-fire brass, and the “sealing wax” 
coins made of two-fire brass.” 

The crucible in which copper is melted for minting coins is made of 
extremely fine powdered earth (crushed dry earth and brick fragments) mixed 
with charcoal powder (ox hooves are used in Peking, the reason for which is 
not clear); the proportion being seven parts earth to three parts charcoal. The 
latter is used because its heat-inducing properties can help the earth in melting 
the metals. The crucible measures eight Chinese inches in height and two and 
one-half inches in diameter at the mouth, each having the capacity of about ten 
catties of copper and zinc. Copper is melted first, then zinc is added and 
melted, and the molten alloy is poured into the coin molds. 

The coin mold is made as follows: a [square] frame is constructed with 

four pieces of wood (each measuring 1.1 ch’ih long and 1.2 Chinese inches 
wide), which is then filled and tightly packed with finely screened earth and 
charcoal powder, on which some powdered charcoal of fir or of willow is 
sprinkled; however, resin and clear oil are applied to the mold if it is to be 

baked. 
Next, one hundred specimen coins (struck of tin) are placed on the mold, 

with either the head or the tail uppermost. Then another frame, constructed 
and filled also as above, is placed on top of the first mold. There are now two 
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Figure 8-6. Filing coins. 
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Figure 8-7. Casting silver coins in Japan. 

168 



CASTING 

molds, the one with impressions of one side of the coins, the second with those 
of the obverse side. Turn the molds over, so that the specimen coins will drop 
onto the second mold. [The first mold is then removed.] Now a third mold, 
constructed in the same manner, is placed over the second one, and turned 
over. The process is repeated until about a dozen pairs [i.e. cope and drag] of 
[impressed] molds have been prepared. These are tied securely together with 
ropes [to form stacked molds]. A pouring hole [or sprue] originally had been 
left on the top side of the frame. The minter now lifts the crucible of molten 
metal with a pair of forceps, helped by another worker who holds the crucible 
from the bottom with another pair of forceps, and the metal is poured into the 
molds through the pouring holes [Figure 8.5]. When the metal has cooled the 

molds are untied, and there they are—one hundred shining coins, looking like 
so many flowers and fruit hanging from a tree. This is because hollow passage 
ways had been left in the mold [between the impressions of the coins], so that 

when the molten brass flows through the sprues and runners a treelike pattern is 
formed. The coins are taken out and cut [from the in-gate] and are ready for 
filing and polishing. 

The edges of the coins are first filed. For this purpose several hundred 
coins are strung on bamboo or wooden sticks * and filed together [Figure 8.6]. 

The surfaces of the coins are then polished, which is done individually. 
The proportion of zinc in a coin determines its quality, and it is easily 

detected by observing whether a coin is heavy and thick or light and thin. Since 
zinc is cheaper than copper, the illegal minters sometimes put in as much as 
fifty per cent of zinc in their products. If a coin gives off a woody noise when 
thrown against a stone, it is of low quality; the high grade coins made with nine 
parts of copper to one part of zinc will produce a metallic sound when thrown 
on the ground. 

If old brass articles are remelted for minting, there will be a ten per cent 
loss in the smelting process, for part of the zinc will be lost, and the 
resultant product will contain a higher percentage of copper; therefore it is 
better than coins struck with new copper. 

The silver coins of such countries as Liu-ch’iu [Islands] are made directly 

by holding the molten silver in a die or metallic mold which is attached to the 

ends of a pair of iron tongs and immersing it immediately in cold water. Each 

action produces a coin, as shown in the accompanying illustration [Figure 

8.7]. 

SUPPLEMENT: IRON COINS 

Iron is a cheap metal and no coins were made of it in ancient times. 

Minting of iron coins began in the T’ang dynasty when copper coins were not 

available in certain border marches like Wei and Po, and it was done as a 

temporary measure. In the heyday of a dynasty silver would be cast into 

sacrificial vessels; when the territorial lords are on the wane then even iron is 

made into money. I record it here for the melancholic pondering of the 

learned. 
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NOTES 

1. Shou-shan is a mountain in modern Shansi province where, according to the 
Historical Records, the Yellow Emperor, the first historical ruler of China (ca. 2700 B.c.), 

had copper mined. 
2. In antiquity China was divided into nine major parts or provinces. 
3. Ting, a particular kind of three-legged vessel. 
4. The Tributes of Yii is a chapter in the Chou-dynasty Book of History dealing 

with the geography, products, and taxes of the different parts of China. 
5. In Chinese folklore the pearl-bearing oyster and the fox were both said to possess 

magical powers. 
6. North-Star Pavilion (Pei-chi Ko) is a hall in the Imperial Palace. 

7. Modern scholarship indicates that iron castings were produced in China soon 
after bronze was first cast there, whereas the Western world did not achieve this technique 
until about nineteen centuries later. Several reasons have been given for the earlier 

Chinese invention of this technique: The Chinese had a box-bellows superior to the 
devices used elsewhere. Too, bronze was expensive in early China, because copper and tin 
had to be obtained from the southwestern frontier, then largely under the domination of 
warlike tribes. Iron ore and coal, however, were abundant in northern China. Lastly, the 

ancient Chinese foundrymen were apparently able to pour iron at a relatively low 
temperature through the addition of carbon and phosphorous. 

8. Apparently the Shang and Chou foundrymen usually cast the parts separately 
and assembled them afterwards, although they also turned out some intricate one- 
piece castings. 

9. See Chapter 15, “Weapons.” “Red-hair Barbarian” usually referred to the Dutch, 
while “French,” or Fo-lang-chi, designated people from Portugal and Spain rather than 
from France. 

10. A part of the Rites of Chou. 

11. Pao-yiian chii was the official minting establishment under the jurisdiction of the 
Board of Works in the central government. 

12. Chang-chou and Ch’iian-chou are in modern Fukien province. 
13. Four-fire brass contains approximately seventy per cent copper and thirty per 

cent zinc, while two-fire brass contains these two metals in equal proportion. 
14. Copper coins were round in shape, made with a square hole in the middle so they 

could be strung together when handled in large quantities. “One string” was a unit 
statutorily denoting 1,000 cash. 
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BOATS AND CARTS 

Master Sung observes that the world is composed of people and goods from 
different localities, yet among them there is constantly a process of journeying 
back and forth and mutual exchange. If all things remain forever in the same 
spot, how is each to find its proper place in the world? There are persons who 
must embark on travels under difficult conditions even though they are men of 
high rank; and there are things, cheap and common though they be, that are 
needed by people who must obtain them through commerce. 

In our empire, the southerners rely on the boat and the northerners the 
cart as the chief means of transportation. By [the subjects’] journeying and 
sailing across great distances our imperial capital is kept brimful of power. 
How is it then that the innovators of boats and carts are not accorded reverence 
and worshipped at proper shrines? The sailors live afloat on the ocean year 
after year, regarding the expanse of tossing waves as no more dangerous than 
level ground. Certainly they differ not from Lieh-tzu, who “lightly rode on a 
breeze as he walked.” And is it not right to call such persons as Hsi-chung," as 
described in the historical records, divinely inspired men? 

BOATS 

Nowadays, as in ancient times, boats are known by hundreds, even 

thousands, of names. Some are named according to their shapes (such as “sea 

eel,” “river flounder,” “mountain shuttle,” and so on), some according to 

capacity (the amount of cargo that can be carried in a boat), and some 

according to quality (the various kinds of wood used in building the boats )— 

all too numerous to be described. People along the seacoast can observe the 
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ocean-going ships, those who live along rivers will see the grain tribute boats. 

But those that spend their whole lives in mountainous country or on the plains 

will see no more than a simple scull or two, or some rafts tumbling down the 

stream. The following are brief descriptions of a few types of boats that will 

serve as examples for all the others. 

Grain Tribute Boats 

The capital being an area where large numbers of people and soldiers 

congregate, [grain] is sent thither from all over the empire in order that there 

may be an adequate food reserve, and thus arises the need for the grain 

transport system. 
When the Yuan dynasty (1279-1368) assumed rule over the entire 

country, the capital was settled at Yen-ching [Peking] which was called Ta- 
tu [or Great Capital]. The route of grain transport from the South began at 
Liu-chia Harbor at Soochow, and at Huang-lien-sha at Hai-men, whence 
the boats headed out to sea, sailing directly to Tientsin. The boats employed 
were sea-going vessels.” [In the Ming dynasty] the above procedure was fol- 
lowed until the reign of the Yung-lo emperor (1403-1424), when the system 
was changed to river transport because of the many dangers of the stormy sea 

route.* The grain transport boats of today are modelled on the shallow flat- 
bottom craft built under the direction of Ch’en [Hsiian], the Earl Pacifier of 

Rivers. 
The various parts of a grain boat [Figure 9.1] may be described as 

follows: The keel, or bottom, is the floor; the hull is the wall; the bamboo 

sections [gunwale?] are the tiles [atop the wall?]; the bow cross-beam [lit. 

“crouching lion”’] is the front gate, and the stern cross-beam forms the sleeping 

chamber. The mast is the arc of the bow [for shooting arrows], and the sails are 

wings. [To a boat] the scull is as the horse to a cart, the rigging is as shoes [to a 

man’s feet], the ropes and chains are as muscles and bones to a hawk. The 

steering paddle is the vanguard, the rudder is the commanding general, while 
the anchor is the stronghold where the army camps. 

The bottom of the early grain boat was fifty-two ch’ih in length, made of 
planks two ts’un thick. These were fashioned from huge timbers, the preferred 
wood being first cedar and secondly chestnut. The fore-deck was nine ch’ih five 
ts’un in length and the aft-deck was also nine ch’ih five ts’un. The bottom [at 

the waist of the ship] was nine ch’ih five ts’un in width, while it measured six 

ch’ih wide at the bow and five ch’ih at the stern. The bow cross-beam measured 
eight ch’ih and the stern cross-beam seven ch’ih. There were fourteen beams: * 
the “dragon’s mouth beam” is ten ch’ih wide and (placed) four ch’ih above the 
bottom; the “using-the-wind beam” was fourteen ch’ih wide and three ch’ih 

eight ts’un above the bottom; the “cut water beam” near the stern of the boat 

was nine ch’ih wide and four ch’ih five ts’un above the bottom. The boards 
forming the foot passageways[?] on both sides of the boat were seven ch’ih six 
ts'un wide altogether. These were the early measurements and each boat was 
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Figure 9-1. A grain tribute boat. 

capable of carrying nearly 2,000 tan of grain (although [in practice] only 500 
tan were delivered to each boat). Later, when the boats were constructed by 

the transport corps, the length of the boat was increased by twenty ch’ih, and 
the bow and stern were widened by over two ch’ih, thus augmenting the 
capacity to 3,000 tan of grain. The locks on the Canal being only twelve ch’ih 
wide, (these new boats) were barely able to pass through them. Nowadays, the 

boats used by officials in their travels are constructed in the same way; the only 
difference being the addition of larger windows and doorways which are 
elaborately and colorfully decorated with paint. 

In constructing a boat, the bottom or keel must be laid first. Along the 

sides of the upper surface of the bottom are erected the “bottom walls,” which 
touch the bottom at the lower end and support the planking of the hull above. 
The beams are placed at regular intervals, while the part of the boat that rises 
vertically on the sides is the hull. The large timber covering the hull is the 
“principal planking,” on the top of which is the gunwale. The spot in front of a 
beam for stepping the mast is called the “anchor altar,” under it the cross- 
planks used to secure the below-deck portion of the mast are called “ground 
dragons.” The outermost beams ahead and astern are called bow and stern 
cross-beams [or “crouching lions”], the timbers supporting them are called 
“lion holders”; under the [bow] cross-beam the wood that closes the front of 

the boat is called the “breakwater plank.” 
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Toward the middle of the foredeck there is a square opening called “the 
well” (in it are stored ropes and such things). Still further forward stand two 
wooden stakes for winding up the ropes; these are the capstans. At the stern of 
the boat, the portion that rises slanting [from the bottom] upward is called 
“straw-sandal sole.” The wood that closes the stern end of the boat is the “short 
plank,” and beneath that is the beam called “stop-foot beam.” The aft end of 
the boat contains the helmsman’s quarters, the top of which forms the poop [lit. 
“pheasant’s roost”]. Here a man sits aloft to manipulate cordage from the sails 
when the boat is catching the wind. 

A boat that approaches 100 ch’ih in length must carry two masts. The 
main mast is located just two beams forward of amidships, and the foremast 
stands. some 10 ch’th further ahead. On grain boats the tallest mainmast 
measures about 80 ch’th, with the shorter ones reduced by 10 or 20 per cent. 
The below-deck portion of the mast measures somewhat over 10 ch’ih, and the 
portion used for hanging the sail is about 50 or 60 ch’ih long. The foremast, 
however, is less than half the length of the mainmast, and its sail is not quite 

one-third the size [of the mainsail]. 

In the six prefectures of Soochow, Huchow, etc., not only must the grain 

boats pass under arched stone bridges along their transport routes, but also the 
waterways are without the stormy dangers of the great rivers, therefore the 
sizes of the masts and sails have all been reduced. For boats used in Hukuang 
and Kiangsi provinces, however, which ply across great lakes and the Yangtse 
River and often encounter unexpected storms, the proper measurements of the 
anchors, chains, sails, and masts must be strictly adhered to before a safe 

voyage can be undertaken. 
The size of the sail is determined by the width of the boat itself: if the sail 

is wider than the boat dangers may ensue, and if narrower, will not be effective. 
The sails, made of woven rattan matting interlaced with bamboo strips, are 
folded into layers to await hoisting and unfurling. On a grain boat ten men are 
needed to hoist a mainsail to the top of the mainmast, but two men are quite 
enough for hoisting a foresail. 

To connect the sail cordage, a wooden ring measuring one fs’un across is 
first affixed to the masthead. [A sailor] then climbs up the mast, carrying the 
cordage around his waist, and passes it in three strands [through the ring, 
thence to connect with the battens on the sail *]. 

One section at the top of the sail will furnish power equivalent to that 
which can be obtained from three lower sections; [the important thing is] to 
regulate them so that a proper balance can be struck. In a favoring breeze the 
entire sail is extended right up to the top, and the boat will speed ahead like a 
galloping horse. If the wind becomes gusty, then the sail can be taken in section 
by section. (In case the sail is too full in a strong wind and cannot be taken in 
with speed, hooks are used to pull it down). Should the wind become extremely 
strong, only one or two sections of the sail need be extended. 

Making use of the breeze that comes from the side, or beam wind, is 
known as tacking. When the boat is going downstream, the sail hangs on the 
mast and [the boat] takes a zig-zag course. First the boat may tack to the east, 
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gaining only by inches, or is even possibly set back a few hundred ch’ih. Be- 
fore it touches shore, however, the rudder is turned, the sail dipped, and the 
boat is now tacking to the west; taking advantage of the direction of the river 
current together with the force of the wind, the craft can now speed over a 
dozen li in a matter of moments. When sailing on the calm water of a lake, 
tacking can also be used, with slower results. Going upstream, however, a boat 

cannot tack and gain any distance at all. 
It is the nature of boats to follow the current of the water, just as it is 

the nature of grass to bend to the wind. Therefore, the rudder is used in order to 
control the water force and regulate the direction of the boat. A turn of the 
rudder will create an eddy in the wake of the boat. In construction, the base of 
the rudder should be even with the keel of the boat. If it extends as little as one 
ts’un longer [than the keel], then there is the danger of the rudder sticking fast 

to the bottom of shallows, while the boat itself is able to glide over them; and 

should the wind be strong and contrary, the boat would be in extreme difficulty. 
If the rudder is shorter by even one ts’un, on the other hand, it will be weak in 
manipulation and cannot effectively turn the boat around. The stretch of water 
responsive to the rudder extends (from the rudder) to the bow of the boat: 

directly under the boat bottom the water assumes the nature of a fast headlong 
current, thus automatically setting the direction of the boat. All this is marvel- 
ous beyond words! 

The handlebar used to steer the rudder is called the tiller. When you wish 
the boat to head south, the tiller is turned to the north; and when you wish to 
head north, it is turned south. If the boat is too long and faces a strong beam 
wind, so that steering becomes difficult, an additional plank [leeboard?] is im- 
mediately lowered into the water to counter the force [of the wind]. The main 

body of the rudder is fashioned out of a straight length of wood. (On grain 
boats it is three ch’ih in circumference and over ten ch’ih long.) The tiller is set 
across the top of the rudder, while at the lower end an opening is made and an 
axe-shaped wooden board is inserted through it and secured with iron nails, 
thus fending against the water. The high-rising part of the stern of the boat is 
called the aftercastle [lit. rudder-house]. 

Iron anchors are used to moor the boats, and five or six anchors are 

needed for each grain-boat. The heaviest, weighing about 500 catties, is known 
as the “watchdog anchor”; in addition, two anchors are used at the bow of the 

boat, and two at the stern. In case contrary winds should confront a boat in 
midstream, so that she could neither proceed nor draw close to the shore (or if, 

having come near the river bank, it is found that the bottom of the water is filled 

with shoals instead of sand, and it is impossible for her to be moored to shore, 
and only the anchors could be used where the water is deep), then the anchors 
should be dropped into the water. The anchor chains are wound around the 
capstan. When the claws of the anchor hit the mud and sand in the bottom, they 

will sink in and hold fast. In extremely dangerous situations the “watchdog 
anchor” is lowered. [The capstan] to which this anchor is secured is named the 

“main stake,” an indication of its importance. Or, if in a flotilla the boat ahead 
has had to slow down, and there is danger of a collision should the second boat 
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dart forward with the current, then the stern anchors ought to be lowered at 

once to reduce the speed of the second boat. When the wind subsides, the 

anchors are lifted by means of winches, and the boats can continue on their 

voyage. 
To caulk the plankings of a boat, finely chopped flax is first stuffed into the 

space between the boards; next a mixture of screened fine lime powder and 

tung oil is applied to the crevices to complete the caulking. In Wen-chou, 

Ta’i-chou [both in Chekiang], Fukien, and Kwangtung, however, pulverized 

oyster shells are substituted for lime. 
The cordage for sails on a boat is made of hemp stalks twisted roughly 

together; such a rope of one ts’un in diameter is capable of sustaining a weight 
of 10,000 catties without breaking. The rope for tying the anchor is made of 
split green bamboo bark, which is first boiled in a pot and then twisted together. 
Similarly, the tracking ropes [for pulling the boat against the current] are also 
made of boiled bamboo fibres. About every 100 ch’ih the rope is looped onto 
[the next section], and when obstacles are encountered the two sections can be 

disconnected. The nature of bamboo itself is “straight” [i.e. high in tensile 
strength], that of its split bark is capable of sustaining 1,000 catties on one 
[strand of fibres]. However, for boats going upstream through the Yangtse 
Gorges [the tracking ropes] are not made of twisted fibre strands. Instead they 
are fashioned out of lengths of bamboo about one ts’un wide, with each length 
attached to the end of the next until a long pole, called the “fire stick,” is made. 

This is because the rocks along the river here are sharp as knives, and it is 
feared that the bamboo-fibre ropes may be easily cut and damaged. 

As to the types of wood [used in constructing a boat], the mast is made 

from the straight trunks of fir, using one on top of another to achieve the 
desired height; all along the entire length of the mast it is encircled securely 
with iron hoops. Spaces are left in the foredeck of the boat for stepping the 
masts. When the mainmast is to be erected, it is brought to the boat on several 

large vessels, [and after the mast is placed in position] it is pulled upright by 
means of a long rope attached to the masthead. For the boat beams and the 
ribs, the wood of cedar, oak, camphor, elm, or locust is used. (Camphor wood 

felled in the spring or summer invites termites after a certain period of time.) 

For the planking of the hull, any wood will do. The rudder-post is made of elm 
or oak; the tiller, of an evergreen or elm; and the sculls, of fir, Chinese juniper, 

or catalpa. These are the major varieties of wood used. 

Sea-going Vessels 

Of the sea-going vessels, the ships used in transporting rice during the 
Yuan dynasty and at the beginning of the present dynasty were known as the 
“over-ocean shallow ships”; next [in importance] were those called “wind- 
penetrating ships” (also called “sea eels”). The voyages undertaken by these 
vessels were all within a distance of some 10,000 li, going past such places as 
Ch’ang-t’an (Long Beach), Hei-shui-yang (Black Water Ocean), Sha-men- 
tao (Sandgate Island), etc., where there are fortunately few hazards, and the 
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costs of construction of these boats are not one-tenth as much as those for the 
ships sailing on missions to the Liu-ch’iu Islands and Japan or trading with 
Java and Borneo[?]. 

The sea-going rice transport boats are longer than the [inland] grain boats 
by sixteen ch’ih, and wider by two and half ch’ih. All other equipment is the 
same, except that the rudder-post of a sea-going boat must be made of an 
extremely strong timber, called T’ieh-li-mu; also, for some unknown reason, 

fish oil is mixed with the ?’ung oil for caulking. 
Ships plying [between China and] foreign countries generally are con- 

structed along the same patterns. The sea-going vessels of Fukien and Kwang- 
tung (ships sail from Hai-ch’eng in Fukien, and from Macao in Kwangtung) 
have attached to both sides [of the bulwark] fencelike posts made of split 

bamboo which help to fend off the ocean waves; the ships from Teng-chou and 
Lai-chou [in Shantung], however, are different. The ships of Japan have sail- 

ors stationed along the sides to maneuver their vessel by means of wooden 
planks or paddles, but Korean ships differ from these. However, the compasses 
placed fore and aft on board a ship, in order to determine the course; the great 

beam amidship, protruding a few ch’ih beyond the hull on either side; and the 

location of the centerboard—these are common to all ships. The centerboard 
[lit. “waist rudder”’] is not shaped like a stern rudder. It is instead a broad plank 
cut into the form of a wide knife, which is lowered into the water for the 

purpose of keeping the ship’s balance; it cannot be turned or steered. The top 
of the centerboard is attached to a crossbar, which is tied to a beam. When the 

ship encounters shallow water, the centerboard is lifted. This resembles [the 

handling of] a rudder, therefore it is called “waist rudder.” 

On board the sea-going ships a few tan of water is stored in bamboo 
barrels, enough for two days for the entire ship’s company. Fresh water is taken 
aboard en route when the ship touches at islands. As to the destination of the 
ships, to which country or island each one should go, and what course to set, 
these are clearly indicated on the compass °® and are probably not to be 

determined by man’s will alone. The helmsman rules over the entire crew. He 

is a man who possesses thorough knowledge and a steadfast sense of duty, 

not one endowed with a mere dash of bravery. ’ 

Miscellaneous Boats 

The tax boats of the Yangtse and Han Rivers: The hulls of these tax boats 

are very long and slender, with a row of about ten cabins on board, each 

cabin large enough only for one person to sit or sleep in. These boats [Figure 

9.2], are equipped with a total of six oars located fore and astern, and a 

small mast with sail. The oars help to balance the boats in stormy weather. 

When sailing with the current, when there are no contrary winds, these boats 

can cover a distance of over 400 Ji in a day and a night, and even going 

upstream they are capable of covering over 100 li. As a large portion of the 

government'’s salt revenue comes from the Huai-an and Yang-chou [northern 

Kiangsu] regions, these boats are especially constructed to transport the silver 
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Figure 9-2. A six-oar tax boat on the Yangtze and Han Rivers. 

and consequently are known as “tax boats.” Travelers who wish to make good 
time also hire them for their journeys. This type of boat is seen in the region 
bounded by Chang-chou and Kung-chou [in Kiangsi] in the south, Ching- 
chou and Hsiang-Yang [in Hupeh] in the west, and Kua-chou and I-chen 
[in Kiangsu] in the east. 

The wave-riding boats of Kiangsu: The area in Western Chekiang,’ cov- 
ering some 700 square li and centering around P’ing-chiang [i.e. Soochow], 
is laced by numerous winding streams and channels. On these waterways the 
“wave-riding boats” (the smallest of these are called “pond boats”) number in 

the thousands. They are used by travelers, rich and poor alike, as one would use 
horses, carts, or footwear. And even the smaller boats feature windows, pas- 

sage-ways, and cabins. They are built mostly of fir wood. With passengers and 
goods on board, such a boat must be kept in perfect balance, otherwise it will 
overturn with the least unevenness of weight. Hence it is commonly called the 
“balance-boat.” 

These boats usually ply within the 700 square li area. Occasionally, 
however, a traveler might wish for the sake of convenience to hire one for a 
voyage all the way up to T’ung-chou or Tientsin in the north [near Peking]. On 
such a journey the boat only has to cross (the Yangtse) at Chinkiang, which is 
done when the winds are calm. Next it passes the intersection of Ch’ing- 
chiang-p’u, and goes upstream on the Yellow River for 200 Ji in shallow water, 
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after which it will enter the safe channels and locks [of the Grand Canal]. If (a 
wave-riding boat) sails on the [more turbulent waters of] the upper Yangtse 
River, it will capsize and sink at the first encounter with a storm; hence the use 
of this boat is avoided there. 

The forward power of the wave-riding boat is provided mainly by a great 
scull, which is located at the stern and worked by two or three men at a time. 
Sometimes the boat is pulled along by trackers with ropes. As to the sail, it 
consists of a small mat hardly larger than a man’s palm, and cannot be 
depended on. 

The Hsi-an boats of Chekiang: In Eastern Chekiang,® between Ch’ang- 
shan and Ch’ien-tang, for a distance of 800 Ji the rivers all run into the sea 
without connecting with other inland systems. The Hsi-an boats therefore sail 
only between the small rivers of Ch’ang-shan, K’ai-hua, Sui-an, etc., and the 

Ch’ien-t’ang River, and are not found elsewhere. In form the boat has a cabin, 
which is constructed of woven straw matting, and shaped like an inverted water 
jar. It carries a cloth sail about 20 ch’ih high, which is secured with cotton 
ropes. It was thought at first that cloth sails were used because they could be 
taken down more easily when the powerful tides of the Ch’ien-t’ang estuary 
were encountered; but this does not appear to be true. Moreover, cloth sails 

probably cost more than those made of woven bamboo bark. It is not clear to 
me why cloth sails are used. ‘ 

The “clear-stream” and “mizzen-sail” boats of Fukien: These boats ply 
between the small streams of Kuang-tse and Ch’ung-an, and the Hung-t’ang 
seawall of Foochow; beyond this point the route takes to the sea. The “clear- 
stream” boats are used to transport merchants and their goods, while the 
“mizzen-sail” boats, being larger, contain living quarters and are used by the 
families of officials on their travels. Both types of boats are constructed with fir 
bottoms, which are frequently damaged by rocks and shoals. When this hap- 
pens, the boat is immediately steered toward shore where it is unloaded and the 

damages repaired. 
Instead of the stern rudder, these boats are equipped with a huge steering- 

paddle at the bow, and the boat is thus steered by turning at the head. 
These boats sail in flotillas of five. When passing dangerous shoal waters, 

the speed of the boats is reduced by having the four others line up behind the 
lead boat and pulling each other back with ropes. The boats sail all year round, 
not lying up even in deep winter, thus giving the utmost convenience to 
travelers on waterways. The sail, however, is not actually used. 

The “eight-scull” and other boats of Szechuan: The rivers of Szechuan are 
the headwaters of the Yangtse and Han Rivers; but the Szechuan boats only go 
as far as Ching-chou [in Hupeh], where one must change boats for voyaging 
further downstream. 

Going upstream [on the Yangtse], the Gorges are entered at I-ling. The 

boat trackers, using “fire sticks” fashioned out of giant bamboos split vertically 

into four or six sections and tied together with hempen ropes, make their way 

among the rocks along the shore and pull the boat forward to the beat of 

drums, which are sounded by men in the boat as though for a race. Between 
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mid-summer and the Moon Festival [the 15th day of the 8th lunar month, 

approximately in mid-September], however, high waters in the river seal off 
the Gorges, and for several months all boat traffic is suspended until the water 
level has fallen; then communications can be resumed. 

At the extremely dangerous spots [in the Gorges], such as Hsin-t’an, the 
men and goods are all removed from the boat and a portage is used for about 
half a li, the empty boat being left to ride out the turbulent waters. These boats 
are built with a rounded bottom and pointed, narrow bow and stern, designed 

to cope with the shoal waters. 
The “full-sail” boats of the Yellow River: These craft are used to go from 

the Yellow River to the Huai River, and from the Huai upstream into the Pien 

River. They are expensively built of cedar wood, and are of varying sizes, the 
larger ones having a capacity of 3,000 tan, the smaller 500 tan. When sailing 
downstream a beam is laid across the foredeck, while the boat is propelled 
along by two large sculls located one on each side. The anchor chains, rigging, 
and sails carried by these boats are similar to those of the boats of the Yangtse 
and Han Rivers. 

The “black castle” and “salt” boats of Kwangtung: These boats are found 
between Nan-hsiung in northern Kwangtung and the provincial capital [Can- 
ton]. Beyond this point the route from Hui-chou and Ch’ao-chou to Ch’tian- 
chou and Chang-chou lies along the coast, where sea-going craft are used. The 
black castle boats are used by officials and high-ranking personages, while the 
salt boats are employed to transport merchandise. There are catwalks or 
passageways built onto both sides of the bulwark. The sails are made of woven 
reed mats, which are hung on a double mast instead of a single one. With such 
an arrangement, [the sails] are less maneuverable than those of the central 

China boats. When traveling upstream the boat relies on tracking, which is 
similar to the practice of other provinces. 

The Shensi boats of the Yellow River: Constructed mainly at Han-ch’eng 
[in Shensi], the larger of these boats are capable of carrying several tens of 
thousands of catties of stones down the Yellow River to supply the needs of the 
Huai and Hsii-chou region [in northern Kiangsu]. The boat is built with a bow 
and stern that are equal in width, and low-lying cabins that have rather flat 
roofs. When going downstream in a swift current the boat is helped along by a 
pair of large sculls worked from either side, and it does not depend on the wind 
for progress. [When traveling upstream] on the return voyage trackers are used, 
sometimes as many as twenty-odd men pulling the boat at a time. There are 
even occasions when the boats are abandoned and the men return without 
them. 

CARTS 

Carts or carriages are used to the best advantage on level terrain. In 
ancient times in the area covered by the states of Ch’in, Chin, Yen, and Ch’i,? 
chariots were always used when the states engaged in warfare, hence such 
designations as a “thousand chariot state” or “ten thousand chariot state” 
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Figure 9-3. A four-wheeled cart drawn by eight mules or horses. 

originated during the Warring States period. After the bloody struggle between 
Ch’u and Han, use of other devices was greatly increased. In the south, more 
and more naval engagements were fought between marine craft, while infantry 
and horse contended in land battles. In the north, barbarian tribes warred with 

armoured cavalry. Thus the war chariot fell into disuse. Nowadays horse- 
[or mule-] drawn carts are used for transporting freight, and we may regard the 
mule carts of today as having evolved from the chariots of old. 

The mule carts are built with either two or four wheels, and the axletree 

is the base on which the superstructure of the cart is constructed. On a four- 
wheeled cart there is an axletree both fore and aft, on which rest short posts 
that support straight beams, and on the beams rests the body of the cart. When 
the cart is not in motion and the horses *° are unharnessed, the cart will be as 

level and secure as one’s own living-toom. In contrast, the body of a two- 
wheeled cart will remain level only while it is drawn by the horses; when the 
horses are unhitched, the cart must be propped up with posts, otherwise it will 
overturn. 

The wheels of a cart are also termed [lun] yuan (commonly called 

ch’e-t’o)."" On a large cart the hub (commonly called “cart brain”) in the 
center of a wheel measures one and a half ch’ih in diameter (see the Chu 

commentaries in the Hsiao-jung poem, [Book of Odes]) and supports the 

spokes all round itself while allowing the axle to come through the center. 
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There are thirty spokes to each wheel. The inner end of each spoke is attached 

to the hub, and the outer end to the interior rim. In a wheel, that part which in- 

wardly holds the wheel together and connects outwardly to the felloe, making a 
complete circle, is known as the interior rim. Where the felloe or exterior rim 
terminates it is called lun yuan or the shaft of the wheel. 

When a mule cart is unhitched, its composite parts are taken apart for 
safekeeping. To assemble a cart, first the two axletrees are mounted [though 
the wheels], next the other parts are put together step by step. Such items as the 
front stretcher, the front crossboard, the yokes for horses or oxen, and the rear 

crossboard of the cart body, rise from the axletrees that serve as the bases. 
A four-wheeled mule cart [Figure 9.3] has a capacity of fifty tan. The 

team for such a cart may consist of as many as twelve or ten mules or horses, or 
eight at the least. The driver stands on an elevated spot in the middle of the 
cart. The horses are harnessed to form two rows.” (The ancient war chariots 

were drawn by teams of four in a row, and the four animals are each designated 
as the ch’an [outer] and the fu [inner] horses.) A long hempen rope is attached 

to the neck of each horse, then tied together and passed inside the front 
crossboard and placed along the sides of the cart. The driver wields a long 
hempen whip measuring seven ch’ih with a handle of equal length, which he 
administers to the back of any animal that is not pulling its full weight. Two 
other men in the cart have the job of [controlling the speed by] stepping on the 
ropes. These men must be familiar with the nature both of the horses and of the 
ropes. When the horses are trotting too fast, the men will immediately step on 
the ropes [thus causing the team to slow down], otherwise the cart may upset 
and crash. 

If while the cart is going along a road it becomes necessary to avoid 
running into pedestrians walking ahead, the driver will immediately call out a 
command, which halts the entire team of horses. At the place where the reins of 
the horses are passed through the front crossboard into the body of the cart, 
they are wrapped with ox-hide for reinforcement; this is what was termed a 
“driving aid” in the Book of Poetry. 

The team of a cart is not fed within houses or yards. Instead, trays of 
woven willow are brought along in the cart, and the animals are untied and 
given their feed [on these trays] out in the open air. Persons embark or 
disembark from the cart by means of a small ladder. Crossing a highly arched 
bridge, the strongest horse is chosen from the entire team of ten and tied to the 
rear of the cart; when the cart goes down the decline of the bridge, the nine 
front horses are made to proceed slowly, while the rear horse is to pull 
backward, thus braking the forward speed of the vehicle. Otherwise, a danger- 
ous upset may ensue. 

The journey of a cart is stopped short when it encounters either a river, a 
mountain, or a narrow winding path. The route for carts sometimes may reach 
an extent of some 300 /i—it is only a means of compensating for the want of 
boats in a region that lacks waterways. 

In constructing carts, first attention should be given to choosing long 
pieces of wood for the axles, and short ones for the hub. The best types of wood 
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Figure 9-4. Single-wheeled cart drawn by two mules or horses. 
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Figure 9-5. A single-wheeled cart pushed by one person, south China. 
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for these purposes are locust, jujube, sandalwood, or elm. However, some 
people hesitate to use sandalwood, which tends to become considerably hot 
after long and continuous use in motion. The choicest material is either jujube 
or locust wood cut from trees whose trunks are large enough for a man to put 
his arms around. The other parts of the cart—the front and rear crossboards, 
the body of the cart, and the yoke—may be made of any kind of wood. 

Another type of cart is the ox cart, which is widely used in Shansi for 
transporting fodder and army provisions. Where the roads are narrow the oxen 
are equipped with large bells that hang from their necks. These are called 
“herald bells,” and serve the same purpose as the bells placed on the teams of 
the mule carts. 

In north China there is also a single-wheeled cart, which is pushed by a 
man from the rear and at the same time drawn by a donkey in front [Figure 
9.4]. Travelers who do not wish to ride [horseback] often hire such a cart for 

their journeys. An awning is erected overhead to serve as cover against the 
elements. The passengers must sit facing each other, one on each side [of the 
wheel, which is placed in the center], otherwise the cart will tip over. This cart 

is used northward to Ch’ang-an [in Shensi], Chi-ning, [in Shantung], and up to 

Peking. When not carrying passengers, these carts may transport merchandise. 
Each cart has a capacity of four or five hundred fan. 

Oxen-drawn covered wagons are much used in central China. There are 
two wheels connected to the cart by an axletree, which is level and keeps the 
front and rear sections of the cart in perfect balance. Short boards are laid over 
it, and, on the boards the body of the wagon is mounted, in which a man can 
safely sit. The [empty] wagon will not tilt even when the animals are un- 

harnessed. 
As to the single-wheeled push-cart of the southern provinces [Figure 

9.5], it depends solely on the strength of a single person, Its load limit is about 
two tan, and it must stop when it encounters any unevenness in the terrain. It 

does not range beyond 100 /i at the most. 
There are many other kinds of carts which cannot all be described here. 

