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INTRODUCTION

This is a report on the first of a series of Study Tours being organized under
the FAO/UNDF Programme, in cooperation with the People's Republic of China (INT/76/015).

The Study Tour took place from 28 April to 24 May 1977 and its purpose was to
acquaint senicr staff from developing countries with practices in the recycling of
organic wvastes in agriculture and to axchange experience,

The Study Group consisted of 20 participants -~ 17 from countries in Asia, Africa
and the Near East and three from FAO, 1in all, 17 nationalities were represented (see
Annex 8 List of Participants),

After baing introduced in Peking, the group travelled extensively in the Provinces
of Jiangsu, Guangdong, Shanxi, Hebei and in the area of Shanghai (see Annex 6 Programme).
Excellant relations were established with the Chinese hoats conceraed with planning and
ocarrying oui the study programme,

The major part of the report is devoted to the main subject of the Study Tour -
recycling of organic wastes in agriculture — and it emphasizes the practical aspsots
.and applicability of the methods studied in China., The chapters on the various aspeots
of organic recycling are followed by notes on visits to agrioultural irstituter. producticn
brigades, eto. which shonld help in understanding the whole operation of organic recycling
practioces, These are followed by a chapter containing suggestions for follow-up activities
on the experiences gained in China in order to ensure that the knowledge acquired will be
applied in the widest possible way in the partioipants! own countries,

For sasisr reading, heotare (ha) and kilogramme (kg) or ton (t) have been used as
measuring mits sud US Dollars ($) as a monetary unit but a table showing how these couparve
with the Chinese its is given on page xiv,

Each mnember of the group has contritmted to the report but special credit gues to
Ir. L.S. Yadava and Ir, NN.A. Alas El=-Din for their efforts in its Zinalization,

Appreciation is also expressed to FAG colleagues for their contributions and helpful
comments on this report.

P.W. HAUCK
TEAN LEADER
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CHINESE UNITS OF MEASURES

1 mu =- 0,066 ha

1 ha - 15 m

11 - 0,500 km

1 lm - 2,000 1i = 1 gungli
1 jin - 0.500 kg

1 kg = 2,000 jin = 1 gungjin
1.00 yuan = 0.54 Uss

1,00 US$ = 1.85 yuan

The Chinese are phasing out the jin and the li units and are
making gungli and gungjin (metric units) standard,




BASIC FACTS

The Pecple's Republic of China has a total area of 9.6 million km?. The distance
from east to west measures over 5 000 km and from north to south over 5 500 lm.

China's present population is about 850 million., The Han nationality is the most
numerous, making up 34 percent of the total population. The rest consist of more than
50 nationalities, including Mongolian, Hui, Tibetan, Uighur, Miao, Yi, Chuang, Puyi,
Korean, Manchu and Kaoshan, eto,

Out of the total population, 680 million or BO percent live in rural areas. The
main official language is standard Chinese based on the Peking dialect, Other principal
dialects are Cantonese, Shanghai, Fukienese and Hakka.

Administratively, China now cousisis of three municipalities directly under the
central authority (Peking, Shanghai and Tientsin), 22 provinces and five autcnomous
regions,

The tgggﬁg.cal outline is a three-step west-east stairoase., It begins with the
Chinghai-Tibet Platean 4 000 metres above sea, Crossing the Kunlun and Chilien ranges on
the plateau's northern edge and the Hengtuan Hountaine on its eastern edge, the land slupes
away to highlands and basins mostly from 2 000 to 1 000 meires above sea; then it deacends

further eastward to hilly regions and plains below 1 000 metires,

The country's climate is controiled by monsoon winds, The complex terrain, the
vastness of the country and the big difference in latitude (539N to 49N) give the country
a great many types of climate, one of the faotors favouring agriocultural development.
China can thus grow a very wide range of fool orops (rice, wheat, maise, sorghum, millet,
oil seed orops, groundmut, rape, sesame, etc.); industrial crops (sugarcans, sisal,
cotton, coffee, cocca, tea, tobacco) and fruits and vegetables.

The varied patterns of climate, topography, rocks and vegetation over China's vast
territory and its long history of agriocultural development, has given it many kinds of soils -
red and yellow, mesdow, brown, black, chestnut, desert ani semi-desert soils.

China has at present about 130 million ha of land under arable and t '
which is 13,4 percent of the total area of the country. Since 1;1 the lsx'lenltmi aroa
has been increased by about 10 million ha. From the total agricultural area, 84.7 million
ha or 66 percent are under irrigation., (Source: FAO Production Yearbook, Vol. 30, 1976).




CHAPTER 1

RECYCLIHC OF ORGANIC MATERIALS

1.1 General

China uses recycled organic wastes in agrioculture on the largest moale. To the
Chinese, there is nothing like waste; waste is only a misplaced resource which can hecome
& valuasble material for another product. This way of looking upon waste is one of the
guiding principles of China's traditionmal oomcept of the mmlii-purpose use of resources
and the recovery and re-use of waste materials. The insistence on the recovery and re-use
of waste meterials for agricultural purposes goes far beyond the traditiomal ocustom, Sinoce
Liberation (1 October 1949, when the Pecple's Republic of China was proclaimed hy Chairman
Maoc) the country has been siming at transforming waste into wealth and the protection of
the social and physical environment and thus of human health, It is also viewed as an
easential for social development by ohanging the traditional divisien of labour and the
specialisation of work.

Every manurial resource is carefully collected, oconserved and used on the land, so
eveatually helping to maintain soil productivity in a system of intensive cultivation and
acting as a "buffer'! against shortages of mineral fertilizer. At present, abeut twe-—thirds
of the total mutrient intake is derived from natural minures and heavy reliance on these
mapures will contimue because:

= the Chinese have developed a long standing experience im matching the various
typer of organioc canures to their local soils and it will take soue more time

to soquire = thorough knowledge of orop dehavieur, soil quality end the correspemding
funoctions cf pertioular types of minersl fertilizer;

~ while minersl fartilisers are relatively cestly, organic manures are constantly
available iconlly at little or no cest except in mampower;

= the comsune mecbers prefer organioc manure because it imcreases the erganio
matter in the soil and improves soil structure;

~ §xperiments and soil analysis have indicated that Chinese seils are in general
mere respansive to nitrogen than phosphate and to phesphate than potash, and
that most of these soils have xo micre-nutrieat deficiencies us a result of
iong term use of organic manures;

- censtruction of fertiliser factories makes great demsnds on funds, equipment and

technical ability, The development of a fertiliszer industry has ¢tz bs gradual,
depending upon internal resocurces rather than imperts.

1.2  Important Mamurial Resources
Important maxurial resources available locally for conservation and use are:
= animal wastes: cattle dung, urine and pig exorsta;
~ humsn habitatiem wastes: night soil, urims, sewage/sludge, garbage;

- crep wastes: straw, hnsks, stalks and stubbles, weeds, grasses, leaves,
sugaroane=irash, tex and ootton wastes;




~ green manures and aquatic planis;
« bl o=fertilizers;

- silt;

= other resources,

Figure 1 provides a simplified diagramstic presentation of recycling of these waste
materials in agriomlture, as practised in China,

1.3 Extent and Nanner of Use of some of the Important Manmurial Resources

1.3.1 Animal wastes

i. Pig exoreta

Pig exoreta are the main source of home-made manures, The communes promote
colleotive pig raiming and also encourage individual members to reise their
own, The number of pigs has more than quadrupled sinoe liberation (57.8
million to 238 million head in 1976). A target of one pig per person or
cne pig per mu (15 pigs per hectare) has been sei. Today, many prefectures,
counties and communes have reached their targets; for instance, the Yueh
Chi Commme (Wu County), which the group visited, now owns 1.6 pig/mu or
1.8 pig/persen.

Pig excreta are rich in organic matter, nitrogen and phosphorus. The effects
of sapplying it to the soil are long lasting, The Chiness people regard a pig
a8 g "costless fertilizer factory moving om hooves®, This is justified on the
following grounds., Chinese sgromomistis assums that the spplication of one ton
of pitrogencus fertilizer (ammonium sulphate) would raise the grain yield (rice)
by three toms. According to estimmies, the manure produced by a pig through
the year merves to increase grain output by 100 to 150 kg, Thus, the manure
produced hy 20 to 30 pigs in & year could producs the same result as one ton
of ammonium sulphate. As scavengers depending largely upon kitchen waste and
wild grass for fodder, the sale price of meat, bones, bristles, eto. from a
slanghtered pig would usually more than cover the costs of lsbour and feed
and thus leave its anmmal yield of around 3 000 kg of manure as a free gift
for the owvmer,

Since a production team comprises about 30=40 households, it is not unusual
for such a unit to oun 30~40 head of pigs all the year round. When applied
to rics, this 'contless' mamure gives about 3 t of additional grain which
conld be sold to the state without any deduetion of fertilizer cost as in the
case of using ammenium sulphate.

The Chinese Government has a pragmatic approach to ite polioy towards pig
raising. The commmes find it difficult to rear pigs in sufficient numbers
and at costs as low a8 in the households, nor can they afford io grow enough
fodder crops. It is for theme ressons that the Government has allowed
individual members to rear pigs both as a source of supply of pigs to the
State and of manure tc the production brigades/teams which are largely
depende:t on pig manure for plant mutrient supplies, The individual mesbers
also stand to gain some supplementary income from pig raising.

An owmer generally keeps his pig in an arch-shaped shelter with a frontal deep
pit (about 2 m deep, provided with stone steps) filled with crop wastes, straw
ani grass., The pig defecates in the pit, The material in the pit is raked over
from time to time and more straw and grass added. The manure is finally sold
for use on colleotive land,
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Fig. 2 Arofi-shaped shelter for pigs with frontal pit. Ta Heh *
Production Brigade, Hebei Province.
Table 1 CONPOSITION OF PIG MANURE
_ Composition %
Source
Orgenic matter N P05 P K20 K
Hs m‘ 15'0 0.60 0.40 0.18 0044 0037
(fresh)
Pig urine 2,0 0,30 0.12 0,05 1,00 0.83
Pig manure 34.32 2.12 0.98 0.43 2.45 2.03
(air-dried)
Fig menure 34,00 0.48 0.24 0.11 0,63 0.52
(Uitter)
Reported by Yush Chi Peoples' Comssune , Jiangsu Provinoce




The raising of pigs collectively is, however, carried out in sties, Water
from washing dowm the sties is stored ir tanks and applied directly to creps
as top dressings of liquid manure, when needed, The washings from pig sties
gituated on the banks of a watercourse are taken directly by boats to fields
along the watercourse,

The solid manure is made by mixing the pig exoreta with an equal quantity of
dried fine ammud and stored in manure sheds, It is used as and when required
a8 a basal dressing at the rate of 80-100 t/!'_-.. The =ud helps in minizizing
nitrogen losses as well as in reducing smells. The pig excreta are also
ugsed for preparation of compost together with grasses, silt and orop wastes,
and for feeding bio-gas plants,

ii, Cattle wvastes

Cattle play an important role in the Chiwmse ecomsmy as they provide an abundant
source of manure and valuable items in the diet, as well as being a main source
of motiva power for agriculture., The livestock pepulstion (catile, water
tuffaloes, denkeys, mules snd camels) in China is reported to have inoreased
from 59,8 million in 1949 to 9B million head in 1976.

A oow or buffalo produces from 6 to 9t of manure per year. The dung is
collected from the stalls and pathweys and is composted with orop wastes,

weeds, grass and silt, To a limited extent the dung is also used in bio-gas
plants,

Iroppings and urine from goats and sheep also provide rioch souroces of plant

nutrients, The number of sheep and goats is reportod to have increased from
42,4 million in 1949 to 135 million head in 1976. Poultry, duck and rabbit
droppings oonstitute a minor source of plant mutrients.

The nutrient contents of different animal manures, as reported, are indicated

below:
A T T
Buffalo 0.3 0.25 0,11 0.10 0.08
Sheep 0.70 0.60 0.26 0.30 0.25
Poultry 1.63 1.54 .68 0.85 0.71
Rabbit 1,72 2,96 1,3 - -

1.3,2 Human habitation wastes

Hight soil has been collected and used for the fertilisation of orops for centuries
and is o rich sourcs of plant nutrients, From the point of view of conservation and
utilization of natural resources, the practice is commendable, although for health reasons,
strict controls have to be ocarried out. Since night soil is considered a valuable source
of crop mutrients, its application to the fields could net be bamned cn the grounds of
being a public health basard lest ill health be replaced by famine. After liberatien,
practical modifications were made to existing practices. The principle of giving priority
to prevention has been adopted and there have been health campaigns aimed at the extermina~
tion of pests and dissases. The comwunz merbers wers exhorted to store night sail in
properly designed olosed storage chambers for a four week period to destroy houk werm and
sohistosoma ova prior io its application. The stcrage chumbers are now widely used in rursl
areas. Another method gaining impertance is to pass night sell through bio-gas plants where




plastic, Background: Transport of garbage from Shanghais
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Pu {5han, Guangdong Province,
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it is subjeoted to anserobic digestion which effectively kills parasitic mioro—organisms.
Night soil is also used a® a source of food for fish, Public latrines are built over the
fish ponds,

In cities, mgiti-wull is efficiently collected and despatched to the rural areas in
eclosed carts or by boat and is mixed with city or orop wastes for high temperature composting,
or it is stored in covered pits for sbout 1-2 months before being distributed to productiom
brigades/teams,

Sevage from sewered areas is taken through pipes to rural areas for irrigation. The
sewage iz supplied free to commmmes which have to lay pipes for tiking the sewage. The
comsmnes receive a subsidy amounting to 20% of the capital cost. iiludge from the ireatment
plants is pumped to fields where it is kept in improvised tanks s vhen dried, is used on
land as such for a basal dressing.

City garbage is effectively reclaimed.lt is transported daily out of the oiiy areas
into the countryside in the thoussnds of 6casrgte boats that ply China's vast network of
canals, It ie unloaded at the water's edge on commmme fields and mixed with night soil for
high temperature compost making, Disposal of city garbage in this manner not only improves
urban environmental hygieme but also provides large amounts of high quality orgamic fertiliser
for agriculture, The city garbage is partly used for feeding pigs.