Since the natives of the south never see a mule cart, and those who spend their 

whole lives in the north never see a large boat, I have recorded the above 
general accounts for their information. 
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NOTES 

1. Hsi-chung was traditionally the official in charge of the construction of chariots 

under the Emperor Yii (2205-2198 B.c.) of the Hsia dynasty. Ancient Chinese books, 

such as Mo-tzu, Hsiin-tzu, Lii-shih ch’un-ch’iu, and Tso chuan, designate Hsi-chung as the 

first Chinese to build carts from wood. 
2. More than 46,000 tan of grain were shipped in 1283, 295,000 tan in 1284, 

$78,520 tan in 1286, and 3,522,163 tan in 1329. The large seagoing ships could each carry 
8,000-9,000 tan of grain. Eunuch Cheng Ho made seven expeditions to Southeast Asia 

during the period 1405-30. He employed as many as sixty-two ships on one voyage and 
sailed as far as the east coast of Africa. They were all the same size: 44 chang long and 
18 chang wide; each one could carry 3,000 to 4,000 tan of grain. 

3. The grain tribute boats used on canals and rivers were introduced in the T’ang 
dynasty, and became common in the Sung. The construction of the Grand Canal in the 
Sui dynasty (A.D. 589-618) led to large-scale inland shipping between the south and north. 
On his visit to Yang-Chou (in Kiangsu province) in 605, the Emperor Yang of Sui went 
by way of this canal, and his ships extended over a distance of 200 Ji. 

Largely replaced by seagoing ships in the Yiian period, river boats became impor- 
tant again during the fifteenth century. The History of Ming and the “Book of Money and 
Commodities” of the Ming History relate how boat construction was supervised first by 
Sung Li and then by Ch’en Hsiian. The various designs of grain transport boats are 
schematically shown in Lung-chiang ch’uan-ch’ang chih, written in the early 1550’s by Li 
Chao-hsiang, who served for a number of years as a supervising official of Lung- 
chiang Shipyard near Nanking. The materials used in building grain boats are listed in Ta 

Ming hui-tien (The Institutes of the Ming dynasty). 
From the middle to the end of the Ming dynasty, an average of about 4,000,000 tan 

of grain was transported each year over canals and rivers, totaling some 1,000 miles, with 
differences in water levels of up to 116 ch’ih. 

Piracy was also a problem. Yabuuchi Kiyoshi points out, Tenkd Kaibutsu no 
Kenkyi (Tokyo, 1953), that the system of grain transportation was changed several times 
in the Ming dynasty. From 1415 on, the burden passed gradually from the peasants to the 
army. 

4. These beams are the cross-beams in the ‘hull of the boat exclusive of the bow and 
stern fu-shih. A diagram showing the position of these beams may be found in Li 
Chao-hsiang, Lung-chiang Ch’uan-ch’ang chih. 

5. Handling silks on a Chinese junk has been described fully by Alan Villiers, in 
The Way of A Ship (New York, 1953), pp. 98-99. Although the sails depicted in Villier’s 

book are those of modern junks, the principal features appear to fit those described in the 
present chapter. Particularly notable is the way individual sections of a sail are manipu- 
lated with battens, so that each section can be easily extended or taken in as the need may 
be. 

6. Crude compasses in the form of the south-pointing ladle (Ssu-nan shao) and the 
diviner’s board (shih or lo-pan) were constructed from lodestone in the later Han dynasty 
(A.D. 25-220). 

7. Western Chekiang was a term used during the Ming period to denote the area 
later known as Kiangsu. 

8. Eastern Chekiang corresponds to the province later called Chekiang. 
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9. Ch'in, Chin, Yen and Ch’i are respectively the modern provinces of Shensi, 
Shansi, Hopei, and eastern Shantung. 

10. The author is not consistent in his use of the words “horses” and “mules,” even 

though both kinds of animal were used for pulling carts. 
11. Yuan is not a wheel, but rather the shaft of a carriage or cart. This word is very 

likely a misprint in the original text. 
12. Presumably in column rather than line; the team shown in the illustration would 

require a modern football field to maneuver. 
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Figure 10-1. Preliminary steps in needle making. 
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HAMMER FORGING 

Master Sung observes that it is by working on metals and wood that artifacts 
are made. How could the skills of even Kung-shu Pan and Ch’ui* be mani- 
fested if the world were devoid of tools? Without forceps, hammers, and the 

like, the “five weapons” and “six musical instruments” would be incapable of 
fulfilling their respective functions. Out of the blazing fire of the same furnace 
will emerge a host of objects of different sizes: one may weigh 30,000 catties 
and be capable of anchoring a battleship in a raging sea, while another may be 
as light as a feather and fashion embroideries on a ceremonial robe. Yet if we 
assign all the credit of superb smelting and casting to supernatural forces, it 
seems that proof of this can be found in the story of the Mo-hsieh and 
Kan-chiang swords, and in the rise heavenward of two other famous swords 
which turned into two dragons [after being discovered].’ 

MAKING IRON ARTICLES 

For making iron articles wrought iron is used. First an anvil is cast to 
provide the space for hammering; it is truly said that “all things stem from a 
pair of forceps” [for holding the red-hot iron while it is being hammered]. The 
wrought iron that has just emerged from the forge is termed “unfashioned 
iron,” and in the course of heating and hammering it will lose three-tenths of its 
volume in the form of sparks and droppings. If, however, unrusted old iron 
articles are remelted to be made into new or the original objects, then this is 
called “used iron” and the loss amounts to only one-tenth of the volume. 

Coal accounts for seventy per cent, and charcoal thirty per cent of the fuel 
used for heating the iron in the forge. In places where no coal is produced, the 
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ironsmith would first select very hard wood and make hardwood charcoal (it is 
commonly called “fire arrow” and can be burned in a furnace without closing 
its door) which gives even greater heat than coal. In using coal for fuel [one 
should select] a kind known as iron-coal [anthracite] which contains intense 

internal heat but does not waste it in high flames. It is different from the 
ordinary charcoal though resembling the latter in appearance. 

Pieces of [wrought] iron can be joined together by covering the juncture 
with yellow mud and hammering it after heating in fire. The waste mud will 
then be gotten rid of, while its essence will have bound the two parts together so 
securely that they can never be separated except by cutting with an axe at a 
red hot temperature. 

The hammer forged articles of wrought iron and steel are not very hard 
before the correct balance of water and fire has been achieved, and therefore 

should be quenched in clear water immediately after being taken from the 
forge. This is called the hardening of steel and iron, meaning that before this 
the soft properties of the iron and steel were not yet entirely removed. 

The countries of the West [ie. Europe] have a remarkable chemical 
[solder] which they use for soldering. In China, however, we use powdered 
white brass for soldering small articles.’ For large objects we can only bind the 
pieces together by exhaustive hammering, but the result of this process will not 
hold up over the years. That is why though the Western countries can produce 
large cannon by forging and hammering, in China they are made only by 
casting. 

Knife and Axe 

Among the iron weapons,* the thin ones are knives and swords, and the 
ones with thick backs and thin blades are axes. The best swords are coated with 
steel that has been obtained after a hundred smeltings, but the core of the sword 
is still made of [wrought] iron; otherwise [that is, if the entire blade is made of 

steel] the sword will break off when it is used with vigor. The ordinary knives 
and axes are inlaid with steel on the cutting edge only. But the steel coating on 
even the costliest knife, which can chop nails and cut through ordinary iron, 
will disappear and the iron core will show up after the blade has been ground 
and sharpened a few thousand times. In Japan, the back of the knife blade is 
less than 0.2 inch wide, yet will stand on one’s finger without toppling. The 
process for fashioning this kind of knife is not known in China. The hardening 
of knives, swords, and axes by quenching in water is done after they have been 
coated or inlaid with steel. But their sharpness will depend on grinding. 

The hollow space in axes and mallets, into which the handle is fitted, is 
made in the following way: first, a “bone,” called a “sheep’s head,” is prepared 
by hammering a piece of cold iron; second, a piece of hot iron is placed around 
the cold iron bone [and is hammered to form either an axe or a mallet]. The 
cold and hot iron do not adhere to each other, and [when the “bone” is 
withdrawn] a hollow space is left [in the axe or mallet that has been made]. 
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After long use, the mallet used for breaking stones becomes hollowed on 
all sides owing to the constant hammering. It can be repaired by filling the 
cavities with molten iron, and then can be reused without difficulty. 

Hoe 

The hoes and other farm implements are made of wrought iron, but the 
sharp edges are coated with cast iron and quenched in water to achieve the 
desired hardness. Generally 0.3 ounce of cast iron is used for a shovel weighing 
one catty; if less than this amount [of cast iron] is used the implement will not 
be sturdy; and if more, too brittle. 

Files 

Files are made of pure steel. While the steel body of the file is still soft 
before quenching, its surface is grooved by means of steel chisels. The strokes 
are made obliquely against the surface [of the file] and the pattern is that of 
criss-crossed slanting grooves. After the file is grooved, it is heated to red- 
hot, followed by slight cooling, and then quenching. To re-groove a file after 
long use, heat it first to get rid of the hardness, and then make the lines with a 
chisel as before. 

Figure 10-2. Making an anchor. 
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To make saw-teeth, the “straw-leaf” file should first be used, following 

with the “‘arc-sharpening” file; to polish copper coins, the “square-long-pull”; 
to polish locks, keys, and the like, the “square strip”; to cut and fashion ivory 

and horns, the “sword-face” (called tin-file in the Chu commentary); and to 

work on wood the file is marked with round holes instead of criss-crossed lines, 

and is called “incense” file. (The powder of ram’s horn, mixed with salt and 
vinegar, is applied to the file before the lines are marked on it.) 

Awl 

Awls are hammered out of pure wrought iron. The “round” awl is used for 
binding books and the like; the “flat” awl for leatherwork; the “snake-head” 

awl is used by carpenters when small holes are needed for the passage of 
strings, nails, etc. About 0.2 inch above the sharp end, this awl assumes a shape 

that is rounded on one side and concave on the other side, with two protruding 
edges to facilitate drilling. For work on copper plate, the “chicken-heart” awl is 
used, A three-ridged awl is called the “revolving” awl; and a square one with a 
sharp end, the “boring” awl. 

Saw 

Saws are made by cold hammering of thin strips of wrought iron that have 
been cooled after leaving the forge; no steel is added, and no quenching 
applied. The teeth of the saw are made by means of a file. Each end of the saw 
is attached to a piece of wood. By fastening these two pieces of wood to the two 
ends of a bamboo stick, the saw is stretched tightly to become straight. The 
long saws are used to split lumber lengthwise, the short ones to cut wood 
across, and the finest-toothed are used for cutting bamboo. When the teeth 
become blunted, re-filing will make the saw usable again. 

Plane 

Planes, which in ancient times were called chun, are employed to smooth 
off the surface of wood. The plane is made by grinding to a high sharpness a 
piece of steel-inlaid iron about an inch long, with the blade slightly showing at 
an angle out of a wooden receptacle. The large kind, used by barrel-makers, is 
operated by placing the plane on its back with the blade showing; then the 
wood is pulled over it. This is called “push-plane.” The type intended for 
ordinary use has a handle protruding on each side, which enables the worker to 
push forward. For very fine work the carpenters use a variety called “pick- 
thread plane,” which has a blade about 0.2 inch wide. There is also a kind 
known as “centipede plane” that is used to make the surface of wood extremely 
smooth; on the wooden body of the plane are laid about a dozen small blades 
which resemble the centipede’s feet. 
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Sigure 10-3. Final steps in needle making. 
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Figure 10-4. First step in making the copper gong and copper drum. 
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Figure 10-5. Second step in making the copper gong and copper drum. 
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Wood-Chisel 

The wood-chisel is forged out of wrought iron and inlaid with steel at the 
blade. The upper part of the chisel is a hollow cylinder for holding the wooden 
handle (an iron bone, generally known as “sheep’s head,” is first prepared; it is 
used as a mold for [making] both the sharp part and the handle-holding part of 
the chisel). The lower end of the wooden handle is knocked into the hollow 

cylinder of the chisel. The [sharp] end of the large chisel is about an inch wide, 
that of the small one only 0.3 inch. If the work demands the making of round 
holes, scoop-chisels are fashioned for the purpose. 

Anchor 

In a storm the fate of a ship depends on the anchor. Those used on 
battleships and sea-going vessels weigh up to 30,000 [sic., probably 1,000, 

because the word chiin, meaning “30 catties,” apparently is used interchangea- 
bly with chin, “a catty”] catties. The four “claws” of the anchor are forged first, 
and then attached to the trunk one by one. For an anchor weighing less than 
300 catties an anvil one foot in diameter is placed beside the forge; when the 
iron is thoroughly red-hot, the coals are removed and the hot metal is lifted 
onto the anvil with wooden staffs coated with iron [and hammered]. For those 

weighing around 1,000 catties a wooden scaffold is erected, on which stand 
many men holding an iron chain that is attached to the anchor [below]. Huge 
iron rings are placed at the ends of the chain, so that [the anchor] can be lifted 

and turned as it is being hammered jointly [by a number of workers. See Fig- 
ure 10.2]. The drugs [fluxes] used [in joining the different parts] are not yel- 
low mud, but consist of old wall plaster screened to a fine powder. One man 
continually scatters it onto the places of jointure to prevent cracks, Of all the 
things forged and hammered, the anchor is the largest in size. 

Needle 

To make needles, iron is first hammered into a slender strip, then it is 
pulled through the small holes of a flat iron rod, thus becoming thin wires. 
These are then cut into needles of one inch in length [Figure 10.1]. One end of 
the needle is filed to form a sharp point; the other end is hammered flat with a 
small mallet, the hole is drilled with a steel awl, and the exterior is also filed 
smooth. The needles are then placed in a pot which is heated over a slow fire. 
The needles [still in the pot] are covered with earthen materials mixed with pine 
wood, hardwood charcoal, and bean jam, and heated from beneath.> A few 
needles are stuck into the surface of the mixture for testing the proper heating 
time and temperature: when these outside needles crumble as they are pinched 
with fingers, it is time to uncover the needles underneath and to quench them in 
water [see Figure 10.3]. 

All needles used for sewing and embroidery are of a hard quality. The best 
embroiderers of Ma-wei, however, use the “willow-branch soft needle.” The 
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difference [between hard and pliant needles] depends upon whether the red- 
hot needles are quenched in water [or cooled slowly in a dying] fire. 

COPPERWORKS 

In order to make “copper” articles, red copper is converted into yellow 
brass [by the addition of zinc or native zinc carbonate]. White brass is prepared 
by mixing red copper with arsenic and other drugs [see Chapter 14], but its cost 
of production is twice that of other [copper alloys] and so only the extravagant 
undertake to manufacture it. Yellow brass prepared with zinc carbonate as an 
ingredient should be hot hammered before cooling, whereas that made with 
zinc is to be cold hammered after cooling. Musical bronze is made with a 
mixture of tin [see Chapter 14 for the method]. 

In the manufacture of musical instruments, the metal must be of one piece 
without soldering. All other articles of round or square shape can be soldered 
over a flame: when powdered tin is used [as solder], the process is called 
“minor soldering,” and when powdered bronze is used, it is called “major 
soldering.” (Bronze fragments are first ground into powder, and held together 
with cooked rice. Later the rice is washed off with water and the bronze powder 
remains in place. Otherwise the particles of the latter would be scattered.) Red 
copper powder is used, however, to solder silver articles. 

Among the musical instruments, the cheng (commonly called gong) is 
hammered ° directly from the heated metal without casting; the cho (com- 
monly called copper-drum) and the ting-ning [small bell], however, are made 

by first casting [the metal] into round pieces and then hammering them. For 
hammering the gong or the copper-drum the metal is placed on the ground, and 
the combined labor of many men is required for hammering a large instrument. 
[As the instrument takes shape] its size is gradually enlarged with the progress 
of hammering, resulting in the resonant sound of the instrument [Figure 

10.4]. The raised part in the middle of the copper-drum is made first, and then 
the article is cold hammered to produce the [proper] sound. The slightest 
difference in the strokes will determine whether the sound will be male or fe- 
male; the former is achieved with many repeated strokes of the hammer 

[Figure 10.5]. 
The color of copper ware becomes dull white after hammering, but the 

yellow gleam will reappear when it is polished with a file. Under hammering, 
the loss of copper is only one-tenth that of iron. Copper not only has an odor, 
but also is more valuable [than iron]. The copper artisans, therefore, are more 

highly ranked than iron artisans. 
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NOTES 

1. Kung-shu Pan of the state of Lu was a famous artisan of the Spring and Autumn 
period (770-403 B.c.). Ch’ui was a skilled artisan of legend who lived in the days of the 
Emperor Yao (ca. twenty-second century B.c.). Some say he belonged to the time of the 
Yellow Emperor, ca. 2700 B.c. 

2. Mo-hsieh and Kan-chiang swords were named after the famous metallurgist 
Kan-chiang, who made the swords, and his wife Mo-hsieh. The dragon swords were said to 
have been discovered by Lei Huan of the Tsin dynasty (A.D. 265-419), who dug them out 
of their underground hiding place. 

3. Wang Chin believes that the Chinese term /a in the History of Sui Dynasty 
(A.D. 581-617) and in the New History of T’ang Dynasty (A.D. 618-906) represents a lead- 
tin alloy which was employed in large quantities for minting coins. It is possible that this 
alloy was also used by the Chinese at that time as a soft solder. Hard solders of 
copper base and silver base were definitely used in China by at least the early seventeenth 
century, as described not only by the present book but also by Fang I-Chin in Wu- 
li hsiao-shih (A minor Treatise on Natural Phenomena). 

4. The use of copper and bronze for making knives, axes, hoes, needles, and awls in 

the Shang dynasty (ca. 1783-1122 B.c.), is evidenced by the articles found in the 

An-yang excavations. It was probably not until the seventh century B.c. that iron began to 
replace bronze in the making of some of these implements. In the Freer Gallery there are 
specimens thought to date from this period. One of these, a long hafted pickaxe (dagger 
axe), has a core of iron (possibly meteoric) covered with bronze. Similar objects have 

been described by Chang Hung-Chao in his Lapidarium Sinicum. What may be an echo of 
this period is contained in a passage in the Kuo-yii (Discourses of the States), which 
purports to record a conversation between Kuan-tzu and Duke Huan of Ch’i (reigned 
683-641 B.c.): “The lovely metal (bronze) is used for casting of swords and pikes. The 

ugly metal (iron) is used for casting of hoes and axes.” The increasing use of iron at a 
later date is noted in the Kuan-tzu book, written probably by the Chi-hsia academicians in 
the late fourth century B.c. A passage in this book enumerates the following items as 
within the jurisdiction of iron administrators: “each woman certainly has a needle and a 
knife . . . each tiller of the soil certainly has a pointed plough, a forked plough and a 
large hoe . . . each cart builder certainly has an axe, a saw, an awl, and a chisel.” 

5. Wrought iron, being malleable and ductile, was particularly suitable for the 
primitive method of wiredrawing. The wrought-iron needles were apparently converted 
into steel by heating the iron needle in a pot together with charcoal combined with, or 
instead of, other carbonaceous materials. The top of the pot was covered with clay or 
other inert material and every effort was made to render the pot as airtight as possible. 
The carbon was slowly adsorbed by the iron needles in solid solution up to its limit of 
solubility. The amount of carbon adsorbed by the red-hot iron needles increased directly 
with the temperature and length of time of the carbon-needle contact. 

6. Hammering not only shapes the instrument but also increases the hardness of the 
copper or bronze. 
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CALCINATION 
OF STONES 

Master Sung observes that among the five elements * earth is the “mother” of 
everything, but of her “offspring” the metals are not the only valuable mem- 
bers. When metal and fire are brought together, the former flows in a molten 
state, and its uses cannot be excelled. But with calcining or heating, stones can 
be made to perform wondrous things. Water, for example, will soak and spoil 
things, and will seep into every crack. It is said that water does not neglect the 
most minute bit of space, yet [we can] make a certain mixture to defend 

ourselves from it. [This substance] if used on a ship at sea, can fend off the 

Ocean waves or it can strengthen city walls when applied to bricks or mortar. 
This most precious matter is obtainable without our having to seek it in distant 
places: such are the benefits derived from the calcination of stones. Further- 
more, the alum [and vitriol] of five colors, and the masterly qualities of sulphur, 

all result from the application of intense heat. Such [alchemist’s] skills climax in 
the distilling of litharge, but how can the artful arguments of the necromancers 
compare [in their marvels] even to one ten-thousandth of the creations of 

nature? 

LIME 

Lime can be used after being burned, and is never corroded by water once 

the correct properties are achieved. It is used to fill crevices as a water repellent 

in myriads of ships and myriads of walls.’ Within one hundred /i [of any place] 

there are always some calcinable stones, the black-colored stones being the best 
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and the yellow second. They are usually buried two or three ch’ih deep beneath 

the surface of the earth and must be dug out before calcination. Stones that 
have been eroded by wind on the earth surface can not be used to produce lime. 
Nine-tenths of the fuel used for calcination consists of coal and one-tenth 
charcoal. The coal is first made into briquettes with the admixture of mud; then 

the briquettes are placed with the stones in alternating layers, with wood lining 
the bottom of the pile. A fire is lighted, and the stones are burned [Figure 
11.1]. The best lime [thus obtained] is called “mine lime” and the lowest grade 

“kiln refuse lime.” After the stones have been burned to a state of crumbling, 
they are placed [in open air] to be pulverized by wind. For quick results, 
however, water is poured over them, whereupon they will disintegrate. 

When lime is used for caulking ships, it is mixed with ¢’ung oil and fish oil, 
folded into thick silk pongee and thin silk gauze, and pounded into the space to 
be caulked. When lime is used for building a wall, the lumps are first screened 
off, and the remainder is mixed with water and applied to bind the wall stones 
together. When used to line the inside of a well, it is again mixed with oils. 
When used to plaster walls, it is first decanted and then mixed with the fibres of 
paper and then applied. When used to line tombs or reservoirs, one part of lime 
together with two parts of river sand and mud are finely stirred into glutinous 
rice and the juice of the yang-t'ao vine. The resultant material, known as 
[Chinese] concrete, is extremely durable and never corrodes. Other uses of 
lime, such as the making of indigo and paper, cannot all be enumerated here. 
Along the coasts of Wen-chou, T’ai-chou [both in Chekiang], Fukien, and 
Kwangtung, where the stones cannot be calcined for lime, Nature has provided 

the oyster [shells] as a substitute. 

OYSTER LIME 

Oyster beds [li-fang] are found along the sea coast where rocky moun- 
tains, rising out of the sea, are constantly pounded by the salt waves. The 
Fukienese call them hao-fang. After many years these [beds] become several 
dozen ch’th [in thickness] and cover several mou in area. They have a craggy 
appearance resembling garden rocks and animal shapes, and are gradually 
pressed into the shore rock. After a long period of time the inside melts to form 
a fleshy lump, called oyster meat, which is most delicious to the palate.® 

In order to get the oyster shells for calcination, the worker wades into the 
water and collects them with mallet and chisel [Figure 11.2]. (The “oysters” 
sold in pharmacies are the small odd pieces gotten this way.) Then the coal is 
piled up, the fire is made, and the method of burning the shells is the same as 
the calcination of limestone described above. Oyster lime can be used in the 
same way as stone lime: as mortar for walls and bridges and mixed with rung 
oil as caulking material for ships. Some people mistake clam shell powder (i.e. 
clam powder) for oyster lime. That is because they have never troubled 
themselves to learn the nature of things. 
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Figure 11-2. Removing oyster shells from rocks with mallet and chisel. 
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Figure 11-3. Coal mining. 
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COAL 

Coal is obtainable everywhere,‘ and is used for the smelting and calcina- 
tion of metals and stones. South of the Yangtse River, coal is found in 
mountains that are bare of trees. We need not discuss the situation in North 
China.° There are three kinds of coal: anthracite, bituminous, and powdered. 
The large pieces of anthracite coal are about the size of a bushel. The coal is 
produced in places like Yen, Ch’i, Ch’in, and Chin [that is, the provinces of 
Hopei, Shantung, Shensi, and Shansi in North China]. It is kindled with a little 

charcoal, and can burn for a whole day without the use of bellows. The 
fragments beside the large pieces can be used as fuel after being mixed with 
clean yellow mud and made into cake-shaped briquettes. 

Of the bituminous coal, which is mostly produced in Wu and Ch’u [i.e. in 
the middle and lower Yangtse region], there are two types: the high volatile 
type is known as “rice coal” and is used in cooking, while the low volatile is 
called “iron coal” and is used in smelting and forging metals. The coal is first 
dampened with water before being placed in the furnace, and the bellows must 
be used to bring it up to red heat. While the fire is going, coal should be added 
repeatedly. The small fragments of this coal, fine as flour, are called “automatic 
wind.” These fragments, when made into briquettes with the addition of mud 
and water, will burn constantly throughout the day and night similar-to anthra- 
cite coal. Half of the briquettes are used for cooking and half for smelting, 
calcination, and the manufacture of cinnabar. As for burning lime, alum, or 

making sulphur, all three kinds of coal can be employed. 
Experienced coal miners are able to find underground coal by the color of 

the earth. Coal is reached in pits about fifty ch’ih deep. The first appearance of 
the coal seam is accompanied by strong poisonous gas; some people therefore 
erect a thick hollow bamboo pipe on the coal, thus drawing up the poisonous 
gas and enabling the men to shovel and pick the coal underneath. Sometimes 
the coal seams extend in several directions from a shaft; in which case the 

miners simply follow the seams, with timber built overhead [in the mine] to 

prevent collapse [Figure 11.3]. After a coal mine has been depleted, the shafts 
are then filled with earth, and more coal will appear there again after twenty 
or thirty years—it is inexhaustible [sic]. 

The round stones at the bottom of and around the coal seams, called 

“copper coal” [i.e. carbonaceous shale containing cupriferrous pyritic miner- 

als] by the local people, are mined as raw material for making black vitriol and 

sulphur (see below). This kind of round stone, used only for making sulphur, 

has a partly oxidized, penetrating odor and is called “smelly coal” [i.e. carbo- 

naceous shale containing pyrites and native sulphur]. It is found occasionally in 

Fang-shan and Ku-an in Yen-ching province [modern Hopei], and in Ching- 

chou in Hu-kuang province [modern Hunan and Hupei]. 

The essence of coal disappears with the element of fire after burning, and 

leaves no residue or ash. This means that it is a special manifestation of Nature 

placed between the species of metal and that of earth and stone. The marvel of 

the Heavenly Design is also shown by the fact that coal is not produced in 
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regions where grass and wood abound. As a fuel for cooking, coal is surpassed 
[by wood or grass] only in the making of bean curds (the bean curds are bitter 

if made over a coal fire). 

ALUM STONE AND WHITE ALUM 

Alum is obtained from the treating of [alum] stones with heat. White alum 

is available everywhere, and is produced mostly in Chin-chou in Shansi, and 
Wu-wei in South Chihli [modern Kiangsu].° Alum resembles gypsum and costs 
little. When alum is dissolved in boiling water, however, and the liquid is used 
[as a mordant] for dyeing, the colors will stay fast like a layer of skin, never to 
fade on account of moisture. It is therefore needed by the candied-fruit makers 
and by the manufacturers of figured paper and red paper. When made into dry 
powder, white alum is effective in removing impurities and watery infections, 
and is therefore much needed by the curers of eczema. 

To make white alum, dig from the earth stone lumps that have formed an 
underground layer, and apply heat to the pile together with coal, as if lime were 
being made. When heating has been sufficient, [the calcined stones] are allowed’ 

to cool and then put into water [for lixiviation and decantation]. The [super- 

natant] liquid is then heated, and. alum is obtained when a substance, com- 

monly called butterfly alum, flies out of the kettle of boiling liquid. Heating 
continues until the liquid is thick. Then it is purified [by fractional crystalliza- 
tion] in a large water jar. The substance that crystallizes on top is called 
“hanging alum” and is extremely white. That which sinks to the bottom [of the 
jar] is called “jar alum,” and the light and fluffy kind, resembling cotton wool, 
is known as “willow-catkins alum.” When the liquid has been entirely evapo- 
rated by heating, the snowy-white residue is called “Szechuan stone,” and that 
which has been burned by the alchemists, “dry alum.” 

BLACK VITRIOL, RED VITRIOL, 
YELLOW VITRIOL, AND GALL VITRIOL 

Black, red, and yellow vitriols all come from the same source—are 
variations of the same material. [For making vitriols] take the associated 
gangue stones of coal (commonly called “copper coal”) and put them into a 
furnace at the ratio of 500 catties of stones to over 1,000 catties of coal 
briquettes (the kind known as “automatic wind” that needs no bellowing), 
which surround the stones on every side. A mud-brick wall is built to encircle 
the furnace [Figure 11.4]. On top of the furnace is a round hole the size of the 
rim of a tea cup, through which flames can shoot, and around the opening of 
which a thick layer of vitriol residue is applied. (It is not known how far back 
[the use of] this residue dates, but without application of this old residue, no 
new furnace can be operated successfully.) A fire is then started at the bottom 
of the furnace and lasts for ten days before burning out, and golden flames 
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Figure 11-4. Burning copper coal for black vitriol. 
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-5. Calcination of pyritic stones for sulphur. Figure 11 

208 



CALCINATION OF STONES 

often shoot up through the opening. (For making sulphur, see below.) After 
ten days of burning, the calcined products are taken out after they have 
thoroughly cooled. The half-crumbling fragments, called “time vitriol,” are 
selected and put aside for the making of red vitriol. The fine, lime-like powder, 
on the other hand, is immersed in water for six hours in a large jar, and then 
boiled in a pot. When the volume of every ten tan of the liquid is reduced to one 
tan by boiling, heating can be considered sufficient. After the material is dried 
in the pot, the upper layer will be high-quality black vitriol, and the bottom will 
consist of vitriol residues (to be used later for covering the opening of a new 
furnace). Black vitriol is needed by dyers, and is manufactured in only five or 
six places in all China. Generally speaking, about 200 catties of black vitriol 
can be obtained from 500 catties of the original stone.’ 

The “time vitriol” (popularly called “chicken-droppings vitriol”) that has 
been put aside is now roasted in a crucible, after four ounces of yellow earth 
have been added to every catty [i.e. a ratio of 1:4] of the material, and red vit- 
riol is obtained. It is used by plasterers and varnish-painters.® 

Yellow vitriol® is produced in a very peculiar fashion. Between late 
autumn and early winter when the weather has turned cold, the mud-brick wall 
around the furnace wherein black vitriol is made will be covered with a layer of 
this substance, similar to the saltpeter that appears on brick walls north of the 
Huai River.*° This matter is scraped off the wall and is known as yellow vitriol. 
It is used by dyers. When it is applied to articles of a light golden color and held 
over a fire, the color will immediately turn into the deep hues of true gold. 
Among imported yellow vitriol there is a special variety called “Persian vit- 
riol,” which shows gold-colored threads inside when broken into pieces. 

In Shansi and Shensi provinces, where sulphur is made on the mountains, 

[calcined pyritic] residues are left on the ground. In two or three years these 
will have been washed by rain into gullies, and the essence naturally becomes 
black vitriol. It can be sold and used without calcination. The best of the black 
vitriol is sometimes falsely labeled “Stone gall.” Stone gall is also known as gall 
vitriol [or blue vitriol] and is found in such places as Chin-chou and Shih- 

chou. Gall vitriol is a natural formation found in mountain caves, green in color 
with a gemlike lustre. A heated iron article quenched in an aqueous solution of 
gall vitriol becomes the color of copper.” 

The Materia Medica mentions five kinds of alum and vitriol, but does 
not discuss their distinctive qualities. Both the “Kun-lun vitriol,” which looks 
like black mud, and the “iron vitriol” resembling red Kaolin, are products of 
the Western Regions.” 

SULPHUR 

Sulphur is produced by condensation of vapors arising from the heat 
treatment of rocks. In some books it is called “alum liquid,” because burning 

[or sulphur] stones were mistaken for alum stones. The confusion arises from 

the fact that the stones out of which sulphur is made are partly a special white 

variety, and partly those from coal mines used for making alum; hence the term 
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“alum liquid.” It has also been maintained that sulphur is always present where 

there are warm springs in China, yet along the eastern sea coast and in 
Kwangtung in the south, sulphur is produced in places where there are no warm 
springs. The reason [for this fallacy] is that the similarity between the vapors of 
the warm springs and sulphur has caused people to speculate on their connec- 

tion. 
The shape of the sulphur-producing stones is the same as those obtained 

in coal mines. After the stones are dug out, they are packed with coal briquettes 
into a pile, around which an earthen furnace is built [Figure 11.5]. The pile 
contains 1,000 catties each of stones and coal, and the top of the furnace is 
covered with the old residue of previous sulphur calcinations. The center of the 
furnace top is dome-shaped with a round hole in it, through which gold- 
colored flames will appear when the heating is sufficient. A porcelain bowl has 
previously been prepared. This rises in the center and has a rim that is turned 
over like a bag. This bowl is now [inverted and] placed on the hole [of the 
furnace]. When the essence of the [sulphur] stone is heated, it seeks to escape in 

the form of a yellow vapor. This being stopped by the bowl, the yellow vapor 
then turns into liquid form, adheres to the bottom of the bowl, and flows into 

the baglike rim from which it flows through a small aperture into a clay pipe 
and thence into a small tank where it crystallizes into sulphur. 

The same method of covering with an inverted bowl is followed as the 
yellow flame shoots up when coal mine stones are being heated to make black 
vitriol, in order to obtain sulphur. With each catty of sulphur realized by this 
method there would be a reduction of 30 catties in the output of black vitriol. 
When the essence of vitriol has been converted into sulphur, the rest is only 
waste material. Of the components of gunpowder, sulphur is pure positive 
[yang] and saltpeter is pure negative [yin]. When these two elements come 

together, the result is noise and change—this being a wondrous thing brought 
about by the celestial forces.* 

Sulphur is not produced in the northern barbarians’ country,” possibly 
because the people there do not know how to roast and collect it. Further, 
amazing cannon have been manufactured in the Western Ocean and by the Red 
[Headed] Barbarians, which shows that sulphur is produced everywhere in East 
and West, over a distance of tens of thousands of /i. As to the “native sulphur” 

of the Liuchiu [i.e., Ryukyu] Islands, and the “water sulphur” of Kwangtung, 
they are only erroneous records in books [sic]. 

ARSENIC STONES 

The material which can be calcined to produce arsenic oxide looks like 
earth, but is firmer; and resembles rocks, but is finer in size. It is obtained by 
digging a few ch’ih beneath the earth and is termed “Hsin-stone” because it is 
mined both in Hsin district [i.e. Kuang-hsin], Kiangsi, and in Hsin-yang, 
Honan. Recently, however, Heng-yang [in Hunan] is the place where the 
manufacture of arsenic [oxide] flourishes, and where the output of one firm can 
be as much as 300,000 catties. There is often turbid green water lying over the 
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See 

Figure 11-6. Production of arsenic through calcination of minerals. 
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spot where arsenic stones are located, and this water should be pumped off 
before digging operations begin. 

There are two kinds of arsenic [compounds], red [AsS] and white [As2O3], 

each resulting from the color of the stone from which it is sublimed and 
condensed. For the calcination of [arsenic stones to make] arsenic, an earthen 

kiln is built which is faced with rocks on the outside [Figure 11.6]. A chimney is 
built into the upper part [of this furnace], and the opening of the chimney is 
covered by an iron pot turned upside down. When fire is lighted beneath, the 
[arsenic] fumes will ascend through the chimney to become condensed in the 
pot. When the condensed layer is estimated to be about one inch thick, the fire 
is extinguished. After this layer is thoroughly cold, the fire is started again and 
the process is repeated until several layers have accumulated on the pot. The 
latter is then taken down, broken apart, and arsenic is obtained. The little bits 

of iron we see in arsenic are the fragments from the broken pot. This is the only 
way to make white arsenic. Red arsenic can be found in the flue gases and dusts 
from the parting or refining furnaces of silver, copper, or gold. 

During the process of calcination, the operator must stand some 100 ch’ih 
to the windward of the kiln; all grass and trees close to the leeward side of the 
kiln will die. Arsenic workers must be transferred [to other work] after two 

years, otherwise all their hair will fall off. Arsenic is a substance of which an 
overdose of but one-hundredth or even one-thousandth of an ounce is fatal to 
man, yet its sale annually amounts to tens of thousands of taels of silver; this is 
because in Shensi it is mixed with wheat and legume seeds before planting. 
Furthermore, it is used against weasels, and people in Chekiang sprinkle it at 
the roots of young rice shoots to insure a good harvest. Otherwise, how much 
can the demand for this commodity amount to, if it is used only in gunpowder 
and the dyeing of copper [to a whitish color]? 