City garbcge and night soil disposal systems of ihe type described are by far the
most coomon. However, in certain munioipal areas, the city garbage and night soil are
proce@sed into manure by the municipalities themselves and mold to produotion teams. The
group came across suck a aystem being used by the Fu Shan Municipality. The garbage is
unloaded into capoet bins for fermentation for a period of 25 days. The decomposed
material is screemed and supplied to production teams on payment. Iikewise, night solil is
subjected t¢ anaerohic digestion, The bio-gas is used to generate electiricity and the sludge
is sold to comwune members.

The disposal| systems followed by the mumicipal bodies help to return to the surrounding
agrioultural areas of the constituents of manurial value which originally ocame into the
dty/towm from the countryside in the form of food and other sgricultural produots, thus
establishing a eyc ic change., Under this arrangement, the productive capacity of the lands
should not show appreciable deterioration over a period of years,

1.3.3 Crop wastes

residues like gaiuim, 3talks, stubble, trash, husks, etc, also serve as
orated into the slyudig. A mineral fertiliser in appropriate quantities is
added to the soil tjo speed decompositio. maks the nuirients available, However, the
quantity of these tes gvailable for mamurial purposes mey be small because a large pro—
portion is used as gnimal fesd or fuel, Such suwrplus wastes as are available are used for
compost making together with animal/pig/human excrets. Long fitrous materials like sorghum
and maize stalks first chopped mechanically and then composted with nitrogenocus rioh
materials (human/pil exoreta) in certain proportions to ensure an appropriate Ci:N ratio

(25:1) for speedy and efficient decomposition, .

Green veg ion from the mountains, weeds, leaves and turf (non-orop residues) are
also applied to the| fields after processing,

1.3.4 Green manures and squatic plants
e Green manures
Green mamure which is regarded as a 'matural food' for the rice crep is

widely used; the most common green manures are (1) milk vetch (A%ll__
siniocus), (2) bairy vetoh (Viciw yillosa), (3) common vetch (Vicia sativej,

—




14) sesbania (Sesbania cannabina), (5) sun hemp (Crotalaria juncea) and alfalfa
sativa).

The area under green manure crops is reported to heve been increased from 1.3
million heotares after liberation to 6.6 million hectares in 1977.

b.  Aquatio plants

In areas served with networks of waterways, water weeds are oultivated

to provide fodder for livestock and manure for the fields, The weeds provide
a major portion of fodder requirements and to that extent pressure on land for
fodder raising is relieved, Fish oulture is also stimlated under water weeds,
The Chinese say "if you live near water, make the best use of water", The
commune members living near waterways have damonstrated in full measure how it
is done,

An account of the green manuring practices and cultivation of water plants for
manure is given in Chapter 3,

1.3.5 Bio-fertilisers

Blo~fertilizer is one of the important inputs made possible by recent advances in modern
agrioultural teohnology. China has developed the use of bio-fertilizers :lue gr¢sn algme and
Ascllaj which fix atmospheric nitrogen.

Azolia cultivation, partioularly, has been developed on a large scale for fixing
nitrogen for rice crops as well as for green manuring. Bio~fertilizers are a oheaper source
of N than mineral fertilizers, Their development and the extent and mode of their field
application are desoribed in Chapter 2,

1.3.6 Silt

In areas such as the Yangtse and Pearl River deltas, whioh are densely supplied with
waterways, silt is an important source of fertilizer. A large amount of plant, animal and
mioretial debris soccumulates at the bottom of ponds reserved for fish culture whioh
oomsequently makes the pond mud rich in humus and menurial constituents (N,P,K). The ponds
are generally looated baetween oropped arsas. It is reported that 50 kg of fish produce enongh
pond mud to fertilise 0,6 ha of land, The pond mud is collected four io five times a ycar
and applied to vegetables or spread on the sugarocane fields, mulberry veds and banana
plantations, Removal of pond mud and associated organic matter also helps to inorease the
oxygen in the water whioch is so essential for fish,

The silt from the bottom of lakes and waterways is removed by silt pumps (silt
euckers) installed on boats and is deposited in pits on the sides of the banks for use in
composting with weeds, grasses, green manures and crop wastes, or vhen dried it is mixed
with night seil or pig menure. Lumps of mud or silt ars mechanically powdered for mixing
with night soil or pig exoreta for making dry manure on a large roale, Silt and mud are
also used to cover manure heaps or sludge as a means of conirelling fiies.

S8ilt in larga quantities is umed not so much for its plant nutrients as for improving
the physiocal condition of soils, The main beneficial effect of milt is attributed to its
capaaity to help retain soll moisture and improve soil structure.

Due to erosiom, rivers in China temd to socummlate hrgo amounts of silt and its
Temoval not only helps to clear the waterways but recovers for agrioultural use the fine soil
originally lost by erosionm,
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Boat for sucking silt from the
bottom of the canal. Foreground:
8ilt tank. Malu People's Commune,
Shanghai

City garbage in siate of fermentstion,
ocovered by silt, Malu People's Commune,
Shanghai
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Table 2 COMPOSITION OF SILT

River silt lake gilt

Si ctht;'mong) Tai IWunty)

Organic Matter 3.30 5.0-8.0

N 0,18 0.27

P05 0.15 0.50

(P) (0,06) (0.22) -
K0 0.50-0,60 0.9

x) (0.40-0,50) (0.75)

Ammoniacal nitrogen in silt is reported to be two or three times more abundant than in
field ecil., Silt is also comsidered to be useful as a culture of living mioro-organisus,
particularly those that fix N,

1.3.7 Other resources

The other manurial resources in use in China are (i) fish wastes, (ii) silk westes,
(1ii) animal bones, iiv) oil cakes, (v) ashes, (vi) poultry droppings, (vii) goat and
sheep droppings and (viii) industrial wastes.

When appropriately tested and processed these relatively minor sources provide
concentrated organic fertilizers. 3

i. Fish wastes

Aquaculture in China is a part of the overall agricultural system and
considerable quantities of fish waste beoome available for use as manure,
apart from the waste products derived from fish that accusulate in ponds
and/or lakes,

ii, Silk waste

Cocoon wastes are fed to fish which in turn supply waste/droppings for
fertiliszation of oropland. It is basically a natural oyclical pattern
and sppears to be ecologically sound,

iii, Animal bones

Ching maintains well over 300 million larger ammals. The bones from
slaughtered and fallen animels are orushed for production of bone-meal
which is a rich source of phosphatic fertilizer.

iv. 0il cakes .

As by-products from crushing for oil, cakes and meals from soybean,
groundnuts, rape seeds, sesame seede, tea seeds and tung seeds malce a
substantial source of ooncentirated manure in China, These are used
mostly for ocash crops such as fruit and vegetables,
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Ve Ashee

Ashes from burnt straw, stalks, bushes, wood and coal are used as fertiliczer,
either alone or mixed with uman excreta.

vi,  Poultry droppinge

The rapid expansion of poultry farming during recent years has considerably
increased the availability of poultry droppings for application to the soil
as manure, It is eatimated that about 40 adult birds produce nearly one
ton of manmure per year,

vii, Sheep and goat droppings

The number of sheep and goats has been inocreasing in China, They produce
substantial quantities of droppings rich in plant nmutrients., Chinese farmers
have long been familier with the use of these droppings as fertilizer,

viii, Industrial waste

Industrial wastes are usually recovered in substantial quantities and are being
re-qged mainly in the form of effluenis, The effluent, a source of plant
nutrients is applied to the land by irrigation, Factories, entarprises,
government officials, school® and the general population are involved either

a8 a part of their daily routine or through partioipation in drives for
oollecting wastes for re-use in indusiry or sgrioculture,

1.4 Teclniques for Processing Composts and Stable Manure
1.4.1 General

There are several teclmiques used in making home-made manures or composts depending
upon the gquantity and quality of materials awvailable, ciroumstances and envirommemt, in each
looality. These teckniquer ware developed over the ages on the basis of traditional
practices and experience but have now been standardized and given a scientific basis.

Fermented manures of a type similar t¢ traditional farmyard mamure and compost are
proceseed from mixed organic wastes of agrioculture like straw, stalks, weeds, aquatic plants,
enimal dung, urine and habitation wastes like city refuse, night soil, sewage or sludge,
eto, These materials undergo intemwive decomposition in storage with adequate moisture and
finally yield a dark brown hwdfied manure,

The decomposition ism carried out by & large variety of mioro~organisms which essentially
require the presence of adequate quantities of oarbonmceous materials to serve as a source of
energy anl a corresponding proportion of nitrogenous materials for building their body-cell
substance. With these basic requirements and with adequate moisture, mixed organic wasles
become a suitable habitat for numerous micro—organisms which live and multiply, csxrying on
their activities of decomposition by breaking down complex meterials into simple compounds,
Finally, on their death, they become a part of the manure themselves, Processed manure will
thus contain transformed compounds of a humic nature, some intermediate products of de—
composition of the original materials, compounds synthesiszed by mioro—organisms and the cell
substance of living and dead miorobes,

1.,4.2 Some ical techni for malcing ocuposts from varions types of waste materisl

i. Composting at field sites

Aquatic weeds or green manure orops, rice siraw, animal dung or pig exoreia and
silt areused in meking compost., These are put inm alternate layers in a cirocular
or rectangular pit dug in a corner of a field. The pit is filled layer by layer,




IT PiT

River silt or mud

7.500 kg

Rice ofraw
Stoble. monure (pig)

150 hg
1.000 kg

Grean manure plants or water plants - 730 kg

Superphosphate —

20 kg

N content 0.3 %
P, 0y " 02 %
K!O " 0.3 %
Organic carbon 4.5-6.0%
C/N - ratio 15-20:1
O.M. 78-103%

Fig. s SILT - GRASS MfXTURE OR PIT MANURE. YUEH CHI

Green manure ( legumes, e.g. Astragalus;
or water plonts, ¢.g. water hyacinth)

Silt straw mixture

Stabie manure (plg manure)

Commune, WU County ( JIANGSU Province )
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Fig, 9 Turning over of the silt grass mixture., Agricultural
Research Station, Feng Chiao People's Commune, Jiangsu
Province

Fig. 10 Silt-grass manure pits. Agricultural Research Statiom,
Feng Chiao People's Commune, Jiangsu Province,
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each layer being 15 cm thiock, The top layer is of mud and a water column
3=} om deep is kept at the hollowed swrface to create anaerobic conditions,
The anaerobic conditions help in reducing the nitrogen losses to a minimmmn,
Figure 8 illustrates the design and dimensionz of these pits and the
position of layers of different wastes,

The approximate quantities of different wastes put in the pit are:

tons
River silt 7.50
Rice siraw 0.15
Pig exoreta or animal dung 1.00
Aquatic plantse 0.75
Or green manure cCrops
Superphosphate 0.020

The contents of the pit are turned over three times, the first turning being
done a month after the pit is filled. During this turning superphosphate is
added and thoroughly mixed with the composting material and water is added
to the mass to provide optimm moisture, The second turning is done after
another month and the third after about 2 weeks., The manure is ready for
application in a total of three months time.

Each pit gives about 8 t of manure which is sufficient for 0,1 ha of crop
land, The camposition of such a mamure as reported by the Yueh Chi People's
Comsmume is given below:

C : N ratio 15=-20: 1
Organic matter (%) 7.8 ~ 10,3
Nitrogen #) 0.30

P05 (%) 0,20

®) (%) (0.09)

k0 (%) 0.30

&) (%) (0.25)

The group saw a series of such manure pite located all along the borders of
fields at the Agrioultural Research Station of the Fang Chiao Pecples'
Commune, These pits were reported to have been filled during the slack
season when materials for composting are collected.

Ixy sanure

a. Dried and ground mud (ground mechanically for mass production) is
mixed with pig exoreta in equal proportions and placed in a pile
under oover in a marure shed until needed,

b. Ash is mixed to 40% with night soil or pig exoreta. This is then mixed
with an equal quantity of mud and kept under ocover for use when needed,

This {ype of manure is generally prepared in the shade in the warmer zomes,
The manure sheds constructed for the purpose are simple stiruotures, oblong
in shape with walls or pillars 1=1.5 m high, tiled or thatched roofs and with
enough space for aeration.
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WIGN TEMPERATURE COMPOST NEAP (USING BAMBOO FOR MAKING HOLES FOR AERATION)
CHUN SUN PRODUCTION BRIGADE, CHAO County (MHEBE! Province)
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The group saw how dry manure was being prepared by the members of
the Ho, 1 production team of Chang Nan Production Brigade, The
use of a machine to powder the mud was of partioular interest as
also were the manure sheds used.

Liquid manure

2. Pig droppings and washings from the sty are lei into a cement pit
gbout 3 m in diameter and 1.5 m deep, Weeds and aquatic plants are
added and kept there for 10-15 days for fermentation. The liquid
manwre is applied as a top dressing.

be Night soil and urine are collected in special tanks which have small
openings, The tank is sealed after filling and the oomtents are
left to frment for 2-3 weeks or so before being used for top dressing.

High temperature compost

High temperature compost is chiefly a compost of human and animal excrement
and chopped plant staliss, The ratio of excrement to crop waste is about
1:4, The materials are placed in a heap made up with alternate layers,
starting with orop residuss and followed by excrement. The optimum moisture
content is attained by adding water.

While making the heap a number of bamboo poles are inseried to serve as

vents or chimneys., After the heap is formed, it is sealed with a plaster

of mud 3 om thick. The bamboo poles remain in position for a day and are
then withdrawn, leaving ths holes, When the temperature rises to 60=70°C
{which develops in about 4~5 days) the holes are sealed. The heap is usually
turned after two weeks to ensure even decomposition, While turning, water,
animal or human exoreta are added to make up sny moisture deficienay, The
turned material is repiled and sealed., The compost is ready in two months
time. Compost of this type is considered to be of high quality and free
from parasitic micro~organisms,

Figure 11 illustrates the size of such heaps and the arrangemenis made for
aeration. A demomstration was arranged at the Chun Sun Production Brigade

Chao Gouuty, Hebei, to show the group how high temperature compost was made.

The group also saw a modification of this type of oompost meking at the

Tung: Shao Ying Production Brigade, Ta Heh County, Hebei, where a bundle of maize
stalks instead of bamboo poles was used for aeration, The raw materials used
were orop stalks 30%, night soil 30-40% and silt 30%. Superphosphate was also
used at the rate of 20 kg/t of composting material.

Esrth compost (fertile earth)

Earth ocompost is a variant of stable mamure in that copious quantities of dry
soil (2 or 3 times that of the livestock exorements) instead of litter are
spread on the floor of the stable or stall, The soil, which is added to
from time to time, absorbs the liquids and emsures that the stable or stall
is dry and comfortsble for the animals, After several months, the excrements
and scil are well mixed and becoms a high quality mamre,

Mﬁg‘ mixtures of city garbage and night soil

Be City garbage (70-80% by weight), free from resistant matter such as glass
or metal, and night seil (20-30% by weight) are mixed thoroughly. The
mixed material is then piled in a heap about 4 m wide at the base, 2 m
wide at the top, 1-5 m high and about 4 m long. After heaping about
30 om high, sets of bamboo poles are laid horigzontally on the heap
at every 1.5-2 m, each set comnected at the centre with & bamboo pole
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Fig. 12 High temperature compoet heaps, sealed with plaster of mmd,
Chun Sun Production Brigade, Hebei Province,

Fig. 13 High temperature compost heaps, showing the preparation of the
asration system using bamboo, Chun Sun Production Brigade,
Hebei Province,
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HIGH TEMPERATURE COMPOST MEAP. (USING MAIZE STALKS FOR AERATION)

Fig.1e
TUNG SHAD YING PRODUCTION BXIGADE, TA HEH County (HEBEI Province)




Fig. 15 High temperature compost heap sealed by mud and showing
aeration system ueing maize stalks, Tua Heh Production
Brigade, Hebei Province.

Fig, 16 Si1t being dried befors it is ground and mixed with animal and human
waste for dry manure, Chang Nen Preduction Brigade, Hein Hui County,
Guangdong Province,
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stood vertically, On completion, the heap is sealed witii a 2~3 om
thick coat of 40% scil and 60% cinders miied with water., The day
sfter heaping, the bamboo poles are withdrawn so leaving airways for
ventilation,.

The temperature of the heap rises to over 50-55°C within 1=-2 days and
this temperature is maintained for more than 10 days, effectively
destroying pathogenic mioro-organisms and parasite eggs, and breaking
down putrefying organic matter, The compost is ready in 3~4 months,.

In sumesr, bamboo poles need not be used for ventilation. With a
proper moisture content and loose stacking, a temperature of about
559C is developed,

be In large scale composting, city refuse and night soil are placed in
heaps 1 m high, 1 m wide and any convenient length with garbage and
night soil laid in alternate layers in the ratio of 3:1 by volume (or
in equal weights). The ventilation system is also applied in this case.

This type of composting requires less work and space and maintains
temperatures above 50°C,

Plastering the heaps with mud maintains moisture and temperature, aveids
nutrient losser, prevents emergence of maggots from the pile to complete
their life cycle and keeps out breeding flies,

vii. Organo-mineral manures

8. Weathered coal, peat or lignite is broken up and mixed with ammenium,
sodium nitrate and potassium to become a humic acid fertilizer easily
absorbed by orops. It is also used to adjust the sail pH.

be Liquid ammoria is mixed with peat in the ratio of 1:6, Some mud is
added and the material is then kept in a pit for about a week before use,

Ce Pig excreta are mixed with ashes, cinders and black soil, adding liquid
ammonia, The material is kept in a heap for a week before use,

1.4.3 Methods and rates of application of compost and manures

The bulk of the compost or manure is usually applied during land preparation before
planting. The mamure is ploughed under or harrowed into the scil soon after it has been
evenly spread over the land. An additionzl application is made at planting time when it is
used in conjunction with mineral fertilizer in furrows, the top layer being of manure which
may perhaps harbour some strains of nitrogen~fixing bacteria.

Liquid manure (moisture content exceeding 88%) is applied as a top dressing, and if the
quantity is large, it is applied bhy irrigation systems. To achieve optimal effectiveness of
liquid manures, different times of application are recommended for various types of soil, For
light and medium soils, it is best to apply liquid manure in early spring. For medium-heavy

solls, it is applied during summer and autumn, In dry regions and in the lowlands, it is
applied in winter,

It is claimed that ths type of manure used is matched to the soil and plant. For

instance, ashes ars used on sandy soils, sheep manure and animal manure on black soils
and pig manure on brown soils.

Bates of application of organic manures vary according to the orop, soil, season and type
of manure. These are determined by oriteria such as: (a) the amount of nutrients, mainly
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nitrogen, which can be effectively utilized by the crops ; (b) the amount vhich would

not reduce seed germination and seedling growth rate; (o) the amount which cen be physically
deposited or incorporated into the land,

Manure containing less than 50% moisture is applied at rates as high as 200=300 t/ha.

it ght s0il slurry or liquid manure with 904 moisture oontent, application rates are
imited to 20-30 t/ha for each application.

JF‘

The following rates are generally used on selected crops:

t/ha
Rice 1lst crop 60=T0
Rice 2nd crop 60=T0

Wheat 75-=100 |
Maize 75~90

Soybean 30-45

Cotton T0~15

Sugarcane 1st crop T5=135

Sugarcane (ratoon) 75-135 + mud at 65t/ha

To meet the optimm requirement of organio manures, it is aimed to keep the number
\

of livestock in balance with the area of ocultivaied land, Sulitable storage facilities

ure shed, manure heaps, tanks) are maintained so as to apply manure during periods of
the year when utilization is most effective and to aveid losses of nutirients in storage
through run-oif, leaching and volatilizstion.

1.4.4 Selected experimental work on home-made menures

A few of the important experimental results concerning the beneficial effeots of
home~made manures are briefly described below,

i. Effect of compost on orops

Field experiments carried out all over the coumtry have given resulis
indicating that an application of 500 kg of compost will give & 25~50 kg
increase of rioce grain., The increase in production of wheat, serghum,

grain millet, soybean, maize, potato and sugarbeet are listed in the following
table,

Five years of contimuous experiments om the application of compost to paddy
s0il in Nanjing and to dark brown soil in northwest China indicated that the
effect of compost lasted through tho crops of rioce, wheat and others. On

the double—cropping rice land, the subsequent effect of compost was more
evident.
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Table EFFECTS OF COMPOST ON YIELD INCREASE OF INPORTANT CROPS
Amount of compost Tield Increase
Crop applied
(t/ta) (kg/ha) (kg/ba)
Maize 0 4 408
30.4 5. TOO 1 292
Potato 0 T 737
38.0 " 14 630 6 893
Sugarbest 0 26 141
15.2 33 600 6856
Wheat 0 2 336
38.0 3 230 04
Hllet 0 2 257
38.0 33 1 087
Sorghum 0 1664
38.0 3.078 1 414
Soybean 0 1.877
30.4 o 2310 433
Table RESIDUAL EFFECT OF CONPOST ON RICE
Amount of compost applied Yeld of early Total inorease in
10 early rice rice yield
(kg/ba) (kg/ba) (xe/ha)
0 3154 -
21 052 3914 988
23 560 4 043 1 026




The application of compost has aleo been found to improve the quality
of upland crops. Field experiments carried out on apples showed that
the fruit from compcosti-treated trees contained 12.63%p of sugar and 0,32%
of acid, with an increase of 1.88% and 0.10% respectively in favour of
the treated trees. MNoreover, the composti-treated trees showed greater
resistance to adverse conditionms,

ii, Effect of compost on soils
The application of compost improves the physio-chemical and biological
conditions of soils bhesides providing plant nutrients. The humus in
compoat is a colloidal meterial with negative electric charge and is
coagulated with cations and soil partioles to form granules. Soil
with more granules ims less sticky, higher in buffering capacity, has a
better permeability and greater water holding capacity, and is capable
of regulating the pH of the soil, thus ocreating a gcod enviromment for
orop growth,.
Table 5 EFFECT OF COMPOST ON SOIL POROSITY
Depth (cm)
Treatment —
—o=10 10-25 25-50
Total porosity No compost 5146 49,4 43,7
) cupo-tl/ 52.3 56.4 46.0
Permeability No compost 16,1 8.8
to air (%) Gupost-v 18,2 7.5
W With compost at 38 t/ha
Table 6 EFFECT OF COMPOST ON BUIX DENSITY AND STICKINESS OF SOIL
Appliocati t Bulk dens |
oation rate ity Stickiness ability
(t/ha) ¢/m g/om?
0 135 1.9
38 1.25 1,31
T6 1.25 1,23
152 1.23 0.9
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The chenge in bulk density and porosity of soil directly influences the
growth and respiration of the roots of crop plants. The variation of
stickiness effeots the worlkability of soil.

Application of compost has an effeot on water holding capacity and on
the evaporation of water from soil as shown below:

Table 7 EFFECT OF CONPOST ON WATER ABSORPTION ABILITY OF SOIL
Number of days Amount of water absorbed in the Amount of water absorbed in
elapsed soil with no compost applied the soil with 228 t/ha of
compost applied
@) (%)
1 24-2 25‘5
2 25.4 271.5
3 26,2 28.6
4 26.3 29,0
5 26,3 29.5
Table 8 EFFECT OF COMPOST ON EVAPORATION FROM SOIL
Light loam Sandy loam
Rumber of days
elapsed With compost Without With compost Without

@) i *) &

Vi & w N =

5.71 T.14 4.17 10.0
12.14 17.14 17.43 21.4
18,57 31.43 14.27 27.1
23,57 40,70 17.85 32,8
41.43 55.T1 23.57 37.1

The application of oompost affects ensyme activity, fibre decomposition and
carbon dioxide gemsration in the soil, As ocompost is increasingly applied,
the urease and proteinase bBecome more aotive. This reflects not only a
greater amount of nitrogencus materials centained in the soil tut also the
rate of mineralization of nitrogenous compounds and the inorease of the
nitrogen supply to the crop. The decomposition of organic matter in the
soll has a close relationship with dehydrogwnase and hydrogen — peroxidase

which accelerate the liberation of COp and the decomposition of fibrous
material,
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Results obtained from theae studies are shown in the table below?

Table EFFECT OF COMPOST ON ENZYME ACTIVITY

Rate Yield C N P Cco Fibre Protgin~ Ureass Hydrogen Dehydrog-
(compost) (kg/ha) (%) @ (4) mgfe decom ase. peroxid-  enase
in soil position asme
Y 2/ y 5/
76 +/ha 3 040 2,56 0,0273 0,067 3.90 18.99 21 360  3.46 1,70
38 t/ha 2 606 1,88 0.9243 0,062 2,86 16,58 190 301 3.18 1.35
None 2151 1,79 0.0200 0.062 2.56 10,56 156 209 2.74 0.80

1/ Fibre decomposition is expressed as CO2 in mg/z soil.
2/ The sctivation of proteinase is expressed as NE;-N mg/100 g in soil.
3/ The activation of urease is expressed as NH,-N mg/100 g in soil,

The activation of hydrogen peroxidase is expressed by the nmmber of ml consumed by
0.1 N KMnOy.

5/ The activation of dehydrogenase is the readings in colorimeter.

Source: Soil and Fertilizer Research Institute, Sbhandong Province,

Compost reduces soil erosion, Studies in Sichuan Province have indiocated
that on a sloping sandy soil the compost treated section had 16% less
surface run-off and 41% less erosion than the oomtrol, Compost has proved
most efficacious for improvement of saline and alkaline seoils,

iii, Application of organic fertilisers

An attempt has been made to estimate the extent of the use of organioc
fertilisers in China, The estimates given in the table are based on
the information gathered or assumed, and supported in some cases by
published data; at best they are spproximate only. The estimates are
given in the table below:




ESTINATED USE OF OROANTC FERRTLIZERS In cEmNaY

Table 10
Quantity
available FRutrient content Plant nutrients
in million £ in thousand tons
tons
§ |P205 P |x0 «x ¥ P205 P K20 4
1. Night sell 127 0,60 | 0,20 0,09 [0.30 (0,25 162 254 111 381 316
(at 60% available)
2., Cattle manurs 411 10,60 | 0,30 0,13 0,80 0,66 | 2460 | 1 233 288 |2 n
(st 70% available) hall B 3
3. Pig manmure 571 0,50 | 0,40 | 0.18 J0.,50 |0.,42 | 2855 |2 284 |1 004 2 855 {2 370
(at 80% available)
4. Goat and sheep manure 65 0.60 | 0,30 J0,13 {1.,20 0,99 390 195 85 780 645
(at 60% available)
5. Poultry manure 23 1,46 | 1,17 | 0,51 |0.62 }0.51 336 269 117 143 118
(at 7o$ available) ‘
6. Plant residues and 273 {0.30 | 0,20 | 0,09 {0.60 |0.50 819 546 240 | 1638 |1 359
water plants
(at 'm available)
7. Creen manures 48 0,40 | 0,10 } 0,04 0.40 [0,33 192 48 21 192 159
(at 80% available)
8, Mud and silt 144 0,25 ] 0,13 [0,06 ]0.15 |0,12 360 187 82 216 179
(at 80% available)
9, City garbage ’ 13 0,60 | 0,40 {0,18 1,00 }0,83 78 52 23 130 108
(at 60% uva:l.la,ble)
10, Oil seed cakes 4.0 ] 7,00 | 1,00 | 0,44 }2.00 | 1,66 28 4 2 8 1
(at 80% available)
TOTAL 1 689 8 320 5 092 2 228 g9 671 8 007

See following explanatory notes

ic -
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Explanatory notes for basis of calculation

Night soil
Cattle manure
Pig manure

Goat and sheep
manure

Poultry manure
Plant residumes
and water plants
Green manure

Mud and silt

City garbage

0il seed cakes

Others

0.25 t per capita; population 850 million persons
Animal population 98 million head, 6 t msnure per animal/year
Pig population 238 million head, 3  manure per pig/year

Animal population 135 million head, 0.8 t mamure per animal/
year

Animal population 1.3 billion head, 1 t manure per 40 animals/
year

at the rate of 3 t /ha agricultural land (130 million ha)

6 million ha, at 10 t/ha

180 million tons assumed on the basis that 10 willion ha of
land in delta areas receive 8 t/ha and 50 million ha in other
areas at the rate of 2 t/ha

Assuming an urban population of 150 million persons and city
garbage per capita at 0.15 t/year

5 million tons a year

These include such items as ashes, fish wastes, silk wastes,
bones, goat and sheep droppings

Taking 130 million ha as the area of cropped land in China, the average quantity
of organic fertilizer available per hectare is about 13 t per year. In terms of plant
nutrients, each hectare of cropped land thus receives about 64 kg of N, 39 kg of P205

(17 kg P) and 74 kg of K0 (61 kg K) through organic fertilizers. However, as the supply
of these manures ie already approaching the maximum production limit, production of
mineral fertilizers has of necessity to be stepped up to meet the growing demand for plant
mutrients vitally important for increased crop production,
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CHAPTER 2

BIO-FERTILIZERS

2.1 General

Biological processes for fixing atmospheric nitrogen through symbiosis and by free-
living nitrogen fixing organisms offer good scope and should be exploited. In China, it is
recognized that a natural biological agency can be employed whereby atmospheric nitrogen can
be utilized for fertiliszing vast aress of lowland rice. The two megn® used are: (a) Azolla
and (b) blue-green algae., Techniques for their use in rice ocultivation are described below.