NOTES 

1. The five elements in old Chinese cosmology were metal, wood, water, fire, and 
earth. 

2. The “white lime surfaces” found in the ruins of Hou-kang during the Anyang 
excavations indicate that lime and gypsum plaster may have been known to the Chinese of 
the Yang-shao civilization (ca. 2700 B.c.). K’ao-kung chi, a section of the Rites of Chou, 
states that shell lime was used to ornament a temple of the Hsia dynasty (2197-1766 
B.C.). 
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3. The author was apparently not aware that the oyster is a living creature. 
4. Historical evidence points to the use of coal as a fuel during the late Han period 

(A.D. 25-220), or earlier. For example, several hundred thousand catties of coal were 

stored by Ts’ao Ts’ao, and the term shih-t’an (stone charcoal) appeared for the first time 
in the History of Later Han. In the Sung dynasty (960-1279), the coal tax was a source of 

important national revenue, and the coal industry maintained many people. The “Book on 
Money and Commodities” in the History of Sung notes more than twenty government- 
operated coal depots, and relates that the marketing of coal was a government monoply 
during the reign of Ch’ung-ning (1102-10). The extensive use of coal in China during the 
Yiian dynasty (1279-1368) is described in The Travels of Marco Polo and later in the 

Journals of Matthew Ricci: “Nature is more propitious to the man in the north, where this 
coal is found in plenty and of better quality. It is mined from the earth and widely 
distributed throughout the country at a low price, indicating its abundance and making it 
possible for even the poorest to use it in their kitchens and in heating the bath.” 

5. The implication is that coal is used universally in North China because of 
widespread deforestation. 

6. The technique of making white alum was definitely known to the Chinese in the 
sixth century A.D. In the T’ang dynasty (618-906), the tax collected from the manufacture 

of white alum and vitriol at Yang-ping-hsien of Shansi province was considered a regular 
national revenue. In the reign of Hui-tsung (1101-25), the alum and vitriol industry was 
tightly controlled by the government. This control resulted in an annual revenue of as 
much as 290 million copper cash. 

7. Black vitriol is a term used in Chinese to denote ferrous sulfate, now known as 
green vitriol. This Chinese misnomer may be caused by the fact that, from ancient times to 
the present day, green vitriol has been used in China chiefly for blacking textile fabrics 
and leather, though it has also been used in medicine, as a disinfectant, and as a wood 

preservative. When green vitriol is used in black coloring materials, tannin is added. 
Tannin reacts with ferrous sulfate to form the ferrous salt of tannic acid. This salt is 
oxidized in air to the black ferric tannate. The tanning agents used by the early Chinese 
dyers were extracted from “wu-pei-tzu” (Chinese gall or gall nut), “tsao-chiao” (Gledit- 

schia Chinensis), “Kan-kuo” (valonia), myrobalon bark, sumach bark, birch bark, oak 

bark, elm bark, and many other tannin-containing materials. 
8. Red vitriol was probably red ochre, also called hematite though it is an amor- 

phous earthy variety of hematite. The reddish colors on the Yang-shao pottery 
(ca. 2700 B.c.) excavated from the ruins at Honan and Kansu provinces came from 
natural red ochre or red ochreous clays, or a mixture of both. It is no exaggeration to say 
that red ochre was the most commonly used red pigment of ancient China. 

9. Yellow vitriol was probably fibroferrite, Fe,O:.2SO;.10H,O, and utahite, 

3Fe.0:.3SO03.4H.0. 

10. Huai-pei, or the north side of the Huai River, is a region of East China where the 

soil is highly alkaline. 
11. The third century book Po-wu chih (A Record of Nature) relates that, in the 

third year of Hunag-ch’u (A.D. 222), Wang Pao presented thirty catties of gall vitriol to 
emperor Wen-ti. This indicates that the manufacture of gall vitriol was still in its infant 
stage and the high-grade product was reserved for imperial use. In Pao-p’u-tzu (ca. early 

fourth century) it is stated that verdigris, known in China as copper blue or copper green, 

was manufactured by applying vinegar to the surface of copper, and was used as a wood 

preservative. The Chinese production of gall vitriol was continually increased in the 
succeeding Liang and T’ang dynasties. 

12. Materia Medica, the comprehensive botanical and mineralogical encyclopedia, 
known in China as Pen-ts’ao kang mu, was written by Li Shih-chen in ap. 1596. 

13. Western Regions is a general term used traditionally to indicate the countries to 

the west of China—from modern Sinkiang westward to central Asia. 

14. Sulphur was used by Ma Chiin as early as the Three Kingdoms period (220-64) 

in making gunpowder for firecrackers. 

15. A term usually designating the territories north of the Great Wall. 
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Figure 12-1. Roasting (right) and steaming (left) oil seeds. 
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VEGETABLE OILS 
AND FATS 

Master Sung observes that although Nature has divided time into day and 
night, man is able to prolong the day artificially in order to carry out his tasks. 
The reason is not due to his being fond of toil or disliking leisure. If, for 
example, the weaver must burn wood for light and the student rely on the glow 
of snow to read by, how little work could be accomplished in this world! 

Stored in the seeds of grasses and trees there is oil which, however, does 
not flow by itself, but needs the aid of the forces of water and fire and the 
pressure of wooden and stone [utensils] before it comes pouring out in liquid 
form. [Obtaining the hidden oil] is an ingenuity of man that is impossible to 
measure. 

For the transportation of goods, and travel to distant places, men must 
depend on boats and carts. One drop of oil [in the axle] enables a cart to roll 
and one tan of oil used in caulking a ship * makes it ready for the voyage. 
Thus, neither cart nor boat can move without oil. Furthermore, cooking 

vegetables without oil is like letting a crying infant go without milk. The uses 
of oil are indeed varied and numerous. 

GRADATION OF VEGETABLE OILS 

For eating, the oils of sesame seeds, turnip seeds, yellow soy beans, and 

cabbage (also called “white cabbage” [i.e. celery cabbage]) seeds are the 

best, Next in quality come Perilla ocymoides oil ([the plant] resembles Perilla 

nankinenis; the seed is larger than that of sesame) and rape-seed oil (in the 
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South it is called “vegetable seed”); next, camellia or tea-seed oil ” (this tree is 

over ten feet high, the seed resembling poppy seed, which should be shelled 

[and the oil is] obtained from the kernel); next, Amarantus mangostanus oil; 

the last in quality is hemp-seed oil (the seed resembles caraway seeds; the skin 
[of the hemp plant] is used to make rope). 

The best lamp oil is that made from the kernels of the vegetable tallow- 

tree seeds, followed by rape-seed oil, linseed oil (planted in Shensi province, 

this plant is colloquially called “louse sesame”; the oil has a bad odor and is 
inedible) , cotton-seed oil, and sesame oil (the latter burns off too quickly in the 
lamp), while Chinese-wood oil [i.e. ung oil] and “mixed” vegetable tallow- 
seed oil are the worst. (The poisonous odor of the Chinese-wood oil is 

sickening, and the “mixed” vegetable tallow-seed oil, prepared from both the 
tallow hulls of seeds and the seeds themselves of the tallow tree, tends to 

solidify and appear turbid.) 
For making candles, the best material is the “unmixed” vegetable-tallow 

fat [derived solely from the white tallow layer on the outside surface of the 
tallow or Stillingia sebifera tree seeds]; next, castor oil; next, “mixed” vege- 

table tallow-seed oil solidified by the addition of [a certain amount of] white 

wax; next, the various clear oils solidified with the admixture of white wax; 

next, camphor-seed oil * (it gives no less light than the others, but some people 
are allergic to its scent); next, holly-seed oil ° (used exclusively in Shao-chou 
[in Kwangtung]; the latter is rated low on this list because the oil yield of the 

holly seeds is small); the lowest in quality is beef fat, which is used widely in 

North China. 
The yield of oil per tan of seeds is: sesame, castor, and camphor, 40 

catties; turnip, 27 catties (this oil is particularly palatable, and is good for the 

internal organs); rape, [usually] 30 catties but 40 catties can be realized if the 

crop is planted in a rich field, well cultivated, and if the pressing is skillfully 
done (after one year’s storage the seeds will be completely dry and oilless). 
The yield of tea or Camellia seeds is 15 catties of oil per tan (the oil tastes like 
lard and is quite delicious; the residual meal can be used only as kindling or fish 
poison) ; [whereas] one tan of t’ung seeds yields 33 catties of wood oil. When 

the tallow hulls and kernels of the Chinese vegetable-tallow tree seeds are 
pressed separately, the yield per tan of seeds is 20 catties of “unmixed” tallow 
fat and 15 catties of kernel oil; but if the seeds are pressed without such a 
separation, then the yield is 33 catties of “mixed” tallow-seed oil. (These 
amounts of tallow fat and oils are obtainable only when the tallow hulls or 
seeds are thoroughly pressed to result in the “cleanest” cakes or meal.) From 
each tan of holly seeds, 12 catties of oil are obtained; from yellow soy beans, 9 
catties (in Kiangsu the bean oil is used as food for humans, and the meal cakes 

are fed to pigs) ; from cabbage seeds, 30 catties (the oil appears limpid as green 
water). One hundred catties of cotton seeds yield 7 catties of oil (the oil is 
dark and unclear when first pressed, but becomes extremely clear after 
standing for half a month). Thirty catties of oil are obtained from one tan of 

Amarantus seeds (it tastes delicious, but is rather cold and laxative in nature), 

and more than 20 catties from one tan of linseeds or hemp seeds. 
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The above is a brief summary [of the well known oils]. I have not 
touched on.other kinds,* of which the properties have not yet been completely 
tested, or have only been tried out locally and are not generally known. 

METHODS AND IMPLEMENTS [FOR OIL-EXTRACTION] 

Aside from pressing, oils can be extracted from seeds by other processes. 
Castor oil and Perilla ocymoides oil are prepared by the boiling process. 
Sesame oil is produced in Peking by grinding the seeds, and in Korea by using 
mortar and pestle in a pounding process. The rest [of the oils], however, are 

obtained by the pressing process. 
The large timber used for making an oil press [Figure 12.2] must be an 

armful in diameter ‘ and hollowed in the center. Camphor wood is best suited 
for this purpose, followed by sandalwood and alder wood. (A press made of 
alder wood will rot rapidly if the moisture from the ground is not eliminated. ) 
The grains of these three kinds of wood are circular and spiral, and do not run 
up and down vertically. The wood, therefore, will not split at the ends even 
though the center post is subjected to heavy hammering with a pointed wedge. 
The press should not be made of wood that has longitudinal grains. North of 

Figure 12-2. Press for making vegetable oil in south China. 
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the Yangtse River, where timber of such large dimension is seldom obtained, 

four pieces of wood can be joined together by iron hoops. The center portion 

is then hollowed out to serve as the pressing area; thus small wood is made to 
function as large timber. 

The size of the hollow in the press varies with the dimension of the wood. 
Its capacity ranges from less than five pecks to over one tan. This hollow is 
fashioned by scooping out the wood with a curved chisel, so that the hollowed 
space becomes a flat trench with rounded ends. On the bottom of the trench a 
small hole is drilled [through the wood], and then connected to a trough [or 

pipe], thus permitting the flow of oil from the trench into a receptacle. The flat 
trench is about three or four ch’ih long and three or four inches wide, 
depending on the general shape of the wood. There are no standard dimen- 
sions for it. The pressing wedge and ram are made of sandalwood or oak, for 
no other wood is suitable. The wedge is cut and shaped with an axe but is not 
planed, since it is desirable that the surface should be rough; a smooth-surfaced 
wedge may [glance off and] swing backward [after the impact of the blow]. 

The ramming wood and the wedge are both hooped with iron rings to prevent 
their breaking. 

The press is now set up. Next, materials such as sesame seeds or rape 
seeds are roasted slowly in a pan over moderate heat (tree-grown seeds, such 
as those of the Chinese vegetable-tallow tree and the ?’ung tree, are rolled and 
steamed without preliminary roasting) until a fragrant scent is given off. Then 
they are rolled into fine fragments after which they are steamed. For roasting 
sesame and rape seeds, a flat-bottomed pan of no more than six inches depth 
should be used. The seeds in the pan must be stirred and turned rapidly. If 
the pan is too deep or the stirring too slow, the seeds will be parched and the 
result will be a reduced oil yield. The roasting pan is fixed on the stove at an 
angle very different from the steaming pot [Figure 12.1]. The trough of a 
[hand-operated] rolling mill is anchored by burying its bottom in the ground. 
(The surface of a trough made from wood has to be covered with iron 
sheets.) Over the trough is an iron roller suspended from a wooden pole and 
pushed [along the trough] to and fro by two workers standing facing each 
other. A man who has large capital can build an ox-pulled rolling mill with 
stones, the work of one ox being equal to that of ten men. Some seeds, such as 
cotton seeds and the like, are ground [i.e. using two millstones] instead of 
rolled. 

The rolled seeds are screened, the coarser fragments being returned for a 
second rolling. The fine meal is placed in a double boiler and steamed. When 
it has been steamed sufficiently, it is taken out and wrapped in rice or wheat 
stalks to form cake-shaped parcels, which are tied either with iron hoops or 
split rattan cords. The size of the parcels should fit the hollow of the press. 

Since oil is derived from the vapor [of steamed mealj and is a substance 
that is created from the void, inefficient handling of the steamed meal will allow 
the hot vapor to evaporate, thus diminishing the yield of oil. The skillful worker 
therefore always pours the meal out quickly, wraps it quickly, and just as 
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quickly ties it up. This is the secret of obtaining a high yield of oil from seeds, 
but there are pressers who have worked a lifetime at the job and still are 
ignorant of this fact. The wrapped and tied meal parcels are then put into the 
press until it is packed full. The ram is applied and the wedge is inserted and 
struck, forcing out the oil like spring water. The remnants left in the parcels 
are called pressed cakes. The pressed cakes of sesame, turnip, or rape seeds 
are all rolled into a fine powder, and then screened to remove the stalks and 
husks. This cake powder is further treated by steaming, wrapping, and 
pressing [for a secondary recovery of oil]. This secondary pressing will yield 
half as much oil as that obtained from the primary pressing. In the case of 
Chinese vegetable-tallow and t’ung seeds, however, the oil is entirely squeezed 
out by the primary pressing, therefore the pressed cakes need not be re- 
treated. 

The boiling process [for extracting oil from seeds] requires the use of two 
pots. The castor seeds or Perilla ocymoides seeds are rolled into meal, put into 
a pot, and boiled in water. When foamy oil rises to the top, it is skimmed and 

poured into the other pot, which is dry, and placed over a low fire to evaporate 
the moisture [contained in the foamy oil], thus resulting in water-free 
oil. However, the yield of oil from this method is low [as compared with that 
of the pressing method]. 

In North China, sesame oil is made by a grinding process that involves 
squeezing and twisting the ground meal in a coarse hemp sack. The details of 
this method shall be described at a later time. 

VEGETABLE TALLOW FAT 

The making of vegetable-tallow candles originated in Kuang-hsin prefec- 
ture [in Kiangsi]. [Vegetable tallow is prepared] by first steaming the tallow- 
tree seeds together with their hulls in a double boiler, and then pounding them 
with mortar and [foot-operated] pestle.* The mortar is about 1.5 ch’ih deep, 
and the pestle is made of stone, with no iron cap. The stone used is a fine- 
textured variety obtained from deep in the mountains [in Kuang-hsin], and the 
pestle being made to measure, weighing forty catties, is attached to a wooden 
lever for pounding [Figure 12.3]. The tallow hulls adhering to the seed-husks 
fall off during the process of pounding and are collected in a tray. These hulls 

are again steamed, wrapped, and pressed [to produce the “unmixed” vegetable 

tallow fat] as described above. 

When the tallow hulls have been entirely removed, the black seeds will 

emerge. A small grinding mill, which is made of fine smooth stone that cannot 

be damaged by fire (this mill stone is also obtained from the mountains in 

Kuang-hsin prefecture), is heated by surrounding it with red-hot coals, while 

the black tallow seeds are fed into it and ground with quick motions [Figure 

12.3]. When the husks or shells of the seeds are broken, they are winnowed 
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Figure 12-3. Pounding (left) and grinding (right) vegetable tallow tree seeds. 

off, leaving behind white kernels that closely resemble the ?’ung tree seeds. 
These kernels are then rolled, steamed, wrapped, and pressed (to produce the 
vegetable-tallow tree kernel oil) as described previously. The liquid oil 
[known in China as ch’ing yu] thus obtained is sparkling clean. If some of it is 
placed in a small dish and a grass wick is put in it and lighted, it will burn until 
dawn. No other oil can compare with such performance. It is usually not 
used in cooking, for although it is not harmful, some persons may be allergic to 
it. Hence it is better not to use it. 

To make vegetable-tallow candles, a piece of bitter bamboo ® is split 
vertically into two halves which are boiled in water until they are swollen. 
(Otherwise, the molten vegetable tallow will stick to the bamboo.) These two 

halves of bamboo are then held together with rattan strips to form a pipe, into 
which the molten tallow is poured from a pointed iron ladle. A wick is 
inserted, and when the tallow is solidified the bamboo pipe is unbound and 
removed and the candle is lifted out. Another method of making candles 
consists of forming the mold by wrapping a piece of paper around a wooden 
stick, thus creating a paper cylinder. The molten vegetable tallow is poured 
into it to form a candle. This kind of candle is highly durable, not deterio- 
rating in quality through long storage or exposure to dusty wind. 
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NOTES 

1. The use of tung oil and lime for caulking boats in the Yuan dynasty (1270-1368) 
and possibly at a much earlier date is mentioned in the Travels of Marco Polo. 

2. Tea-seed oil is produced from the seeds of Thea sasanqua, which has long been 
cultivated in China for its seed, and is to be distinguished from Thea sinensis, which is 
grown for its leaves. 

3. White (Chinese-insect) wax is made from the secretion of a small, winged insect, 

Coccus pela or Coccus sinensis, found chiefly in western China, where the insect is raised 
for the wax. Watson’s translation of the description of Chinese-insect wax in Materia 
Medica is reproduced with slight modifications as follows: 

The insect is about the size of a louse, and after it has been propagated it remains 
upon the green branches of the tree, eating the sap and giving off from its body 
a secretion which adheres to the fresh stalks, this gradually changes into a white 
cere, which congeals to form the wax, appearing like frost upon the branches. The 
crude wax is melted and purified or steamed in a retort, in order to get rid of 
the impurities, and is then poured into moulds to cool. This forms the white wax 
of commerce. The insects produce the wax while they are young and of white color. 
When they are old, they are reddish black in color, and form balls upon the 
branches of the tree, at first of the size of a grain of millet, but in the second 

spring they grow to the size of a cock’s head, are purplish red in color, and closely 
encircle the branches, appearing as if fruits borne upon the tree. The insect deposits 
its eggs, making a cell that much resembles a chrysalis, which is called “wax seed” 
(la-chung) or “wax egg” (la-tzu). The eggs within this cocoon are like small silk- 
worm eggs, and there are several hundreds to a cocoon. At the beginning of spring 
they are taken down, wrapped in bamboo leaves, and hung upon the tree. After 
hatching out the insects will adhere to the under side of the leaves and the other 
parts of the plant, where they begin the manufacture of wax. The ground beneath 
the tree must be kept very clean lest the ants eat the young insects. 

4. Camphor-seed oil is obtained from the seeds of the Cinnamomum camphora tree 
belonging to the Lauraceae family. 

5. Holly-seed oil is obtained from the seeds of the Ilex pendunculosa plant. 
6. Master Sung neglects the renowned Chinese lacquer or ch’i, which was prepared 

from the sap of the varnish tree (Rhus verniciflua) by a traditional process that remained 
a carefully guarded secret until the middle of the eighteenth century. 

7. “An armful in diameter” is from the expression ho-pao, meaning a circumference 
of the size made by one’s two arms. In other words, the wood needed here would be a 
log with a diameter of approximately two feet. 

8. Vegetable tallow is prepared from the hull of the seed of Stillingia sebifera, a tree 
found wild and also cultivated in central and eastern China. The seeds are approximately 
as large as coffee beans, black in color, and covered with a fairly hard layer of white 

tallow. 
9. Bitter bamboo (k’u-chu) is a variety of large bamboo, Phyllostachys bambusoides, 

usually 50 or 60 ch’ih in height. 
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Figure 13-1. Steeping and washing cut bamboo. 
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PAPER 

What, queries Master Sung, is the carrier by which knowledge of Nature’s 
wonders and the mysteries of the Universe is transferred from ancients to 
moderns, and from Chinese to foreigners, so that those born in later times can 
learn it at a glance? If all communication between ruler and subject, teacher 
and pupil, were by word of mouth, could much be achieved? Yet with the use 

of a slip of paper or a slim volume of writing, teaching can be accomplished 
and [government] orders carried out, as easily as the breeze blowing or ice 

melting in the sun. It is indeed fortunate that in this world exists Old Sir 
Paper, from which both the sages and the ignorant have benefited. 

Paper consists of fibres and tree barks. White color emerges as the 
“green” is killed, and thus was taken the first step toward [the existence of] 

myriads of books and hundreds of specialists and schools [of thought]. This is 
the refined use of paper. As to its ruder uses, such as shielding against the 
wind or protective wrapping of things, they were initiated in antiquity. How 
contemptible it is that people in the times of Han and Tsin [206 B.c. to 419 
A.D.] should arbitrarily record their names [as the inventors of paper].* 

RAW MATERIALS 

Of the different kinds of paper, bark paper is made from the bark of the 

paper-mulberry tree [Broussonetia papyrifera] (also called “grain tree’’),” 

silk-mulberry fibre, or hibiscus [Hibiscus mutabilis] skin. Bamboo paper is 

made from bamboo fibres. The best quality of this paper is extremely clean 

and white and is used for writing, printing, and as letter paper. The coarser 

grades are used to make articles for burnt offerings or wrapping paper. 
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The [ancient] sha-ch’ing or “killing the green” refers to chopping down 
the bamboo plants; while han-ch’ing or “sweating the green,” to cooking and 
straining [the bamboo fibres]. The word “board” means the finished paper. 
“Boards” therefore were made by cooking the bamboo. In later ages, 
however, people mistakenly thought that the “boards” meant pieces of bamboo 
slats and arrived at the erroneous conclusion that the term “leather braiding” 
was a reference to stringing the bamboo boards together with strips of leather. 
In view of the fact that a great number of books were in existence in China 
before the burning of books was ordered by Ch’in [i.e. The First Emperor of 
Ch’in], would it have been possible to produce so many books if they had had 
to be made up with pieces of bamboo slats? * 

Some foreigners in the west make paper out of palm leaves, but the 
Chinese, forgetting that leaves will wither after they are plucked from the tree, 
again took it to mean that it was on the leaves themselves that the scriptures 
were written.* This notion is as ridiculous as the idea of books made of bam- 
boo slats! 

THE MANUFACTURE OF BAMBOO PAPER 

Bamboo paper is an industry of south China, especially in Fukien 
province. The topography of the mountain area having been surveyed after 
the bamboo shoots have started to grow, the young plants are cut down in early 
summer. The best in quality are those shoots that are about to put forth 
branches and leaves.” The bamboos are cut into lengths measuring about five 
or six ch’ih. A pit is dug right there in the mountain and filled with water in 
which the bamboo sticks are immersed. The water supply is constantly 
maintained by means of bamboo pipes so that the pit will not run dry. After 
soaking for more than one hundred days [Figure 13.1], the bamboos are 
carefully pounded and washed to remove the coarse husk and green bark or 
node (this is sha-ch’ing or “killing the green’). 

The mass of the pounded bamboo, having a hemp-like appearance, is 
mixed with a high-grade milk of lime and put into a cooking cask to be boiled 
over a fire for eight days and nights. In the boiling of bamboo, [the wooden 
cask is held on top of a metal] pot, which in turn is attached with the aid of mud 
and lime to a cone-shaped stove [Figure 13.2]. This pot, measuring fifteen 
ch’th in circumference and over four ch’ih in diameter, and having a capacity of 
more than ten tan of water, is similar in dimensions to the salt-making pot of 
Kwangtung province. When the cooking cask has been placed on the pot, the 
boiling process begins. The bamboo pulp is cooked for eight days, and then 
the fire is stopped and the pulp allowed to cool for one day. 

After cooling, the cask is removed and the bamboo fibres are taken out of 
the cask to be thoroughly washed in clear water. This is done in a washing pit 
of which the bottom and four sides are lined securely with wooden boards in 
order to keep out the dirt (this lining is not necessary in making coarse 
paper). When the fibres are washed clean, they are soaked in a solution of 
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—2. Cooking the inner mass of bamboo in a pot. Figure 13 
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Figure 13-3. Collecting bamboo pulp on top of a screen. 
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wood ash and transferred to [the cask of] a pot. The fibrous mass is pressed to 
form a flat top, covered with about an inch of rice stalk ash, and finally cooked 
by heating the water in the pot until the water in the cask is boiling. After this, 
it is transferred to another cask and strained with the passage of a hot solution 
of ash from top to bottom. [This is followed by washing it with a passage of 
hot water]; if the water cools off, it is reboiled to repeat the washing.° After 
some ten days [of repeated cooking, straining and washing], the bamboo pulp 
will naturally become odorous and decayed. It is then taken out to be pounded 
in a mortar (in hilly regions water-powered pestles are usually employed) until 
it has the appearance of kneaded dough. 

[This pulp] is poured into a square-shaped tank [Figure 13.3]. The ex- 
act dimensions of a pulp tank, however, are governed by the size of the paper- 
making screen being used, which in turn is determined by the size of the paper 
sheets to be made. When the clear supernatant liquid in the pulp tank is three 
inches deep [as caused by the gradual settling of the fibrous mass], a chemical 
solution is added. (The material used for the preparation of this chemical 
solution has the form of the leaves of the “peach-bamboo,” and is called locally 
by different names.) This chemical solution is capable of bleaching [the paper 
sheets] to a white color after drying. 

The screen used for the manufacture of paper sheets is made of a 
rectangular frame covered with a mat woven of finely split -and polished 
bamboo." The worker holds the screen with both hands and submerges it in 
the fibre suspension of the pulp tank so that some of the latter remains on top 
of the screen. The thickness [of the paper] will depend on the way in which the 
screen is manipulated: shallow submerging results in thin paper, while a deeper 
dip produces a thick one. Water from the pulp will drain off around the 
screen’s edges and back into the tank as the bamboo material is left on top. 
The screen is then inverted and the paper is dropped onto a wooden board until 
many such sheets have been piled together. When the number is sufficient, the 
sheets are covered with another board and [the upper and lower boards] are 
rope tied with the aid of a pole placed over the top board, as in a wine press, 
and all the water is squeezed from the sheets [Figure 13.4]. When this is done, 

each sheet is lifted up by means of a small brass tweezer and dried with 

heat. 
For drying paper [Figure 13.5], a double wall of earthen bricks is erected, 

with the ground between the two rows covered by bricks. Holes in the bottom 
of the wall are left by the spaced omission of bricks. A fire is lighted at the first 
hole and the heat travels through the apertures and spreads to the wall surfaces 
where the bricks will become hot. The wet sheets of paper are spread onto the 
wall one by one, baked dry, and then taken off as finished sheets. In recent 
times the large-size sheets have become known as “Large Fourfold,” which is 
highly prized as a writing paper. 

After the ink and colors of waste paper are washed off, the paper is re- 
duced to pulp by soaking in water and transferred to the pulp tank for making 
new paper. This process of papermaking not only eliminates the expensive 
operations of cooking and straining [the bamboo or wood], but also loses very 
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Figure 13-4. Removing and pressing paper sheets. 
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Figure 13-5. Drying paper sheets. 

little of the waste paper so used. This procedure is not popular in south China 
where bamboo is abundant and cheap. In the north, however, even small 
strips or odd pieces [of waste paper] are saved for reprocessing, the product 
being known as “resurrected” paper. There is little difference whether the 
waste paper is made from bark or bamboo or is fine or coarse in quality. 

In the manufacture of burnt-offering paper and coarse paper, the pro- 
cedures of cutting the bamboo, cooking and straining the fibres with ash 
solutions, and washing the fibres with water, are the same as described above. 
These kinds of paper, however, are not baked dry after the sheets have been 
taken off the screen, but are first pressed to remove the excess water and then 
dried by the sun. 

“Burnt-offering” paper is so called because during the T’ang dynasty * 
large amounts of sacrificial paper money were used instead of “burnt” silk for 
religious worship (in north China people make such money by cutting paper 
into strips; this is called “cut money”), and this particular kind of paper is 
given the present name. In accordance with recent customs in Hupei and 
Hunan, as much as 1,000 catties [of sacrificial money] are wastefully burned at 

a single occasion. [In reality] about seventy per cent of this paper [produced 
in the country] is used for burnt offerings, and thirty per cent for daily use. 

The coarsest and thickest variety of paper, called wrapping paper, is made of a 
mixture of bamboo fibres and rice stalks. 
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The stationery paper manufactured in such places as Ch’ien-shan in 

[Kiangsi] is made entirely of fine bamboo fibres and screened from a thick 

pulp. This paper fetches a high price on the market. The highest grade, 

known as “official stationery,” is used as letter paper by high officials and 

wealthy persons. It is thick and smooth and without any fibrous ribs. When 
used for red ceremonial cards, it is first treated with alum water and then dyed 

red with safflower juice. 

THE MANUFACTURE OF BARK PAPER 

Paper-mulberry [Broussonetia papyrifera] bark is stripped from the tree 
in late spring and early summer.® Trees that are too old are felled at the root 
level and [the stump] covered with earth. In the following year new shoots will 
appear, of which the bark is of an even more excellent quality. 

In making bark paper, forty catties of the most tender bamboo are added 
to sixty catties of paper-mulberry bark. Together, these are first steeped in a 
water pit, covered with lime juice, and finally boiled in a pot to become pulp. 
In recent times, a more economical method consists of mixing thirty per cent 
rice stalks with seventy per cent bark and bamboo. After suitable chemicals 
are added, however, [the resultant paper] can still be white. 

Torn lengthwise, the strong and hard-sized bark paper will show ragged 
ends resembling cotton fibres, hence it is called “cotton paper.” It is extremely 
difficult to tear this paper crosswise. The highest grade is used to paper the 
windows of the Imperial Palaces and is called “window gauze” paper. 
Produced in Kuang-hsin prefecture [in Kiangsi], each sheet is over seven ch’ih 
long and more than four ch’ih wide. It is dyed in various colors by the addition 
of coloring material to the pulp tank. Dyeing is not done after the sheets have 
been formed. 

The second in quality is the “fourfold” paper, of which the whitest variety 
is called “superior” paper. That product which is bark paper in name, but is 
actually made from a mixture [of bark,] bamboo, and rice stalk, is called 

“document” paper. Another kind, made from the skin of hibiscus stems, is 
termed “small bark” paper, but in Kiangsi province it is known as “middle” 

paper. It is not known what grass or wood is used as raw material for the 
kind of paper manufactured in Honan. This paper is produced in large quan- 
tities and has a market in Peking. Silk-mulberry fibre paper, made from the 
bark of the silk-mulberry tree, is extremely thick, smooth and soft; the type 
produced in Chekiang is necessary to the silk producers in the lower Yangtse 
region as a repository of silkworm eggs. “Small bark” paper is used for the 
manufacture of [oil-paper] umbrellas and oil-paper fans. 

The very long and wide bark paper is formed in an extremely large pulp 
tank. The screen used here is too big for one person to handle and is worked 
by two persons standing opposite each other. In the case of “window gauze” 
paper, several persons are needed. When used for painting, bark paper is 
first sized with alum water to eliminate fluff from the surface. That side of the 
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Sheet which adheres to the screen is considered the right side as the texture 
of the free side is inevitably rougher even though the pulp has been reduced 
to a state of subdivision as fine as clay. 

It is not known what the “white hammered paper” of Korea is made of. 
In Japan, paper is sometimes made without use of the screen. [The method is 
as follows:] when the paper pulp is ready, a large slab of slate is placed on a 
brick platform below which a strong fire is burning to heat the stone. The 
worker then dips a plasterer’s brush into the pulp and brushes the pulp thinly 
over the stone. In a short time, it dries and becomes a sheet of paper which 
can be easily lifted. I do not know if the same method is employed in Korea or 
China. 

The paste-impregnated paper of Yung-chia [in Chekiang] is also made of 
silk-mulberry fibres while the Hsiieh T’ao note-paper of Szechuan is made 
from hibiscus skin. [For making the latter], the bark of hibiscus is cooked 
to a pulp, then the aqueous extract of powdered hibiscus flower petals is added. 
This process was probably first devised by Hsiieh T’ao * and has been known 
by that name down to the present day. This paper is famous for its beauty, not 
for the quality of its material. 

NOTES 

1. Chinese records, such as Shuo-wen (A.D. 100), History of Former Han (A.D. 100), 

and History of Later Han (A.D. 450), show clearly that a sort of paper or near- 
paper made of raw silk was used in China since the later part of the Former Han dynasty 
(206 B.c.—-24 A.D.). In 1942, while working at a Han ruin in Tsakhortei, south of the Bayan 

Bogdo Mountains in modern Ninghsia province, Lao Kan and Shih Chang-ju discovered 
what is probably the oldest paper in the world. From the dated inscriptions on wood, 
found by the Swedish archaeologist Folke Bergman in 1931 in the same Han ruin, Lao 
Kan deduces that this piece of paper was made around A.D. 98. Other pieces of early paper 
discovered in Turkestan date from A.D. 250 to 300. 

2. “Grain tree” or ku-shu is actually different from the paper-mulberry tree. In early 
times, however, these two were spoken of as one. 

3. “Boards” and “leather braiding” were actually employed prior to the invention of 
paper. To the end of Chou dynasty (256 B.c.), writing was managed with a bamboo pen 
and ink of soot or lampblack on slips of bamboo or wood. The bamboo strips, being 
stronger, could be perforated at one end and strung together with either silken cords or 
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leather thongs to form books. The older sites excavated by Sven Hedin, Aurel Stein, and 
the Prussian expeditions in Chinese Turkestan yield both wooden and paper documents. 
At several places the gradual displacement of wood by paper in the third, fourth, and fifth 
centuries A.D. can be traced. 

4. Palm leaves refer to the pattra of India, where people actually did write the 
Buddhist sutras on leaves. G. Sarton relates in his History of Science (p. 25) that palm 
leaves were used in Ceylon and India for writing. From the leaves of talipot (Corypha 
umbraculifera), which grows in Ceylon and Malabar, was produced a kind of papyrus, in 

narrow strips, called olla. 
5. While not as long as spruce fibres, bamboo fibres are much longer than those from 

any of the deciduous trees. Bamboos run to the hundreds though not all are suited for 
paper making due to difficulties in pulping and bleaching. These difficulties are caused 
chiefly by the high silica content of certain bamboo stems. 

6. This technique is still used by the modern paper-pulp industry, except that plant 
ash has been displaced by manufactured soda ash. Washing removes possible alkali and 
dissolves intercellular matter. Incomplete washing renders subsequent bleaching difficult 
and impairs the quality of the pulp. 

7. Tung-tien ch’ing-lu, written by Chao Hsi-huo in the Sung dynasty, relates that in 
north China the screen (matting) was transversely laid, causing the northern paper to 
show a horizontal grain, while in south China the matting was vertically laid, so that 
southern paper showed a longitudinal grain. It is not known whether the same distinctions 
existed in the Ming period. 

8. In the T’ang dynasty, Buddhism enjoyed great popularity and influence, and the 
country was dotted with monasteries and temples. 

9. Paper-mulberry bark is used for making the fine paper called Hsiian-chih. It 
derives its name from being produced in Hsiian-chou of Anhui. In the Yung-hui era (A.D. 
650-56) of the T’ang dynasty, a monk of that region used this kind of paper for writing 
Buddhist books. It can also be made from the Dalbergia Hupeana tree. 

10. Hsiieh T’ao was a famous courtesan of the Late T’ang dynasty who was known 
for her calligraphy and poetry. 
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THE METALS 

Master Sung observes that men are divided into ten classes and that every class, 
from prince to sedan chair bearer, is necessary to the social order. Similarly, 

the earth has produced the five metals * for the benefit of all the people and 
their posterity. [Of the metals] the precious are found once in 1,000 J, or 

500 li at the closest, while the less valuable are always found in large quantities 
in places that are not easily accessible. The value of high grade gold is 16,000 
times higher than that of black iron. But suppose that such [iron] articles as 
pots, food vessels, hatchets, and axes are not available for daily use, then even 
though gold is obtained and its price is high, there would not be people [to take 
advantage of it]. The livelihood of all depends on the trading of that which the 
people have for that which they have not, as provided in the chapter. on goods 
and exchange in the Rites of Chou. Whoever set up the standards for 
differentiation of the good [metal] from the bad, and for their weights and 
measures, founded a system that will last forever.’ 