2,1.1 Agolla

Azolla consists of a floating branched rhizome whioh small, alternate, overlapping
bilobed leaves and simple roots which hang down into the water and it reprodumoces itself
mostly vegetatively, although spores are also found., The nitrogen-fixing blue-green algae,
Anabaena azcllae,is always found in the cavities of leaves as a symbiont which fixes the
at-oap‘i;r.lc mitrogen necessary for the growth of the plant,

Asollas pinnata growing on the water surface between rice
seedlings, Fuashi Produstion Brigade, Jiangsu Province,




(b)

THE WATER FERN Azollo pinnata, o) THE WATER FERN (10 X),

Fig.1e

b) LEAF WITH TRE BLUE GREEN ALGA IN THC CAVITIES (100 X);
c) Anebeens azolice, A FILAMENTOUS HETEROCYSTOUS BLUE GREEN

ALGAE (Y000 X).
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The utility of Avolla a8 a fertilizer source was first demonstrated by Khien from
North Vietnam, in 1957. Azolla is now known for its ability to fix large quantitiee of
atmospheric mitrogen (312 kg/ha/year, Becking, 1976; 30-40 kg/ha/month, Matsuo 1976;
103-162 kg/ha/year, Stewart, 1977) as well as for its ability to supply to the ecosystem
a substantial amount of en matter (157.5 t/ha/year in China; 200-300 t/ha/year in
Vietnam, Boawinkle, 1976) which, moreover,; facilitates the growth of heterotrophic
nitrogen fixing micro-—organisms,

The common Azolla in China is Azolla pinnata, a floating fern locally named 'luping'
or 'hang ping'. It was introduced into China about 20 years ago.

i. Optimum conditions for growth of Azolla

e The optimum temperature for growth of Azolla in China is between
20-28°C, It was, however, reported that a tropical strain of
Azolla grows at temperatures ranging from 30 to 359C in the
southermmost province of Hainan, Azolla does not survive
temperatures lower than 0°C and higher than 35°C,

Y. Standing water a few centimetres deep and phosphorus are
necessary for its growth,

Ce Soils of pH 6 to 7 support the best growth,
Since Azolla tolerates a limited range of temperatures and it ocan
only be propagated vegetatively, the Chineme take great care te ,
protect it from frost in the northern provinces and high temperatures
in the southern provinces.

Agolla is protected from extreme temperatures, using one of the
following methods:

= after collecting the Azolla and draining off the
adhering water, it is placed in a special pit lined
and covered with straw matting;

= another method, which is more effective, is to keep the
Azolla on a straw mat laid over intersecting drainage
grooves, The grooves also provide aeration. The
height of the heap is maintained at 50=60 om. The heap is
covered with straw mats, which are pegzed down, to prevent
dasage from low temperatures and loss of moisture;

= to protect Azolla from high temperatures, it is kept in
field basins or ponds with water circulation and/or is shaded
by planting trees arcund the ponds/water basins,

ii, Agolla prodnotion

One'bundred kg of Azolla are put in a nursery bed (120 m2) divided into small
basins (3 m x 4 m) of 8 cm depth, Standing water is maintained in the nursery
to  depth of 35 om, A planting density of 0,7 to 0.8 kg/m2 is most
favourable for rapid multiplication. At a lower demsity the plant takes
longer to cover the nursery and also absorbs less solaxr energy.

After 4-6 weeks each 100 kg of Azolla grows in weight to about 500 kg which is
sufficient for "seeding® 0,066 ha. The nursery is covered with plastic sheets
if the temperature is low.
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Pig. 20 Seeding rice field with Agolla, Huashi Production Brigade,
Jiangsu Province.

Fig. 21 Fielde prepared for rice ocultivation and inooulated with Azolla.
Huashi Production Brigade, Jiangsu Province.




iii.

iv,

After seeding the field, the Azolla (500 kg) grows to double its weight every
5 days, i.e, 1 000 kg in 5 days, 2 000 kg in another 5 days.

The group was told in Hsin Hui (Gua.ngd.ong) that at temperatures above 20°C
Azolla would double its weight in ) days. It was stated that the maturity
and yield of the crop can be judged from the degree of covering of the water
by the plant., When the margins of individual plants are in contact with one
another, the yield amounts to 15 t/hn, but when the plants overlap one
another the crop is mature and the yield would be 22,5 t/ha.

Use of Azol's aB green manure

The fields being prepared for rice cultivation are flooded and seeded with
Azolla at the rate of 7.5 t/ha. After about 5-10 days, when the Azolla has
reached a suitable demsity (22.5 t/ha) the water is drained off, and the Azolla
is ploughed under using a 12 h.p. 'walking tractor', Thereafter, the field
may again be flooded for further growing and subsequent ploughing under of
Azolla if it is intended to improve soil fertility further or rice seedlings

. are transplanted.

Azolla regenerates with the rice seedlings and obtains a density of 22.5 t/hn
in 10=15 days. It is then buried in the soil by hand. This process ie
usually repeated two or three times, the last being at panicle differentiation
of the rice plants. In any case, when the Azolla covars the entire water
surface it must be buried to avoid starving the rice plante of oxygen. It
decomposes 8=10 days after inocorporation in the soil,

Whenever the interval between winter and early rice orops does not allow
Azolla to be grown before transplanting, Azolla seed pieces prepared in a
mursery are spregd 5-10 days after transplanting the rice seedlings, The same
rate of seeding and the same technique is used in this case,

Fitrogen fixation by Azolla

Fields are seeded with Azolla at the same rate as for green marmuring, and the
orop is harvested up to 10 times in a period of 3-4 months. In one harvest, the
Yield of Azolla is about 15 t/hn. About Bt/hs of Azolla is left in the field
to perve as "seed" for the following crop. The total yield of Azolla through
its growth period of 3-4 months is about 160 t/ha. The harvested Asolla is used
as planting material for other rice fields. As it is rich in protein and
minerals, it is also used as a feed for pigs and ducks and for compost making
with grass, silt, etc. ,

Azolla yields very large quantities of green matter (about 160 t/ha) in a period
of 3=4 months, containing about 425 kg of nitrogen (more than 2 t in terms of
ammonium sulphate or about 1 ¢t of urea), The green matter and the rate of
protein production contributed by Asolla is higher than that of Sesbania
c:nnabina vwhich has the highest nitrogen fixation ability of all the Teguminous
plants,

Higher nitrogen gains have been achieved through the association of Azolla and
Anabaens in China than in Vietnanm,
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Fig. 22 Azolla, 10 days after inooulation, ready for ploughing under.
The mat in the ocanal prevents loss of Azolla, Agricultural
Research Station, Feng Chiao People's Commune, Jiangsu Province,

Fig. 23 Ploughing under of Azolla layer before rice transplanting, using a
12 HP walking tractor. Huashi Production Brigade, Jiangsu Province,
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Fig. 24 Azolla covering the water surface between rice seedlings and
ready for burying in the soil, Huashi Production Brigade,
Jiangsu Province,

Fig, 25 Burying of Azolla seedlings, Huashi Production Brigade,
Jiangsu Province.
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Table 11 YIELDS FROM VARIOUS METHODS OF APPLICATION OF AZOLLA PINNATA IN CHINA
g In terns of
| Green N Aneoni um Urea
Application method material . sulphate
t/ba kg/ha kg/batl/ xe/nal/
As a green manure crop
Ploughing under only 22.5 61,2 306,0 133,0
Ploughing under and hand 45.0 122,4 612,0 266,1
burying once
Ploughing under and hand 67.5 183,6 918.0 399.1
burying twice
Ploughing under and hand 90,0 244.8 1 224.,0 532.2
burying three times
As a nitrogen fixer
10 harvests in 100 days 157.5 428.4 2 142.,0 931,3

1/ Caloulated on the basis of information received.

vi,.

Pertilization of Azolla

As nitrogen requirements are met from the air, phosphorus is the main
fertiiizer necessary; it is applied to the plots at a rate of 150=225
kg/ha as superphosphate (2436 kg P205 or 11-16 kg P per heotu-og?.
Occasionally, ash from rice straw is also added as a source of potassium
at the rate of 20,0 kg/ha KoC (16.6 kg/ha K). The nitrogenous mineral
fertilizer requirements of rice are reduced by half hy using Azolla.

Disease and pes ts of Agolla

Azolis; like all orops, is attacked by various discasea and pesis,
chiefly the foliowing:

@,  Fungal diseases
(1) %‘: causes grey spois on the surface of leaves. The disease
18 widesp

read at temperatures higher than the ocptimum, To eontrol

the disease, spraying with diluted Defusit (1 part Defueit to
250 parts of water) is recommended after every 7-10 days, using
1 125 litres of the diluted mixturé per heotare., A mixture of
equal proportions of Dipterex and Malathion (both at 0.1 to
0.,2%) is also used to control the disease.




(2) Demping—off: this disease occurs at high temperatures and high plant
densities and is conirollable by thinning or ploughing under the crop.

b Insect dimease
Brown borer and grey borer: the plants are frequently attacked by the larvae .

of lepidopterous insects, which feed on the leaves. Spraying with
Fenitrothion or with a mixture of Dipterex and Malathion controls
the pests.

Ce Snai ls

Snails eat the roots and leaves of Azolla. The above mentioned insectioides

for control of borers are also used for conirol of snails,

vii. Advantages derived from growing Azolla

1. Gain of nitrogen through nitrogen fixation.

2. Increase in organic matter of the soil. (It wae reported by the Huashi
Production Brigade (Jiangsu) that the organic matter content of the soil
increased from 1.3 to 2,84 and that of the nitrogen from 0.09 to 0.20%
as a result of introducing Azolla oultivation,)

3. Saving of nitrogenous mineral fertilizer of uwp to 30-40 kg/ha. (Application
of Azolla to the fields in addition to mineral fertilizer is reported to have
given 10-15% higher yields of rice over the mineral fertilizer alome,)

4. TImproved soil structure.
5. Provision of a nutritious feed for livestock at intervals of 7-10 days.
6. Acts as an indicator of mutrient deficienocy.

The group had the opportunity to see largu-scale Azclla cultivation in various
production brigades (e.g. Huashi, Kiang lin County, Jiangsu Province and Cha
Kung, Hein Hui County, Guandong Province) where the techniques of raising Azolla
were also demonstrated. '

2.1.2 Blue-green a.gge

Blue-green algae, belonging to a group of helerogeneous cryptogamioc plants
containing chlorophyll are highly efficient utilizers of solar energy and have the
ability to fix molecular nitrogem. Research and development on algae have been undertaken
for some time, However, the potential for three-fold use of algae as a food, fertiliszer
and energy source has attracted remewed attention.

In China, both basic and applied research is being carried out. An inoculum of a
mixture of Anabaens sp. and Nostoc sp, is prepared at the Agricultural Research Institute,
Nanjing in flasks containing suitebls msdia under sterile conditions, The algae 8o grown
are then transferred to larger glass bowls to grow under non-eterile conditions,

A quantity of the fresh algae is then used to inooulate a nursery plot (5~7 m long,
1 m wide and 20 om deep) at the rate of 150 g/m2, The water in the nursery is 67 om deep.
After sbout 7 days the algae in the plot attain a density of 500=1 000 g/m2, The nursery
is covered with transparent plastic sheets to proteot the plants from cold,
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After preparing the field for rice cultivation, it is flooded and algae at 750 kz/hl.
are spread as inoculum, The algae grow to reach 7.5 t/ha within 10=15 days and even to
15 t/ha at tempsratures above 30°C,

It was reported that, under experimental conditions, the increase in yield was about
10%. Further research work was reported to be in progress to reach a stage at which algae
could be beneficially used,
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CHAPTER 3

GREEN MANURE CROPS AND AQUATIC PLANTS

3.1 Green Manuring

Green manures are crops which are not (or only partly) harvested for animal or
huran consumption but are plcughed under for adding organic matter, improving soil
structure and preventing mutrient leaching, and also in the case of leguminous crops for
adding fixed nitrogen to the soil. They are normally planied where cereal crop residues
are used for domestic fuel or cattle feed, as in many developing countries, and in
ocountries such as China the organic matter ia the major source of plant nutrients.

The Chinese, who regard green manures as "matural food" for plants and soils, have
been practising green manuring for a long time. Green manuring was given added impetus
when the National People's Congress of the People's Republic of China, in its second
seasion held in April 1960, decided that green manuring should form part of the National
Programme for Agricultural Development (1956-197). It was emphasized thus: "Increase
energetically the ocutput of farm manure and chemical fertilizer .... energetic efforts
should also be put into growing green manure crops according to local conditions ....
bacterial fertilizer should be increased to the fullest extent."

As @ result, the area under green manure orops has increased from 1,3 million
hectares after liberation to about 6.6 million heotares in 1976 (excluding area under
aquatic plants which are also partly used for green manuring).

The leguminous orops usually used for green manuring in Chinese agrioulture are:

1. Astragalus sinicus (milk vetch)

2, Vicia villosa hairy vetch)
3., Vicia faba broad bean)
4., Vicia sativa common vetch)
5. Nedicago sativa alfalfa)

6. Pisum arvense field peas)

7. Welilotus officinalis (sweet clover)

8. Crotalaria juncea sun~hemp )
9., FPhaseolus aureus olden gram)
10, Sesbania cannabing (sesbania)

In south China, winter green manure orope such as milk veich and sesbania are grown
in winter; north China grows alfalfa and hairy vetoch,

Four systems of green manuring are followed:
1, Green manure crop sown and ploughed under in the same field.

2. Green manure crop is harvested and buried in other fields of 3-4 times
the size. Roots remaining from the harvested orop emrich the first field.

3., Green manure crop is cut, mixed with grasses and mud and put in pits located in
corners of fields for compost making or is fed to biogas plants.