GOLD 

Gold ranks highest among all the metals and will never change once 
smelted and cast into shape. In the case of silver, although none of it is lost in 
the smelting process, it nevertheless requires that the final blow of the bellows 

be struck at exactly the right moment, when the silver will flash its gleam once; 
thereafter it will not appear again [on the molten surface] despite continued use 
of the bellows. Gold, however, will continually flash its gleam with repeated 
blowing of the bellows. The stronger the fire, the more the gleam emerges. 
This accounts for its precious quality. 
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In China, gold is produced in more than one hundred places, which we 

can not enumerate here. Of the kind produced in mountains, the large pieces 
are called “horse-shoe gold,” the medium “olive” or “pendant gold,” and the 
small “melon-seed gold.” Of the gold obtained from water and sand, the large 
pieces are called “dog-head gold,” * and the small “wheat-husk gold” or “chaff 
gold.” The gold obtained by underground mining is called “sand-powder 
gold,” but the larger size is known as “bean gold.” All these varieties of run- 
of-mine gold need to be washed and smelted before they can be made into 

nuggets. 

Most gold is produced in the southwest. The miners dig tunnels of some 
dozen chang into the hillside. Gold is usually found by the detection of its 
particular gangue, which is brown in color, one end having a charred 
appearance. Placer gold is found mostly in the Gold Sand River (called the Li 
River in ancient times) in Yunnan. Having its source at T’u-fan [in modern 

Ch’ing-hai], this river flows through Li-chiang Prefecture [in northern Yunnan] 

and reaches Pei-sheng district after a meandering course of more than 500 Ui. 
Gold is taken from several parts of it. In addition, gold is also panned from the 
river sand in such places as T’ung-ch’uan in northern Szechuan and Yuan-ling 
and Hsii-p’u in Hukuang province. A piece of “dog-head gold,” which is 
called “mother gold,” is obtained perhaps once in a hundred or a thousand 
cases, and the rest [of the gold pannings] all look like wheat chaff. When 
smelted, the crude gold bullion will turn light yellow and will become reddish- 
golden after it is refined.* A variety is produced at the “gold fields” at Tan-yai 
[in northwestern Hainan Island], where it is mixed with sand and earth and is 

obtained without deep digging. Too frequent mining, however, will exhaust 
the stock, and the yield is likely to be limited when a place has been worked 
over a period of years. In the caves of the southern barbarians,° a kind of gold 
is produced that looks like black iron when first mined. It is obtained from 
under dark, carbonaceous stones in pits several dozen feet deep and at first is 
soft to the bite. Sometimes the miners steal this gold by swallowing it, which 
leaves no ill effects. In such places as Ts’ai and Kung districts in Honan, and 
Lo-p’ing and Hsin-chien in Kiangsi, gold is obtained through washing and 
smelting fine sand that has been mined from deep shafts dug into the ground. 
The returns for all this labor, however, are small. Gold deposits in China are 

generally spaced every 1,000 Ji. It is recorded in the Ling-piao lu* that the 
people [in Kwangtung] washed goose and duck droppings for gold flakes and 
bits, some getting one ounce in a day and others none. This is probably not 
true. 

Gold is a heavy metal. If a square inch of copper weighs one ounce, a 
piece of silver of the same dimensions will weigh 1.3 [sic] ounces; and if a 

square inch of silver weighs one ounce a piece of gold of the same dimensions 
will weigh 1.2 [sic] ounces. Gold is also soft and can be bent like a willow 

twig. The grades of gold are classified in terms of “seventy per cent green,” 
“eighty per cent yellow,” “ ninety per cent purple,” and “pure red” gold, which 
can be easily determined by placing [the gold] upon the “gold-testing stone” 
[touchstone]. (This stone is found in abundance in the river at Kuang-hsin 
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Prefecture [in Kiangsi], ranging from the size of a bushel to that of a man’s fist, 
and becomes shining black like lacquer when boiled in goose soup.) ’ The 
only element that can be mixed with pure gold for the purpose of adulteration 
is silver; nothing else will do. 

To separate gold [from its alloy] the latter is first beaten into a thin sheet 
and cut into small pieces. Each piece is then wrapped in mud and placed into 
a crucible. When smelted together with borax, the silver is absorbed by the 
mud, letting the pure gold flow out. The residual mud is placed into another 
crucible, and a little lead is added so as to recover from the mud all the silver 
that has been absorbed therein.® 

Since gold is the most splendid and precious decoration in the world, it is 
used only after it has been first made into gold leaves. A one inch square leaf 
is made from 0.007 ounce of gold and 1,000 gold leaves will cover an area of 
three square feet. The leaves are made by the vigorous hammering of thin gold 
sheets, which have been placed between layers of ink paper (the mallet used 

for this purpose is short-handled and weighs about eight catties). Produced in 
Soochow and Hangchow, this ink paper is made of the membrane in giant 
bamboos from Tung-hai and smoked with bean-oil lamps. Each piece of 
paper can be used fifty times for the hammering of gold leaves, and is then 
discarded. So ingeniously is this paper manufactured that it is not damaged or 
torn [by the hammering], but afterward can be used by medicine shops to wrap 
cinnabar. , 

When the gold leaves are done, they are taken out of the ink paper and 
placed upon a piece of cured cat skin stretched tightly over a square frame, 
over which the ash of slim incense sticks has been sprinkled. Using a blunt 
knife, one cuts [the gold leaf] into pieces one inch square; then, with a light 
stick moistened with saliva and while holding his breath, the worker picks up 
the pieces and stores them between small pieces of paper. For decoration, the 
gold leaves are applied to areas brushed with varnish (for the decoration of 
characters [such as written or carved in a sign] the sap of the paper-mulberry is 
most frequently used as a base). In Shensi the people make “leather gold” by 
affixing gold leaves to sheep skin cured to an extreme thinness, so that it can be 
cut and made into articles of clothing or ornament, all of which gleam with 
golden splendor. 

When articles coated with gold leaves become worn, the gold should be 
scraped off and burnt, so that the gold is preserved in the ashes. A few drops 
of clear oil is added [to the ash] for settling the gold, which is then reclaimed 
through washing and smelting. 

To make simulated gold, the makers of fans in Hangchow use silver foil as 
base, on which safflower seed oil is painted and then heated near a fire. In 
Kwangtung, however, the goods are painted with a liquid prepared by soaking 
the skins of cicadas in water, and then held briefly over a fire. But this process 
produces a color that is not truly golden. 

For any golden article that is light-colored owing to the low gold content, 
the rich appearance of pure gold can be achieved by painting it with yellow 
vitriol [ferric sulfate] and holding it over a charcoal fire. The new coloring will 
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fade after a certain amount of exposure, but reheating will bring it back. [For 

yellow vitriol, see Chapter 11.] 

SILVER 

In the past, silver mines were worked in Chekiang and Fukien. These 

were intermittently mined at the beginning of this dynasty, while the mines in 

Jao, Hsin, and Jui prefectures in Kiangsi have never been opened. The good 
[producing] silver mines are located at Ch’en-chou in Hukuang; T’ung-jen in 
Kweichow; Chao-pao-shan at I-yang, Ch’iu-shu-p’o at Yung-ning, Kao-tsui- 

erh at Lu-shih, and Ma-ts’ao-shan at Sung-hsien, all in Honan; Mi-le-shan at 

Hui-ch’uan in Szechuan; and Ta-huang-shan in Kansu, together with others 

that cannot all be enumerated. The yields, however, are limited. After a 
mine is opened, the deficit in the amount produced [as against the official 
estimates] is made up by quotas allotted [to the people in the locality], while 

thefts, fights, and riots would ensue if the mining laws are not strict. The 

unrelenting enforcement of prohibition [of mining at random] has therefore 

been necessary.’ In the northern provinces, such as Chihli and Shantung, the 
earth is of a cold nature and the rocks are thin, so that no gold or silver is 
produced there. But the eight provinces mentioned above combined cannot 
produce half as much silver as Yunnan, The mining and refining of this metal, 

therefore, can be carried on continuously only in the latter province. 
Most of the Yunnan silver is produced in Ch’u-hsiung, Yung-ch’ang, and 

Ta-li, with Ch’ti-ching and Yao-an ranking second, followed by Chen-yuan.” 
The presence of silver ore in rocks and caves is indicated by heaps of surface 
stones that are slightly brown in color and scattered in such a way as to present 
the appearance of forked paths. Much time is required to dig the mine shafts, 
which are from ten to twenty chang deep, and the ore can be reached when 
outcrops are found in the earth. The ore deposit is buried deep in the earth, 
branching off in different directions, so that each man should follow the 
outcrops individually and find the ore by tunnelling. The top [of the tunnel] is 
reinforced by wooden planks inserted horizontally to prevent collapse [Figure 
14.1]. Following the vein and carrying a lamp, the miner digs with a shovel 
until the ore deposit is found. Its proximity is indicated by the presence of 
small yellow stones in the vein, or of thread-like marks on the stones. 

[The following are the various kinds of silver ore:] That which contains 

native silver is called chiao [reef or lode]; that which exists in small fragments is 

called sha [gravel, i.e. alluvial or glacial deposit]; and that which has branch- 

like markings on its surface is called k’uang [mine] and is usually surrounded 
by valueless boulders. The size of boulders varies from that of a fist to a 
bushel-box. The lode and gravel ores have the appearance of the rock beneath 
a coal seam but are not very dark in color. These ores vary in grade. (The 
business people who strike silver ore in their own mines send the samples to the 
authorities for classification, after which the tax is determined accordingly.) 

After the ore is mined, it is sold to the smelters in pecks; the high grade fetch- 
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Figure 14-1. Mining silver ore. 
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Figure 14-2. Smelting silver ore. 
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Figure 14-4. Refining silver. 
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ing some six or seven taels per peck, the medium three or four taels, and the 
low one or two taels. (The more the ore glitters, the less the silver content, 

since all the goodness has been dissipated at the surface.) 
The ore is put into a furnace after having been concentrated by hand- 

picking and washing. The furnace is built of earth in the shape of a large 
platform and is about five feet high, with the bottom covered with porcelain 
fragments and charcoal ash. Each furnace receives two tan of ore, which is 
surrounded by charcoal made from chestnut wood and packed against the 
inner surface of the furnace. A brick wall, over one chang high and equally 
wide, is built [against the back of the furnace], and the blast bellows are placed 

behind the wall and operated by two or three men, who are shielded from the 
heat by the wall. When the charcoal is burnt off, more can be added with a 
long iron fork [Figure 14.2]. 

With the fire fanned by the bellows, the ore is melted into a mass at the 
proper temperature, but the silver is still alloyed with lead. Approximately 
one hundred catties of this alloy can be produced from two tan of ore. After 
cooling, the alloy is refined in a separation furnace, also known as a “frog” 
furnace, which is packed with charcoal of pine wood. It has an opening so that 
the temperature of the furnace can be estimated by observing the color of the 
flame. The air for the furnace is provided by bellows or fans [Figure 14.3]. 
With sufficient heat, the lead will sink to the bottom (the litharge formed on the 
bottom of the furnace can be reconverted into metallic lead by treating it in 
another furnace). With lighted willow twigs, [the operators] can look into the 

furnace from time to time through the opening, and silver is obtained when all 
the lead has been eliminated. The newly concentrated silver, called “crude 
silver,” does not show a thread-like pattern on the surface. Even after another 
concentration [i.e. cupellation] only a single star will appear [on the surface 
of the silver], which the Yunnanese call ch’a-ching. After the addition of a bit 
of copper, the concentrated silver is [refined] by melting it with lead. It is then 
cast in a mold. The thread-like pattern is achieved (it becomes visible only 
after the molten silver is poured into the mold, because the latter’s walls retain 
the precious properties of the metal). 

At Ch’u-hsiung, a different method is used. Because of the low lead 
content of the local ore, lead is purchased from other places for the purpose of 
smelting. To each 100 catties of silver ore, 200 catties of lead are first added 

in the furnace. Both are then melted into a solid mass and placed in the frog 
furnace for the separation of silver from lead, which is the same method as 
described above. ; 

Silver is produced thus and by no other means. The baseless conjectures 

and annotations in the magicians’ and naturalists’ books are therefore very 
objectionable indeed. The essence of the earth is generally so distributed that 

gold and silver are not found within 300 li of each other, which is an indication 
of the principles of Nature. As to the “panned particles” obtained by the lowly 
laborers who wash the sweepings of dust and rubbish with water and then 

refine them with fire, thus getting between 0.03 and 0.06 ounce [of silver] after 

a day spent at it, they are actually the bits sheared off scissors and axes, stuck to 

241 



TIEN-KUNG K’AI-WU 

the bottoms of shoes and thence mixed with dust and are found in street or 
household sweeping or in refuse along river banks. Silver is not produced in 
the surface layer of the earth. 

For practical use, silver can be adulterated only with copper or lead. 
When ingots are to be made from small pieces of silver, or when impure silver 
is to be purified, the refining is done in a crucible placed over a tall furnace. 

The silver is placed in the crucible together with a little niter. [When melted, ] 

the copper and lead which adhere to the bottom of the crucible are called 
“silver rust,” while that which is beaten out onto the ash pit is called “furnace 
bottom.” Then the “rust” and the “bottom” are put together into a refining 
stove consisting of an earthen pot in which a fire has been made. Lead will 
melt first and flow out; copper and silver [when they flow out] can be separated 

with iron rods. All this goes to show something of the possibilities of natural 
creation and human effort. The refining stove is illustrated as follows [Figure 

14.4]. 

SUPPLEMENT: CINNABAR SILVER 

Of all the tricks of magicians, that of making cinnabar silver fools the 

ignorant most easily. The method consists of putting equal parts of lead, red 
mercuric sulphide, and silver into a jar, which is then sealed and stored in a 

warm place for twenty-one days. During this time the essence of silver is 
absorbed by the mercuric sulphide, and smelted “silver” is obtained. This 
silver, however, is stuff without spirit, a mass of dead substance. If refined 

with lead it will decrease in weight with each smelting and after several firings 
will altogether disappear, thus [causing the maker] to lose the money spent for 
the mercuric sulphide and charcoal. It is set down here lest the foolish, in their 

hope to get rich, are still ignorant of these practices. 

COPPER 

The commonly used red copper is either obtained from the mountain or 
prepared by smelting the copper ore in a furnace. Mix copper with smithson- 
ite [ZnCOs] or zinc, brass is formed; with arsenic and other drugs, white 

copper; * with alum and niter, blue [or aluminum] bronze; with tin from South 

China, bronze; and with zinc, casting brass. All these alloys are derived from 
copper, which is obtainable wherever copper mines are found. 

According to Shan-hai ching [Geographic Classic] there were 437 copper 
producing mountains in China. This is an estimate probably based on fact. 
Among the present sources of supply in China, Szechuan and Kweichow are 
foremost in the west while in the southeast there are imports from overseas. 
There are, in addition, many copper mines at Wuchang in Hukuang and 
Kuang-hsin in Kiangsi. Ores of a very low grade, known as Meng-shan 
copper, are produced in such places as Heng-chou and Jui-chou [in modern 
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Figure 14-5. Digging a shaft to obtain copper and lead ores. 
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Figure 14-6. Smelting an ore containing both copper and lead; molten lead and copper 
flowing out from two separate holes. 

Hunan and Kiangsi]. This copper can be used for casting, but cannot be 
refined into goods of high quality. 

Where there is copper in a mountain, the earth [on the surface] is mixed 
with stones. The ore is mined through a shaft several chang deep [Figure 14.5]. 
The run-of-mine copper ore is encased in boulders having the shape of ginger- 
root. Specks of copper are also present in these boulders, which, unlike those 
found around silver ore, can also be smelted for copper. The copper ores within 
the boulders are of various sizes and shapes—some shiny, some dull, some 

resemble brass, others are like ginger-shaped iron. 
Before smelting, copper ore is washed to eliminate earth particles. When 

heated in the furnace, that which melts and flows out is called “natural copper,” 
r “stone marrow lead.” 

There are several kinds of copper ore. In one, copper alone is present 
without lead or silver and is extracted with a single process of smelting in a 
furnace. Another kind contains a combination of copper and lead. Smelting is 
carried out by placing the ore in a furnace on the side of which are two holes 
one above the other. Lead melts first and flows out from the upper hole; copper 
melts later and flows out from the lower one [Figure 14.6]. The Eastern 
Barbarians [Japanese] have an ore containing both copper and silver. When it 

is smelted the silver coagulates on the surface fof the molten mass] while the 
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Figure 14-7. Smelting zinc ore in earthen jars. 
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Figure 14-8. Ploughing up pieces of iron ore. 
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copper sinks to the bottom. The latter is imported to China in the shape of 
rectangular bars and is called Japanese copper. After being bought by the 
inhabitants of Chang-chou [in Fukien], this copper is refined to separate the 
silver from the copper, and the latter is then beaten into thin cakes and sold in 
the same way as Szechuan copper. 

In converting copper into brass, the fuel used is the “‘self-bellowing coal” 
(this coal is found in powder form which, when made into cake-shaped 

briquettes with a clay binder, will burn all day without the use of bellows. It is 
produced in Yuan prefecture and Hsin-yii district in Kiangsi). Place 100 catties 
of these coal briquettes in the furnace, then into an earthen crock put ten catties 
of copper and six catties of smithsonite, and place the crock inside the furnace 
so that the metals will melt. This method was later modified by the use of zinc 
to replace the smithsonite, which is apt to be lost in the process of melting. In 
this modified method, six catties of copper are melted in a crock with four 
catties of zinc; brass is obtained when the alloy cools and can be hammered or 
molded for purposes of manufacture. 

To make bronze musical instruments, [copper is] mixed with lead-free tin 
from South China. Such articles as gongs and bells are made of an alloy 
consisting of eight parts copper and two parts tin. For the making of small bells 
and cymbals the bronze is of an even finer quality. 

For casting, the lowest grade of metal consists of copper and zinc in equal 
parts, or even six parts of zinc to four parts copper. The higher grade is known 
as “third-fire yellow brass” or “fourth-fire refined brass,” which contains seven 
parts copper to three parts zinc. 

Only pure copper can be used for the adulteration of silver, yet the two 
will not combine as soon as they are exposed to zinc, arsenic, or alum. When 

mixed with copper the color of silver will change at once from white to red; the 
two metals can be completely separated, however, by a refining process. 

SUPPLEMENT: ZINC 

Zinc [wo-ch’ien, lit. Japanese lead], a term of recent origin, does not 

appear in ancient books.” It is extracted from smithsonite, and is produced 
primarily in the T’ai-hang Mountains of Shansi, followed by Ching-chou [in 
Hupei] and Heng-chou [in Hunan]. Fill each earthen jar [retort] with ten catties 
of smithsonite, then seal tightly with mud, and let it dry slowly so as to prevent 

cracking when heated. Then pile a number of these jars in alternate layers with 

coal and charcoal briquettes, with kindling on the bottom layer for starting the 

fire [Figure 14.7]. When the jars become red-hot, the smithsonite will melt into 

a mass. When cooled, the jars are broken open and the substance thus obtained 

is zinc, with a twenty per cent loss in volume. This metal is easily burnt off by 

fire if not mixed with copper. Because it is similar to lead, yet more fierce in 

nature, it is called “Japanese lead.” 
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IRON 

This metal is found in iron mines. The ore rests lightly on the earth’s 

surface instead of in deep caverns and is found mostly in low rolling hills 

instead of high mountains. 
There are several kinds of iron ore, such as the lump and granular forms. 

The black “lump” ore [magnetite, FezO,] is found on the surface of the soil 

and has a shape resembling the weight of a steelyard. The lumps look like iron, 
but will disintegrate at the touch like a clod of earth. Those on the surface of 
the ground can be picked up for purposes of smelting and refining. [To get the 
ore beneath the earth surface] the earth is ploughed over after rain and the ore 

pieces lying several inches deep in the soil are picked up [Figure 14.8]. These 
pieces will increase with each ploughing and are inexhaustible [sic]. Large 
quantities of the lump ore are found in Kansu in the northwest and Ch’tian- 
chou in the southeast. On the other hand, granular ore [hematite, Fe2O3 

and/or limonite, 2Fe2Oz.3H2O] is found in large amounts in Tsun-hua near 

Peking and P’ing-yang in Shansi. Granular ore becomes observable when its 
earth coating is partly removed. When the ore is washed and smelted in a 
furnace, the resulting iron is the same as that processed from the lump ore. 

[Figure 14.9 shows the concentration of granular ore by washing.] 
There are two kinds of iron. One is pig iron, and the other, wrought iron. 

The former is the direct product of a [blast] furnace, while the latter is made 

from further treatment of pig iron. Steel is produced by refining a mixture of 
both pig and wrought iron. 

The furnace for smelting iron is built of a salt and mud mixture and is 
usually constructed against a hillside, or surrounded by a large wooden frame. 
Great care and much time must be spent on fashioning the salt mud [furnace 
wall], as the slightest crack in it will bring the whole work to failure. Each 
furnace has the capacity for some 2,000 catties of ore together with hard wood, 
coal, or charcoal, depending on the local condition in south or north China. 
Usually four or six men are required to work the bellows. When the ore melts 
and becomes iron, it flows out from a hole [i.e. iron notch] on the side of the 

furnace which has been sealed with mud until casting time. A complete day and 
night is divided into six equal periods, and one casting takes place in each 
period. The discharge hole in the furnace is sealed up again after each casting, 
and the smelting is resumed. 

If the pig iron is intended for casting purposes, the molten iron is dis- 
charged directly into pig beds molded in the form of long bars and round pieces. 
If it is intended for the making of wrought iron, the molten iron is run into a 
square ditch built a few inches below the furnace and a few feet away from it, 
surrounded by a low wall, where a few persons holding willow sticks and a 
certain amount of dry and finely screened earth stand ready. When the molten 
iron flows inio the square ditch, one man quickly throws the earthen material 
into the molten mass,” while the others vigorously stir it with the willow sticks,” 
and soon wrought iron is obtained [Figure 14.10]. Two or three inches of each 
willow stick will be burnt off at the end of an operation, so that new ones will 
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Figure 14-9. Concentrating iron ore by washing. 
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Figure 14-10. Smelting iron ore to make pig iron and wrought iron. Blast furnace at 

right and puddling pit at left. 

have to be used at the next turn. When the wrought iron is somewhat cooled 
[and becomes pasty] it is either cut into square blocks in the ditch, or lifted and 
hammered into round pieces before it is sent to market. This method, however, 
is not used in the refineries of Liu-yang [in Hunan]. 

For making steel, wrought iron is hammered into thin strips the width of a 
finger and about one and a half inches long. These strips are wound tightly into 
bundles, over which pig iron is placed (it is interesting to note that in south 
China pig iron is termed “pendulum-shaped raw steel”), and over the whole 
pile are placed worn-out straw sandals (with plenty of mud on them to prevent 
burning). Mud is also applied to the bottom of the pile after which the mixture 
is fired with bellows in a furnace. When the temperature is high enough, the pig 
iron melts first and gradually diffuses into the wrought iron. The uniformly 
mixed material is taken out for hammering. This process of melting and 
hammering is repeated many times [before steel is obtained]. It is customarily 
called “mixing the steel” or “dripping the steel.” ** In Japan some knives and 
swords are made of a fine steel that has been processed some one hundred 
times, so that if a sword is hung by the eaves in the sun [the reflection from] it 
will light up the entire room inside. But this steel is not made of the mixture of 
pig and wrought iron and is sometimes considered to be low grade. Some of the 
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barbarians [Japanese?] use “ground juice” for quenching the swords (“ground 
juice” is a kind of naphtha not produced in China) and claim that the steel so 
treated can cut jade. I have, however, never yet seen such a performance. 

If hard spots, known as “iron cores,” show up in the iron so that it can not 
be hammered properly, smear some sesame oil over them [while the iron is hot] 
and they will disappear. When iron occurs in the shady side [yin] of a moun- 
tain, lodestone can be found on the sunny side [yang], although there are 
several places where this is not so. 

TIN 

Tin is produced in many places in southwestern China, but in very few in 
the northeastern parts of the country. Tin is called ho in ancient books, because 
it was produced most abundantly in Lin-ho Commandery [in modern Kwang- 

si]. Eight-tenths of today’s tin supply comes from Nan-tan and Ho-ch’ih in 
Kwangsi, followed by Heng-chou and Yung-chou [both in Hunan]; large 
quantities are also produced in Ta-li and Ch’u-hsiung [in Yunnan], but these 

places are too remote and not easily accessible. 
There are two kinds of tin ore: mountain tin [tin stone deposits on 

hillsides] and stream tin [alluvial deposits]. Mountain tin includes two varieties, 

the “melon tin” and the “granular tin.” Melon tin is about the size of a small 
gourd, while granular tin is the size of beans. Both kinds are close to the earth 
surface and are therefore obtainable without deep underground mining. Some- 
times a tin ore vein in the ground becomes full, causing the hillside to collapse,”® 
so that people can freely pick up the exposed tin ore. Stream tin is produced in 
the rivers of Heng-chou, Yung-chou, and in the river at Nan-tan, Kwangsi. 

Stream tin is black and powdery, having the consistency of double-bolted flour. 
The inhabitants of Nan-tan recover the tin ore from the river by first working 
from the south northward, and then from the north southward alternately at 
ten-day intervals [Figure 14.11]. Panned in this way, the ore supply will 
continue without exhaustion. One day’s sluicing and smelting, however, will 

not yield more than one catty [of tin], which is not much considering the cost of 

the fuel. 
Mountain tin produced at Nan-tan is found in the shady side of the 

mountain there. As there is no water for concentration of the ore, some 

hundred lengths of bamboo are connected to form an aqueduct. Water is 
conducted here from the sunny side‘of the mountain and the gangue materials 

of the ore are washed away [Figure 14.12]. The concentrated ore is then 

smelted in a furnace. 
For smelting tin, a blast furnace is fed with several hundred catties each of 

tin ore and of charcoal in alternate layers. When the right temperature is 

reached and the ore does not melt immediately, a small amount of lead added 

to the mixture will induce it to flow out freely. Sometimes [instead of lead] the 

residual waste of tin refining is used for this purpose. The bottom of the furnace 
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is a horizontal basin covered with charcoal ash and porcelain fragments in 

which an iron pipe is placed that leads the molten tin to flow into a low 

receiving pit outside the furnace [Figure 14.13]. When it first comes out of the 
furnace, the metallic tin, being pure white in color, is very brittle and breaks 

into pieces when hammered. Some lead must be added to soften it, after which 
the tin [pewter] can be used for making utensils. If tin objects bought in the 

shops contain too much lead and purification is desired, these objects should 

be immersed in vinegar and let boil eight or nine times, thereby eliminating 

the lead. 
The process described above is the only way of producing tin. The 

magicians’ books mention obtaining “grass tin” from the grass Portulaca 
oleracea. This is nonsense. The notion that arsenic is the outcropping of tin is 

also erroneous. 

LEAD 

There are more lead-producing mines than there are copper or tin. Three 
kinds of lead can be distinguished: The first is derived from the ore of silver 
mines, with the lead enclosing the silver. A preliminary smelting will produce a 
lead-silver mass; with a further smelting the lead is isolated from the silver and 
sinks to the bottom [of the furnace]. This is called “silver-mine lead” and is 

found most abundantly in Yunnan. The second kind is derived from the ore of 
copper mines. When smelted in a furnace, the lead flows out first, followed by 
copper. This is called “copper-mine lead” and is produced mostly in Kwei- 
chow. 

The third kind is produced from the ore of lead mines. The miners dig 
tunnels into the hills and with the aid of oil lamps search for the ore veins. The 
path is usually twisted, as in silver mines. When the ore is washed and smelted, 
the lead so obtained is called “grass-joint lead,” and is produced in greatest 
quantity in such places as Chia-ting and Li-chou in Szechuan. 

Aside from these three, there is produced at Ya-chou [in western Sze- 
chuan] a pod-shaped, or tadpole-shaped ore, called “sinker lead,” which is 
found in mountain streams. Furthermore, many other kinds of lead ore are 
produced elsewhere, such as the “copper-mixed lead” of Shang-jao in Kuang- 
hsin prefecture and of Lo-p’ing in Jao prefecture [both in Kiangsi], and the 
yin-p’ing lead of Chien-chou [in Szechuan]. 

The “silver-mine lead” is obtained by smelting the so-called “bottom” [or 
the residual litharge of silver refining] in a furnace. The “grass-joint lead” is 
obtained by smelting the lead ore in a furnace, from the side of which is a pipe 
that lets the molten lead flow into a long and narrow earthen ditch. The product 
is commonly known as “carrying-pole lead” or “mined lead,” so as to differen- 
tiate it from the lead recovered from silver refining. 

The price of lead is low, yet it is an amazingly versatile metal. Out of lead 
is made white-lead powder and litharge. Silver is purified, and tin softened, with 
lead. 
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Figure 14-11. Recovering tin ore from the river at Nan-tan, Kwangsi. 
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Figure 14-12. Concentrating mountain tin ore by washing, Ho-ch’ih, Kwangsi. 
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Figure 14-13. Smelting tin ore with the addition of lead. 
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SUPPLEMENT 1: CERUSE 

To make white lead [2PbCO;.Pb(OH)2], melt one hundred catties of 

metallic lead and, after cooling, cut it into thin sheets which are rolled into 
small cylinders and put into a wooden vat. One bottle of vinegar is fixed in the 
middle of the vat, and another bottle is placed beneath the [perforated part of 
the] vat.’ The outside seams of the vat are sealed securely with salt-mud and 

paper. The temperature inside the vat is kept moderately warm for seven days 
by means of a small fire [lit. “a four-ounce fire”]. When the vat is opened at the 
end of the period, the lead sheets are covered with a frost-like white powder, 
which is brushed into a large water jar. The cylinders that have not turned into 
frost are returned to the wooden vat to undergo a further reaction and are 
scraped again after another seven days, [the process being repeated] until all 
the lead is gone. Whatever residue there is can be used as raw material in 
making litharge. 

[To make ceruse,] to every catty of white lead powder add two ounces of 
bean flour and four ounces of ground powder of oyster shells, and stir them in a 
jar of water. After decantation of the mixture, several layers of paper are 
placed over fine ashes that have been molded so that ditches run through them, 
and the powder sediments are spread on the paper. When the powder is nearly 
dry, the paste is cut into either tile-like slices or thick pieces. When these are 
completely dry they can be stored and marketed. This powder is also called 
Shao-powder, since in ancient times it was produced only in Ch’en-chou and 
Shao-chou [in Hunan and Kwangtung] (the commonly used term “ch’ao- 
powder” is not correct). Nowadays Shao-powder is made in all provinces. 

When ceruse is mixed with colors for painting, the white color always 
shows through; when used as a cosmetic powder by women, it will turn the 
natural complexion greenish-sallow. If put in a charcoal fire, ceruse will melt 
and be reconverted into lead—this is known as “all colors lead to blackness” 
[since the color of pure lead is bluish-gray]. 

SUPPLEMENT 2: LITHARGE 

The ingredients for making lead litharge are: ten ounces of native sulphur, 
one ounce of niter, and one catty of lead. Melt the lead first. While it is in the 
molten state, add some drops of vinegar, then add a piece of sulphur while the 
molten mass is steaming. Shortly afterward, a small bit of niter is added. When 
the steaming subsides, more vinegar is added and the process is repeated with 
the niter and sulphur being added little by little. Litharge is obtained when the 
mass turns into powder. If the residue left from making white lead is used as the 
raw material, the process then consists of roasting it with niter and alum 
without vinegar. 

To convert litharge back into lead, heat the former over a slow fire with a 
greenish-white liquid. The liquid is poured off when it turns yellow, and the rest 
is lead.” 
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NOTES 

1. The five metals are gold, silver, copper, iron, and tin; the term “five metals” is 

often used to denote metals in general. 

2. The earlist specimens of both gold and copper have been found in the excavations 
of the An-Yang ruins of Shang dynasty (ca. 1783-1122 B.c.). Much later, in the Tso 
Chronicles, a work written around the sixth century B.c., gold is rated as the highest of all 
metals. During the subsequent period of the Warring States (403-221 B.c.) there was a 
considerable growth of trade along with the emergence of a money economy; as gold 
began to assume importance in the market place, it was often mentioned as a measure of a 
man’s wealth. At this time a standard unit, the i, was employed to determine the weight of 
gold, one i consisting of 20 (sometimes 24) ounces. 

During the Former and Later Han dynasties (206 B.c—A.D. 220) gold, measured in 
catties, was widely used as currency. Large quantities were granted by the emperor to 
members of the aristocracy on special occasions. It was recorded that Wang Mang 
accumluated 5,000,000 ounces of gold during his reign (A.D. 9-23). As pointed out by 

Needham, some of the Chinese gold of this period probably came from Europe and 
Siberia. Writing in the first part of the seventeenth century, Ku Yen-wu, a contemporary 
of Master Sung, contrasts the abundance of gold during Han times with the lack of it 
in later ages, and blames the situation on the Buddhist custom of decorating temples and 
images with large amounts of gold. The value of gold relative to silver steadily increased 
during the Ming dynasty. In the fourteenth century, the exchange rate was 4:1, it went up 
to 7.5:1 in the early fifteenth century, and toward the beginning of the seventeenth 
century, about the time when T’ien-kung kai-wu was written it stood at 8:1. 

3. “Dog-head gold” was apparently large nuggets. 
4. The difference in color may be caused by the fact that crude gold bullion is far 

more contaminated by admixture with silver and white base metals. 
5. “Southern barbarians” probably refers to the inhabitants of the aboriginal regions 

in Kwangsi. 
6. Ling-piao lu is an abbreviated version of the T’ang dynasty work Ling-piao 

i-lu (Account of Unusual Matters in Ling-nan) by Liu Hsiin. 
7. Touchstone was described by Theophrastus in about 300 B.c. A touchstone must be 

completely black and free of sulphur. In testing gold that contains silver, or vice versa, the 
touchstone is first rubbed with the metal to be tested, and then with a few selected touch 
needles of known composition. By comparing the color and appearance of the streaks and 
finding the needle whose streak comes closest to that of the metal, the composition of the 
latter can be approximated. ; 

8. The process described herein is essentially a method of cementation, which was 

first described by Agatharcides in 113 B.c. and was probably in use as early as 700 B.c. 
9. The earliest written reference to silver is found in the Tso Chronicles. Silver was 

first used for coins during the reign of the Emperor Wu (140-87 B.c.) of the former Han 

dynasty, and there is evidence that the government issued silver currency during the Later 

Han period. It was not until the T’ang (618-907) and the Northern Sung (960-1127) 

dynasties, however, it was widely used as money. 
The production of silver in the Ming period was strictly controlled by the govern- 

ment. At the beginning of the dynasty, the use of silver and gold as currency was 

prohibited, but by the time the present work was written, the restrictions were no longer 

enforced owing to the depreciation of paper currency. Thus, from the middle of the 
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sixteenth century, silver was legal tender throughout the country. Mining and smelting, 

however, were supervised by officials, toward the last part of the dynasty generally 

eunuchs sent from the Court. The government usually received one-thirtieth to one- 

twentieth of the product as tax; mines were opened or closed at the direction of the 

government, often depending on whether or not the latter urgently needed the funds 

realized through the silver taxes. Laws against private mining and smelting were severe. In 

1438, for example, the penalty for illegal smelting of silver was death, and the families of 

the guilty were sent into exile. 

The locations of new silver mines were often arbitrarily chosen by the officials (eu- 

nuchs) in charge, whose primary concern was their own gain rather than the replenish- 

ment of the government treasury. If the mine proved to be unproductive, the required 

amount would then be made up by the wealthy families in the locality. These and 

similar abuses are recorded in many works and compilations, among them the History of 

Ming (Ming shih), chiian 81 

10. Chen-yuan was known in the T’ang dynasty as Yin-sheng fu, “Silver-producing 

Prefecture.” 
11. According to Chang Hung-chao, white copper was first recorded under the name 

wo in the Book of Poetry, a word dating back to the early part of the Chou dynasty (ca. 
1122-771 B.c.). The term “white copper,” however, was loosely used by the early Chinese 
to denote more than one kind of white metal, possibly including arsenic-copper, copper- 
nickel, and copper-zinc-nickel alloys. Arsenic-copper alloy was probably known to the 
Chinese in the Sung Dynasty (A.D. 960-1279), as indicated by the Ho Sui’s procedure for 
changing copper into cheap silver. Copper and arsenic in certain proportions yield an alloy 
of almost silver-white appearance, capable of a very high polish but only slightly ductile, 
so that it was probably used only in the cast condition. It is used very little in China 
nowadays. 