4. Interplanting green manure crops with summer rice orops.

The technmiques of green manuring with the most common crops used cre described
below:
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3.1,1 Astragalus siniocus is either grown in rotation with two rice orops or intercropped
with taller cereal crops (e.g. maize), For example, in Yueh Chi People's Commune, Wu
County, Sushou Prefeotwre, Jiangsu Provinoce, 267 ha out of 287 ha were put under Astragalus
while the area under Vicia, Crotalaria and Sesbania was only 20 ha. In Wu Couuty, a® a
whole, the area under green manure crops wa8 reported to be about one~third of the rice area.

Astragalus is pown in September~October and is ploughed under or harvested in April-
May. Its yield of fresh green matter is about 37-45 t/ha.

3.1.2 Sesbania cannabina grows under varied agro-climatic conditions: <tropical, subtropical
and semi-arid, and is resistant to drought, soil acidity, alkalinity and waterlogging.

A special technique has been developed for growing Sesbania in nurseries and trans—
planting the seedlings in the summer rice crop., The seed is sown in the nursery in late
March or early April at the rate of 70-90 kg/ha. One hectare of nursery produces sufficient
seedlings to green manure 50 ha of rice fields, Superphosphate at the rate of 225 k'g/hn
and night soil or compost at the rate of 7.5 t/ha is applied in the nursery plot. The
seodlings attain a height of 15 om 30 days after seeding. When the seedlings are 7=10 ecm
taller than the rice plants to be green manured they are transplanted in the paddy field
in rows at a spacing of 2-3 m between rows and 30-35 cm within the row., The Sesbania plants
are topped when they attain a height of 90-150 cm to stimulate branching and leaf production,
A full grown plant attains a height of 3 m and weighs about 5 kg.

The first additional manuring of the paddy field is done with superphosphate (75 kg/ha)
and compost (2.25 t/ha) 10 days before harvesting the rice (or 20 days after transplanting
of Sesbania seedlings),

Fifteen daye after harvesting the rice, a quick acting nitrogen fertilizer such as
ammonium sulphate is applied at the rate of 50=60 kg/ha and Sesbania is ploughed under 3
days before the transplanting of late rioce.

The yield of green manure ploughed under is about 15-22.5 t/ha containing 82.5 kg
of nitrogen, 10.5=15.8 kg of P205 (4.6=7.0 P) and 22.5-33,75 kg of K0 (18.7-28,0 K),

The advantage of this method of green manuring is that Sesbania plants do not ocoupy
the cultivated area for more than a month and yet yield as well as when sown as a sole orop
for green manuring. Another advantage of transplanting Sesbania seedlings is that it
benefits even the first crop of rice,

Growing of green manure crops substantially reduces demand for mineral fertiliser,
The group was told that the lLing Si production Brigade, which introduced green manuring
with Sesbania in 1972, has been able to reduce nitrogenous fertilizer (ammonium sulphate)
consumption from 75 to 45 kg/ha, eo reducing fertilizer costs from US$ 68.0 to 40.5 for
each hectare of rice sown. It was claimed that green manuring in conjunction with
mineral fertilizer raised the rice yield from 4 125 kg to 5 025 kg/ha, i.6. 21.8% inorease,

3.1.3 Inooculation of legumes

Mycorrhizal cultures are generally used for legumes and these are applied every 4th
or 5th year in the same field, They are reported to increase the yield of green matter by
about 15 percent,

The cultures are prepared locally by the production team. Although elsewhere bacterial
inoculus for legumes is normally prepared under sterile conditions in special laboratories,

the Chinese have developed a method so simple that it can be followed by the commune members
themselves,
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Fige. 27 Foreground: nursery for Sesbania. Background: rice field interplanted
with Sesbania (in rows). Hsi Chiao People's Commune, Guangdong Provinoe.

Fig., 28 Transplanting of Sesbania in rice field. Hsi Chiao People's Commune,
Guangdong Province.




Methodology

2. Collection and preservation of nodules

Plaants of each species are cerefully uprooted when they carry the larges:t
numbsr of aotive nodules., These plants are air—dried in the shade aud the
nodules are removed from them when an inoculum is to be prepared,

b. Preparation of the inoculum

The nodules are crushed and mixed with cool sterile water, adding 1% sugar,
1,04 starch and di-potassium hydrogen phosphate., The latter can e
replaced with superphosphate, which is neutralized to pH 7.

C. Use of inoculum

The seeds which are to be inoculated are exposed to the sun for 3-4 hours

and then soaked in water for 20 hours; they are then mixed with inoculum,

As the partially germinated inooulated seeds tend to be stioky, they are mixed
with rice husk to make broadcasting easier.

If seeds are not required for immediate sowing after inooulation, soaking in
water is omitted and after exposure to the sun they are only mixed with the
inoculum and air-dried.

3.2 Aquatic Plants

In areas with networks of waterways, aquatic plants are oultivated to provide fodder
for liveatcck and manure for fields, Aquatic plants provide a major portion of fodder
requirements and to that extent pressure on land is relieved, Fish culture is also
stimulated under water weeds, The Chinese say: "If you live near water, make the best use
of vater”., The commune members living near waterways have demonsirated in full measure
how this is done.

The cvmmonly grown aquatio plants and their composition are given in Tabie 12,

Table 12 COMMONLY GROWN AQUATIC PLANTS AND TEEIR COMPOSITICN
Contemt
Aquatio plant Moisture N Protein Fat Celluloss Sugar Ash
% on dry % 4 % % %
basis )
1, Alternanthera philoxrides 93.90 2,50 1,10 0,20 1.30 1.8 1,60
2, Fistia stratiotes 96.16 1.9 1,07 0,26 0.58 1.63 1,30
3 Eiohhornia m.'lllig.e 93.% 2-28 1.29 0,20 1.10 2.30 1030
l —————— ,
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Alternanthera is the most widely cultivated aguatic plant in the northern provinoces of
China because of its tolerance to lower temperatures while Eichhornia and Pistia, which are
sensitive to cold, are grown in the soutern provinces. Special techniques have been developed
by the Chinese for cultivating these plants to ensure their pr jon from cold and frost
and their localized cultivation to avoid obastruction in navigation, '\

Areas of water adjacent to the banks of waterways are demarcated and localized for
groving aquatic plantes. The localization is effected by pitching bamboo etiocks around the
area and securing them with ropes or wire, Thirty to forty t/ha of plants are used to seed
the water surface area 8o localized. The seeding is done in late April or early May. The
Alternanthera plant grows profusely and within 2-3 months spreads over an area of 1 m2 and
to a depth of 1 m. The plants reach maturity in July and Auguet. A long-handled rake is
used to pull out the plants which are loaded into boats and ultimately taken to wherever
needed., The second harvest is taken after 3 months (October-November). A harvest of
225=3T5 t/ha of open water per year has been reported.

Table 13 indicates composition, yield, etc, of various green manure crops and aquatic
pla.n‘bs-

Table 13 YIELDS OF GREEN MATTER, NITROGEN AND PROTEIN OF VARIOUS GREEN MANURE
CROPS AND AQUATIC PLANTS
Eeld of _ Growth Rate of protein
Crop Green Nitrogen Protein period prodnoction
material ‘
(t/na) (kg/va)  (kg/ba) (aays) (kg/ba/day)
Altemanthoul/ 225=375 344572 2 147=-3 572 365 5.,88=9,79
Eichhornia 87.5 122 761
on 4
on sewage water)3/ 250,0 348 2174 365 5496
Sesbanial/ 15.0-22,5 38=124 519=775 30 17.3-25.8
intercropped with
early rice
Asolla ta 157. 431 2 679 100 26.8
Tions 575
Azolla 200=-300 547=821 3 4195 131 36 9, 37-14.06
{in Vietnam)4/ ?
Source:

Caloulated from information received in China
Harley (1976)
Abu El-Fedal (1960)

KRR

Boswinkle (1976)
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Fig. 29 Water plants (Alternanthera) grown on Tai Lake, Yueh Chi People's
Commune, Jiangsu Province.

Fig, 30 Localized ocultivation of Alternanthera on Tei Lake, To control growth
borders of plots are marked with poles and ropes., Yueh Chi People's Commune,
Jiangsu Province,
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CHAPTER 4
BIO-GAS TECHNOLOGY AND UTILIZATION

4.1 General

The technology and utilization of bio-gas has recently atiracted attention all over
the world, The rationale behind it is seen in the ecologioal benefits of the utiliszaiion
of animal and agricultural wastes, conservation of natural resources, pollution control,
environmental sanitation and, above all, exploitation of new resources of energy. In ths
developing countries application of bio-gas technology acquires extra importance, The
productivity of farmlands in these countries, which is low owing to insufficient use of
locally available resources of ground water, fertilizers and fuels, can be improved with
cheap energy provided by bio-gas technology. The local resources are largely unused;
local fuels and organic manures in the form of animal and vegetable wastes are partly
wasted and are partly burned in inefficient furnaces which capture little of the energy
oontent and preserve almost none of the fertilizer value, Through bio-gas technology,
these wastes alone can provide fuel for domestic use, emergy for irrigation and other
agricultural operations, organic mamires for farms and light and electricity in remote
villages.

Bio-gas technology is not new, The second world war saw its experimenial development,
and sinoe then investigations on various aspects have been going on, though haltingly, in one
oountry or another, However, the recent oil and fertilizer crisis has been instrumental in
reviving interest in this technology. A number of countries, both developed and developing,
have gtarted further investigations aiming at analysis of the prospects, problems and tasks
associated with bi)~gas plants, developing suitable designs for family size as well as
village size commumity bio-gas plants, the emphasis being on ease of assembly, use of cheaper
and more stable materials and optimized dimensions and conditionms of operation, These
investigations also include the development of efficient bio-gas utilization devices such as
. bio-gas burners, spark ignition engines and further development of pumps for irrigation, as
‘well as development of an integrated bio-system which assures the supply of fuel, fertilizer
and food,

China has made remarkable progress in this field., The first Chinese attempts to
convert organic wastes into bio-gas date from 1958, but a massive and apparently well organi-~
zed campaign to popularize the techmology started only some years ago. Since about 1972,
the mmber of bio-gas plants in different parts of the country has been reported to be
increasing rapidly. In a county visited in Hebei province, 40 000 out of 56 000 households
have bio-gas plants, According to Chinese sources, there are nearly 1 000 000 bio-gas plants
in use in China, although the great majority are located in only a few counties, The
climatic requirements of bio~gas plants limit their effiocient use to the southern part of
the country, but they can also have a limited seasonal use in other areas.

Bio-gas plants have been recognized as a boon to the members of the production
teama/briga.des ‘because of the several benefits acoruing from them, Briefly these are:

i, The manure obtained from bio-gas plants is richer in nitrogen content
and more in quantity than that obtained by oconventional composting. It
is reported that fermentation increases the ammonia content by 120
percent and the amount of quick acting phosphorus by 150 percent. In
a comparative trial conducted in Wu Chin County, the application of
bio-gas manure gave a 17% increase in wheat yield over conventional
compost, In fact, these plants are regarded as 'miniature manure
faoctorier’,
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ii, Bio-gas manure is free frow the offensive odour normally associated with
manure pita/heapu. The parasites normally present are also killed during the
process of digestion and storing of slurry.

iii., Bio-gas plants conserve looal fuel, wood or imported coal and kerosene, and
upgrade into an excellent organic fertilizer the vegetable refuse which would
be otherwise burned inefficiently and animal and human wastes which might
otherwise be a serious threat to health.

iv, Bio-gas can be used to power internal combustion engines and to substitute
for diesel oil in small electric generators. A saving of 707 of diesel oil in
running internal combustion engines on bio-gas at the bio-gas research station
in Wu Chin County was reported.,

Ve The gas provides a clean and convenient fuel for bousehold cooking and a good
light for reading. The rice straw which is otherwise burnt as fuel is saved
for use as fodder or for silage making.

vi, Bio-gas saves time in cooking and thus reduces the housekeeping load for women.
vii, Bio-gas plante are complementary to piggery development.

Bio-gas programmes are thus regarded as a part of the social reoconstruction programme
of Chira. The programee is supported through national conferences, the training of techmi-
cians, the manufacture of simple gas stoves and lamps, rubber or plastic pipes and pressure
gauges and through the design of differently shaped fermentation pits.

4.2 Bio-gas Technology

The process of bio~gas gemeration, which is essentially the digestion under anaerobio
conditions of organic wastes, produces a gas which is largely a mixture of methane and carbon
dioxide. The methane is a combustible gas, The digestion is a two-part process and each part
is performed by a specific group of organiems, The first part is the breakdown of complex
organic matter into simple organic compounds by acid forming bacteria. Several species of
acid forming baoteria grow and reproduce rapidly. These are not very semsitive to their
environment. They break down complex organic substances and prodwce primarily acetic acid
and propionic acid, together with ammonia and carbon dioxide, The second group of micro—
organisus, the methane-formers, break down the acids into methane and carbon dioxide. This
group is composed of a relatively few species of bacteria that grow and reproduce slowly
and are quite sensitive to their enviromment,

In a properly functioning digester, the itwo groups of bacteria must be balanced so
that the methane~formers just use the acids produced by the acid-formers, If the acid-
formers get ahead of the methane-formers, acids begin to accumulate, the pH drops, the
methane~formers are inhibited and ultimately digestion ceases, The main bio-—chemical
and other operational faotors which are important in controlling the speed and quality
of the digestion are as follows:

a. Temperature: The micro—organisms which take part in methane production
have optimum sctivity at 20-30°C, At lower temperatures, gas production .
is reduced. The relationship between gas production and temperatures
observed in China is indicated below:
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Material Temperature Geas production
%007 {em>/day)

Rice straw, 29.31 0.55

pig manure 24~26 0.21

and grasses 16=20 0.10
12-15 0,07
Below 8 Negligible

be Hydrogen ion concentration

Methane forming bateria are sensitive tc pH, They work best in a range of
pH 6.8 to 7.2 although they will tolerate a range of 6.5 to 8,0, If the
pH grows too high the acidic carbon dioxide formed by the digestion process
brings it down, but if it should be too low, the gas producing bacteria are
unable to use up the acids quickly enough and the digestion stops. It will
be a matter of some time before the balance is restored and digestion can
resume, Introducing fresh raw material for digestion at a toc high rate
can cause the fermenting material 4o become acidic.

In China, addition of lime solution or grass ashes is recommerded for
maintaining the pH between 7 and 8.