12. According to the Chinese scientist Wang Chin, the use of zinc in China can be 

roughly classified into four periods. First, from the Chou through the Sui dynasties (1122 
B.C.—A.D. 617), zinc was unintentionally introduced into cast coins as an impurity of lead 

and was not identified as a separate metal. Second, in the T’ang dynasty (a.D. 618-907), 
smithsonite was recognized as a zinc mineral and was purposely combined with copper to 
yield brass. A considerable amount of brass was produced at that time for making 
ornaments. Third, from Sung to early Ming (tenth to late fourteenth centuries), smith- 

sonite and/or brass were intentionally used for minting coins. Fourth, from the middle 
period of Ming through Ch’ing (ca. 1460-1911), smithsonite was converted into metallic 

zinc, which was in turn used for casting coins and making brass. 
13. From Joseph Hall’s “wet puddling” process for the manufacture of wrought iron, 

it can be inferred that the earthen materials, consisting largely of iron silicate rich in iron 
oxides, were employed not only to hasten oxidation but also to increase the yield of 
wrought iron. Silica is essential in all puddling as it combines with iron oxide to form a 
fusible oxide slag which permits the wrought iron to adhere in masses. 

14. The procedure was essentially a puddling process, with the square ditch serving 
as refining hearth. Through vigorous stirring with willow sticks, the different portions of 
the molten pig iron are brought to the surface and exposed to the air, thereby resulting in 
the oxidation of silicon, phosphorous, and carbon. The contact between air and molten 

iron is further facilitated by the fact that the willow sticks undergo destructive distillation, 
the resultant steam and gases producing a considerable bubbling or boiling action in the 
square ditch. 

15. The characteristic Chinese process of steelmaking was decarburization direct 
from cast iron, not the addition of carbon to pure iron. This method, known for many 

centuries as the “hundred refinings,” depended upon the discreet use of an oxidizing blast 
of cold air and developed side by side with the more drastic process of fining cast iron to 
wrought iron. The method seems to have been in full use from the second century B.c. 
on. 
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From the fifth century a.p., however, large quantities were made by the method 
described here. A reconstruction of the medieval Chinese process has yielded good 
eutectoid steel. 

16. “Collapse of the hillside” seems to be a description of natural erosion exposing 
outcroppings of harder tin ore (probably cassiterite). 

17. Tseng, the vat constructed on the principle of the double boiler, was originally 
used for steaming rice. The Tseng has seven holes on the bottom of its upper half; if a 
bottle of vinegar is placed beneath the perforated part, the interior is filled with acid 
vapors when the entire vat is heated. 

18. The greenish-white liquid is probably a reducing agent. 
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Figure 15-1. Straightening the shaft of an arrow (top) and determining the weight or 

pull of a bow (bottom). 
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Master Sung observes that the ancient sages would never use armed force 
unless it was absolutely necessary. The Miao people were still rebellious at the 
end of Emperor Shun’s fifty-year reign, [and had to be pacified by Emperor Yiti 
of the succeeding Hsia dynasty]. How would it be possible for any intelligent 
King and sacred emperor to exist without military power? Bows and arrows 
were traditionally used for controlling the country. The Taoists, having the 
ancient Emperor Ko-tien’s philosophy [of governing without force], state that 
life-taking weapons are implements of evil design. This was a word of caution. 
The technique of making firearms originated with the Western and Southern 
Barbarians and was later introduced into China proper. Since that time, many 
varieties of new firearms have been designed and manufactured, and today 
Chinese military leaders consider [the development of firearms] as the most 

important thing. Is this concept correct? This ingenious invention, however, 
would not have reached such an advanced state of development were it carried 
out by human endeavor alone. 

BOW AND ARROW 

The central body of a bow is made of bamboo and oxhorn. (The 
northeastern barbarians, having no bamboo, use pliable wood as a substitute.) 
The two ends of a bow are made of mulberry-twig wood. When unstrung, a 
bow curves in such a manner that the bamboo lies at the inside and the horn 
at the outside surface. When the bow is drawn, the positions of bamboo and 
horn are reversed. The bamboo part is a whole piece, while the horn part is 
made of two pieces joined together. The end of the mulberry-twig wood is 
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carved [into a nock] for receiving the string, while the body of the wood 

is mortised securely into the bifurcated bamboo. One side of the bamboo 

is made into a smooth surface for fastening the horn. 

The first thing to be done when making a bow is to prepare a flat strip of 

bamboo. (The bamboo should be felled in the autumn or winter, because it 

tends to decay and be spoiled by insects in the spring and summer.) The pre- 

pared bamboo strip, having a slightly narrow center and two relatively wide 

ends, is about two ch’ih long. One side is first coated with glue on which the 

horn is fastened, while the other side is covered with a layer of glue, and the 

whole thing reinforced by winding a sinew around it. The horn used here is 

made by joining the toothed ends of two pieces of oxhorn together. (This type 

of long oxhorn is not available to the northern barbarians, who have to use 

four pieces of sheephorn joined together to form a horn plate. In Kwangtung 

province, the horns of both water buffalo and yellow cattle are used by the bow 

maker.) The horn plate of a bow is strengthened by covering it with ox sinew 

and glue, and the coating of glue is in turn covered by birch bark, which is soft 

and resilient, and gives the name “warm grasp” to the bow. 

The birch [Betula japonica] tree, known as hua in China, is found chiefly 

in Liao-yang in Manchuria, but is also found in abundance in the Tsun- 

hua district [of Hopei province] in north China, as well as in the Lin-t’ao 

commandery [of Kansu province] in west China. The birch tree also grows in 
Fukien, Kwangtung, and Chekiang provinces. Birch bark, being soft as cotton, 
is used to cover the handgrips of bows. Birch bark is also used for covering the 
hilts of knives and the poles of spears. The extremely thin variety of bark is 
employed as the inside lining of knife scabbards and sword sheaths. 

The sinew taken from the spine of an ox is rectangular in shape and 
weighs about thirty ounces. After an ox is killed, this sinew is first dried in the 
sun, then soaked and softened in water, and finally separated into flax-like 
fibres. The resulting sinew fibres are twisted into bow strings by the northern 
barbarians, because of their lack of silk fibres. In China proper, however, the 

sinew fibres are used for protecting and reinforcing the body of bows. The fibre 
is also made into cords for bowing cotton. 

Glue is made from the bladders and intestines of fish. The boiling [of 
bladders and intestines in water for the manufacture of glue] is largely carried 
out at Ning-kuo commandery [in modern Anhui province]. In Chekiang, where 
the Seiaena schlegeli fish is obtained from the East sea, the bladder that remains 
from the making of dried salt fish is converted into glue, which is stronger than 
any kind of metal or iron. The northern barbarians also manufacture a glue by 
boiling sea-fish bladders [in water]. This glue is as strong as the Chinese 
products, though it differs from the latter in [chemical and physical] properties. 
It is not a mere coincidence that these raw materials are created by Heaven, 
since the lack of one of them will prevent the making of a good bow. 

The newly made crude-bow is placed on the rafters or a shelf in a room 
and is dried slowly from underneath by a constant fire on the floor. The drying 
period varies from a minimum of ten days to a maximum of two months. The 
completely dried bow, being taken out of the room, is first polished, and then 
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reinforced with ox sinew, glue, and Chinese wood lacquer to result in the best 
product. If the bow manufacturer cannot wait for such a long period of drying, 
[the residual moisture] will cause the finished product to deteriorate at a later 
date. 

Silk filaments from worms fed on the leaves of thorny trees [che trees] are 

used for the making of bow strings, because they are stronger and tougher than 
[mulberry silk]. To make a string, a silk thread is tightly wound around a core 
of more than twenty silk threads in three sections of more than seven ts’un each 
in length, leaving two gaps each about 0.1 to 0.2 ts’un long. Such a cord can be 
folded into thirds when the bow is not strung. In the past, the northern 
barbarians used ox sinews for making all their bow strings, which could be 
easily spoiled by rain and fog. Therefore, they generally avoided war with 
China during the summer season. Nowadays, however, silk bow strings are also 
widely used by the northern barbarians. Bow strings may be coated with yellow 
wax, although it is not absolutely necessary. 

The nock at each end of a bow for receiving the string is covered with a 
piece of extremely thick ox leather or soft wood. This covering material, called 
cushion, serves the same purpose as the pegs of a lute. When the string is drawn 
and snapped back to its original position, a tremendous force is developed 
toward the inside surface of the bow. The bow is protected from such a 
destructive force [by covering the nock at its two ends with a shock-absorbing 
cushion], otherwise it will be damaged. 

Bows of various weights or pulls are made to suit the strength of indi- 
vidual archers. A bow of 120-catty pull is for the strong bowman, while the still 
heavier bows are for the very few people who have the “tiger’s strength.” The 
bow for the average bowman is 10 to 20 per cent less in pull than the 
120-catty one, and that for the weak bowman is 50 per cent less. In spite of 
differences in pull, all these bows, when fully drawn, can propel arrows to hit a 
target. On the battle front, however, the strong archers are needed for the 
piercing of human chests and thin wooden shields. The weak archers are 
esteemed for the good marksmanship of hitting a bull’s eye or a willow leaf, thus 
conquering through skill instead of main force. To determine the pull of a bow, 
the maker steps on the bowstring and presses it down toward the ground. The 
centural part of the bow is hung on the hook of a steelyard, and the force 
applied for a maximum bending of the bowstring, known as weight or pull, is 
measured by balancing the weight suspended on the marked beam of the 
steelyard. [See the lower diagram of Figure 15.1.] In its crude form, a bow for 
the strong archer consists of roughly 7 ounces of horn and bamboo as well as 

0.8 ounces of sinew, glue, and silk thread. The weight of these materials is 10 

to 20 per cent less in a bow for the average archer, and 20 to 30 per cent less 

for the weak archer. 
To preserve a finished bow, mildew and moisture must be avoided by all 

means. (The mildew season starts first in the south and then moves north. It 

begins roughly at “grain-rains” time [ca. April 20] south of the Mei Range, at 

“srain-filling” time [ca. May 21] south of the Yangtze River, in June north of 

the Yangtze River, and in July in Hopei and Shantung provinces. No place, 
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however, can surpass Huai-an and Yangchow [both in Kiangsu province] as the 

most mildew-inducing spots in the land.) To protect bows from mildew, 

drying ovens or boxes, each heated underneath with a charcoal fire, are usually 
set up in the homes of military officers. (This drying device is used to cope with 
not only the early summer mildew, but also the spring dew and the autumn 
rain.) A drying oven is too expensive for the soldier, who places his bow above 
the cooking stove. Any negligence in this drying procedure will cause the bow 
to disintegrate. (In recent years, the southern provinces have been ordered not 
only to manufacture bows, but also to send them to the north. On the arrival of 
the bows in north China, a great number of them have been rejected. This is 
caused by the rapid deterioration of bows in the absence of fire, but no official 
has offered to explain this to the central government in Peking.) 

The raw material used for making arrow shafts varies with geographical 
location. Bamboo is employed in south China, willow in north China, and birch 

in the land of the Northern Barbarians. The arrow shaft is about two feet in 
length, while the arrowhead is roughly one inch long. A bamboo arrow is 
manufactured by gluing three or four bamboo strips together, which are sub- 
sequently trimmed and polished with the aid of a knife into a perfectly smooth 
shaft. After its two ends are wound with silk threads and painted with lac- 
quer, the shaft is known as san-pu-ch’i or “three unevennesses.” The so-called 
“arrow bamboo,” grown in Chekiang and Kwangtung provinces, can be 
trimmed directly into a shaft without the trouble of preparing and gluing 
bamboo strips. A minimum amount of peeling and cutting is needed for 
making shafts from the straight twigs of willow and birch trees. A bamboo 
shaft, being naturally straight, does not need to be straightened. In contrast, a 
wooden shaft, tending to curve when dry, must be straightened during the 
manufacturing process by drawing the shaft through the straight groove. [This 
groove is] carved in a section of wood several inches long, which is known as an 

“arrow straightener.” [See the upper diagram of Figure 15.1.] During this 
treatment, both ends of the shaft are shaped to their proper size. The butt of a 
shaft is grooved to fit securely on the bow string, while an arrowhead is 
mounted on the upper end. 

Arrowheads are made of iron. (The flint arrowheads, mentioned in an 

ancient book, Tributes of Yii, are local products of no practical value.) The 

Northern Barbarians make their arrowheads in the shape of a peach-leaf 
spearpoint; the Li tribesmen of Kwangtung make theirs like flat blades; and in 
China Proper the arrowhead resembles a three-edged awl. A whistling arrow is 
equipped with a hollow-centered wooden whistle approximately one inch long. 
When the arrow is in propulsion, air is forced into the whistle and produces a 
shrill sound. Such an arrow, referred to by the famous Taoist philosopher 
Chuang-tzu [ca. 300 B.c.] as Hao-shih or “whirring dart,” [was used by 
ancient Chinese armies and bandits as a signal to begin the attack.] 

The trajectory and speed of a traveling arrow are controlled by its tail fin 
of three feathers, which are glued around the butt end of the arrow shaft. 
(Mildew and moisture also cause this glue to deteriorate. Diligent officers and 
soldiers periodically dry their arrows with fire.) The best arrow-feathers are 
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taken from the wings of an eagle. (Having a long tail and two short wings, an 
eagle is similar to, but larger than, a falcon.) The feathers from a horned falcon 
or hawk are next best, while feathers from owls and sparrow hawks are still 
lower in grade. It is difficult for the arrow makers of south China to obtain 
falcons and hawks, much less eagles; they therefore use the feathers of wild 
geese and even those of wild swans as tail fins for the urgently needed arrows. 
An eagle-feather finned arrow, having the ability to resist a gust of wind, not 
only travels faster than a falcon-feather finned arrow, but also reaches its true 
position after only ten paces of traveling. Most of the Northern Barbarian’s 
arrows are finned with eagle feathers. In comparison, even the best made 
falcon-feather arrow may still waver slightly in the wind. Arrows with the 
feathers of wild geese and wild swans are difficult to control in their discharge 
from the bow and tend to travel astray in the wind. For these reasons, arrows 
made in the south are inferior to their counterparts in the north. 

HAND CROSSBOW 

The hand crossbow is a weapon for defending army camps, but not for 
fighting at the battle fronts. The crosswise bow and the lengthwise stock of a 
hand crossbow are called wing and body, respectively. The gear or lock 
attached to the stock for drawing and releasing the bow string is known as the 
trigger mechanism. Wood is used for making the stock, [which is] approxi- 
mately two feet long. The upper end of the stock, having a cavity exactly 0.1 
inch below its lengthwise front surface, is fastened transversely to [the central 
body of] a bow. (A slightly thicker partition between the cavity and the front 
surface of the stock would hinder the movement of the bow string.) On the 
other hand, there is no dimensional specification for the partition between the 
cavity and the back surface of the stock. A straight, shallow groove is carved 
into the front surface of the stock for supporting the arrow. 

When the body of the crosswise bow is made from a highly resilient wood, 
it is known as pien-tan or “a coolie’s carrying-pole” on account of its great 
strength. Another way of making the bow body is to reinforce the lower surface 
of an ordinary wood strip with several layers of laminated bamboo. (These 
plied bamboo plates decrease gradually in length with their increasing distance 
from the wood.) The resultant hand crossbows are designated as three-ply, 
five-ply, and the maximum, seven-ply [see Figure 15.2]. 

[While the arrow is being fitted and aim taken], the bow string must be 

held under tension by a tooth-like crossbow lock, which is fastened securely to 
a carved slot in the lower part of the stock. The lock is free to turn when its 
attached trigger is raised, thus releasing the bow string. The necessary force for 
drawing a bow string depends entirely on the strength of the bow. A strong 
archer is able to pull the string of a stout hand crossbow by holding the bow 
body to the ground with one foot. This [action] is termed in the History of the 

Former Han as chiieh-chang. The arrow propelled from such a powerful bow 
travels at the highest speed. 
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Figure 15-2. Hand crossbow. 

266 



WEAPONS 

The bow string is made with a ramie cord as the core, which is then wound 
with goose feathers and covered with yellow wax. Such a string is taut only 
when it is attached to a bow body and becomes slack again after being detached 
from the bow. [It can be inferred, therefore, that the interstices between the 
loosely connected threads of] the ramie cord are capable of receiving both the 
head and tail of the inserted goose feathers. [This passage is rather unclear. The 
bow string may have been merely sheathed in quills to keep it dry—trans.] 

Arrow tail fins are prepared by inserting bamboo leaves into a split arrow 
stem which is subsequently wound with [silk threads]. In making poison arrows 

for shooting wild beasts, the tubers of wild aconitum are boiled in water. The 
resulting liquid, being highly viscous and poisonous, is smeared on the sharp 
edges of arrowheads. These treated arrowheads are effective in the quick killing 
of both human beings and animals, even though the victim may shed only a 
trace of blood. 

Compared with the more than 200-pace traveling range of the arrow from 
a strong bow, the arrow from the strongest hand crossbow is powerful only 
within fifty paces and will fail to penetrate a piece of pongee at one foot beyond 
this limit. On the other hand, the crossbow arrow travels ten times as fast and 

penetrates twice as deep as the bow arrow. Weapons of the present [Ming] 
dynasty, such as the mighty-arm crossbow [shen-pi nu] and the vanquisher 
crossbow (k’o-ti nu), are able to discharge simultaneously two or three arrows. 
Another weapon, called Chu-ko crossbow, distinguishes itself by having a 
straight trough on the front end of the stock for holding ten arrows. [See the 
lower diagram of Figure 15.2.] The crosswise bow body is made of a highly 
elastic wood, while the stock is equipped with a wooden mechanical con- 
trivance. [Like the goat’s-foot lever used in Europe,] this contrivance is raised 
by hand to pull the bow string onto the crossbow lock. [The drawn string is 
subsequently released] to send forth an arrow, which leaves an empty spot on 
the stock that is occupied immediately by another arrow which has descended 
from the trough. To discharge this newly placed arrow, the bow string is again 
pulled by raising the mechanical contrivance, and then released. In spite of its 
ingenious design and highly skilled construction, the Chu-ko crossbow has a 
very weak projectile force, as demonstrated by its short range of slightly more 
than twenty paces. For this reason, it is used only to ward off burglars, not as 

a military weapon. 
The concealed crossbow (wo nu) is used by the mountain people for 

hunting and is placed in key areas frequented by wild beasts. With its trigger 
mechanism attached to a pulling cord, the crossbow is hidden beside a track, 

and the arrow is discharged as animals appear within shooting range. The re- 

sult of such an operation, however, is limited to the killing of only one animal. 

SHIELDS 

The shield and the spear were the oldest known weapons, which the 

ancient Chinese paired together in their references to them. The use of the 
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shield was greatly increased at a later time, since each infantryman and cavalry- 

man held a short sword in the right hand, and in the left hand a shield to ward 

off arrows. In contrast, in ancient chariot warfare, a warrior, with both hands 

holding a spear, halberd, or lance, had no time to handle a shield, and was 

protected from arrows by the special shieldman on his chariot. The shield is not 

more than three feet long, with its upper inside surface attached to a woven 

willow loop one foot in diameter. The shield’s triangularly shaped top has a five- 

inch-high apex in the center, while its bottom is fastened to a bamboo pole that 

serves as a handle. A medium-sized shield, known as tun, or buckler, is used by 

the foot soldier to ward off arrows and halberds. It is commonly called 

p’ang-p’ai. 

MATERIALS FOR MAKING 
GUNPOWDER AND INCENDIARY WEAPONS 

At present, gunpowder and firearms are widely discussed by every person 
who aspires to become an official, and they are the subjects of books written for 
presentation to the throne. These books * are not necessarily based on experi- 
mental results. Nonetheless, I include a few pages of rough description. 
Gunpowder is manufactured by using saltpeter and sulphur as the principal, and 
the ash [charcoal] of grass and wood as the auxiliary, components.’ It is 
believed that saltpeter and sulphur are respectively negative and positive in 
character. A combination of the positive (yang) and the negative (yin) forms 
gunpowder. [The fire and shock waves resulting from] the explosion of gun- 
powder out of a compact space will blast nearby persons and things into total 
destruction. Saltpeter is an upward projecting agent. The gunpowder used for 
straight shooting, therefore, is composed of 90 per cent saltpeter and 10 per 
cent sulphur. In comparison, sulphur is a lateral blasting agent. The gunpowder 
employed for making mines and bombs consists of 70 per cent saltpeter and 30 
per cent sulphur. Ash, being the auxiliary component of ginpowder, is pro- 
duced by burning the wood of willow, pine, or birch root, bamboo leaves, holly- 
hocks, bamboo roots, or egg-plant stalks. Of these plants, bamboo leaf is the 
most fiery. 

To wage pyrochemical warfare, various types of incendiaries are used to 
produce “poisonous fire,” “divine fire,” “magical fire,” “scorching fire,” and 
“spraying fire.” The incendiary for “poisonous fire” consists of white arsenic 
and sal ammoniac [NHC] as the principal components, and the subsidiary 
ingredients of “gold juice” (chin-chih), “silver rust” (yin-hsiu), and human 

manure. The incendiary for the “divine fire” is composed chiefly of cinnabar 
[HgS], orpiment [As2S3], and realgar [As.S2]. The incendiary for “scorching 

fire” is prepared from a mixture of borax, porcelain powder, Gleditschia 
japonica (ya-tsao), and Xanthoxylum piperitum (ch’in-chiao) . The incendiary 

for “fiying fire” is manufactured from a mixture of cinnabar, orpiment, calomel 
(ch’ing-fen), Aconitum (ts’ao-wu), and Croton tiglium (pa-tou). For attack- 

ing a fort with fire, the incendiary is a mixture of r’ung oil and rosin. The above 
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is a brief summary of incendiary weapons. Some people claim that the smoke of 
burning wolf dung, being black in daylight and red at night, rises straight into 
the air, and that the ash of a river whale can be inflamed by wind. These two 
materials, however, must be tested before a detailed description of their pyro- 
chemical properties can be made. 

SALTPETER 

Saltpeter, known also as niter, is found not only in China but also in the 
barbarian countries. The Chinese saltpeter industry is located in the northwest- 
ern part of the country. If a trader from southeastern China fails to pay for the 
Official certificate that permits him to deal in saltpeter, he is judged guilty of 
illegal trading. Saltpeter and salt are derived from the same source. The 
formation of saltpeter crusts on soil is attributed to the efflorescence of the 
underground nitric salts in dry weather [through the capillary action of the 
soil]. When the surface soil is thin and adjacent to water, the effloresced 

product is salt. In contrast, saltpeter is formed on the thick surface soil 
adjoining mountains. Saltpeter derives its name hs’iao [to dissolve] from being 
highly soluble in water. 

After the eighth full moon of the lunar calendar, people north of the 
Yangtze River and the Haui River could sweep their earthen floor every other 
day and obtain small amounts of saltpeter earth, which may be used in the 
subsequent extraction. Most of the Chinese saltpeter is produced in three 
provinces. The crude saltpeter from Szechuan is known as ch’uan hsiao, from 
Shansi as yen-hsiao or saltpeter salt, and from Shantung as t’u-hsiao or salt- 
peter earth. When the crude saltpeter is swept up from the earth (and occa- 
sionally from the wall), it is put into a jar to be soaked in water for one night. 
After the floating impurities are skimmed off, the mixture is poured into a large 
pot. More water is then added and boiled until the niter is completely dissolved. 
As soon as the solution is sufficiently concentrated, it is transferred into another 
vessel in which saltpeter crystallizes out overnight. The crystals floating on the 
top are called mang-hsiao or “wheat-beard” niter; and the longer crystals, 
ma-ya-hsiao or “horse-teeth” niter. (These are the extracted essence of the 
locally produced crude saltpeter.) The impure crystals in the lower part of the 

crystallizing vessel are known as p’u-hsiao. If purification is desired, the 

mixture is again dissolved in water and boiled with the addition of a few 

turnips. This is then poured into a basin and let stand overnight for recrystalli- 

zation. The resulting crystals are as white as snow and are called p’en-hsiao or 

“basin” niter. 
Both “horse-teeth” niter and “basin” niter may be used for making 

gunpowder. Before use, however, the niter should be roasted either on a piece 

of newly made tile or in an earthen pot, depending upon the amount to be 

roasted, The resulting dry niter is ground in a stone mortar, but not with an iron 

roller, because any spark produced accidently by the latter could start a 

catastrophic explosion. The niter powder is mixed with a predetermined 
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amount of sulphur, in accordance with the kind of gunpowder to be prepared, 
and ground again. Ash is added to the mixture at the last. 

On account of the hygroscopic property of the roasted niter, a new 
shipment of freshly prepared gunpowder should be used in large cannons. 

SULPHUR (See Chapter 11, Calcination of Stones, for details.) 

The explosive property of gunpowder is the result of the mixing of sulphur 
with saltpeter. The exportation of sulphur from China to the Northern Barbari- 
ans’ country is strictly prohibited, since the latter is rich in saltpeter but poor in 
sulphur. In the firing of a cannon, the fuse is made by mixing saltpeter with 
charcoal but not with sulphur. The addition of sulphur prevents the fuse from 
burning through the ignition-nipple of a cannon. It is difficult to crush sulphur 
with a roller. A mixture of one ounce of sulphur and 0.1 ounce of saltpeter, 
however, can be easily rolled into fine powder. 

FIREARMS 

The occidental cannon ° (hsi-yang p’ao), being spherical in shape like a 
copper drum, is cast of wrought copper. When it is fired, men and horses within 
half a li are shocked to death. (The cannon is equipped with a mechanical 
contrivance [probably some sort of carriage] that enables it to travel on level 
ground, stopping when a ditch is encountered. Immediately after the fuse is 
lighted, the operator must run back and jump into a deep hole, because his life 
can be saved only when the cannon is fired on a high spot.) 

The red-barbarian cannon (hung-yi p’ao), being cast of iron and about 
ten feet long, is used for the defense of cities. It is packed with several bushels 
of gunpowder and an iron ball. Upon firing, the iroa ball is projected over a 
distance of two li, so as to pulverize any substance in its path. When its 
gunpowder is ignited by a fuse, the cannon is drawn back by a 1,000-catty 
recoiling force. This is remedied by anchoring the cannon against a wall, which 

is apt to be crumbled. 
[Some of the commonly used cannons and guns are as follows:] “Great 

commander” or ta chiang-chiin; “second commander” or erh chiang-chiin 

(actually a smaller sized red-barbarian cannon; however, it is considered in 

China as large artillery) ; Portuguese calivers or Feringi or fo-lang-chi,* (being 

used on board warships); “three-barrel pistol” or san-yen-ch’ung; and 

“string-of-100-bullets cannon,” po-tzu lien-chu-p’ao. [See Figures 15.3 and 

15.4. 
8 land mine [Figure 15.5] is buried in the ground. After its fuse is 

lighted by an inflamed tinder kept in a bamboo tube, the mine explodes to 

result in an upward blast. The land mine used for lateral blasting is made by 

increasing the proportion of sulphur in the gunpowder. (The mine’s fuse is 

made of fan-yu [possibly bitumen or asphalt], while the cannon’s muzzle is 

covered with a basin.) 
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Figure 15-4. The divine-fire-ball (right-hand top), the divine-frightening cannon (right- 

hand bottom), the meteorite or shooting-stars cannon (left-hand top), and the nine-arrow- 

heart-piercing cannon (left-hand bottom). 

The [stationary] submarine mine, known as hun-chiang-lung, is made by 
covering a cannon [which has been affixed to a plank of wood] with a lacquer- 
painted leather bag. It is sunk to the water bottom [by attaching two stones to 
the plank, as shown in Figure 15.6]. The trigger of a suspended flint-and- 
sickle inflaming device [probably a sort of flintlock] in the leather bag is 
connected with a rope leading to the shore. When the rope is pulled, the trigger 
is automatically released and thus is a passing enemy ship destroyed. In spite of 
its effectiveness, however, it is still a clumsy firearm. 

The bird pistol,’ called niao ch’ung is about three feet long [as shown in 
Figure 15.7]. An iron barrel containing gunpowder is inserted into a wooden 
stock, which can be conveniently held by hand. The barrel is made by hammer- 
ing separately three pieces of red-hot iron, each wrapped around a chop- 
stick size cold iron bar. The three resulting iron tubes are combined into a 
crude barrel through the heating and pressing together of their adjoining ends. 
The muzzle of the barrel is polished with a four-edged steel reamer, of the size 
of an ox gristle, so as to obtain an extremely smooth finish. This is necessary for 
the free discharging of pellets. The stock end of the barrel, containing gun- 
powder and pellets, is larger in diameter than the discharging end [i.e. choke]. 
Each pistol is loaded with 0.12 ounce of gunpowder and 0.2 ounce of lead and 
iron pellets. A lighted hemp wick instead of fuse is used to fire the pistol, (even 
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Figure 15-5. A land mine. 
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Figure 15-6. A submarine mine (Hun-chiang-lung). 
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Figure 15-7. The tird pistol (niao ch’ung). 
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Figure 15-8. The killer-of-myriads (Wan-jen ti). 

though a fuse is still employed in south China). To fire at an enemy, the shooter 
holds a pistol in his left hand, and uses his right hand to pull [the trigger of] the 
gun-lock, which brings the lighted hemp to the top end of the nipple orifice 
filled with gunpowder. The pellets thus projected will shatter birds into pieces 
within a distance of 30 paces, kill them without tearing their bodies at more 
than 50 paces, and are extremely weak at 100 paces. In comparison, the pellets 
discharged from a bird gun, called niao ch’iang, can travel more than 200 
paces. The bird rifle or gun is longer and contains more gunpowder than the 
bird pistol, even through they are similar in shape and construction. 

The “killer-of-myriads” or wan-jen-ti is a toxic incendiary bomb for 
fighting enemies from the top of a garrison wall. It is conveniently used [in the 
present dynasty] to defend the remotely located small cities, in which the 
cannons are either weak in firing power or too heavy and clumsy to be effective 
weapons. The sulphur and saltpeter in a killer-of-myriads are ignited to project 
incendiary flame and toxic smoke in all directions, thus killing many men and 
horses instantly. The killer-of-myriads is made of a dried hollow sphere of clay 
[Figure 15.8], which is filled with a mixture of sulphur-saltpeter gunpowder, 
poisonous firepowder, and divine firepowder through a small hole in the sphere. 
The relative proportion of these three powders can be varied by the manufac- 
turer. After the sphere is affixed with a fuse, it [the sphere] is enclosed in a 

wooden frame to prevent any breakage in the fall from wall to ground. Another 
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method of making the killer-of-myriads is to coat the inside surface of a 
wooden barrel with clay paste [and to fill the inner space with the above 
powders]. 

When a city is being attacked by the enemy, the defender on the city wall 
lights the fuse of a killer-of-myriads, and throws it downward to the ground. 
Incendiary flames and toxic smoke are projected from the small hole of the 
ignited bomb, which rotates in eight directions. When the bomb rotates toward 
the city, its flame and smoke are screened by the city wall from hurting the 
defenders. When it rotates outward, however, the enemy and their horses are 
both destroyed. This is the best weapon for city defense. The time required for 
a manufacturer to learn the nature of gunpowder and the method of making 
weapons is usually less than ten years, depending upon his intelligence. Those 
who are in charge of defense work must consider this point carefully. 

NOTES 

1. Four should be mentioned: Wu-pei chih (Treatise on Weapons and Military 

Equipment) by Mao Yuan-i; Teng-t’an pi-chiu (Necessary Knowledge for a Military 

Commander) by Wang Ming-ho; Chiin-ch’i t'u-shuo (An Illustrated Guide to Weapons) 

by Pi Mou-kang; and Wu-pien (Manual of Weapons) by T’ang Ching-ch’uan. The first 

two, dealing chiefly with the technical aspects of military pyrotecnics, are particularly 

intéresting. 
2. If the date A.D. 1044 attributed to the original edition of the Wu-ching tsung- 

yao is correct, mixtures containing saltpeter, sulphur and charcoal, usually with other 

ingredients such as oils, vegetable matter, arsenic compounds etc., were known at that 

time. These were generally deflagrating mixtures, and some were explosive, though 

probably not as powerful as modern gunpowder. True gunpowder, of more or less modern 

composition, was known in the later part of the Mongol Yuan dynasty (A.D. 1260-1368), 

at which time it was also known in Europe. It is uncertain whether it was developed by the 

Chinese or Mongols. ; 

3. Wei Sheng (died 1164), a gallant leader of the Southern Sung armies, launched 

“fre stones” to a distance of 200 paces. In the manufacture of his “fire drug” or 

gunpowder, niter, sulphur, and willow charcoal were employed. When the Mongols laid 

siege to the city of Kaifeng in 1232, the defender terrified them by means of a 

“heaven-quaking thunderer” (chen-tien-lei). This instrument is described in Wu-pei chih 

as an iron tube or vessel filled with a drug. When fired, the device gave forth a sound like 

that of thunder and could be heard beyond the distance of 100 li (about 33 miles). No 
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armor could withstand its shock. This was probably a metal bomb, and it was not until 
some years later that primitive cannon appeared in China. 

4. “Portuguese calivers” were on board Portuguese ships that visited Canton in A.D. 
1517. Through some confusion of terms, the guns received the name of fo-lang-chi, 
meaning Franks or Frankish, which was probably the name given to the Portuguese 
themselves by their Arab or Malay interpreters. 

5. The Chinese bird pistol or bird-beak gun was probably introduced to the Chinese 
by the Japanese, who in turn derived their knowledge from the Portuguese seafarers, 

according to Davis and Ware. Lang Ying, a writer of the sixteenth century, says in his 
Ch’i-hsiu lei-kao that: “As regards the bird mouth (bird-beak) wood guns, the Japanese 
invaded Chekiang (in 1522) during the reign of Kia Tsing [i.e. Chia-ching], and on some 
of their number being taken prisoner, their weapons were obtained and the prisoners made 
to give instruction in the method of manufacturing them.” Mayers suggests that the term 
bird-mouth, niao-tsui, probably refers to the bell-shaped muzzle of the early blunderbuss, 
but may perhaps be the origin of the term niao-ch’iang or bird gun, which now applies to 
muskets of all sorts. Davis and Ware believe that the term “bird-beak” refers to the shape 
of the lock, possibly a flintlock. It seems, however, that a matchlock instead of a flint type 

is described in the present book. And a shotgun would automatically be called a “bird 
gun.” 
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16 

VERMILION 
AND INK 

Is there anything in the world, queries Master Sung, to excel learning and 
writing? The red-hot fire is the source of the deepest black [i.e. lampblack for 
making ink] and the whiteness of mercury can be metamorphosed into the 

reddest vermilion: such are the unfathomable wonders of Creation! Then, in 

the proper functioning of the government, the [emperor’s] vermilion rescripts 
are applied to documents of state, [written] in ink, hence law and order are 

proclaimed across the land; while in myriads of ink-printed volumes, vermilion 
is used [to punctuate and comment], and so the truth of the universe is 

clarified.* These are the treasures that belong to a study where there is no room 

for such things as pearls and gems. 
As to the painters, who re-create Nature in their work, they use every kind 

of color—some are used in their natural state, others are mixtures of different 

elements. In all, these represent the changes that occur through invoking the 
water and fire essences in Nature. How can this be possible without the aid of 

forces divine? 2 

VERMILION 

Cinnabar, mercury, and vermilion are essentially the same material and 

differ from each other only in grade, grain size, [and method of preparation]. 

The best cinnabar ore, which is produced in Ch’en-chou fin Hunan], Chin- 

chou (now called Ma-yang [Hunan]), and western Szechuan, contains mer- 

cury yet is not used for making the latter. This high-quality ore, which is used in 
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polishing arrowheads, mirrors and the like, fetches a price three times higher 

than that of mercury; its sublimation into mercury will only result in reduction 

of the amount to be gained. It is therefore sold as pure cinnabar, while mercury 

is distilled only from cinnabar ore of a lower grade. Mercury, in turn, can be 

converted into vermilion. 

Top-grade cinnabar ore is reached after digging some 100 feet below the 

earth surface. The first appearance of its seam has the look of white stones, 
which are called cinnabar bed. Some ore pieces close to the bed are the size of 
hen’s eggs. Low-grade ore that is not used medicinally, but only in powdered 

form as a painter’s color or for the production of mercury, is not necessarily 
surrounded by a bed of white stones. It is obtainable only a few dozen feet 
beneath the earth surface, the bed occasionally being mixed with dark or yellow 
stones, or sand. When the seam is filled with cinnabar, there will be cracks in 

the surrounding stone or sand formations. This kind of ore is produced mostly 
in Ssu-yin and T’ung-jen in Kweichou province, but is also found in Shan- 
chou and Ch’in-chou [in Shensi and Kansu, respectively]. 

When the mined ore is low-grade and whitish in color [because of its 

gangue minerals], it is used exclusively for making mercury, but is not pulver- 
ized into vermilion. If, however, the ore shows a glittering red substance though 
the color is principally white, it is placed in a large iron trough, where it is 
pulverized into fine powder by a roller. The ground ore is transferred into a 
large jar and mixed with water for hydraulic classification. [After settling] for 
three days and nights, the substance that floats on the top of the water is poured 
off into another jar and called “second-grade vermilion,” while the part that 
sinks to the bottom is dried and called “first-grade vermilion” [Figure 16.1]. 

For the sublimation and condensation of mercury, either the white low- 
grade cinnabar ore or the “second-grade vermilion” obtained from the top of 
the water jar is used. The [ore is] moistened with water and made into large 

rolls which are put into pots at thirty catties per pot. Thirty catties of charcoal 
are used under each pot as fuel. When the ore is ready for distillation, the pot 
is covered with another, [which is inverted], a hole having been opened in the 

middle. Around the sides, salted mud is used to seal up the seams. A curved 
iron distilling tube, securely wound with hemp strings and plastered with salted 
mud, is attached to this upper pot. When the fire is lighted, one end of the tube 
is inserted into the pot through the opening (the place of insertion is also tightly 
sealed), while the other end is placed into a medium-sized [earthenware] jar 

filled with two bottles of water. The vapors and gases rising from the pot are 
conducted through the tube to the water, where they are stopped [Figure 16.2]. 
After ten hours of heating, the ore is converted to mercury and spread over the 
pot. It is swept off after cooling for one day. This is a most mysterious process 
of Heaven * (there is an unreasonable commentary in the Materia Medica [in 
connection with the distillation of mercury], that a hole is to be dug in the 
ground into which should be placed a bowl filled with water). 

Vermilion is obtained through the conversion of mercury [into mercuric 
sulfide, HgS, with the aid of sulphur], hence it is termed “mercuric red.” Either 
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Figure 16—1. Grindir.g and hydraulic classification of mercury ore. 
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Figure 16-2. Sublimation and condensation of mercury ore. 
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Figure 16-3. Making vermilion through sublimation of mercury with sulphur. 
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Figure 16-4. Preparing and collecting oil lampblack. 
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widemouthed earthen jars, or double pots, may be used for this process. First, 
each catty of mercury is mixed with two catties of red sulphur stones (out of 
which sulphur is made) and ground together until a fine, lumpless powder is 
produced. The mixture is then roasted and put into a jar which is covered 
securely with an iron bowl. An iron rod is next placed over the bowl [which 

serves as leverage] and the whole thing is tied up with wire. The seams are 
sealed with salted mud. Three [large iron] nails are planted in the ground under 
the jar, so that the latter rests on a tripod. A fire is lighted [under the jar] and 
lasts for as long as it takes to burn three incense sticks. Meanwhile, water is 
repeatedly applied to [the top of] the bowl with an old writing brush [Figure 
16.3]. This results in the formation of vermilion powder, which adheres to the 

[upper part of the inner surface of the] jar, with the part that sticks to the rim 
of the jar having the most brilliant shade of red. The vermilion is scraped out of 
the jar after being thoroughly cooled and is ready for use. The red sulphur stone 
will sink to the bottom of the jar and can be used again. Each catty of mercury 
will yield 14 ounces of top-grade vermilion * plus 3.5 ounces of the second- 
grade. The yield is determined by the amount of sulphur added. 

Vermilion produced by pulverizing natural cinnabar and that [obtained] 
by the conversion of mercury are similar in function. Only the natural vermil- 
ion, not the artificially made variety, is used in painting for imperial and 
aristocratic families. For use in the study, vermilion is molded into sticks after 
mixing with glue. The color will show clearly if the stick is rubbed on a stone 
ink slab. If [the stick is] rubbed on one made of tin, the color will turn black.* 

Lacquer workers must mix vermilion with f’ung oil in order to make the color 
bright; if mixed in varnish it will appear dark and lustreless. 

There are no other sources for mercury and vermilion. Tales that mercury 
is obtainable from a certain grass, or from the sea, are pure nonsense ‘and 
believed only by the gullible. Vermilion cannot be reconverted into mercury. 
This is because at this point the wonders of Divine Nature are exhausted. 

INK 

Ink is made of lampblack, of which one-tenth is made from burning ft’ung 
and vegetable oils or lard, and nine-tenths from burning pine wood. The most 
valuable ink sticks of our dynasty’ are produced in Hui-chou [of Anhui 
province]. There are some manufacturers who, wishing to avoid the problems 
of transporting quantities of oil, send their agents to stay in the prefectures of 
Ching, Hsiang [in Hupei], Ch’en and Yuan [in Hunan], where they can buy 

t'ung oil at a low price and return with lampblack made on the spot. If, when 
used for writing on paper, the black ink shows a tinge of red when placed in 
slanting sunlight, the lampwick used in making the lampblack was first soaked 
in the juice of Lithospermum officinale before it was burned. One catty of oil, 

after burning, will yield more than one ounce of fine quality lampblack [Figure 
16.4]. The deft artisan is able to tend two hundred such lamps, but if the hands 
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are slow and [the gathering of the lampblack is] delayed, the soot may ignite 
under the heat of the lamps, resulting in the loss of both the raw material and 
the product. 

Ordinary ink is made from pine wood after all the resin has been elimi- 
nated. The least amount of resin left in the wood will result in a non-free- 
flowing quality in the ink produced. To get rid of the resin, a small hole is cut 
near the root of the tree, into which a lamp is placed and allowed to burn 
slowly. The resin in the entire tree will gather at the warm spot and flow out 
[Figure 16.5, right-hand diagram]. The pine tree is then felled and sawed into 
pieces in preparation for burning. [For making pine wood lampblack], a 
rounded chamber of bamboo is built. Resembling in appearance the curved 
rain-shield on small boats and built of sections, it has a total length of more 
than 100 ch’ih. The external and internal surfaces of this chamber and the 
connecting joints are all securely pasted with paper and matting, but small 
holes are made at certain intervals for the emission of smoke. The floor of the 
chamber is constructed of brick and mud with channels for smoke built in. 
After the pine wood has burned for several days, the chamber is allowed to cool 
and [workers] will now enter and scrape out the lampblack [Figure 16.5 

left-side diagram]. That which is obtained from the last one or two sections of 
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Figure 16-5. Removing resin from pine tree (right) and making pine wood lamp- 
black (left). 
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the chamber is of “pure” quality and is used as raw material for the manufac- 
ture of the best ink. The lampblack obtained from the middle sections is of 
“mixed” quality and is used in ordinary ink. That from the first one or two 
sections, however, is scraped and sold only as low-grade lampblack; it is further 
pounded and ground by printers and used [in printing books]. In addition, 
lacquer workers and plasterers also use the coarse grade as black paint. 

[Prior to] the manufacture of ink, the pine wood lampblack is soaked in 

water for a long time to result in a floating fraction of fine size particles and a 
sunken fraction of coarse ones. After [the sized lampblack] is mixed with glue, 

the amount of hammering administered will determine whether [the finished 
product] will be brittle or sturdy.° Precious ingredients, such as gold dust or 
musk essence, can be added at will to either oil or pine wood lampblack. I 
have described here only the bare outlines of the materials and general proces- 
ses of inkmaking. Learned readers are certainly acquainted with books such as 
Mo-ching [Ink Classic] and Mo p’u [Categories of Ink] wherein detailed 

information is available.’ 

SUPPLEMENT a 

White lead powder or ceruse: pure white color. See Chapter 14, 

“Metals.” 
Litharge: reddish-yellow color. See Chapter 14, “Metals.” 
Indigo: pure blue. See Chapter 3, “Dyes.” 
Purple powder: bright red; the more valuable variety is obtained by 

mixing equal parts of white lead powder and vermilion, while that of coarser 

quality is made with the safflower juice used by dyers. 

Deep blue [smalt]: a dark blue color; see Chapter 18, “Pearls and Gems” 

[should be Chapter 7, “Ceramics”]. 

Copper green [copper acetate]: a deep green color. It is derived from 

yellow copper sheets which are painted with vinegar and covered with chaff. 

The whole thing is slightly heated and the copper green [formed on the metal 

surface] is scraped off every day. 
Stone green: see Chapter 18, “Pearls and Gems” [Verdigris made from 

Malachite]. é 

Ochre: Orange-red color. It is found in most mountains, but the product 

of Tai [Northern Shansi] is best in quality. 

Orpiment: also called “yellow stone-kernel.” It is found inside rocks that 

have purple exteriors, but are yellow in the middle.* 
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NOTES 

1. There is evidence that either cinnabar or vermilion was used as a pigment as early 
as the Shang dynasty (1176-1122 B.c.), and Bagchi believes that Chinese vermilion was 
introduced into India during the first century B.c. Chinese records, including Pao-p’u tzu, 
Chou-i ts’an-tung ch’i, and Chin-tan ta-yao, show clearly that vermilion was prepared 
and used by Chinese alchemists for prolonging life and transmuting metals. The oral 
traditions of Taoism attribute alchemy to the Yellow Emperor and also to Lao-tzu (ca. 

604-500 B.c.), but the late Chou period (ca 400-255 B.c.) would seem to be historically 

sounder. 
2. A number of early Chinese recipes for extracting mercury are given in various 

alchemical books, including Pao-p’u tzu (written by Ko Hung in the Tsin dynasty, A.D. 

281-361) and Tao tsang (first printed in the Sung dynasty a.p. 1186-91). From the 
modern point of view, the method of the present book may be explained by the fact that 
mercury is not easily oxidized, hence roasting the sulfide mineral produces metal instead 
of oxide. 

3. The process of forming vermilion by sublimation of mercury together with sulphur, 
as related in this chapter, is still described in English and German technical books as the 

“Chinese method.” 
4. Dark-brown stannous sulfide, SnS, would be formed by rubbing cinnabar or 

vermilion on a tin slab. According to Carter, cinnabar was used in China as a red ink from 
the time of the Han dynasty, and probably earlier. This substance is still used for taking 
impressions from seals, a practice that may have begun previous to the invention of black 
ink. 

5. Lampblack ink, known in English as “India ink,” was probably first made by Wei 
Tan, known also as Wei Chung-chiang, in the Wei dynasty (A.D. 220-65). 

6. The manufacture of Chinese ink sticks involved mixing, cooking, pounding, 
rounding, shaping, molding and drying. In the process of mixing, the lampblack was 
incorporated with the solution of glue and medicinal decoction to form a thick paste. The 
mixture was then kneaded into small pieces which were wrapped in cloth and steamed in 
a cooking vessel. After steaming, the pieces were taken out and pounded with mortar and 
pestle. This alternate steaming and pounding process was repeated until a homogenous 
and flexible mass had been obtained. The pounded mass was rolled, still hot, into long 
strips which, in turn, were cut into small pieces, each weighing about one tael and four 

mace. After being moistened in a porcelain jar, these pieces were hammered individually 
for about four hundred strokes to harden the mass and make it smooth. The hammered 
mass was rolled, with the addition of camphor and musk, at an even temperature. The 
rolled mass was first rounded or shaped and then molded into an ink stick. After drying, 
the ink stick was rubbed with a piece of coarse cloth and polished with wax. Finally, it was 
wrapped in paper and stored. 

7, Mo-ching, by Chao Kuan-chih of the Sung dynasty, and Mo-p’u by Li Hsiao- 
mei of the same period. Another work, Mo-fa chi-yao [Essentials of Ink Making], by the 
Ming author Shen Chi-sun, gives special attention to the manufacture of ink from oil 
lampblack. 

8. Orpiment (As2:S;) and realgar (AssS2) were known in the Chou dynasty. In 
modern times, large quantities of orpiment have been exported from Tali, Yunnan. 
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YEASTS 

Master Sung considers that the bad effect of alcoholic drink on society has 
resulted in an increased number of crimes and litigations. Yet originally, wine 
was entirely blameless. It was when [people were] sacrificing to Heaven or 
commemorating their ancestors, or while performing music and singing at 
court or in the country, that wine and sweet-wine, made from yeast and malt 

respectively, were offered. Thus, [wine] was first made by sages, as was plainly 
written down in records.” 

[In making yeasts,] the essence of the “five grains” is changed. After the 
[ground] grains are mixed with water [and kneaded into] solid forms, they are 

transformed into yeast or malt by the breeze. The kind used by physicians is 
known as medicinal yeast, while that which preserves food and dishes is red in 
color. Since ancient times, numerous blends of principal and supplementary 
materials have been used [for making yeasts]. These help to promote health 
and long life and get rid of illnesses: it is not possible to mention in detail all 
the benefits that they bring. Had not the Fiery Emperor and the Yellow Em- 
peror invented the use of yeasts, how could the lesser minds of later ages 

achieve these skills? 

WINE YEAST 

Wine yeast, or leaven, is needed for the fermentation of wine, for without 

it no wine can be made, even with the best of grains. In ancient times, yeast was 
used for making wine and malt for making sweet-wine. In later times, however, 

the manufacture of sweet-wine was discontinued because its taste was thought 

to be too weak, hence the art of malt-making also became lost. 
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[Wine] yeasts can be made from wheat, rice, or [wheat] flour, according to 

local conditions, due to differences between north and south China. The princi- 
ples, however, are the same. Of these, “wheat yeast” can be made from either 

wheat or barley. In hot summer weather, the wheat grains in the hulls are 
washed with well-water and dried in the sun, ground into a meal, and shaped 
into cakes after being mixed with the water in which the grains have been 
washed. After the cakes are wrapped in paper-mulberry leaves, they are either 
hung in the air or covered with rice stalks to induce the growth of the yellow 
mould, The yeast is ready for use after forty-nine days of such culturing. 

“Flour leaven” is made by cooking five catties of white [wheat] flour and 
five pints of soy beans in the juice of smartweed until pasty, which is then mixed 
with five ounces of powdered smartweed * and ten ounces of apricot seed paste. 
The mixture is kneaded into cakes, then either hung up or covered with rice 
stalks for fermentation, as previously described. Another variety is made by 
culturing of yellow moulds in cakes made of glutinous rice flour and smartweed 
juice; neither the method nor the length of fermentation differ from those 
described before. 

There are innumerable varieties of the chief and supplementary materials 
as well as flavoring herbs that go into wine-making. They range from a few to 
some hundred ingredients [for an individual wine], which differ in different 

parts of the country. In recent times, the kernel of barley is used as the chief 
material to mix with yeast for making the Job’s-tears wine in Peking, while 
lentil is the principal material for preparing the green lentil wine in Ning- 
po and Shao-hsing of Chekiang province. These are the two leading wines of 
the country. (They are described in the Chiu ching or Wine Classic.) 

If, at the wine-yeast maker's home, the culturing of moulds is not properly 
done, or not regularly tended to, or if the implements are not properly cleaned, 
then a few pellets of the badly prepared yeast can spoil whole bushels of the 
[wine maker’s] grain. For reliable yeast, therefore, the wine maker must 
procure it from those who have good reputations and are well-known as leaven 
manufacturers. 

The yeast for making the yellow wine * in Hopei and Shantung comes 
from Anhui, and is shipped to North China by boat or cart. The red wine 
produced in South China is made with the same kind of yeast as that from 
Anhui. It is called “fire yeast” in general, except that the kind sold in Anhui is 
shaped into square blocks, while that of South China is made into round cakes 
or balls. 

Smartweed is the spirit of yeast; and grains are the body. [In yeast’s 
manufacture,] however, some old wine-mash must be added so as to bring the 
spirit and body together. It is not known when the old wine mash first origi- 
nated—this is similar to the use of old vitriol wastes in the calcination of vitriol 
stone [i.e. “copper coal,” as cited in Chapter 11 of the present book]. 

MEDICINAL YEAST 

Medicinal yeast is for medical use by physicians and is different from wine 
yeast. First originating in the T’ang dynasty, this yeast has never been used in 

290 



YEASTS 

Figure 17-1. Washing fermented rice in a mountain stream. 
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the making of wine. It is made of white [wheaten] flour only. To every 100 

catties of flour [certain amounts of] the natural juices of artemisia [Artemisia 

apiacea], smartweed [Polygonum posumbu], and burweed [Xanthium strum- 

drium] are added, and the resultant mixture is shaped into cakes. The cakes are 

wrapped in hemp leaves or paper-mulberry leaves, and covered to induce 

fermentation, as in making soybean sauce. After [the cakes] are covered with 
yellow mould, they are dried in the sun and stored. As for the addition of other 
drugs, this is done in accordance with the wish of the individual physician as 
there is no fixed prescription for it. 

RED YEAST 

The making of red yeast is an innovation of more recent times. Its 
principle lies in deriving wondrous powers out of the odorous and the rotten, 
and the method [of making it] involves the transformation of the essences [of 

grains]. When thinly spread on fish or meat—the things in the world most eas- 
ily decomposed—yeast will help them to retain their fresh qualities even at the 
height of summer and for as long as ten days no fly will come near them, and 
their color and taste will remain as fresh as before.* This is indeed a marvelous 
drug! 

Grains of the common [i.e. non-glutinous] rice, whether of the early or 
late variety, are pounded and hulled to the most excellent whiteness and then 
soaked in water for seven days. When the odor has become unbearable, the 
grains are taken to a river and rinsed clean with the free flowing water (only the 
running water of mountain streams should be used; water from large rivers will 
not do) [ Figure 17.1]. 

After washing, the odor still remains, but when the material is steamed in 
a pot it will change and give off a most fragrant aroma. When half cooked, the 
rice is taken out of the pot and quickly immersed in cold water. When the rice 
has cooled off, it is steamed again; this time being allowed to cook thoroughly. 

The cooked rice is placed together, several fan to a heap, for the addition 
of leaven. For making red yeast, the leaven must be manufactured from the 
best red colored wine mash at a proportion of one peck of mash to three pints 
of the natural juice of smartweed mixed in alum water. Two catties of this 
leaven are added to every tan of steamed rice while the latter is still hot, then 
mixed quickly by several pairs of hands until it has cooled. The mixture is 
allowed to stand for a considerable length of time under constant observation, 
so that the rice can be definitely fermented by the leaven. The occurrence of 
fermentation in the mixture is indicated by a slight rise in its temperature. [In 
actual preparation], the steamed rice, mixing with leaven, is put in large 

bamboo baskets and washed once with an aqueous alum solution. The mixture 
is then divided into separate woven bamboo trays and placed on shelves in 
order to catch the breeze [Figure 17.2]. From now on, the air will be the 

determining factor for culturing the yeast, fire and water exerting practically no 
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Figure 17-2. Using air to ferment steamed rice in bamboo trays. 

influence. Each bamboo tray contains about five pints of the steamed rice. The 
room [in which the trays are shelved] should be large and high-ceilinged, so as 
to keep the pressure of heat from the roof, and the room should face south so as 
to escape the [strong] afternoon sun. The material is stirred about three times 

in every two-hour period. For seven days, the people tending the yeast will 
stay constantly near the trays, never daring to sleep soundly and rising several 
times during the night. 

At first the rice is snowy white, but after one or two days the color turns 
pitch black. From black it turns to brown, from brown to rust, from rust to red, 

and at its brightest the red color again changes into a light yellow. With the help 
of air currents, the substance will go through all these stages of change right 
before one’s eye, and this process is called “cultivation of yellow yeast.” The 
yeast produced through such a process is twice as valuable and potent as 
ordinary yeast. The rice is washed once with water between the black and 
brown stages, and once more between the brown and red stages. After it has 
turned red, however, it is not washed again. 

In making this yeast, it is necessary that the workers’ hands, and the trays 
and mats used, be absolutely clean. The slightest bit of dirt will bring the entire 
operation to ruin. 
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NOTES 

1. The present book and Materia Medica both relate that winemaking was practiced 
in the time of the Yellow Emperor (2697-2598 B.c.). Chan-kuo ts’e (Policies of the 

Warring States) relates that rice wine was first made by I-ti, the daughter of a mythical 
ruler, for Emperor Yii (2205-2198 B.c.). Shuo-wen, however, attributes the invention of 

rice wine to Tu K’ang or Shao K’ang who lived about the same time as I-ti. The invention 
of wine by the ancient Chinese in the time of Yii or earlier is partly supported by the 
discovery of large numbers of wine vessels at the An-yang excavation. 

The technique of fermenting grape wine was introduced into China Proper from 
Chinese Turkestan during the Han dynasty. Ssu-ma Ch’ien (163-85 B.c.) relates in his 
Historical Records that the rich stored ten thousand piculs of grape wine for several 
decades without its spoiling. Materia Medica, on the other hand, attributes the origin of 
grape wine to the T’ang (618-906) dynasty. It is said that a distilled spirit, called shao 
chiu or paikan chiu, was introduced into China from Central Asia in the Yiian dynasty 
(1279-1368). The foreign origin of the distillation process is evidenced by the name of 
one distilled spirit, A-la-ku, which would seem to be a transliteration of the Near Eastern 
term “arrack.” 

2. Powdered smartweed has long been used in China for making wine yeasts. It is 
prepared in the summer by drying and pulverizing the leaves of the wild liao (Polygonum 
posumbu) or smartweed before it has blossomed. This powder contains enzymes as 
diastase capable of converting starch into sugar. The natural juice and the prepared 
powder of smartweed were also used in China for the treatment of diseases. 

3. Huang chiu or “yellow wine” is the general name of a rice or millet wine widely 
used in China. It has many local varieties, the most famous being the “Shao-hsing wine” 
prepared from glutinous rice at Shao-hsing in Chekiang province. 

4. “Red yeast” may have contained Penicillium mold, which thrives in fermented 
soybean mash, moldy bread, and moldy cantaloupe. 
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PEARLS AND GEMS 

Is it actually true, queries Master Sung, that the splendor of the mountains is 
contained in jade and the glamor of water concentrated in pearls?-Or are these 
but random notions of the imagination? In the world of Nature’s creations, the 

bright and clear things are usually the opposites of the dull and turbid, and the 
rich and fertile have as opponents the things that are withered and harsh. The 
valuable and the valueless qualities are supplementary to each other in the same 
locality. 

A distance of twenty thousand /i separates Ho-p’u and Yii-t’ien,* yet in 
one place pearls reign supreme, and in the other jade predominates. Once these 
gems have become known to man, they gain great favor among the people, who 
use them to shine and sparkle in their temples and mansions. Of the countless 
treasures of China, gems have succeeded in occupying the place of honor. Is it 
possible that the glory of China’s mountains and the glamor of her waters have 
all become concentrated in human bodies and that the essence of excellence is 
limited in the world? 

PEARLS 

Made by mussels [or oysters], pearls are conceived inside the mollusks 
through the shining of moonlight; the most valuable ones being the oldest. It is 
incorrect to hold, as some people do, that pearls are also contained in snake 
intestines, dragon jaws, and shark skins. 

The pearls produced in China come from the two [pearl] beds of Lei- 

chou and Lien-chou.” Before the Three Dynasties, the Huai River region and 

Yang-chou were also considered as southern territories, which were closer to 
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the pearl-producing localities. It is recorded in the Tributes of Yii that “the 

Huai Barbarians presented pearls.” These pearls might have been obtained 

[by the Huai people] through trade, as the tributes were not necessarily local 

products. Although it has been reported that under the Chin dynasty [1127— 

1234] pearls were obtained from the Pu-yi March,’ and in Yuan dynasty 

[1271-1368] from Yang-ts’un and Chih-ku-k’ou,* that is but faulty informa- 

tion transmitted erroneously through the years. No pearl was ever found in 

those places! As for the record that [during Yuan] pearls were produced at 

the Hu-lii-ku River, the fact is that it is not in China, but lies in barbarian 

[Mongol?] territory. 
When a mussel [or an oyster] conceives a pearl, it does so by creating 

substance out of immaterial matter. While the common small aquatic species 

are often eaten by other fishes and therefore are short-lived, the mussel [and 

oyster] are protected by their hard shells. Even if they were swallowed whole 

[the eater] would not be able to digest them. Hence only the mussel [and oys- 

ter] can live to be centuries old and create the priceless treasure [of pearls]. 

When a pearl has been conceived, the mussel [or oyster], even if it lives in 

water a thousand fathoms deep, will open its shell when the full moon shines, 

letting the moonbeams fall on the pearl, of which the form is made out of the 
essence of the moon. The Harvest Moon especially delights aged mussels—on 

a clear night they will float with opened shells all night long, following the 
course of the moon and turning in every direction to absorb the moonlight. 

The reason why other shore areas [besides Lei-chou and Lien-chou] do not 
produce pearls is because they are pounded and shaken by surfs, making it 
impossible for mussels to rest quietly. 

The pearl bed of Lien-chou stretches from the Tu-lan Sands of Wu- 
ni to Ch’ing-ying, covering a distance of 180 li. That of Lei-chou covers the 
area between Tui-lo Island and the outskirts of Shih-ch’eng, a distance of some 
150 li. The pearl mussels [and pearl oysters] are gathered by the Tan people, 

who are most devout in offering sacrificial animals to the “Sea God” in the third 
month of every year.® These people eat raw sea food and are able to distinguish 
the various colors of the sea water after diving into it. Spots occupied by the 
flood-dragon [as indicated by the color] are left strictly alone. 

Pearling boats are constructed somewhat wider and rounder than other 
vessels. Large numbers of straw mats are taken along on an expedition. When a 
boat comes across an eddy, mats are tossed into the water, thereby gaining a 
safe passage. The diver is tied at the waist with a long rope, [which is attached 
to a winch and attended by people] on the boat, and dives into the water car- 

rying a basket. The open end of a curved tin pipe is attached to his nose and 
mouth enabling him to draw breath, and his ears and neck are covered with a 
neckwear of cured leather. The farthest depths that pearl divers reach are about 
four or five hundred ch’ih, where they pick up the mussels [and oysters] and 
put them in the baskets. When a diver feels short of breath, he will pull on the 

waist rope and will be quickly hoisted out of the water [Figure 18.1]. Some, 
whose luck happens to be adverse, are drowned. A diver who has just emerged 
from the water must be wrapped immediately in a hot boiled woolen blanket, 
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otherwise he will die of cold shivers. In the Sung dynasty, an official by the 

name of Li designed and constructed a contrivance, [here termed “dip-net 

drag,” to collect pearl mussels and oysters from the bottom of river and sea 

without the use of divers]. The frame of the contrivance is made of iron and 

consists of a toothed drag [attached under a hoop]. Stones are hung from the 

two corners of the [hoop, causing the contrivance to dip into the bottom more 

or less deeply]. A wooden pole is fixed vertically on top of the [hoop, and is 

handled by the fisherman in the stern to change the course of dragging and 

depth of dipping]. A sack, made of hemp rope, is fastened to the [hoop and 

trails behind it]. The contrivance is tied to the sides of the boat. The boat sails 

with the wind, [while the toothed drag digs up the mussels and oysters which, 

due to the motion of the boat,] roll into the sack [Figure 18.2]. But even with 

this method wrecks and drowning occur. Both methods [i.e. divers and dip- 

net] are employed nowadays by the Tan people. 

Like jade that is still encased in its rock crust, the value of a pearl inside a 

mussel [or oyster] is unknown, and becomes manifest only after it has been 

taken out and examined. The large pearls range from 0.5 to 1.5 inch across. 
There is a variety known as “pendant pearl,” which is slightly oval in shape, 
somewhat resembling an inverted cooking pot, with one side highly lustrous 
suggesting gold plating. One of these is worth as much as a thousand taels of 
silver. This pearl, since ancient days, has been labeled “bright moon” or “light 
at night.” Actually, these beautiful names have been accorded to the pearls 
because they glimmer with a thread of light if held against the sun on a fair day, 
not because there are pearls that really shine in the dark of night. 

Next in value are the “running pearls” which, if placed in a plate with a 
level bottom, will roll around unceasingly. They fetch about the same price as 
the “pendant pearls” (one “running pearl” placed inside a corpse will prevent 
decomposition, hence the royal families are willing to buy them at a high 
price). Next are the “shining pearls,” which have good luster but are not very 
round in form. Next are the “snail shell pearls,” followed in order by the 
varieties known as “official rain,” “tax,” and “green tally.” There is a “young 
pearl” that looks like the grain of the large millet, an “ordinary pearl” that 
looks like a pea, and the odd-shaped and fragmentary pearls are called chi. [All 
these grades of pearls], from “light at night” to the chi, call to mind the human 
ranks, from prince to ordinary subjects and servants. 

Pearls in Nature are limited in number, and become exhausted if they are 
gathered too frequently. If left undisturbed for a few decades, the mussels [or 
oysters] will have a chance to exist in peace and increase their progeny, and 
thus be able to create the precious gems in large quantities. This is the reason 
for the saying, “pearls return where pearls [mussels] are.” This is a fixed law of 
the universe and [any increase in pearl output] is not due to the moral suasion 
of virtuous officials (in the present dynasty, 28,000 ounces were gathered in 
one expedition in the Hung-chih reign [1488-1505], but only 3,000 ounces 
were obtained at one time in the reign of Wan-li [1573-1619], which was not 

worth the cost). 
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GEMS 

Gem stones are produced in [underground] pits. Most of the gem stones 
occur in the various Western Barbarian regions, while in China they are 
produced only at Chin-ch’ih-wei and Li-chiang in Yunnan province. 

All large and small gem stones are encased in rock beds, being similar to 
jade as enclosed by its gangue crust. Gold and silver are formed underneath a 
cover of accumulated earth, but gems are different. They are exposed from the 
bottom of their pits directly to the air, and are formed by absorbing the essence 
of the sun and moon, which give the gems their brilliance. This is the same 
principle that causes jade to form in rushing streams, and pearls in watery 
depths. 

The gem-producing pits are waterless even at great depths, this being one 
of the clever arrangements of Nature. They are filled, however, with a foggy 
“gem vapor” which remains in the pits, and this gas is fatal to man after 
prolonged exposure.° The gem miners, therefore, often work in groups of ten or 
more, with half that number descending into the pits and the other half 
remaining above ground. The man who goes down into the pit is tied at the 
waist with a long rope; two bags also hang from a belt at his waist [Figure 
18.3]. As he nears the gem stones, he quickly picks them up and drops them 
into the bags (gem pits are free of snakes and insects). A large bell is also tied 
to his waist. When he begins to feel suffocated by the gem vapor he immediately 
rings the bell, and the people above ground pull him up by the rope. The miner, 
even if not ill, will have become unconscious [Figure 18.4]. This is remedied 

by a drink of boiling-hot water and abstinence from food for three days. He 
will then slowly recover his normal health. 

There are large, medium, and small stones in the miner’s bags, ranging 
from the size of a bowl, to that of a man’s fist, to that of a bean. Their respective 

qualities cannot be known until they have been filed and opened by the gem 
polisher. 

Those stones belonging to the category of red-yellow gems are: mao- 
ching or “cat’s-eye” or “tiger’s-eye” [chrysoberyl], mo-ho ya [carnelian], 
hsing-han-sha [probably aventurine, sometimes called goldstone], hu-p’o 

[amber], mu-nan [probably beryl], chiu-huang [topaz], and la-tzu [ruby 

or rubellite]. Tiger’s-eye is yellow with a reddish tinge. The highest priced am- 
ber is called i (worth five times the cost of gold in price) and is red with a 
dark shade. Seen in daylight it is black, but in lamplight it is bright red. Beryl 
is pure yellow in color, and ruby pure red. Some foolish writer in days of old 
marked down amber together with the China-root fungus in association with 
pine trees. What nonsense! ’ 

Within the category of blue-green gems there are pi-pi chu [sapphire], 
tsu-mu lii [emerald], ya-hu shih [possibly oriental bluish topaz], k’ung ch’ing 
[malachite], and the like (when the internal substance of malachite has been 

taken, its crust is roasted and crushed to become tseng ch’ing [possibly mala- 
chite powder]). As for the mei kuei or “round” gems [probably garnet or mica] 
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of the sizes of beans or green lentils, they are of all colors—red, green, blue, 

and yellow. The mei kuei gems occupy the same rank among gem stones as that 

of chi among pearls. In addition to the previously cited hsing-han-sha [aven- 

turine], there is a better variety called chu-hai chin-tan or “boiling-sea elixir.” 

[This kind of reddish gem stone,] however, is produced only in the Western 

Regions and cannot be found in the mines of Yunnan province. 

Amber lends itself most easily to simulation. The better grade is made of 

melted sulphur, the lower grade of ox or sheep’s horn boiled in dark red juice, 

the result showing a red shade when held before the light. But it is now very 

easy to distinguish a piece of false amber (genuine amber produces a paste 

when rubbed against a hard surface). As for the notion that [amber] is capable 

of attracting lamp-wick grass [Juncus effurus var. decipiens], it is baseless talk 

that serves only to confuse people.’ With the help of the human spirit, all 
materials can attract the small, light particles. The mistaken notions of Natural- 
ists are hereby stricken out of the record so as to prevent damage to books [i.e. 
learning]. 

JADE 

All the best-quality jade imported into China is produced at Ts’ung- 
ling in Yii-t’ien (the latter is the name of a western state during the Han 
dynasty; in later times it was known for a time as Beshibalig, and for some time 
was under the rule of the Ch’ih-chin mongols. Its exact name is not known.) 
This place is known as Lan-t’ien, which is a special term for the jade-producing 
area in Ts’ung-ling. It has been mistakenly identified with Lan-tien district in 
Hsi-an prefecture. A river springs from A-ju Mountain and divides into two at 
Ts’ung-ling, one called the White-Jade River [Figure 18.5] and the other, 

Green-Jade River ° [Figure 18.6]. The book Travels in Western Regions, by 

the Tsin dynasty [265—419] author Chang K’uang-yeh, mentions a Black-Jade 
River, which [mention] is erroneous. 

Crude jades [or jade-containing rocks] are not buried deeply under the 
earth, but instead are formed in places where precipitious mountain streams 
rush by. Because of the swiftness of the current, however, miners do not obtain 

jade from its original deposit. Rather, they wait until the streams are swollen in 
the summer, when the crude jades will be carried away by the current and can 
be gathered from the river, perhaps 100 or even 200 or 300 Ji from their 
original deposits. Since jade is formed by the shining essence of moonlight, 
those who gather it along the river banks often keep watch there under the 
autumn moon. When an especially brilliant patch of light is spied, there the 
crude jades are sure to be found. After traveling together with the current [for a 
considerable distance], the jade-containing rocks are still mixed with oridnary 
rocks in the shallow water and must be picked up, examined, and identified. 

The White-Jade River flows southeastward, the Green-Jade River north- 

westward. There is a place called Wang-yeh in I-li-ba-li where numerous 
crude-jade rocks are found in the river. According to local custom, unclothed 
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Figure 18-4. A miner overcome by gem vapor. 
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women are sent to gather these. The theory is that, [since both women and jade 

are of negative nature or yin,] they will attract each other. As a result, the jades 
will not disappear and can be easily picked up by the women [Figure 18.6]. 
This is probably an indication of the barbarians’ ignorance. (Jade is little 
valued in the barbarian country and it is allowed to flow down the river for 
hundreds of li. If not sold because of the inaccessibility [of buyers], it is readily 
abandoned as useless.) 

There are only two colors in jade, white and green; the latter known as 
“vegetable jade” in China. As for the so-called red jade or yellow jade, they are 
varieties of unusual stones, spinel and the like, which are not jade even though 
they cost no less than the latter. 

The veins of jade are embedded in mountain boulders. Before these 
boulders are pushed out from their original locations [and broken into frag- 
ments or pebbles] by water, the jade within them is soft like cotton wool. Once 
in the stream, it begins to harden and becomes even harder after it is carried 
into the river mud and fanned by the wind. It would not be correct, however, 
to say that there is literally a kind of “soft jade” that can be polished for use.”° 
The outer layer of jade within the rock is called “jade skin,” and is used for 
making such things as inkslabs, etc., which do not cost much. Sometimes the 

piece of jade in the rock measures more than one ch’ih in diameter and is with- 
out the slightest blemish. In ancient times this was made into sceptres used by 
kings and emperors. This sort of jade is a rarity, known as “the jade worth the 
value of cities.” Pieces measuring some five or six inches across are used to 
make cups and bowls and are considered great treasures. Besides the above, 
the only unusual jade is produced in So-li in the Western Ocean. Under ordi- 
nary light, this jade appears white in color, but under the sun red color is re- 
flected from it, and on rainy days it turns blue. We may call this “uncanny 
jade.” It is part of the Imperial Palace treasures. 