Ce Carbon nitrogen ratio

The bacteria require both carbon and nitrogen in order to liva, but they use
up carbon about 30 to 35 times faster than they use nitrogen., When the ratio
in the raw material is about 30 to 1, the digestion proceeds at an opiimum
rate, other conditions being favourable, When the ratio is lower there are
losses of available nitrogen affecting the manurial value of the digested
mattsr.

d, Dilution

The anaerobic fermentation of organic matter proceeds best if the feeding
material contains 7 to 9% solid matier. The usual materials fermented in

a bio-gas plant normally contain higher percentages of solids and they are
therefore usually diluted with water, Insufficient dilution increases the
viscosity to a poini where bacterial growth is inhibited; or if excessive,
stratification occurs that requires continuous stirring. The pH and ammonia
toxicity also become more critical with insuffiocient dilution.

In Ch:.na., common combinations of raw materials are orted to be: a mixture
of urine (20%) and human excreta (30%) and water (50;8 or 10% human excreta,
304 animal dung, 10% straw and grass and 50% water; or 20% human excreta,
30% pig manure and urine and 50% water; or 10% each of human and animal
waste, 30% marsh grass and 50% water. Crop wastes, green grass and other
vegetable materials are decsomposed for more than 10 days prior to their being
put into the digester,

e, Stirring

Stirring of the slwrry inside the digester is desirable to stimulate bacterial
action resulting in higher gas production, though it is not always essential.
Continuous feeding of fresh waste into the digester always induces some move—
ment in the mass of material in the digester, helping to expose fresh
undigested material to the bacteria,




Pig. 32 Construction of a blo-gas plant, inlet on the right; outlet on the left in
background. Cheng Hesiang Production Brigade, Jiangsu Province,

Fig. 33 Building of piggery with inlet
for animal wastes to bio-gas
plant. Cheng Hsiang Production
Brigade, Jiangsu Province,




In the Chinese bio=-gas models, there is no provision for agitation. It has,
however, been reported that in digesters fed with night soil alone, stirring
increased gas production by 80% in comparison with non-stirring.

. Design of bio-gas plants

The basic design of bio-gas plants provides for an anaserobic tank (digester)
and a gas chamber to collect the metha.ne/oa.rbon dioxide mixture. The
performance, however, depends upon many factors.

Five designs of bio-gas plant are reported to have been evolved in China,
The giroup was able to see a large number of working bio-ges plants at some
of the places visited. A 10 m2 capacity design is tzken as the standard
design for a household, Some brigades have adopted a collective approach
and built larger plants to supply gas for small internal combustion engines
for pumps, generators and/or other purposes such as cooking food for pigs,
distillation etc.

The unique feature of the bio-gas plants in use in China is that the gas
halder and the digester are combined in one unit. The gas holder is the
brick dome shaped cover of the digester itself, In the construction of
these plants local materials are used., People =long rivers use mainly
pebbles, those in mountain areas use stcnes and the people in the plains
use bricks. A mixture of lime and earth in the proportion 5% and 95%
respectively is used in the construction. The walls of the bio-gas unit
are thinly plastered with cement. For the standard capacity plant, the
requirements of these materials are: bdbricks, 3 000; lime 1 000 kg, and
cement 100 kg. The coast of construction 1s reported to be US$ 25 excluding
labour charges.

When gas is formed, it ascends towards the top of the dome and pushes the
effluent down., The displaced level of the effluent provides the necessary
pressure for the release >f the gas frrom the plant, The pressure of tha
gas is kept constant through an automatic adjustment of water pressure,
The pressure equalization is based on the principle that increased gas
pressure pushes slurry up the feed inlet and the outlet chamber openings
and deorease in pressure is balancecd by return of siurry into the ligester.
The sizes of the inlet chamber and the outlet chamber are stated to be
important features and their design has undergone zome changes over the years.
The digester is built below ground level, The removal of sludge and
maintenance are carried out twice a year. One=third of the sludge is left
in the digester to act as 'seedinz' material,

4.3  Building a Bio-gas Plant

In constructing a plant, a round hole measuring 3 m in diameter and 3 m deep is
first dug. The digester portion which extends from the base to a height of 2 m is well
compacted using an earth~lime (95:5) mixture, The gas-holder portion, the brick dome-
shaped cover of the digester, is then constructed leaving spaces for the inlet and
outlet pipes which are 60 om in diameter and are at the mame level just{ above the ground,
They are covered with concrete slats to avoid any mishap.

The gas outlet (55 cm upper diameter, 45 om lower diameter) is situated at the
top of the gas holder from which the gas flows through a polyethylene tube to the point
of consumption,

Advantages of this type of bio=-gas plant are:
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i, Lower construction costs since no mild steel is used. Steel is scarce
and expensive, particularly in rural areas.

ii. The plants ocan be easily constructed by production team members who know
how to work with bricks and cement.

iii. Sinc~ there are no moving parts, wear and tear and maintenance costs are
almost negligible.
ive Maintenance of proper temperature is easier because of the whole structurs
being under ground,
Figures 34 to 46 explain the designs of bio-gas plants in use in China,
sui ted to local requirements.

These gas plante are, however, not without probleme. The most impor{ant limi-ation
is the impossibility of using them efficiently in colder regions of China because of the
thermal requirements of the fermentation process, Even in warmer climates, a considerable
decrease in efficiency and cessation of bio-gas produciion can ocoour if the sludge lacks
liquidity to balance the acid and methanogenic baoteria, Other problems are assoociated with
sand accumilation, scum build-up and loading of human and animal wastes in proper dilution,
The half~yearly opening of the digester for sludge removal and maintenance is a bothersome
operation., The gas in the ohamber is likely to be subjected to variable pressure because
the difference between the levels of the slurry in the digester chamber and outlet chamber is
likely to vary continuously, Such variable pressures are not conducive to efficient
functioning of the gas appliances, Furthermore, high pressure may be exerted on the slurry
which is likely to reduce the gas production,

The group was told that these problems were being further investigated besides the new
ones such as how to store surplus gas for use in winter and how to remove sludge and effluente
by machines,

4.4 Use of Gas

The gas which comes out of the bio-gas plants is miite similar to natural gas, It
usually contains 60-~70% methane, 30=~35% carbon dioxide, some hydrogen, nitrogen and iraces
of hydrogen sulphide. The gas has a calorific value of about 5 000 Kcal/m3.

A ten cubic metre capacity plant generates around 5 m3 of gas per day. When properly
managed, the plant is sufficient to supply a Chinese family with enough fuel for cooking
and lighting. Bio-gas must be burned on an arpropriate burner for maximum efficiency. Itwu
flame speed factor, which is a measure of the rjeed at whioch a flame will travel along a
column of the gas, is low compared to that of nntural gas, This means that when the bio-gas
is fed to a burmer made for natural gas, the flame tends to rise above the burner, Bio-gas
fed at a lower pressure would stay on the burner; but might not burn efficiently and less heat
would be recovered from each oubic metre of gas, The low pressure of bio-gas and the low
flame propagation speed of methane, which is further slowed down by carbon dioxide, call for a
apecial design of bio-gas appliances,

The burners in China are designed for a bio-gas ratio of 1:10 and these are locally
made from & mixture of soil and ash. The burners are placed in a deep hearth to provide
naximum heat to the utensils, Other accessories such as stoves, pipes, lamps and pressure
gauges are also locally made.

For lighting, bio-gas ocan be fed into any gas lamp with a mantle, In China small size
8ilk mantles are used owing to low preesure of the ges. The brightness of a standing bio-gas
lamp is reported to be greater than that of a hanging type because of the low density of the
bio~gas coupled with the upward direction of the hot gases,
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Fig. 45 Larger size bio-gas plant, gas
used to fuel diesel engine,
Foreground: outlet; centre: outlet
for gas by plastic pipe; back-
ground: inlet. Chun Sun Production
Brigade, Hebei Province,

Fig. 46 Outlet of large size bio-gas plant. Effluent pumped into irrigation drain,
Cheng Hsiang Production Brigade, Jiangsu Province.
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Any internal combustion engine can be adapted to use bio-gas., The group saw a
diesel engine running on bio-gas. The engine was fuelled by connecting the gas to the air
intake and cloging the diesel oil feed, It was reported that one cubic metre of gar was
enough to run an internal combustion engine (one h,p.) for 2 hours, a three ton truck for
2 km, to light a lamp (60-100 watts) for 6 hours and to gemerate one kilowatt of electricity.

4.5 Use of Sludge and Effluent

The output of sludge per year per plant (10 cubic metre capacity) is roughly 10
cubic metres, Sludge is used directly as manuwrs for basal or top dressing. It is also
used for making humic acid fertilizer, When not required, it is heaped, plastered and
kept till needed, The output of effluent is about 14 cubic metres per year. It is either
applied to the land with irrigation water or stored in a tank for application as a top
dressing.

Composition of sludge/effluent reported by the Ta Heh Production Brigade was:

Composition of bio-gas sludge and effluent

Sludge Effluent
* N 650.0 p.p.m 500.0 p.p.m * available
*p 40,0 " 15,0 "
K 9 400.0 " 2 000.0 "

Org. matter %  35.0

A field trial carried out by the production brigade showed that the application of
effluent to wheat ocrops increased tillering rates and numbers of spikelets over those
obtained from ammonium chloride,

4.6 Some Useful Data (Bio-gas Research Station, Cheng Hsiang)

a. Comparative efficiency of various types of wastes for gas production:

1. Cow dung 100,0
2. Water hyacinth 114.0
3. Sorghum residue 130,0
4. Water lettuce 145.0
Ba Pig manure 154.0
6. Grasses 177.0
Te Rice siraw 187.0

8. Night soil 221.0
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b. Rate of gas production from different mixtures of wastes at 25-289C
Materials Mixture Gas production after Gas production after
proportion 70 days per gramme of 400 days per gramme of
material material
(ml) (m1)
Grasaes 3:1 178 -
+ 1:1 152 -
rice straw 1:2 184 -
1:5 134 -
Rice straw - 120 240
Human excreta
+ 1:4 - 384
rice straw
Wheat straw - - 160
Human excreta .
and wheat straw; 1:4 316

C. Effect of seeding or inoculation of fresh material with digested material

Fresh material Digested sl Gas production
&) (wl/g of material)
20

250 g night soil
n

27
100 138
n 400 307

The above establishes the beneficial effect of 'seeding' the fresh material
with digested slurry which aots as an inooulum,

de Rates of kill of parasites in digested slurry

Investigations carried out in China indicate that the most resistant

egg of all parasites is the round worm ovum and that the bio-gas

plant has relatively little impact on its viability. Under simulated
conditions, the viability rates of ascarid (round worm) eggs ranged

from 63 to 93 percent after 10 to 90 days decreasing to 20% aPter 180 days.
Para=-typhoid B bacilli survived for a period of 44 days and schistosomes
were observed to live up to 37 days.

Detailed investigations have shown that the reduction in the level of
disease causing organisms in bio-gas digesters is due to both the physical
separation of the organisms by their settling to the botiom of the
digester and to their natural mortality under adverse conditions. The
major contributing factor to their reduction in the case of the hardier
parasite eggs is that of physical separation,
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Effect of time of digestion on mortality of organisms

Organi sm Days of Percent Days of Percent
digestion mortality digestion mortality
Snail 20 %H.12 32 100,0
Hookworm 50 92,17 90 100,0
Sedimentation of agite in bio-gas plants
(in 500 ml of effluent)
Inlet Outlet Sedimentation
Upper stratum 14 039 578 95. 96
Lowe: stratum 50 260 15 695 T7.10
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CHAPTER 5

VISITS TO RESEARCH STATIONS, COMMUNES, PRODUCTION BRIGADES OR TEAMS

S5a1 Research Institute of Agricultural Sciences in Jiangsu Province, Nanjing
G ¥ay 1977)

The Rasearch Institute of Agricultural Sciences in Jiangsu Provincs is the highest
lsvel Institute in the Province, It has a comprehensive researoh role to investigate
soientific and technical problems in agricultural production throughout the province. In
essence, the research work centres around implementing 'the eight point charter for
agriculture’

The Institute has a total working staff of more than 700, of whom about 300 are
research and technical personnel, and an experimental farm of about 80 ha, There are
various specialized cdepartments, such as: (1) the Department of Food Crops, doing
research on the selection, cultivation and popularization of new strains of rice, wheat,
maize and sweet potatoes, as well as on the corresponding high-yield cultivation techniques;
(2) the Department of Industrial Crops: research on the selection, cultivation and
popularization of cotton, rape seed and soybean as well as the appropriate teochniques for
obtaining high yields; (3) the Department of Plant Protection: research on the incidence
of insect pests and plant diseases affecting the main crops and the damage they cause, as
well as the techniquee for their prevention and ocure; (4) the Department of Soil
Amelioration and Fertilizers: research on the improvement of saline and alkaline land, the
selection and ocultivation of new sirains of leguminous orops and techniques for short—~term
inter-planting as well as techniques in the choice and application of new bacterial and
mineral fertilizers; (5) the Department of Agro-Physics and Agro~Chemistry: research on
techniques for treating orops both physically and chemically to create new strains, and on
the isotope tracer technique and analysis of nutrient contents of crops and fertilizers;

(6) the Department of Animal Husbandry and Veterinary Science: research on the prevention
and cure of main diseases affecting draught animals and livestock and breeding new breeds
of pige; (7) the Depariment of Aquatic Products: research on the selection and breeding of .
new stoocks of freshwater fish, the prevention and cure of the main fish diseases and the §
investigation of freshwater fish resources.

At present, research at the Institute is concentrated on the following four areas:
(a) vreeding improved varieties of food crops (rice, wheat, maize and sweet potatoes), oil
crops (rape and soybean), industrial crops (cotton) and vegetables; (b) research on
cropping systems, cropping patterns and practices to increase cropping intensity to attain
high production per unit area per year, the objective being to develop three food crop
systems (one wheat crop and two rice crops) with a total grain production target of 22,5 t/ha.
This target has already been achieved in eight experimental locations in the province. The
current programme is to investigage appropriate cropping patterns, crop varieties with
suitable growth periods, effective fertilization practices and production of livestock feed
and fodder in the cropping systems, measures for prevention and control of inseot pests and
diseases of main crops; (c) crop production research to find effective measures for
prevention and control of insect pests and diseases of main crops; (d) fertilizers and
fertility conservation involving studies on organic manures, green manures, mineral
fertilizers, hacterial fertilizers and improvement of saline and alkaline soils,.