In the T’ai-wei Mountain of Northwestern Korea, there is another variety 

known as “Thousand-year jade-containing rocks” in which is encased “sheep’s 
fat jade,” which is as good in quality as the fine Ts’ung-ling jade. In addition, 
descriptions of other [kinds of jade] have been recorded in books, but I have 

not been able to corroborate these through seeing them or hearing about them. 
The [hand picked] crude jades are brought, with the aid of either boat or 

camel caravans, to Kan-chou and Su-chou * by the local Turbaned Moslems, 

having passed through Chuang-lang and Chia-yii Passes. (The tradition of 
these local Moslems requires that a new layer of turban be added to a man’s 
head with each additional year, so in old age a man’s headdress is ex- 

tremely clumsy. These people are therefore called Turbaned Moslems. Even 
their king is careful not to show his hair. When asked the reason for this 
practice, they answer that the sight of hair brings famine in that year. This is 

utterly ridiculous.) Here [i.e. in Kan-chou and Su-chou] the merchants from 

China will buy the crude jades [from the Moslems] and take them eastward into 

China Proper, thence to Peking. The crude jades are then examined by jade 

artisans, their prices fixed, and cutting and polishing operations commenced. 
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(Although the valuable jade pieces are concentrated in the capital, the finest 

craftsmanship is to be found in Soochow. ) 

For cutting jade, a round iron disk is made [and mounted on a frame 

connected with pedals underneath] and a basin of sand is placed beside it. The 

disk is turned by pedals; at the same time sand is sprinkled on it so as to cut 

through the jade [Figure 18.7], which will then break open cleanly. In China, 

such jade-cutting sand is produced in two districts; Yii-t'ien in Shun-t'ien 

Prefecture and Hsing-t’ai in Chen-ting Prefecture. This type of sand is not 

found in the river, but is located near springs. This sand, like flour, has 

extremely fine particle sizes. When it is used in the cutting or polishing of jade, 
[the jade surfaces] will not be damaged.” Once the jade is cut, fine workman- 
ship follows; the best tool for the latter being knives made of pin-t’ieh [proba- 
bly meteoric nickel-iron]. (Pin-t’ieh is found in the meteorites around the Hami 

Garrison [in Sinkiang province]. It is obtained by breaking open the meteor- 
ites.) The odd pieces of jade resulting from cutting, carving, and polishing can 
be used to make inlay ware. Extremely fragmented pieces are ground, screened, 
and mixed with ash to fill cracks in lutes. This is why the sound of the lute has 
a jadelike quality. Where the design is too delicate for the use of knife or chisel, 
the pattern is first traced on the jade with the liquid from the warts of a toad, 
and then carved. The way in which different things in Nature are able to 
control each other is indeed mysterious. 

The difference between genuine jade and jade simulated from inferior 
agates is similar to that between silver and tin. It is very easy to detect. 
Recently, however, artificial jade has been made from high-grade white porce- 
lain, which is first ground into a fine powder, then mixed with the juice of the 
Ampelopsis serjamiaefolia bush, and next made into articles. When dried, these 

objects will gleam like jade. This is the most skillful method of making 
imitation jade. 

The origin of pearls and jade is different from that of gold and silver. 
While gold and silver take form deep under the earth’s surface after having 
received the essence of the sun, pearls, gems, and jade absorb the moon essence 

and do not need the earth’s covering. The gems in their pits exposed to the blue 
skies above; pearls, denizens of deep waters; and jade, existing beside precipi- 
tous streams; all need only the covering of atmosphere and water. For [the 

protection of] the pearls, there is a “shell fortress” under water, presided over 
by the shell goddess and guarded by immortal dragons, which no man dares 
violate. When destiny points to certain pearls that have to do service in the 
human world, they are pushed out by the shell goddess and so are taken by 
pearl divers. It is likewise impossible to get the jade that has just begun to 
form, for it is obtainable only after the jade god has pushed it out into the 
river, which is a thing just as strange and mysterious as the fortress for pearls. 

SUPPLEMENT: AGATE, QUARTZ CRYSTAL, 
AND LAPIS LAZULI 

Agate is neither gem nor jade. It is produced in many places in China in 
over a dozen varieties. Most is made into hairpins, buttons, and the like. Some 

304 



PEARLS AND GEMS 

Figure 18-5. The White-Jade River. 

Figure 18-6. The Green-Jade River. 
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Figure 18-7, Cutting jade. 
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agates are used to make go pieces, while the largest pieces are fashioned into 
room screens and table tops. The best quality agate comes from the deserts of 
the Ch’iang territory west of Ningsia, but as it is abundantly produced in China 
itself, the merchants do not trouble themselves with purchasing it from distant 
places. Most of the agate on the Peking market is the product of Chiu-k’ung [lit. 
“nine hollow’”] Mountain, at Jui-chou in Ta-t’ung, and of Ssu-chiao [lit. “four- 

cornered”] Mountain at Hsiian-fu.* There are different varieties of agates, 
including “two-colored” agate, “landscape-designed” agate, and “red-flower” 
agate. Further, “watery” or “milky” agate and “banded” agate are produced in 
Shen-mu and Fu-ku, and are sold widely in other places. The above is a brief 
summary [of agates]. To test an agate, rub it against a piece of wood. If it 
remains cold, then it is genuine. Although it is easy to make artificial agate, few 
people attempt it, since the price of the genuine article is not very high. 

Less quartz crystal than agate is produced in China. The quartz crystals 
used in south China nowadays come from Chang-p’u in Fukien (from a 
mountain called Copper Mountain). Those used in north China come from 
Huang-chien [lit. “yellow top”] Mountain in Hsiian-fu. Those used in central 
China, come from Hsing-yang-chou in Honan (the best being black in color). 
They also come from Hsin-kuo-chou in Hukuang Province (from P’an-chia 
Mountain). Black crystal is produced only in north China, none of it in the 
south. There are deposits in other mountains, many of which are not yet mined, 
or were previously mined but later closed by the strict order of the government 
(such as the case in Kuang-hsin [Kiangsi province], where the mining of quartz 
crystals was abandoned for fear of the palace eunuchs). 

Quartz crystals are formed in remote mountain caverns. When a mountain 
stream flows down rock crevices, it washes over the crystals unceasingly and 
comes out of the cave in a never ending current; half a li away from the latter 
the surface of the water still presents a boiling appearance, as though there 
were oil droplets in it. Before leaving the caverns the quartz crystals are soft as 
cotton but are hardened after exposure to the wind. When an artisan has found 
a suitable piece of crude quartz crystal, he can shape it roughly right on the 
mountain, and then bring it back for finer carving and polishing. By this 
method the process is made ten times easier. 

Lapis lazuli is similar to the Chinese quartz crystal and Cambodian quartz- 
crystal prism (huo-ch’i chu) ** in that all are lustrous and transparent. Lapis 
lazuli is produced not in China, but in the Western Regions.”° It comes in many 
different colors. The Chinese, enjoying its attractive appearance, have striven 
to produce its artificial counterpart. Thus, liu-li wa or “lapis tiles” are made by 

first baking the tiles and then [coating them over] with glaze. This results in a 

green or yellow color. “Lapis bowls” are made by dissolving sheep’s horns with 

heat. They are used as oil containers and candle shades. “Lapis lamps” are 

made by smelting [and casting a mixture of] nitre, lead, and pearl fragments 

[into thin plates] and piecing these together with copper wires. This same 

[molten] mixture can also be fashioned into “lazurite vases” or sacks. (The 

nitre used here has been refined to have horse-tooth-shaped crystals on its 

surfaces.) All sorts of dyes and colors can be freely used to tint [the lazurite 
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ware]. The makers of lazurite lamps and beads are the people of Shantung 
province, north of the Huai River. This is because nitre is produced there. 

Nitre is a non-substantial material and is capable of transforming itself 
into nothing when heated with fire. In contrast, black lead is a heavy-bodied 
material [and consequently is difficult to destroy with fire]. When these two 
materials are heated together, nitre will strive to induce lead to become noth- 
ing, while lead, on the other hand, will strive to keep nitre in the present world. 
The result of their melting in the same pot is the creation of a translucent and 
lustrous appearance. This is the manifestation of the wonders of the universe 
through common earthly occurrences. With this, I close my volume on the 
Divine Creations. 

NOTES 

1. Ho-p’u, in the Lien-chou prefecture in southern Kwangtung and on the shore of 
the South China Sea, is one of the renowned pearl-producing centers of China. Yii- 
tien, in the present Sinkiang province, which has been famous for its jade since ancient 
times. 

2. Lei-chou and Lien-chou, prefectures in southern Kwangtung, have long been 
known for their pearl production. Fishing for pearl-producing mussels and oysters in 
Lien-chou was started at the latest during the Han dynasty (206 B.c—a.D. 219), and 

became famous by the era of the Three Kingdoms (a.D. 220-264). In the Ming dynasty, 

Lei-chou and Lien-chou were the most important pearl-producing areas in China, as 
indicated in the “Book of Money and Commodities” in the History of Ming. Significantly, 
Hai-nan Island, located near these two prefectures, was named Chu-yai, or “pearl cliff,” in 

the year 110 B.c., because of its wealth of pearl-producing mussels and oysters. 
3. “P’u-li March” in the Chinese text is a misprint of “P’u-yii-March,” as pointed out 

by Yabuuchi Kiyoshi. 

4. Yang-ts’un and Chih-ku-k’ou are in modern Hopei province, the latter being 
the port of Ta-ku outside Tientsin. 

5. Tan people are often called “boat people” in south China, since they live mostly in 
boats along the rivers and sea coasts of the provinces of Kwangtung, Kwangsi, and 
Fukien. Records indicate that for centuries pearl diving was a special occupation of the 
Tan. 

6. The poisonous gas in an unventilated pit is most likely to be carbon monoxide or 
methane. 

7. Chang Hua states correctly in his Po-wu chih (A.D. 290, Tsin dynasty) that amber 
is the fossilized resin of pine trees. 
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8. The fact that amber can attract light articles (static electricity) was noted in Lun 
heng (by Wang Ch’ung a.D. 82 or 83) and in Hua-yang Kuo chih (by Ch’ang chii, A.D. 
347). 

9. Yii-ien is a state located in an area known as Ho-t’ien since the eighteenth 
century (not to be confused with the Yii-t’ien District set up in late nineteenth century 
some 150 kilometers to the east). Ho-t’ien is situated in southwestern Sinkiang just below 
the northern foothills of the Karakorem Range and near the upper reaches of a water 
course, the Ho-t’ien or South Ts’ung-ling River. To the west is the Kashgar or North 
Ts’ung-ling River. The two join the Yerkand River and form the Tarim River system in 
south-central Sinkiang. These rivers have their headwaters in the Ts’ung-ling range, which 
is the general term for the eastern part of the Pamir Heights. The White-Jade River and 
the Green-Jade River, as mentioned in the present book, are probably the Ho-t’ien and the 
Kashgar. 

Hsi-an (Sian), also known as Ch’ang-an in various periods of Chinese history, is the 
capital of Shensi province. Lan-t’ien mountain, located east of Hsi-an, has long been 
known for its production of jade. 

10. Soft jade usually refers to nephrite. In the present case, however, it may represent 
talc, particularly the grayish variety, stealite, which is often encountered in early Chinese 
carvings. 

11. Kan-chou and Su-chou are old transcontinental trading centers and garrison 
points, to which the modern province Kansu owes its name. 

12. Jade-cutting sand, produced in the Yii-tien district near Peking, is identified with 
fine-size quartz by Chang Hung-chao. This sand was used extensively in the Ming dynasty 
but is seldom used by the modern Chinese lapidary because of its relative softness. 

13. Ta-t’ung is a prefecture in northern Shansi. Hsiian-fu, located just beyond the 
Great Wall north of Peking, was the frontier market town of Kalgan. 

14. Huo-ch’i chu is identified by Chang Hung-Chao (Lapidarium Sinicum, pp. 
55-58) with the kind of quartz-crystal beads or prisms that are capable of focusing sun 
light to start a fire. Chinese records show that since the Han dynasty huo-ch’i chu was sent 
from Cambodia as a tribute and thus bears that country’s name. 

15. Western Regions, in this case, refer to modern Sinkiang province, India, Iran, 

and possibly Siberia. 
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GLOSSARY 

(For purposes of alphabetizing, Chinese terms are treated as single words.) 

A 

ah _- 
Abutilon fiber 5) it. 

Acorn shells wm 
(Quercus chinensis) ae 7s 

Agate F835, 
Ala Fo tk & 

Alder wood £Z. x. 

Alluvial soil 31 oe 

Alum v 

AF §e 5 Alum water 

Amaxantus mangostanus fp Am RS 

Siz, 38 
Ang-chou t7 + 

Ap-i ae 4 

Anise & 4 

Apricot seed paste iS 4 3h. 

HL & 
Fy orn apiacea] 4 zs 

Audience bell ah ae is 

“Automatic wind” os He 

Autumn gauze tk Lys 

Aventurine, see 
Hsing-han Sha 

Amber 

Aquilaria agrallohra 

Pt 
’ 

Awl 4 fz 

Awl-hoe A ASA 

B 

Bamboo eyelets 4 ft DR 

Bamboo fibers Itt FR 

Bamboo paper 4k & *& 

ne HL 
4G $. 333s 
£ éx. 7. ar 

Hy Hist, BL 

Bamboo pipes 

Banded agate 

Barbarian safflower 

Bark of Myricaeceae 

Bark paper e ak, 

Basin niter 3B ( hi 

Bean jam ca ie a 

Bean milk  ¥% Sd AK 

Beef fat = 4 sey 

Big-eyed fung 
(Aleurites cordata) 

Bird gun Sy 4G 
Bird pistol 6) $7U 
Bitter bamboo AF 
(Phyllostachys 
bambusoides) & AT 

a 
Bitula japonica, hua ## 

Black Z 2, 

K Bk 4a 



GLOSSARY 

ees 
@ 

Black vitriol HE 
(green vitriol) 

Blister (or raw) He 4 ial 
copper 

Black lentil 

- +r 
“Blue grass” 3 

ae Blue pigment 3/9 Cihe (a) 

Blue vitriol, see Gall vitriol 

ke 
Board fay 

Boiling sea 
elixir (a reddish @ 363 2-4 
gem stone) 

Boswellia lagbora SL G 

[To] bow cotton se th 

Bran yo os 

Bright green @& 45 iB 

Bright salt 4, eH 33. 

Brine a 7, se] a 

aE = 
Broad bean ae, Am 

[Broken] za 
bituminous wt eS 
coal 

Brown sugar cae Ey 

Buckler fk 

Ar a 
Buckwheat S “5 

A 

Buddha’s-head blue 4 He Aq 
4 
Ww tet KARL 

Burnt-offering paper he 

Burnt silk 635 ‘a 

Burweed (Xanthium A 
strumdrium) iE 

C 

eaane +h 

ee i ¥ 5. (a ) 

Camphor seeds $¢ Hf 3- 
cane crater HEH 
Cannon FE 

Camelian 3 78) 

Carrying-pole lead Ja fs 4G 

ee a 
Cashmere goat Be ar > 
(yii-v'iao yang) fF) 

Castor seed e BF 

Cat’s eye or tiger’s eye 4a 4G (aA) 

Ceramics A HE_ 

come “FB 
Ch'a-ching (silver) 2 LE 

Chaff th 
Chaff gold +B 

Chan-k’ou & i= 

Sahel 7 ib ig Vy. 

Chang Ch'ien 2% a 

Chang-chou al Hq 

Chang Hua 3 2 

Ch’ao powder $F] #55 
Che-chiang 4% HE 

Che leaves 4h “e 

te 2 Uf, Ch’e-li monkey 

Ch’en KK. 

Chen-chiang ae 
(Chinkiang) 70 SL. /{2 
prefecture 

Cheng FE 

Cheng Ho He Aa 

Ch’en Hsiian Fx ta. 



Chen-ting 
eo 

prefecture < a. iG 

Che-t’ang RE, 4% 

chi 3B 
4k 

Chi 

Ch’i AG 

Wiang x 
Chiang 43%, 

1 sun Chiang-yu 

Chiiao-ch'ui 34 1H 

Chiao-shih 4 4a 

Chickensheart awit $f «> AfE 

Chich Lake ft 3X 

Chiien-li ch'uan 4 % -fE 

Chienshan 4% ws 

Chien-yao 3¥_ "E 

Ch’ih bits 

Hite Chih-ku-k’ou 

Ch’i-mu Huai-wen # 74 i x 

Ch'in BS 

Ch’in-chiao 
(Xanthaxylum 
piperitum) kk 

Chin-chih-wei A> Ey fee 

Fe #4 
Ch’ing-chiang-p’u 3H 2 - 

Ching-chou #] 4] 

Ch’in-chou 

Ch’ing-fen wm yt 
(calomel) ae #3 

Ching-sai nu i z v4 

¥ coh & LG. Ching-te Chen 
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GLOSSARY 

Ching-yang . ays 

Fel sks 
Ch'ing ying 4 # 

Chin-hua A> # 

Chin-kang em ry 

Chin- tan a Fr 
Em Chin-tan ta-yao 4E kK ae 

Chin wood $4 i 

Chiu-ching (The 39 Zim 
Wine Classic) /| A 4 

Chiu-k’ung Mountain gs 
[lit. “Nine ET 
Hollows” Mountain] tu oe 

Chiu-niang >. 
(mother y ig 
of wine) 

Z Chrysalis 4 

Ch'u fe 

Chit HE 

Chit (yeast) FQ 

Ch’iian-chou Me HH] 

tk +B 

-s. 
eh Be, ys 

Chu-ko nu (Chiks osbow) 28 37S 
b's, 

Chu-yai LR fé 

(Ch’ii-yii) carpets Fa i 

ieee 2 ey 

ie 
Ke Te 
3% sit it 

Ch’uang-tzu nu 

Ch’ui A= 

Chu-ko Liang 

Chiin-yao 

Cinnabar bed 

Clam-shell lime 

Clean rice broth 



GLOSSARY 

Clear pale pink “AC $x & 

Cloud tile de Qu 

Clove “at G 

Coa Kk FR 
Coarse paper 45 2h, 

Cold paste 24 ah 

Combed wool ag HX, 

Copper coal ial Ke 

Cc 2 Seca tcin VOR FIGR ED 
Copper-mad ua Li. comets Beas 
Core mold A “er 

ie Kl 

Cotton % 
(Gossypium indicum) Tt 

Cotton gin @w £2 
or ginning machine Hp dts ich 

g 2 
Cotton paper Ay ah 

eZ 

Counter-weight lever KE + 

Covered (a) 
culturing yellow F. @ 
mould, aie 
(b) fermentation 

Crackled ware 1a ga 

cree $B £4 
Katt 

Crockery mortars 37 BD. ZB 4 as 

Cross beam nae 

Crouching lion 4 

Corners of eaves 

Crimson 

7. a) 4 
—<t Thm ie tame iE L) 

Curers of eczema 3B 4 

Cc : Aw & urrency coin 7X 

Curved brick pe) ey 

Curved cover 7, Z Te) 

* 2 ké As 4 

cinilaton O79 Hay "B27 
tu 

Curved pole #e 4 FE 

Cerne ae 

KK AX Cut money 

Cut water beam 

pe 
Cylinder wheel (@) 

D 

Dalbergia @ x 
hupearra tree # 

Damask 4e 

Damask weave 2 Z_ tt 

Dark barley oI 4 

KAD EE 
> 

RA 
Deep sky-blue RF & és 

a Sg 
Divine- 

zene, ee 4 Spi 
foot AL, SB AE 
Document paper me a} fa %. % x XK S 

Dog-head gold Fe] cal i 

bolted fio “& 
Ww y 
4H 2Z 

te 

Double cocoon ae ‘ 

Dark green 

Deep blue 



Dragon robe 46 KE, 

Drain tile ze a 

Dragon’s 
mouth beam 

Draw-boy 4E 7, fo iB 

D board Ae 4 
(on alone ET ie 

Draw. loom es & 

Driving shafts 3 ah a 

Dry alum ke 

Dryobalanops ra ue 
camphora A A 4 

E 

Early Chi-an GB2L 

Early common rice 44 tak 

ee Early Liu-yang 

Earth salt a ae 

tf Earthen funnel = 2 

Earthen jars, ad be 
large and small wa Ls 

Egg-shell blue iE = 

Fight-directions-rotating string-of-100- 
bullets cannon 

1\ ae GF iE 

Elevated 
cylinder wheel @ ay ia) # 

Elm wood Fi IR 

HA AR Fife 
Empty husk, husk tb 

Erh-ya Ea] Att 

Evergreen ra 

Emerald 

GLOSSARY 

3% aK Eyelets 

F 

5) hips 

Fang I-chih TF wh ae 

Fang-shan ik By 

Fan-yu (possibly BE Ba 74 
bitumen or asphalt) <4 

a iL 

Feast candy G- iB 
i 
ro] 

Felt wt 

Fertilizer wheat He a %- 

‘ i é 
Figured spun-silk Zu Mp 

whe Figure tower 
(hua-lou) 

Files AE j 

Fine bran aa 4B 

Fine fabric 

Fine split bamboo Ay La 

: > Fire-arrow RB x 

Fire well 
(natural gas) ve # 

Fire yeast K 7] 

First-grade vermillion eA ae 

Flat Phe 

Ra Sf 

(Linen whee) oe AFR 

Flood-dragon ee 4 

Floss 2. 4h. 
wT 

Flour bolter p< 4 

Flat awl 

Flowering mulberry 



GLOSSARY 

Fo-lang-chi ja Oe 
(“Feringi”, (Ap eF 
Portuguese 
calivers) 

Four-fire brass uw K Eis] 

Fourfold paper cz w Zh, 

s& 345. 
Fox Fix 

Frames of the healds i ca 

Full kernels «= $% 

Fou-yu 

Fruit-cane 

“Full sail” Cie taal ar. ab 

woasotine “Sy 2 ida 1H 

G 
L£ 

Gallnut ie 4 

‘sp - K 

Gatviniol ps HE 
Let. Sey 
@ee 

Garu-wood and musk 31%’, : es 

Gauze ve 

Gem stones i 72 

General’s helmet ch & 

Se eeenlne Classic, 
e 

(Shan hai ching) 

Garnet sand 

wy 

a 

Glaze nut $e SE 
7 be 

Glossy jar ge Age, 

Gluten of wheat ne. An 

Goat hi #- 

Hao-fang 

Gold-back coins 

“Gold juice” A 

Golden-haired ape EE ete 

: wy G aa - ar e 

a gam tae 2 
kL 

Grain salt ae 
LE 

Grain tree ge kf 

Granular tin 4S, 
- £4 

Grape blue Hi &]) A Cos 

Graphite 2s %a Ag 
~3 35 

Gravel salt ay 7a 

Great commander oe dy ze 

Great gateway (sil 
Hee lentil Z 

Green lentils 45 = 

Green tally ‘ 7. 4g 

Green vitriol Se ie 

Ground ash 4h, Ke 

Ground juice th. 3¥ 

Guide rolls a aT 3A 

Gypsum we ZK. Xa 

H 

Hand cranked wheels 

Hand pestle x EF 

BE 
ga 

v2, ly 

KE 

4k &. 

Hand spool 

Hardwood charcoal 



£E 
Heald X 

Hei tan =) Ft 

Hemp Tk, Kh tk 

Hemp-quilted td 464 

Hemp seeds ¥ ek = 

Hemp yarn <A ey 

Heng-yeng 425 a 

Hibiscus skin 

is Ae TR 
Ho Ch’ou Ae Af 

Ho-hsi SF We 

Holly seeds ies. 
(Ilex pedunculosa) 

Ho-lo-tan cq Se BB i) 

Honeycomb oF AL 

Ho-p’u A> 
Horse indigo ee is 

Horse-teeth niter Ay | 5H eH 

qe 
Ho-tien a (a) 

Hou-kang 4B fz] 

Hsi-an Gi {-(Sian) 

Ho Sui 

Hsia 

Hsiang Hsiu ‘9 

Hsiang-yang 4 th 

Hsiao-mi | : H 

Hsiao-shih #f (Bp 7a 

Hsi-chung & 4 if 

Hsien-men Tzu-kao oy = J 48 

345 

GLOSSARY 

4 « od 
Hsien-yang IX io 

+k 

Hsin 4 
2 

Hsin 5 ie [i.e:, ge foes 

Te Sep ( Ete 1) 

Hsing-han Sha ge Uk 
[probably aventilrine, ie se 3 
sometimes called sie 7 yp 

goldstone] 

Hsing I ag Ae 
re & 

Hsin-kuo-chou oR jal H] 

Hsin stones ee 3 fe 

Hsin-yang-chou 4 Gb zn My 

Hsi-yang-p’ao, 
the occidental ae Bb if ae 

Hsiian-chi $e, aK. 

oe Ie 
Hstian-fu el iy 2 

e 3 
Hsiian furnace k [g. 

3 

Hsiieh T’ao at 2 x 
note-paper 33 vey It Je 

Hg 

Hsii Kuang-ch’i i q- te 

a 

Huai-an 24 oie 

Huai (Sophora 
japonica) flower 

Huai flower bud 

Huai-nan-tzu 

Huai River 

Huang-lien 
(Coptis japonica) 

H -lien-sha * ers ats A 
Hua-yang-kuo 448 et Hua-yang-kas # fe (a) oe 



GLOSSARY 

Hu-chou silk (woven) 33f RAC 74 

Hulling mill RE 

: 
oa 

Hun-chiang-lung : 4, 

(submarine mine) 7°E +L Fe 

1 4m 

RF 
Fe CK 

te? 

ishih Ho KK, 

4®e HK 

T-hsing 

Li 

J-ling 

Imperial wheat 

L-ti 
OYA 

Incense file aE BE 

ak Ja 

Indigo PR 

Indigofera tinctoria |, 

AG, HE. BR 
Indigo powder Ka ies 

7 
1 58K 

- WY 

BR TR 
9s ab tt 

Iron droppings igs. xz 

4X. 6 
tron roller BN Fie TG 
Tron sparks Nt He 

iA He 

Interior rim 
(of a wheel) 

Tron and/or 
steel hardening 

Tron coal 
(natural coke 
or anthracite) 

Tron drill 

Tron ore 

Trregular sugar 

346 

Ak coy 

Isatis tinctoria =A Se. 
t 

Ivory color Se via 4, 

J 
1 

Japanese lead 1% Ah 
Zz 

Japanese satin 4& hie a 

Jellied maltose jE i 4, 

Jen-sheng 
(Panax ginseng) 

Job’s-tear wine 

K 
Kan-chiang =f us 

+t 2% 
Fi * Bl 

Kan-chu 

K’ang-mi chiu 

ean glakra) +f =. 

Kao “oP 

Kao-chou zy | 

K’ao-kung chi SE x “23 

Ke hemp Z FR 

Keng eee 

tz 
Keng chih fu 
(Pictorial Accounts 

of Agriculture 
and Sericulture) 

Keng 

a a ia 
Ke plant (creeper) -s 

Kiangsu indigo 
(Indigofera kiangsu) se 
Killer-of-myriads 
(a toxic 
incendiary bomb) 

Si 

fs im c 



an? 
Kiln z, 

rm s 
Kiln refuse powder ‘e 3 RK 

Knife brick 7] eB 
ae) 

Ko Hsiian ie) & 

Ko Hung, aw lak ie Bot abas 
K’uang té 

Kuang-hsin ira VE 

Ku-ku wool 4 fi en £8, 

K’un-lun vitriol ies Hi 

4, Kung-sun oN 
Ch’iao i AF 

Kung-sun Shu #,*'.3 he 3k 

us 

Ia SEV 
L 

- (24 
3, 38. 

Lampwick Vs ty 

Lanchou woolens a 4, 

Lake salt 

Landscape- . ree A 

designed NX 4 £2 bae5) 

agate 
az 

Lapis lazuli E ji 2469 
—_ 

Large French beans 7] ¥%. 

Large jar tio 

Large panicled millet KR 

K wo jf, Large quarto 
-} 

Large rollers B og 

& 
Large salt K Am 

Leather braiding 

GLOSSARY 

Leavening, fermentation 1A 

Leaven, yeast Ry 

Lei Hsiao = Bay 

Lentil = Js 
Lentil wine 25 Zz. 3 i 

Level trench ¥ fe 

Liang Z = 

Li Chiang eB 1 

lin A i 

Lien-chou i Hy 

Li-fang vy, Bs 

Li Ping 

i a 
Light blue 2. 1 

Light green s EI ep 4, 

Light of Weyuan = AE Sf 

Lime Fa Fe 
ge bh = 

Lin-an prefecture Biz 4r Itt 

Lin-chin (Bes a 
a 

Lin Ch’iung SH xB 

Ling-piao lu-i BRT Z 
Lin-t’ao k 
Commandery JE, 26 
fof Kansu eu t 7a 
Province] 

Litharge ot 4 

Litmus ye As} 

coher ee seed 
Liu Pi A | a 

Long string bean BT 2. 

Lo-p’an ig 



GLOSSARY 

oo Lophanthus rugous 4£ “a 

eae & 
eR 
PS soe, Ha FR 

; z& 

KR H, 
on eee a6 o a 

Lotus pink 

Lotus-seed shells 

Louse sesamum 

U Lowly silkworm 

\ 

-%4 ad 
Lo-yang xy ty 

ok 

Li G 
Ly- 

Lung-hsi Pac \e 

Lung-shan = pay 
civilization #E, Ja ARQ its 

is 4 

Lun heng ze 4EF 

Lii-shih Z 4 if 
Ch’un-ch’iu = by dh 
(3rd Century 
B.C.) 

[Lustrous] HH d 

anthracite coal a ye . 

M 

Ma-chia-chai (Shensi) 5 KE 

Ma Chiin 

Ma-huang 1, 
(Ephedra vulgaris) TER B, . 

~reE we 
Malachite “*y A. amen 

Malted (3 
as 

Maltose Au ; i Sr 

Malt sugar Lae 
(lit. “minor sugar’) e)» a 

4k JF 
Marshes ¥ 3 

Mauve 49, #8) & 

A ike. 
Mesicnalyeat poh HY 
Ma-wei 

Mei-kuei 
[“round gem” 
probably garnet 
and/or mica] 

Bik 

IE 

1 eR 
me ws Ziel 

ALAR 
LE 62, 

th 3h 

Melon-seed gold 

Meng hemp 
(Abutilon avicenuae) 

Meng-shan copper 

Mercury 

Meteorite or shooting- 
stars cannon, The 

qn Method of draining 

f H- 
Miao e74 

Middle paper 

Mighty-arm 

t & ik 
crossbow, The 44 fe if +e 
(shen-pi-nu) efi 

Z a3 

Milk-mulberry fiber = FE 

Millet and ee 
sorghum, ws =F &R og 
different ie Ax Ae FE 
varieties of 

Min-ch’ih = : ! 4 
District 7 & ae Wi 

GR FR Mine powder 

Mined lead Ti pL Ay 

Mixed tallow-oll fia 3% ia 
4 Te 

Mo-ching JZ, cam 

Mo-fa chi-yao a 
(Essentials of Z, 3% 4 = 
Ink Making) 

Mohammedan blue v2) 

Mo-hsieh = 46 

£4 
aS 

i? 
A 

Mo-p’u z, 2% 
(Categories of Ink} “t va 

Mortar (2 

Mo-tzu & 4. 

Mother gold tk EE 



£ Moui Ae 
Mountain - 
pomegranate ry 
flowers 

a i 

oa 

terobabhy.beryl] ATE 

EF TK 

Moxa 

Musical boards 

N 

Nardostachys jatamansi + ka 

Native sulphur Sea a 

$ Natural musk Ls 

4, Navy-blue cloth a 
4h “Nest of silky 

miaet (spun malt- 

A 
- % 
FR 

%, 

sugar 

2 
Nettle-hemp It 

Newly hatched  & 4h x ew. y _ c ¥L 3% £y- 

Nine-arrow 
heart-piercing Iu LS Bw be, 
cannon, The 

i y) 

Ningsia <a g 

Ning-kuo Commandery )37 —< 
in Northern as ‘a p 
me Previews] 2 Bl “ 

3 Nu (crossbow) 

Nuo 4% 

O 

Octre 4X, (#0 4G 
: 

Ordinary pearl P aR 

ip ly (Ordinary) wheat 

349 

Organzine rack 

Orpiment 

Otter fur 

Ou 

Oyster [shell] 
lime 

ma OB 
P’ai-ch’uan 

Pai-t’ou weng 
(Anemone cernua) 

Ae 
Palm-fiber cloth 

Pale blue 

Palm leaves 

P’ang-lu rugs 

P’an Ku 

Pao-p’u-tzu 

Paper-mulberry leaves 

Paper-mulberry tree 
(Broussonetia 
papyrifera) 

Paper sacrificial money 

GLOSSARY 

he ? 
eh J 

i el is a 

x FD 

46 BS 
Pa-tou (Croton tiglium) 

—_ 

Cae. 
L, af &. 
val a2 

eo 
48, thF 

HG 
Ka #4 

2h 4% 
BD Ht 2K, Paste-impregnated paper 

Vv aK 
Pea % Z. 

Peach-bamboo 

Peach-blossom 
pink 

Peacock blue 

Pei-chi-ko 

Pendant gold 

He rT 

ea 

BE 
te i Ag] 

eee 



GLOSSARY 

UE ok 

ek TR 
ia KF 

jee 
he ih 

He AR, 

gtk 
7 Ee he 

Perilla nankinensis 
(Sabra minuti flora, 
Sabra plebeia) 

Perilla ocymoides 

Petuntse (properly 
pai-tun-tzu) 

Picked wool 

Pierced cocoon 

Pig iron 

Pigweed indigo 
(Amarantaceae 
tinctorium) 

Pi Mou-k’ang 

Pine-needle juice 

vp 
P'ing-yang (Shansi) ¥- Ph 

hig 4S, 
he, 

Poison-mist 
divine-smoke 
cannon, The 

Ping 

Pin-tieh 

+h HB 2. 
Polygonum tinctorium 

Pongee 26 g 

Poppyseed A ie 5 

a Te LS 
“Pot-bottom” silk V5) IR cM 

Potter’s wheel 

Pounding. mill 
(water-powered ) 

Powdered coal 

Powdered salt be +9 

Powdered smartweed te 7 Noe 

Powdered white brass 6) Ail fs 

Po-wu chih + iy p | y, me 

oa 
Pressed ware é7 Ke 

350 

Pulley well a He. 
"4 

Pulp tank =F ¥ Zh, fe 

Purple powder aGe 45 

e J 
Pyrolusite ah ZS 

Q 
d 

Quartz crystal 7X ea 
aoe 

Quartz crystal prism 4 > ER 

2 
Quilted: clothing, if 4 
quilting 4 i Be. 

R 
‘Fe? 

Rain or snow-water R. Ro 

; 4b 
Ramie, rhea, oe <t 
or China grass be 

Rape-flower honey ai Ki GB E ec 

Zest (EY 
ay 

Rape seed 

Receiving hole 

“Red- barbarian 
cannon” 44 z ne, 

Recumbent brick £f K, a 

L Lee 
“Red-flower” 3B $ 
agate 4p 4a Lys wm 

& Red kaolin dp 7 fla 

Red vitriol Ar: 

2 25 4% 
ah 

Red wine-mash 
4 

Red yeast 

Reed (Miscanthus +r 
sacchari flowers) a a 

Reeling machine (4 £@) ah ¥. 

Reeling silk y my £4. 

Refined copper H, 46 



Revolving awl 

Resounding bronze 

Resurrected paper } ke ah, 4k 

Rice stalks 4% Ke 

Rigid rods a. 

Hep (on a loom) { é] 

Roasted ore % ay 9A 
r= 

Rock salt fe. ae 

Boers wre AY ACI 

ale 
th Ta 
K+ 

& 

Roller (to husk) 

Rolling stone 

Rosa banksia 

7% 

Rosin L 

Rough woolens 44 

Round awl 8) Aft 

of Rounded or wheeled ware a) ou 

ex | 3- 
OR 

Ruby or rubellite 

Running pearls 

: at. 
Rushes Ee 

ak 

+ 

Ss 

re 
Safflower cakes 

Sable 2 

4h £2 
SL. it. hat 

eo 

hs he oT Safflower juice 

Saggers Y. SE 

Salted mud cam 3. 

Salt frost 2 #a 

Salt pan £8 az: 

Saltpeter L A 
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aie 
Saltpeter earth = (abp 

San 

Sandalwood *? IR 

alas clayey at s¥ té a 

Sandy bottom ZY icy 

Seige page a 
Sandy soil ne sy Kes 

Sappanwood Se KX 

Sapphire Ag: ie a 

Satin Asa 

Scarlet FE 42. 

Scoop chisels x | oe 

Screen EA 

Sea brine ia: rg 

Sealing wax coins K sf 4y 
L 

Sea salt ee z. 