The study team were given the opportunity to visit some of the Institute's
laboratories, the fertilizer and entomology laboratories in particular. The chemistry
laboratory is provided with modern standard snalytical instruments to handle a large
number of analyses., The entomology laboratory has a very good insect collection and, in
addition to its own research, also mounts specimens of the major pests of economic orops




showing the life cycles of insecte with their respective predators, for supplying to local
research uits for reference, as teaching aids and for use in extension work., It appeared
that more emphasis was placed on preventive measures, orop surveillance and disease
resistant varieties rather than on chemical control. IIT was recommended as a standard
insecticide; other insecticides do no exceed the toxicity of DDI'. Biologiocal control was
being investigated. For reclaiming saline soil, green manuring followed by rice cultivation
was recommended,

On the use of nitrogen-fixing blue—green algae, partioularly a mixed culture of Nostoc
and Anabaena in rice fields, it was reported that a rice yield increase of about 10% was
obtained under experimental corditions., However, some technicel problems such as high pH,
antagenistic micro—organisms in the soil and climatic factors still had to be resolved
before the technique could be applied successfully at the farm level.

In compost making, it was recommended that 0.5 to 1% of superphosphate should be
incorporated with the composting materials to help suppress the loss of nitrogen, thereby
improving the fertilizing value of the compost, As much as 30% of the nitrogen could be
lost from an open compost heap, but the addition of superphosphate would reduce the nitrogen
losses to around 10%, and by sealing the compost heap nitrogen losses become nsgligible.

Green manure applied at 15 000 kg/ha  would increase the rice yield by 750 kg/ha.
A standard practice recommended was to grow green manure crops over 30% of the cropland in
the first oropping season, with 60% under wheat and 10% wunder rape.

5e2 National Research Institute of Soil Ssience, Nanjing, Jiangsu Province
3 1

The National Research Institute of Soil Science is a specialized Institute of the
Academy of Agriocultural Sciences and was eatablished in 1953, At present, there is a total
working staff of 400 of which about 300 are research scientists. The Institute has 9
Departments: Soil Geography, Agricultural Chemistry, Phyeical Chemistry, Bio-chemistry,
Micro=biology, Soil Physiocs, Soil Reolamation, Paddy Soils, Soil Conservation and Pollution,
Major research programmes of the Institute are:

a. Soil survey and land resources evaluation

b. Improvement of problem soils particularly saline and alkaline soils
Ce Soil improvement for high orop yield

d. Proper utilization of fertilizers and manures

Q. Soil micro-biology

f. Soil pollution problems

The study team visited Beveral of the Institute’s research laboratories and was quite
impressed to see that they were well equipped, with modern, sophisticated instruments such
as an atomic analyser, atomic absorber, spectrophotometer and an electron microsocope. Many
of these sophisticated instruments were myde in China and the Institute has its own
electronic workshop to make special parts as well as to repair scientific instruments. In
the plant mutrition laboratory, quick test kits are prepared for distribution to commune
experimental stations, In the soil pollution laboratory, studies are being oonducted on
the persistance of pesticides in soil, suitability of industrial waste water for use with
soil, etc, In the soil micro~biology laboratory, some research was in progress on soil-
borne plant pathogens as well as isolation and culture of Rhizobium strains. The Inetitute,
however, did not oonduct any research on composting, green mamuring and other recycling
practices as these applied research topios were meant to be ocarried out at the research
institutes at lower levels,
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The Institute has a soil mussum which is stocked with about 100 soil profiles
representing different soil types in the country. The main soil types are:

i. Red and yellow earths

These Boils are characterized by a high percentage of sesquioxides which
confera on them their characteristic red and yellowish red colouring.
Red and yellow earths are very acid but can be made quite fertile by
applying organic manures, growing green manure crops and application of
lime and fertilizers. These soils cover the greater part of South China,
They may be correlated with the Orthic and Ferric Acrisols of the
classification,

ii, Meadow soils

These soils show signs of hydromorphy but are quite fertile and exist chiefly
in the tropical and sub-tropical regions of the country where they are used
as paddy lands. They correlate with Gleysols, Gleyic Luvisols and Gleyic
Acrisols,

iii. Brown earths
These soils are more fertile than the red earths. As they drain well, they
are suitable for growing both food crops and fruit. They correlate with
Dystric and Butric Cambisols,

iv. Black soils
These soils were formed under steppe vegetation of leguminous plants and
gramineous herbage. Their dense rooting system, when decayed, turned into
bumus far down in the soil. They are very fertile soils, comparable to
Chernozems and Phaeozems,

Ve Cheatnut soils

These Boils are formed in short grass steppes, They contain less humus than
the black soils but their fertility is still fairly high. They correlate
with Kastanozems,

vi. Desert and semi-desert soils

These soils develop in the arid and semi~arid areas. They have a loosme
structure and.low humus content but are rich in verious mineral elements.

They suffer from drought and sandstorms as well as salinization, They are
Yermosols and Xerosols, and Solonchak and Solonetz soils occur frequently

a8 inclusions, A eignificant contribution from the Institute is the preparation
of a new soil map of China at scale 1:10,000,000 and an explanatory book on
'Soils of China', to be published in Chinese in 1978.

The library o” the Institute has a very extensive collection of scientific books,
works of reference snd journals from all over ihe world. Current scientifio periodicals
were up to date, It aupeared that scientists of the Institute had facilities to keep
abreast with the latest scientific information from other parts of the world.

The Institute maintains close working relations in corresponding fields with staff
of research institutes in the provinces by providing specialigzed training and consultations,
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Se3 Ch Hsi Production Brigade, Peng Niu Commune, Wu Chin County
angsu Province (5 May 1977)

Wu Chin County has a population of 1.2 million persons and a cultivated land area
of 87 000 ha., Agriculture is highly intensive with a multiple cropping index of 2,1,

The county has earned a reputation in carrying out bio-gas programmes, and 60 000
bio-gas plants were reported to have been set up in it. The group was interested in the
studies being carried out on bio-gas technology at the bio-gas research station. The
studies relate to gas production using different types of wastes singly or in combination,
relationship between gas production and temperature, pathogen destruction in slurry, seeding
with fermented material, etc,

The study team saw two bio-gas plants under construction and also some plants working
at the Cheng Heiang Produotion Brigade, Last year, the production brigade conducted studies
on the comparative value of bio-gas manure and ordinary compost. The bio-gas manure gave a
17% higher yield of wheat than an equivalent weignt of an ordinary compost. Bio-gas manure
was also compared with leske silt. A yield increase of 750 kg/ha. of rice was obtained through
application of bio-gas manure,

The production brigade has a population of 1 100 and a total cultivated area of
105 ha. It runs a feed processing unit for pigs, a distillery and a bio-gas plant, The
methane from the bio-gas plant is used as fuel in the distillery. The agricultural
research team of the brigade was established in 1974, The team has a membership of 39
workers and an area of 7,5 ha earmarked for seed multiplication., The production brigade
supplied the following quantities of improved seeds to the nine production teams under it:

Year Seed sunglx Purity
1974 15 000 kg %8,0%
1975 25 000 kg ®B.5%
1976 65 000 kg 99.0%

The study group also saw cultivation of Azolla practised extensively by the brigade and
attended an educational performance emphasizing the various social benefits aceruing from
the use of bio=gas,

54 Huashi Production Brigade, Kiang Yin County, Jiangsu Province
[ ¥ey 1977)

The production brigade has a population of 1 060 with a cultivated ares of 57 ha,
Before liberation, the houses were scattered, land was subject to frequent floods and
crop yields were very low (1 515 -2 273 kg/ha). In 1952, land holdings were consolidated
and placed in the charge of the production brigade. Work on the pattern of the Tachai
movement was initiated in 1964. As a result, 57 hilloocks were removed tuv reclaim land for
cultivation, 4 000 m of subsoil drainage laid and sprinkler irrigation was installed to
Berve T ha. The grain yield reported to have been obtained was:

1970 12 100 kg/ha/yr
1972 15 150 "
1976 20 450 "

The mono—~crop system has been replaced by double cropping. The farm operations are semi-
mechanized. The brigade has food reserves of 130 t and a public reserve fund of $294 000,
The brigade providea numerous facilities to the members such as nursery school, medical care
#ervice, canteens, etc., The wage income has been increasing from year to year. I+ was $38
per member per year in 1963 which increased to $78 per member in 1976,
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The brigade maintains poultry, pig, duck and rabbit farms. There is also a foundry
workshop, A4zolla is exlensively grown by the production brigade with very beneficial
effects on ihe soil fertility. For rice, in addition to Azolla, 375 kg/ha of ammonium
bicarbonate are used in two applications, the first at the time of puddling the soil
and the second seven days after transplanting. Superphosphate is alec applied at 375 kg/ha.

Forty bio—gas planis were reported to have been sat up by the produstion brigade,
It has & research centre employing 12 research workers. These workers go out to study
field conditions and to discuss problems with commune members and they also arrange training
for the commumne members at the brigade's research centre., This production brigade has no
production team.

55 Yueh Chi People’s Commume, Wu County, Jiangsu Province

(8 May 1977)

The commune consists of 9 production brigades, one fish production brigade and 89
production teams, The number of families in the commume iz 2 925 with a total population
of 13 100 persons. The area under cultivation is 952 ha in addition to 264 ha of forest
area and 264 ha oi open water. Agriculture as well as subsidiary occupations have been
markedly developed. The total yield obtained in 1975 was reported to be 4.8 times that
obtained before liberation., In 1976, the commme z0ld about 4 600 t of grain to the
state and retained a good reserve of 145 t of grain. The important secondary occupations
of the commune are: chicken, goose and duck raising, and sericulture. In the matter of
pig raising, the commune has surpassed the target of 'one pig ome mu' (about 15 heed/ha.);
the average stocking rate reported was 24 pigs per ha. In 1976, 225 t of fish products
and 24 t of silk cocoons were processed.

Ploughing, irrigation, crop protection and drainage operations have mostly been
mechanized. The commme has invested $420 000 in machinery, The distribution of machine
power is egqual to 3,75 horse power/ha of land. The living standard of the commune members
has also been raised, In 1977, each commune member obtained $59 and 300 kg of food grains.
Additionally, educational and cultural improvements have also been attained.,

The commune has a network of waterways where water weeds are cultivated for pig
feed as well as for compost making. The three aguatic plants grown are: (1) Alternmanthera
philoxorides (147 ha); (2) Eichhornia orassipes (53 ha) and (3) Pistia stratiotes (40 ha),
A harvest of 55 000 t of these aquatic planis if obtained per year of whioh pig feed and
compost making absorb 24 000 t each and the balarce is used for seed supply,

The study group toured the water area in boata to Bee aquatic plant cultivation and
harvesting methods. The group was impressed by the care with whioh these plants were
cultivated, barvested and converted into fodder or compost., For compost making, weeds
are mixed with s8ilt and grasses, Green menuwring is also popular in this commme, The green
manurv crops in use are (1) Astragalus, Segbania, Crotalaria and Vicia. The total acreage
under Astragalus is 267 ha whereas the total area for legumes is 20 ha, The total quantity
obtained from all the green manure crops is of the order of 10 000 t/ysar.

5.6 icultural Research Station of Feng Chiao People's Comimne, Jiangsu Province
%E l&z 1977)

The Research Station was set up in 1971 with ite research work mainly concentrated
on selection of seeds, testing of Beeds, weather forecasting and plant protection., The

research station keeps in touch with local agricultural problems and undertakes experimental
work to solve them,

The Feng Chiao Commune comprises 28 production brigades and 2 841 production teams
and has a cultivated area of 2 667 ha. Agriculture is highly intensive, raising three
orops in a year (wheat-rice-rice). Triple cropping has been possible by wsing early
varieties of these three crops, The following yields are reported to have been achieved
in the experimental plot of the research station:
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1. Wheat 6 105 kg/ha
2. Barly rice 9075 "
3. Late rice 7410 v

The average yield of food grains obtained at the research station is 15 090 kg/ha. The
average yield of food grain obtained in the commumne in 1976 was 13 515 kg/ha. The Ma
Peng Production Krigade obtained a record yield of 2.5 t/ha/year during 1976. It has

boen possible to achieve high yields through application of organic manure ai high
rates. Pig manure and aquatic weeds are the main sources of organic manure used in the
commune, The application rate of organic manure is as high as 227 t/ha./yr. Green

manuring is not possible in the triple oropping system.

The commme has an agricultural technical school attached to the research station
and has 60 workers and technicians on its staff, It provides one year training courses
in agriculture and in addition, short courses are also arranged for members of the
commune, In the last two years, 84 students who graduated from this school are
working as agro-technicians in the commmnes of the county. Research workers from the
provincial research institute are invited ammually to give lectures. Experienced. members
of the commme and local farm experts also teach regularly but on a part-time tasis. The
subjects taught by the full or part—time teachers are for the most part the same as those
taught by the commune members but there is a difference., While the latier stress the
local advanced techniques and experience of immediate practical value.to the 3tudents

the former give systematic instruction in the elements of agricultural science, supplementing

it with practical lessons, :

5.7 icultural Research Institute of Wu Chin County, Jiangsu Province
%10 E IEHS

The Institute was set up in September 1972 and has a staff of 102 workers and
researchers, The research programme of the Institute is mainly confined to: (1) seed
selection of main crops; (2) standardization of high yielding agricultural practices;

(3) control of insects and pests; (4) economic use of fertilizer and manures and tapping
of various manurial resources; (5) Pig raising and (6) sericulture. The results
achieved at the Institute are demonstrated at the research stations and production

wnite at lower levels. EResults from a fertilizer trial on rice conducted at the Institute
given in Table 14 are:

Table 14 FERTILIZER TRIAL ON RICE
Application of Yield Index
Kind of manure mamure/fertilizers number
_igg/ha kg/ha
1. Ammonium Bicarbonate (17% N) 450 5 865 100
2. Grass + silt 75 000 6 015 102
3. Aquatic plants 105 000 6 150 105
4. Pig litter 30 000 6 255 106.7
5« Sheep litter 22 500 6 450 109
6. Ammonium Bicarbonate (17% N) 300 5 070 100
7. Sesbania 15 000 5 475 107
8. Alternanthera 45 000 5 385 106
9., Grass + eilt 60 000 5 310 104
10, Rice stiraw 16 500 5 100 100.7
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Ais the potassium content of the soil in the county is low or medium, different local
resources of potassium fertilizers are being tapped and tested for wider appliocation to the
so0ils,,

The study group visiied the county office and learnt that: the county comprises 37
people's communes, 820 production brigades and 8 000 production teams; +the population is
1.1 million of which 0.99 million are engaged in agriculture; the total cultivated area is
74 667 ha and there is a labour force of 0,51 million. Agrioulture is highly intersive
in this county (oropping intensity = 2.6).