4g Second Commander ee, He 

Second-grade vermillion pe ry, Pe 

Seeds of Job’s +k = 
tears x ah 433 

(Coix lachryma) as 

natural indigo 
“Seeth” water of Ace AX 

Seiaena sehlegeli 

Separation rods a I 

#8 Serge 

Sesamum ER & (Aa) AK 
Shaochiu {2,3 

Shao-chou #4 44 

Li, iH 
we 2 

#y 
Aes Shao-hsing wine 

Shao powder as 



GLOSSARY 

« t aus 

Sheep’s fat jade 2 fle t: 

J = 

Sheep’s head 2a 

Sheepskin 2 eR 

Sheet of aE rf 
silkworm eggs £% 20 

Shelf (for silkworms) of) 

2%, $M Shell fortress 4 

Shells of 
te 

wood-oil seeds fa 

[Aleurites cordata] 
K fl DR 

&- 

snita 45, “F Ke 

Shih (tan 
after Sung Dynasty) 

7a 

Shih-mo He Z. 
ae 

Shining pearls A oe 

= 9 

Short plank Les KB 

Shu ya) 

Shui ching chu We £ Z. 7 

Shu-mi chiu 

Shu-mi lu-chiu ¥ IK Hs. “we 

Shuo wen ce P a 

Shu River F 21. 

Side brick 

Sieve ef 

Silk (woven cloth) 2& 

Silken Ly WZ 4? 
gauze for 4h, LEN $X 
the bolter “4° aA fs A 

Silk-mulb Le Ld 
eher'paper S$ FR aK 

v4 

Silk wadding (4% ) 28 

Silkworm bath ‘4 ye 

Be oh Silkworm moth 

Silver pink Ek 4 L 

Silver rust AK 5s 
Zz 

Silver sparkles ij KR fea 
+k 

Single cocoon 4H Z 4 

Sinker lead 4Y iad As 

Sizing Re oF 
KF 

Skein frame ae Fy 

zt 
Sky blue A &. 

< 1727 

Sky-lights K a 

sk 
Slot teal 

4 

Small bark paper | . ik. kane 

Small-grained millet EA 

Small-leafed ay Zt 
Polygonum 1) H. 7 
tinctorium 

Small panicled millet am 

Small roller 

Smartweed 
[Polygonum 
posumbu] 

Smelly coal 

Smithsonite 

Smoked Chinese plums 

Snail-shell 
pearls 

Snake-head awl 

Soft jade 

4 
soli $F 

Solid weave 

Solution. of 
ox glue 

a). Be 

4 R 
beh 
ve Tt @ 

i * LF 2 

3 

yee 
=z 
ste 

2p 

a 4 ov Rl, PD) 
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Solution -. 
of red earth at — AX sii 
in water. 

Sorghum cs < 
—_ + — 

Soy bean RK &. ’ &, Nea 

- 3’ 

Spin 4B 
een €4 Spinning wheel 27 ¥- 

EE 
Split bamboo ata 

a 
Spootingstk 2] 3%. 

3 pes 

Square frame brick ay $Z he 2 

Ssu-chiao Mountain 4 
[Four-cornered bad ea wy 
Mountain] 

Standard vat £2, Ar 

Starch i) Zp 

us 7B Starching and iE 
smoothing process rete ~ 

Stone green 2 
[verdigris made 7a ae 
from malachite] 

fie Stone marrow lead 7a PRL 

4% Bp ER 
Strawcocks vy 
(for silkworms) 

4h b 

ie an 

Strip AT 

kat Stone mill 7g 

Stop-foot beam 

Straw salt 

—_ 

Stripping 24, 1 
27 I 

Strong pan A 2. 

Sublimation of At 5st 
mercury “1 # 

ee] - i 

Submarine mine ze vi. 4b 

Suckling lamb 4L eae 

ar sb af 
by 

Sugarcane PE oe Fi, 

Sulphur stones 

Sun-driedsalt  — ado 42. 

Sung Ying-hsing 5 fe. % 

, 
Superior paper & ZL aw Kae, 

Supernatant Pe A Ey 
liquid of manure ¢ A g. 7I< 

Su-shen tribesmen o 12. 

Swan’s down Kk AG, AR 

Sweating the green 37 ] 

Sweet-wine ag. 

2, 7 Szechuan stone 

T 

Tacking 1 ) A, 

foe L 4] 

T’ai- — 
a. beam) kK 4 

(2) tat ‘Tallow tree seeds 
[Stillingia 
sebifera] 

Tan (shih until 
Sung Dynasty). Xa 

hs 
Z| 

T’ang Ching-ch’uan 

T’ang 

e 

uu. 
= - 

a 

DEY ght > ob —\cs T’ang pen-ts'ao 

T’ang-shuang p’u ¢ per By wi\~ cos) 

Tan-sha 4+ a} 

Ta-t’ung ape T@] 

Ta-t'ung RK ia. 

Tax boats i B 



GLOSSARY 

b or 

aS Gs. 

+h 
Teng-t’an pi-chiu (Necessary Knowledge 
for a Military Commander) 

Riba ste 
7g FB dH, 

44 

it 

Tea indigo 

Tea (or camellia) 
seed 

Thin gauze 

1-47 
Thousand-year 2 £¢ 
jade-containing rocks TT Sf £ FR 

Thin-glue gauze 

Thread 2g. 

yy) bE 
-passi : ) Le passing == 5K 2h ae CF 

i LZ 
Three-barrel pistol —— cf kK 4 

Throwing apparatus ¢ 123 oe 

L 

Tidal mound 334 ¥5X 

Tich-li-mu A&A -- 

T’ien-kun ~. ze 
k’ai-wu 3 FR ae (| 4n 

Tiger-spot bean if ] 3S. 

Tiller al Pit 
Time vitriol or chicken droppings vitriol 

Z 

Te, 15 Be 
Ts T # 

Ting-tripods a hid 

Be 
+} - 

Tough cocoon pee wa 

Ae 4h 
Lia Ha 
th #. 

g AA 

Ting-ning 

Topaz 

Tou 

Treadles 

Treadle wheel 

Tree cotton 
(Ceiba pentandra) 

Tree leaf salt 

Tribute boats 

Tributes of Yii 

Trough 

Ts’an-tou 

Tsao-chiao, 
pods of the 
Gleditschia sinensis 

Ts’ao-chiin 

Ts’ao-wu (Aconitum) 

a eB 

Ip 1 

ZA 

Si 
4. 

of 

Tseng <4 A. 

Tsin ae 

Ts’un <a 
- wt 

Ts’ung-ling TA 40 
ss 

Tsun-hua 3 Ej Abts 

Tu Ae 
= 

Tu-chiang-yen Ap 21. tz 

Tu-chung 
(Eucommia ulmoides) 

Tu-lan sands 

Tung-jen 

Ht. if 
4G AL 7 
Bil (= 

T’ung oil (Aleurites cordata) Ai] Aca 

T’u Po-chii 

T’u-shu 
chi-ch’eng 

Turnip seeds 

Twilled fabric 

Two-colored 
agate 

Two-fire brass 

Tz’u-chou 

Tzu-ma 
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ar 
Tzu Mountain Sy Ml tha 

U 

Ultramarine ea=& 
(“Buddha’s-head blue”) Aap 28 A 

Unborn lamb y;| © x, 

Uncanny jade F: kh 

4, BX Unfashioned iron 
ek : 

Used iron i ASX, 

< : 3A 
siecle cram A £ jel Rye 

V 

7 
Valve(?) 3H a. 

Vanquisher crossbow, + oe 
The (k’o-ti nu) LMA 

Varnish tree 
(Rhus verniciflua) sh 
Vegetable tallow s y 
(Stillingia sebifera) ta gy oH 

Venetian sumach “Ss RK 

(Rhus cotinus) )&. 

Vermillion Ak ie 

Vinegar dregs 

Waist loom 

Wang Chen 

Wang Chin 

Wang Mang 

Warp 

Bh oF 

WwW 

Ase. RK 
AE. 
sae 2 

2. 
i 2 

GLOSSARY 

Warp beam a7 Ax. 

Warping -e au 
a+ 

Water-drip tile 316] 7K AB 

Water sulphur 7K SLE 

Watertumed 1H Ga BS 
R$ a 

mine BR 7k a ey 
ie 

oe [insect] AX, 5 

Cm wom #8 
Weaving borders rs 3 a 

Weft; tram a3 4h. 

Weights, ,A8- 

Cation) — *6T HD 
Well salt + 

Wen-chou (Chekiang) WD. Hf 

Western 
barbarian wheat 

Western Regions 

Western sugar 

BEG 
EX 
sf He 

Wheat-beard niter ae HH (44) 

Wheat-husk gold KR ys A 

Wheat yeast & ig 

Whirring dart 2 : rring [3 

see — 
White bean (a 4a dele 

White clay Ft. 

White [wheat] 5 
howe a $s. 

White hammered 
paper 

White-Jade River 
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GLOSSARY 

Whitelead GA RT 

White wax & AR, 

Wild sik $F Ee 4G 
aE Wild silkworm aT Be, 

Hye, HE 
Winch K Pea) ¥. 

Window gauze a ay 2h, 
paper 

e 4 + 

He 
Wine yeast = eS Ee 

J, Fa? 
Winnowing machine Jal g 

Winnow riddle He 

Wo y 

Wooden cask Ad ka 

Wood red TI 40. é, 

Woolen & 4, 

ZRF 
es: 
E hh, 
aX 

White sugar 

Willow-catkins 
alum 

Wine-mash 

Winnowing fan 

Wood ash 

Woolly sheep 

Nu 
Woven ‘bamboo tray 

Wrapping paper é, 

By Wrought iron 

Z 

We OK 
Wu os 

Wu-chi: : Pushing 5X gue 4) 
-li 32\" 

Hires AH tZ <i> ze 

A Va & Wu-pei chih. 

Wu-pien A 4h, 

& 

Yang (44) FH 
positive] 

Ya-tsao 
(Gleditschia yi @ 
japonica) 

Yang-sh am iukstn  A*Pee R10 
Yang-teovine — f BE ff 
Yao-chiu ie ar) 

Yellow berberine = 3 

Yellow soy bean oD 3%. 

BE Yellow vitriol 

Yellow yeast 

eh Yen 
e 

Yen-ching (Peking) Bee 

Yen-hsiao 35 | 

Yewnut fff 

ceukineccil iain Fa 

aH 
Yin-p’ing lead %& + 4G 

Yii-chou wh 4 

Yii-nich 33 32 

Yii-tien £:. @ 

Yii-tien tT Ww 

Ying-ch’ing 

Yii-tien, ae as Ho-t’ien in Sinkiang 
Province a fl C Ae [ PH] 



APPENDIX A 

Summary of Chinese Dynasties! 

DYNASTY 

The legendary Five Rulers 

1. Taihao Fx Fubi AR FL fe 
Fe P’ao-hsi ié x 

2. Yen-ti = oF Shen-nung te 2 AL 

Lieh-shan 3‘) Wy 

Yu-hsiung + RE 

Hsuan-yuan ef oy 

<a 
3. Huang-ti eS St 

a = 
Chin-t’ien & Ww 4. Shao-hao yy K 

5. Yao, Shun 

Hsia kingdom rE 

Shang-Yin kingdom A Bo 

wit Se7 wl 

Shang ria 

Yin Be 
Chou dynasty Fe (Feudal Age) 

Early Chou period 

Spring and Autumn (Ch’un-ch’iu) period Fe th 
Kw 

(First Unification) 

Warring States (Chan-kuo) period 

Ch’in dynasty ae 

5 Ca. 

DATES 

2852-2738 B.C. 

2737-2696 B.c. 

. 2697-2596 B.C. 

. 2597-2512 B.c. 

. 2513-2196 B.c. 

. 2197-1766 B.c. 

. 1765-1122 B.c. 

. 1765-1400 B.c. 

. 1401-1122 B.c. 

1121- 220 B.c. 

1121- 796 B.c. 

770— 403 3B.c. 

403- 220 B.c. 

221— 205 B.c. 

1 A detailed description of Chinese dynasties can be found in A Chinese-Engiish Dictionary 

by R. H. Mathews (Shanghai, 1931). 

357 



APPENDIX A 

DYNASTY 

Han dynasty x 

Former Han (Ch’ien Han) Ay oy 

Hsin interregnum Xf x 

Later Han (Hou Han) 4 3¥ 

Three Kingdoms (San Kuo) =. ea (First Partition) 

Shu (Han) By 
Wei Ae, 

Wu & 

Tsin dynasty = (Second Unification) 

Western ws — 

Eastern & a 

Northern and Southern dynasties (Nan Pei Ch’ao) 

wy) st F (Second Partition) 
Liu-Sung dynasty # | Fe 

Ch’i dynasty ae 

Liang dynasty : Z 

Ch’en dynasty FR 

Northern (T’opa) Wei dynasty sk £%. 

Western (T’opa) Wei dynasty ww 4%, 

Eastern (T’opa) Wei dynasty £ 42. 

Northern Ch’i dynasty zk axe 

Northern Chou (Hsienpi) dynasty 4k 4) 

Sui dynasty *% (Third Unification) 

T’ang dynasty EE | 

Five dynasties es 4X, (Third Partition) 

Later Liang Z iS 

Later T’ang (Turkic) Ez 

Later Tsin (Turkic) #2. 

358 

205 B.c.-A.D. 220 

DATES 

205 B.C.-A.D. 

A.D. 

A.D. 

9- 24 

55° 9795 

220- 265 

. 220- 265 

220- 265 

- 222- 280 

. 265— 430 

. 265- 316 

. 317- 430 

420— 588 

420- 478 

479- 501 

- 502- 556 

557— 588 

386— 534 

« 535-557 

534- 550 

- 550- 577 

. 557- 581 

- 389- 618 

618— 906 

- 907-— 960 

. 907- 922 

- 923- 935 

- 936- 946 



APPENDIX A 

DYNASTY DATES 

Later Han (Turkic) 3$ Jaw. 947-950 
Later Chou JA fan. 951-959 

Liao (Ch’itan Tarter) dynasty 3 (BAH lav. 16-1125 

West Liao (Qara-Khitai) dynasty AD. 1126-1211 

Hsi Hsia (Tangut Tibetan) state ei a A.D. 1038-1227 

Northern Sung dynasty JE R (Fourth Unification) A.D. 960-1126 

Southern Sung dynasty 3) AD. 1127-1279 

Chin (Jurchen Tartar) dynasty & (te B) A.D. 1115-1234 

Yuan (Mongol) dynasty 7, AD. 1279-1368 

Ming dynasty BF| AD. 1368-1644 

A.D. 1644-1911 

AD. 1912- 

Ch'ing (Manchu) dynasty ay 

Republic K ie 
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Hsiao-han 

Ta-han 

Li-ch’un 

Yu-shui 

Ch’i-chih 

Ch’un-fen 

Ch’ing-ming 

Ku-yii 

Li-hsia 

Hsiao-man 

Mang-chung 

Hsia-chih 

APPENDIX B 

The Twenty-Four Solar Terms 

SOLAR TERM 

1)\ FE light cold) 

K ae (Severe cold) 

22, Fe (Spring begins 

3) 7 (ain water) 

ph $f (Excited insects) 

#5 ly (Vernal equinox) 

3% OF, Clear & bright) 

wh id (Grain rains) 

ws ce (Summer begins) 

ry. oi (Grain fills) 

pe <8 (Grain in ear) 

G uo (Summer solstice) 

APPROXI- 
MATE 
SOLAR 
DATE 

Jan. 6 

Jan. 21 

Feb. 5 

Feb. 19 

Mar. 5 

Mar. 20 

Apr. 5 

Apr. 20 

May 5 

May 21 

Jun. 6 

Jun. 21 

APPROXI- 
MATE 
LUNAR 
DATE 

Early Dec.: 

Middle Dec. 

Early Jan. 

Middle Jan. 

Early Feb. 

Middle Feb. 

Early Mar. 

Middle Mar. 

Early Apr. 

Middle Apr. 

Early May 

Middle May 

ZODIACAL 

POSITION 

OF THE SUN 

Capricorn 

Aquarius 

Aquarius 

Pisces 

Pisces 

Aries 

Aries 

Taurus 

Taurus 

Gemini 

Gemini 

Cancer 
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APPROXI- APPROXI- 
MATE MATE ZODIACAL 
SOLAR LUNAR POSITION 

SOLAR TERM DATE DATE OF THE SUN 

Hsiao-shu aks & (Slight heat) Jul. 7 Early Jun. Cancer 

Ta-shu K | Great heat) Jul. 23 | Middle Jun. | Leo 

Li-ch’iu %. ££ (Autumn begins) Aug.7 | Early Jul. Leo 

Ch’v-shu | Cimit of heat) Aug. 23 | Middle Jul | Virgo 

Pai-lu & es (White dew) Sep. 8 Early Aug. Virgo 

Ch’iu-fen Ak 4p (Autumnal equinox) | Sep.23 | Middle Aug. | Libra 

Han-lu REE Cold dew) Oct.8 | EarlySep. | Libra 

Shuang-chiang we 7k (Hoar frost descends) | Oct. 23 Middle Sep. Scorpio 

Li-tung th. i. (Winter begins) Nov. 7 Early Oct. Scorpio 

Hsiao-hsueh zl. '& (Little snow) Nov. 22 | Middle Oct. | Sagittarius 

Ta-hsueh 7 dp (Heavy snow) Dec. 7 Early Nov. Sagittarius 

Tung-chih Fos Pa (Winter solstice) Dec. 21 | Middle Nov. | Capricorn 
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APPENDIX D 

Transmission of Certain Techniques 

From China to the West’ 

INVENTION OR DISCOVERY CHINA EUROPE APPROXIMATE 
MINIMUM 

PERIOD OF FIRST PRECISE | PERIOD OF FIRST PRECISE | TIME-LAG, IN 

EXPERIMENT | DATE EXPERIMENT | DATE CENTURIES 

1 Square-pallet chain- ist century 189 17thcentury? | 1672 15 

pump B.C.; probably 

mentioned in 

83 

2 Edge-runner mill 1st century B.c. | 170 15th century? ? | 1607 13 

3 Edge-runner mill with 400 15thcentury? | 1607 11 

water-power drive 

4 Trip-hammer mill 4th century 
B.C. 

5 Trip-hammer mill, with | 2nd to 1st cen- | 20 15th century? * | 1607 14 

water-power tury B.C. 

6 Rotary Winnowing- 40 B.c. 850, crank late 14 

machine, with crank- 18th century 

handle 

7 Rotary fan for ventila- 180 15th century? | 1556 12 

tion 

8 Blowing-engines for fur- | 2nd to Ist cen-| 31 13th century 11 

naces and forges, with | tury B.c. 

water-power 
(idem. crank-drive type) 1310 1757 4 

NOTES: 1. The table is reproduced from A History of Technology, by Charles Singer, E. J. Holmyard, A. R. Hall, and 
T. I. Williams, vol. 2, (1956), pp. 770-771, which in turn was amplified from table 8 (p. 242) in Science 

and Civilization in China, vol. I (1954), by Joseph Needham with the research assistance of Wang Ling. All 

dates are A.D. except where otherwise indicated. The periods in Column IV attempt to allow for considerable 
doubt and obscurity, and therefore are frequently less than the number obtained by subtracting the date in 
Column II from that in Column III. 

2. The Chinese edge-runner mill had a roller revolving on a plane surface, and differed considerably from the 
split-ball-and-cup arrangement of the classical trapetum. 

3. Water-driven fulling-mills were known in Europe in the thirteenth century and perhaps earlier, but it is 
not clear whether these were of the Chinese tilt-hammer type, or vertical-lift stamp-mills. The tilt-hammer 

was however associated with the development of the blast-furnace. 
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INVENTION OR DISCOVERY 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Piston-bellows, for con- 

tinuous blast 

Draw-loom for figured 

weaves 

Silk-working 
machinery: reeling 

machine 

flyer; twisting and 

doubling 

water-power applied 

Wheel-barrow 

Sailing-carriage (first 

high land speeds) 

Wagon-mill, grinding 

during travel 

Efficient draught- 

harness for horses: 

breast-strap 

collar 

Cross-bow (individual 

weapon) 

Kite 

Helicopter top (spun by 

cord) 

Zoetrope (lamp-cover 

revolved by ascending 

hot air) 

Deep drilling (for water, 

brine, and natural gas) 

Tron casting 

CHINA 

PERIOD OF 

EXPERIMENT 

2nd century 

B.C. 

Before 100 B.c. 

13th century 

1st century 

2nd century 

B.C. 

4th century 

B.C. 

FIRST PRECISE 

DATE 

4th century 

B.C. 

Ca 100 B.c. 

1st century B.c. 

1090 

1310 

231 

552 

2nd century 

B.C. 

3rd to 7th 

century 

3rd century 

B.C. 

Ca 400 B.c. 

320 

180 

1st century 

2nd century 

B.C. 

365 

EUROPE 

PERIOD OF 

EXPERIMENT 

15th century? 

6th century? 

9th century? 

Known in 

Roman period, 

but not widely 

used before the 

Middle Ages 

Cast iron 

yielded only by 

accident in an- 

cient and medi- 

eval times 

FIRST PRECISE 

DATE 

16th century 

4th to 5th cen- 

tury 

All introduced 

about the end 

of the 13th 

century 

14th century 

Ca 1200 

1600 

1580 

Ca 1130 

Ca 920 

11th century 

1589 

18th century 

17th century 

1126 

13th century 

APPENDIX D 

APPROXIMATE 
MINIMUM 
TIME-LAG, IN 
CENTURIES 

14 

3-13 

9-10 

11 

12 

13 

12 

14 

Ca 10 

11 

10-12 



APPENDIX D 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

INVENTION OR DISCOVERY 

Concave curved iron 

mouldboard of plough 

Seed-drill plough, with 

hopper 

Gimbals 

Segmental arch bridges 

Cable suspension- 

bridges 

Tron chain suspension- 

bridges 

Canals and rivers con- 

trolled by series of gates 

True lock-gates and 

chambers 

Ship-building: 

stern-post rudder 

water-tight 

compartments 

Rig: 

efficient sails (mat-and- 

batten principle) 

fore-and-aft rig 

Gunpowder: 

as an igniter for an 

incendiary weapon 

rockets and fire-lances 

projectile artillery, 

explosive grenades and 

bombs 

Magnetism: 

lodestone spoon rotat- 

ing on bronze plate 

floating magnet 

suspended magnetic 

needle 

PERIOD OF 

CHINA 

FIRST PRECISE 

EXPERIMENT | DATE 

First century 

B.C. 

8th century 

1st century 

B.C. 

10th century 

9th century 

[B.c.?] 

85 B.c. 

180 

610 

1st century 

B.C. 

580 

3rd century 

Be: 

825 

8th century 

5th century 

1st century 

B.C. 

3rd century 

Ca 850 

919 

Ca 1100 

Ca 1200 
Ca 1000 

1020 

1086 

366 

EUROPE 

PERIOD OF 

EXPERIMENT 

Known in 

antiquity 

Proposed 

1595 

(Greek Fire 

used in the 7th 

century) 

Described Ca 

1300 

FIRST PRECISE 

DATE 

19th century 

9th century 

13th century 

15th century 

Ca 1320 

16th century 

APPROXIMATE 

MINIMUM 
TIME-LAG, IN 

CENTURIES 

25 [7] 

14 

8-9 

10-13 

17 



APPENDIX D 

INVENTION OR DISCOVERY CHINA EUROPE APPROXIMATE 

MINIMUM 

PERIOD OF FIRST PRECISE | PERIOD OF FIRST PRECISE | TIME-LAG, IN 

EXPERIMENT | DATE EXPERIMENT | DATE CENTURIES 

compass used for navi- |1lthcentury |1117 2 
gation 

knowledge of magnetic 1030 Ca 1450 4 

declination 

theory of declination 1174 Ca 1600 4 

discussed 

34 Paper: 105 1150 10 

printing with wood or | 6th century 740 Ca 1400 6 

metal blocks 

printing with movable 1045 (earthen- 

type ware) 1314 
wood 

printing with movable Ca 1340 1392 (Korea) Ca 1440 1 

metal type 

35 Porcelain Ist century 3rd to 7th cen- 18th century 11-13 

tury 

367 



T
S
 A
i
l
 

n
i
e
 

e
e
 

i
a
l
 

a
.
 

s
t
 

a
r
 

C
U
R
R
Y
 

j
i
 

j
 

<
I
 

Me
at

 

. 
Y
 
;
 

i
;
 3 

D 

i i 
Ppeli 

} 
n
a
)
 

m
i
s
 

a
 

Oe \perre *o 

ares 

ahs a3 



INDEX 

Agate, 304, 307 

Alum, 206, 242, 247, 292 

Amber, 299, 300 

Anchors, making, 196 

Arrow, feather, 264, 265, 267; head 

and shaft, 264; poison, 267; whis- 

tling-, 267 

Arsenic, 197, 210, 212, 268 

Awl, making, 192 

Axes, making, 190 

Bamboo, 261, 262, 264, 265; paper (see 

paper) 
Bean, processing of, 106 

Bells, 160-163; audience-, 160; casting of, 

160, 162 

Birch tree, 262, 264 

Boats, local types, 177-179 
Bomb, toxic incendiary, 276, 277 

Bow, construction and manufacturing of, 

the, 261—263; care of, the, 264; hand 

cross- (see hand crossbow); pulls of, 

263 

Brass, making, 247; yellow, 197, 242; 

white, 197, 242 

Bricks, 137, 138, 144; lazuli-, 144; 

manufacturing and various types of, 
the, 137, 138; proper firing for mak- 
ing, 138; superficial glazing of, the, 

138 

Broad bean, 31 

Bronze, 197, 242; making, 247 

Candy, 129, 130 
Cane sugar, manufacturing of, the, 126- 

128; varieties of, 125 

369 

Cannons, various types of, the, 271 
Cart, mule, 181, 182; ox, 185; single- 

wheeled, 185 

Ceramics, 135-157 

Ceruse, 256 

Che trees, 39 

China clay, processing of, the, 147 
Ching-te-chen (Kiangsi Province) 147, 

148 

Chisels, wood, 196 

Cinnabar, 242, 268 

Cinnabar ore, 279, 280, 285; production 

of mercury from, 280, mining of, the, 

280 

Clay, “glutinous rice,” 147; “nongluti- 
nous rice,” 147; white-, geographical 
distribution of, 146, 147 

Coal, varieties and processing of, 205, 

206; self-burning, 247 

Coins, 165, 166, 169; copper (alloy) 

165, 166, 169; iron, 169; silver, 169 

Cooking pots, casting of, the, 163 
Copper, 242-247; geographical distribu- 

tion of, 242, 244; ores, various kind 

and occurrence of, 244 

Copper works, 197, 198 
Cotton, textiles, 60, 63 

Dip-net drag, 298 
Divine Agriculturist, 3 
Dragon robes, the weaving of, 59 
Drawloom, 55, 56 

Dyeing processes, 73-75 
Dyes, 73-79; various colors of, 73-75 

Felt, 70 
Fermentation (see yeast) 



INDEX 

Fertilizers, 6, 8 

Figure designing, 56 
Files, making, 191, 192 

Firearms, 271, 277 

Fire well, 116 

Five grains, The, 3, 289 

Fluxes (see anchors, making), 196, 197 

Forging, hammer, 189-198; fuel for 
iron-, 189, 190 

Furs and skins, 64, 67, 69 

Fuse, 270, 271 

Gems, production of, 299; varieties of, 

299-300 

Glue, the manufacturing of, 262 

Gold, 235-238; geographical distribution 
of, 236; grade of, 236; -leaves, mak- 

ing, 237; separation from a gold- 

silver alloy, 237; simulated, 237; test- 

ing stone, 236, 237; varieties of na- 

tive, 236 

Gold Sand River, 238 

Grain tributes boats, the construction 
and operation of, 172-176 

Gunpowder, the manufacturing of, 268- 
271 

Hand crossbow, manufacturing of, the, 
267; varieties of, 267 

Hangchow, 237 
Hemp, 24, 292; meng (Abutilon avicen- 

nae), 64 

Hoe, making, 191 

Honey, 130; -bees, 129-130 
Hsiian Furnace, 165 

Huai flowers, 77 

Huai River, 29, 269, 308 

Haui salt, 110, 115 

Hui-chou, 285 

Incendiaries, various types of, 268 
Indigo, extraction of, the, 76; plants, 75, 

76 

Ink, manufacturing of, the, 285-287; 

-paper, 237 

Iron, 248-250; -articles, making, 189- 

197; -articles, quenching of, 190; ores, 

various kinds and geographical dis- 
tribution of, 248; pig, 248; -smelting, 
248; wrought and cast, 248 (also see 

iron articles, making) 

Irrigation equipment, 12, 13, 94 

Jade, artificial, 304; origin of, the, 307; 
processing of, 304; varieties of, 303 

Japanese satin, 60 

K’ai-hua Mountain, 147 

Kao-liang Mountain, 147 

Ke plant (Pueraria thunbergiana), 64 
“Killer-of-myriads”, The, 276, 277 

Kilns, 145, 146, 154 (also see the ap- 

propriate subject such as brick, 
porcelain, etc) 

Knives, making, 190 

Lampblack, 285, 286, 287 

Lapis lazuli, 307 

Lead, 252, 307, 308 (also see gold, 

silver, copper and tin); geographical 
distribution and various kind of, 252; 

white-, making of, 256 
Legumes, 24, 29, 31 

Lentils, 29, 31, 290; varieties and plant- 

ing of green, 29 
Lime, 201, 202; oyster, 202 

Litharge, making, 256 

Mallet, making, 190, 191 

Maltose, 130 

Mercury, 279, 280, 285 

Millet, 23, 24; the processing of, 99, 

106 

Mine, land, 271; submarine, 272 

Mirrors, 165 

Mohammedan blues, 155 

Mulberry tree, plantation and cultivation 

of, the, 38, 39; “flowering,” 39 
Musical instruments, 197 



Needles, making, 196 
Niter, the various types of, 269; used in 

making “lapis” objects, 307, 308 

Oil, camphor, 261; castor, 216; cotton 
seed, 216; Hemp, 216; sesame, 215- 
217; tea seed, 216 

Oil-extraction, methods and implements 
for, 217-219 

Oil press, 217, 218 
Oil seeds, boiling of, the, 219; pressing 

of, the, 218, 219; roasting of, the, 
218, 219 

Orpiment, 268 

Paper, bamboo-, “Burnt-offering”, 229; 
manufacturing of bamboo-, the, 224, 

227; resurrected bamboo-, 227, 228; 

bark-, varieties and manufacturing 

of, 230, 231; raw materials, 223, 224 

Pea, 29 

Pearling boats, 296 
Pearls, 295-298; diving for, 296; grades 

of, 298; -beds, 295, 296; origin of, 

304 
Pistol, the bird, 272 

Planes, making, 192 

Porcelain ware, firing of, 154; glazing 
of 148; manufacturing of 147; paint- 
ing of, 154; white-, bodies of the, 
147; white-, manufacturing of, 147, 

148 
Pottery jars, the manufacturing and 

types of, 144, 145 
Pottery ware, the glazing of, 144, 145 
Pyrolusite (for blue color decoration), 

148, 154, 155 

Quartz crystal, 307 

Ramie, cultivation and the use of -fibers, 

63, 64 

Realgar, 268 
Rice, 4-13, 289, 290, 292, 293; care of, 

6; planting and growing of, 4, 6, 8, 

INDEX 

11, 12; processing of, 82, 93, 94; 
varieties of, 4, 6 

Rock salt, 122 

Rouge, 77 

Safflower, 73, 76, 77; -cakes, the man- 
ufacture of, 77 

Sal ammoniac, 268 
Salt, 109-122; lake, 115, 116; powdered, 

122; sea, 110, 115; sources of, 109; 
storage of, the, 115; “sun dried-,” 
110; -well, 116, 122 

Saltpeter, occurrence of, the, 268, 269; 
purification of, the, 269 

Saw, making, 192 

Sea-going vessels, 176, 177 
Sesame, 23 (also see oil) 

Sesamums, the processing of, 106 
Shao-hsing, 290 

Shields, 267, 268 

Silk, fabrics, 53, 58, 59; fibers, the 

processing of, 49, 50, 59; sizing, 
50; string, 263 

Silkworm, care of, the, 36-39, 41, 42, 

48; cocoons, 37, 42, 48; varieties of 
37 

Silver, 236-242; adulterated. (cinnabar 

silver), 242; geographical distribution 
of, 238; occurrence of -ore, 238; 

smelting and refining of, 241, 242; 
smelting furnace, 241; various kind 
of, 238, 241 

Sinew, 262 

Smartweed, 290, 292. 

Smithsonite, 242 

Soldering, 190, 197 

Sorghum, 23, 24 

Soy bean, planting of, 29; varieties of, 
24, 29 

Statues, the casting of, 163 
Steel, making, 248, 250, 251 

“Stone gall”, 209 

“Strong pans”, 110, 115 

Sugar cane, planting of, 124, 125 
Sulphur, 268, 271, 280, 285; the pro- 

duction of, 209, 210 

Sword-making, 190 

Tan people, 296, 298 
Taoists, 261 



INDEX 

Tiles, 135-137; lazuli, 137; the man- 

ufacturing and types of, 135-137 
Tin, 197, 242, 247, 251, 252; -ore, vari- 

ous kinds, occurrence and distribu- 

tion of, 248; smelting, 251, 252 

Ting-tripods, 159-160; Fang ting of Li, 
160; great ting of Kao, 160; (emperor) 

Yui and nine ting, 159, 160 
Transmutation in kilns, 155 

Tribute route, 172 

Ts’ung-ling, 300 
Turbaned Moslems, 303 

Vegetable oil, for eating, 215; gradation 
of, 215-217; lamp and candle, 216 

Vegetable tallow, -candles 220; -fat, the 
preparation of, 219, 220 

Vermilion, the production of (from 
mercury and sulphur), 279, 280, 285; 

and ink, 279-293 
Vitrol, 206, 209, 237, 238 

Waist loom, 56 

Warp, -frame, 50; -yarns, 50 

372 

Warping, 58 
Weapons, 261, 277 
Weft yarns, 50 
Wheat, 3, 4, 13, 14, 19, 20, 22, 289, 290; 

geographical distribution of, 13, 14; 
planting and growing of, 14, 15, 19, 

20, 23; processing of -flour; varieties 

of, 13, 14 
Wine, 4, 289, 290 

Woolens, 69, 70 

Yangtse River, 4, 8, 20, 22, 29, 75, 218, 

263, 269 
Yeast, 289-293; medical, the manufac- 

turing of, 290; red, for food preserva- 
tion, 292; red, the manufacturing 
ing of, 289, 290 

Yii, Tributes of, 159 

Yii-tien, 300 

Zinc. 197, 242; the smelting of, 247 
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SEVENTEENTH CENTURY | 

SUNG YING-HSING 

Written in 1637 by a public official of the Ming dynasty, this classic work (its Chi- 

nese title translates as “The Creations of Nature and Man’) is an exceptional docu- 

ment on the history of traditional Chinese technology. Although not the oldest Chi- 

nese study on technological subjects, it is the only one extant of such encyclopedic 

range. 

Profusely illustrated with 152 original woodcuts, the volume covers practically all 

the major industrial techniques of its time—from agriculture, textiles, mining, met- 

allurgy and chemical engineering to the building of boats and the manufacturing of 

weapons. Entire chapters are devoted to such topics as grains, clothing materials, 

dyes, salt, ceramics, casting, paper, metals, vermilion and ink, pearls and gems, and . 

much else. 

The excellent translation, representing ten years of work, combines fidelity to the 

original text with extreme readability, making it “perhaps the most accurate English 

rendering to date of any lengthy classic from the Chinese scientific tradition” —Sci- 

ence. 

Two bibliographies (Chinese and non-Chinese sources), a glossary and four useful 
appendixes round out an impressive sourcebook that is particularly rich in scientif- 
ic explanations and historical background. Regarded as “a major contribution to the 
field,” it belongs in the library of anyone interested in Chinese history and culture 

and in the history of mankind's technological progress. 

The translators: E-tu Zen Sun is Professor Emerita of Chinese History, the Penn- 
sylvania State University. Her research and publications have been chiefly in the 
field of Chinese economic history. Shiou-Chuan Sun was Professor of Mineral 
Preparation at the Pennsylvania State University; he died in 1981. 

Unabridged Dover (1997) republication of the work published by Pennsylvania 

State University Press, University Park, PA, 1966. Translated by E-tu Zen Sun and 
Shiou-Chuan Sun. Prefaces. 2 bibliographies. Glossary. 4 appendixes. Index. 152 
illustrations. 384pp. 6% x 9%. Paperbound. 

Free Dover Complete Mathematics and Science Catalog (59065-8) available upon 
request. s 
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