Acreage under different crops

Early rice 58 667 ha
late rice 70 000 v
Single rice crop 1333~
Wheat 40 000 ©
Rape seed 8 o000 v
Green manure crops 22 000 n

The county has progressively increased the yields of crops and total food production:

Year Average yield per ha Total food production
1949 2 250 kg 195 000 +tons
1965 7125 " 515 000 "
1976 9 450 " 685 000 "

The increase in yield has been achieved through self-reliance, land improvement and
application of heavy dressings of manures supplemented by mineral fertilizers. Silt and
aquatic plants are used extemsively. The county has a fleet of 20 000 boats for carrying
8ilt. It was reported that the following quantities of organic manures are applied per ha:

1, Silt plus grass mixture 150 tons
2, Animal mamure, pig manure 3 n»
3. Green manure crops 3750

Total  217,5 "

Average consumption of fertilizers (ammonium bicarbonate) was reported to be 300 k‘g/ha/yr.
Through the liberal use of organic manures, the organic content of soils has increased to
more than 2%, as against 1.5%, in 1959,

5.8 Malu People's Commme, S hai
12 E 127 [ )

The commune was formed in 1958, It has a population of 30 000 in 7 000 households,
It has 14 production brigades, 144 production teams and a cultivated area of 2 261 ha.
Percentage distribution of area under different crops is:

Poodgrains 50%
Cotton 35%
0Oil crops, roots 15%

and vegetables

Being in the vicinity of Shanghai city, the commune ie also engaged in other gainful
activities such as raising livestock including pigs, poultry, rabbits, dairy, freshwater fish
production, mshroom cultivation, rice processing mills, manufacture of farm implements,
and machinery to cater for the needs of the city dwellers. A number of sideline occupations
such as handicrafts (bamboo weaving) sewing and pearl culture have gained importance,
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Pig raising in the commme has also quickly developed:

Year No, of pigs
1949 4 176
1957 6 780
1965 32 101
1976 47 100

The commune has made great progress in mechanization and it now has 200 tractors
(almost one tractor for 10 ha) and 37 tube-wells., For compost making the commune receives
30 000 t of city garbage and 10 000 t. of night soil per year from Shanghai Municipal
Committee free of charge. It also makes compost from silt, pig manure and straw and it
maintains 500 boats for carrying night soil and city garbage to production brigades/teams.
The total amount of organic manure used in the commune annually was reported to be
300 000 t, equivalent to 133 t per hectare of cultivated land,

The heavy dressings of organic manure have been mainly responsible for the great
increase in yield of grain crops, as shown below: ‘

Year Average yield of grain
(kg/ha)

1949 3 360

1957 4 612

1965 11 407

1976 15 480

In the past, the commme was a grain-deficit unit obtaining grains from the
national food reserve but now it is a grain surplus unit, Last year (1976), 3 000 t of
grain were supplied to the state. Each crop in the rotation wheat-rice-rice receives
a basal application of organic manure made from pig manure, silt and grass at 60 t/ha,
followed by a second application of organic manure to the seedlings at T.5 t/ha. If the
crop shows a need for more nutrients, mineral fertilizers are added.

The study group saw wheat fields interplanted with cotton. Cotton plants are raised
in a nursery and the seedlings are planted in holes dug by a smell hand tool in the wheat
fields in early May, Cotton seed is sown in a nursery for iwo reasons:

i, As a protection from cold, a nursery can be covered with polyethylene
sheets;
ii. cotton seedlings so raised and later transplanted are not subjected to

shade by the wheat plants.

It was reported that transplanted cotton gave a 10=15% higher yield than direct
govn cotton, Cotton was also seen interplanted among onions.

5.9 Shanghai Git{ Waste Disposal
12

(12 May 1977

The Shanghai metropolitan city has a population of 10,7 million persons (city area
population 5.1 mi’lion and suburban area population 5.6 million) comprising 10 counties,
147 commumes, 2 800 production brigades and 28 000 production teams., The Cleansing
Department of Shanghai is responsible for the disposal of city waste, For that purpose,
Shanghai city area has been divided into 10 districts and each district has its own
cleansing department. A district is subdivided into sections and each section has a number
of nightsoil collection tanks into which the households dump their night soil, The
collection tanks are towed by trucks to wharves where the night soil is dumped into
storage tanks. An insecticide (Dipterex) is applied io the oontents of *he lanks at
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2 g/m3 of night soil to kill fly larvae. From the tanks the night scil is dumped into

50 t capacity boats after a week of mtorage and delivered at the storage tanks owned by
communes and production brigades along the waterwaye. Night moil is kept in these tanks

for about two weeks during which period all pathogenic micro-organisms are destroyed through
anaerobic fermentation. The tanks are covered with plastio sheets. From these tanks, the
night soil is pumped into the boats of production teams. It is collected by team members
from boats by bucket and applied directly to the field. In this way, the entire quantity
(10 000 t per day) of night soil collected in Shanghai city is delivered to d&ifferent
communes in rotation.

About 3 500 t of domestic garbage are available daily from Shanghai city. Each
family deposits the domestic garbage at a fixed point from where it is carried in trucks
which are emptied into 40-50 t capacity boats. The boats deliver the domestic garbage at
community farms along the streams. The garbage is composted by members of the production
briga.de/{eams. About 1 000 trucks and carts are used for carrying the city garbage to
different delivery stations. Night soil and domestic refuse is supplied at the delivery
sites free of cost, The communes have to arrange transport of these materials from the
delivery sites to the fields,

Composition of city wastes

Night soil Domestic garbage

1. Moisture 80 -
2. Organic matter 5=10 15=20
3. N 0.5=0.8 0.37
4. P20s 0.2-0.4 (P, 0.1-0.2) 0.15 (P, 0.06)
5. K0 0,2-0.3 (K, 0.17=0.28) 0,37 (X,0.31)

The study group watched compost being made from domestic garbage in Malu Commune. The
garbage is stacked in heaps about 5 m in diaemeter and 2 m high and is usually covered with
a thin layer of silt, It is turned twice during the three months it is on the ground, at
the end of which it has become a brown friable material, To make it richer, garbage is
generally mixed with pig manu:re/night s0il and then piled to circular or rectangular heaps.
To provide the necessary moisture, night soil or water is added to the garbage while making
heaps or {vrning the material,

The group also saw a three—chamber septic tank designed for treating night soil,
It was claimed that during the period of retention of night soil, pathogenic micro~organisms
were killed, The night soil from the latrines passes into the storage chamber through an
inlet, The effluent remains in the third chamber for about a week and thereafter is is
applied to fields, The sediment in the storage chamber is removed twice a year for use as
manure,

During a visit to the commune hospital, the role of barefoot doctors in popularizing
measures for the prevention and cure of diseases was explained,

) A visit to the Chiao Ting Fertilizer Factory was also arranged. The factory, set up
in 1959, produces 80 000 t of ammonium bicarbonate per year. The predicted production
capacity of the factory was reported to have been exceeded by 20%. Eighty percent of the

equipment and spare parts is manufactured in the factory itself, Methanol is synthesized
from the waste gases,
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5.10  Chao Yang Sewage Treatment Plant, Shanghai
(13 May 1977)

In the afterncon the group visited the Chao Yang Sewage Tresatment Flant of Shanghai
metropolitan city. The plant was set up in 1954 to serve the reaidential area of Chowan.
It was designed to treat § T0O m3 of sewage per day and to serve a population of 40 000
persons. The plant now treats about 8 000=10 000 m3 of sevage per day, serving a population
of 70 00O persons.

Sewage is treated by an activated sludge process, No facilities have been provided
for drying sludge hecause it is directly pumped to a sludge storage tank located in the
farm area. The reported composition of the sludg: was: N, 0.3%; P05, 0.15% (P, 0.07%)
and K,0, 0.02% (K, 0.17%). The compositions of raw and treated sewage were not available.
Sludge and treated sewage are supplied free of charge to the commune., The underground
pipes for transporting the sludge and treated sewage are laid by the commune. Twenty
percent of the capital zost of laying the underground pipes is given as a grant by the
state to the commine. There are 10 such sewage treatment plants set up by the Shanghai
metropolitan city to serve the sewered areas,

The group also visited Chang Chin People's Commune to see sewage irrigation on an
area of about 130 ha, Vegetables are mainly grown on this land. In areas receiving sewage
irrigation no manure is added because the plani nutrients supplied through sewage can more
than meet the requirements of the vegetables. It was reported that the sewage irrigation
gave yields about 15% higher than those obtained through well irrigation, The yield of
vegetables was reported to be about 100 t/ha. The sewage is applied intermittently, the
time between applications being from one to three weeks depending on the condition of the
soil, The vegetables are grown on ridges and the sewage is applied in furrows between
the ridges.,

The sludge from the sewage treatment plant is stored in a sludge tank for two or
more weeks before used as a basal application or top dressing.

5.11 Fa Shan  Municipality, G ong Province
(12 ¥ay 1977)

The group studied the urban waste disposal system adopted by the municipality.
The city has a population of 140 000 perscns,

The garbage (about 60 t/da,y) is brought to one of the three treatment sites where
it is put into closed compost bins for fermentation; if necesaary, the moisture content
is adjusted by adding water. A series of B8O such bins, each of 11,25 m3 capacity, has
been provided at the treatment site visited. The hin is covered and has a ventilation
hole at its base, During the fermentation period (25 days) parasites are killed by the
high temperatures (709C) attained, Fully treated garbage is removed through the door in
tbe front of the bin, screened, and taken by the commune members on payment of 80.80/1;.

Night soil (170 t/day) is put into tanks of 45 cubic metre capacity. Thirty-two
such tanks have been provided at the treatment site and each tank is 10,5 m long, 2.4 m
wide and 2.3 m deep. These tanks are constructed below ground in two rows of 16 each.
They are inter—connected with pipe lines and have a common drain and are provided with
gaslight covers fitted with water seals. The tanks are connected with the gas holder
into which gas is pumped, The tanks are filled with night soil to a depth of 1.9 m,
The nigh{ soil undergoes anaerobic digestion in the tank for 22 days, during which time
methane is evolved. The gas is stored in a sausage shaped bag made of 0.22 mm thick
Hypolen laminated with neoprene and reinforced with nylon and with a FVC inlet and
outlet, The bag rests on a water surface as an aid for detection of leaks. About 230
m3 of gas are produced daily, but in the winter the cutput is reduced by 50%. The gas
is used to generate electricity. The sludge from the tanks is sold to the commune members
at $2,10 per ton, while the effluent is led through a pipe to a boat for transport to
the fields,
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The garbage and night soil have the following composiition:

N P205 P K50 K
Garbage 0.2-0.23 0.5 0.22 0.33 0.27
Night soil 0.40 0.2 0.09 0.15 0.12

9512 Agricultural Research Station, Hsi Chiao Commune, Nanhai County, Guangdong
Province (15 May 1977)

The group visited the Research Farm of the Hsi Chiao Commune and saw sesbhania
cultivation for green manuring. Sesbania is a legumincus annual crop of which there
are two varieties: one with green stems and the other with red, The latter is cultivated
by the commune because it is resistant to drought, acidity, alkalinity and waterloggingj;
it also resists high temperature and humidity, It produces the first two leaves 8-10
days after seeding and attains a height of 15 cm in abou? 30 days. The plants start
branching 35-80 days after seeding., Sesbania cannabina grows to a height of 3 m and each
plant weighs about 5 kg.

The techniques of raising sesbania seedlings and their transplanting in rice fields
were explained to the group, A practical demonstiration of transplanting seediings was
arranged.

513 Hsin Hui County, Guangdong Province
(15-16 May 1977)

The county comprises 22 people's communes with a total population of 820 000
persons. The cultivated area is 5> 000 ha, The main crops of the county are rice,
sugarcane and mulberry. The county is reported to have attained a high growth of
agricultural production, The following rice yields were quoted:

1949 2 250 kg/ha/year
1958 6 000 "
1971 7 500 "

The increase in productivity was mainly attributed to water conservation measures
coupled with heavy dressings of natural manures,

The group visited the No. I production team of Chang Nan Production Brigade to see
how composting was done,

The production team consists of 51 farming families with a population of 244 persons.
The cultivated area is 16 ha, The brigade owns 548 pigs. On the average, each family has
11 pigs, the manure from which meets 60-70% of requirements. The rice yield in 1976 was
8 258 kg/ha. The yield of wheat cultivated in 1976 over an area of 5.3 ha was 1 909 kg/ha.
The production team keeps all the pigs in a pigsty which is situated on the bank of a
stream., Washings from the pigsty are led directly into a boat which carries the liquid
manure to the fields.

The group saw a few manure sheds constructed by the production team., In the manure
shed, pig dung is mixed with powdered mud prepared by a machine designed for the purpose.
The mixed material is stored in heaps for use when needed at 7 500 kg/ha./crop. Some
mineral fertilizer is also applied as a supplement,

In the Cha Kung Production Brigade the grcup saw compost being made by the team
members from different kinds of wastes,
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Green manure crops, pig urine, human and animal excreta and garbage, are all put
together in a pit and an egual volume of water is added. The pit is two~thirds covered
and one=~third is open, The manure i3 ready in one month's time and is applied in liquid
form. The group also saw Azolla cultivaticn in the nursery and in rice fields,

One day (17 May) the group had discussions with Chinese experts on green manuring,
cropping systems, research on organic manures, use of fertilizers, silt, use of inoculation,
blue—green algae, etc.

514 Tachai, Hsi Yang County, Shanxi Prcvince

{18 May 1977)

The study group visited Tachai which has earned a name in developing socialist
agriculture through self-reliance and hard work, Tachai is a production biigade of
Tachai People's Commune. It has 83 households with a population of 450 persons of whom
160 form its labour force; 57 hectares of cultivated land and 80 head of cattle, horses
and mules,

The brigade's greatest achievements have been in the field of reclamation and
development of land, installation of an irrigation system and construction of new houses for
the members. 'Man-made land' has been carved out of gullies and ridges, A further
improvement has been in the so0il itself - the depth of the original topsoil has been
increased from 16 cm to 1,20 m by bringing soil from sloping areas. Since 1970, 37 hill-
tops have been levelled off and 24 gullies filled in, merging the brigade's 4 700 small
plots into 1 500 man-made level fields which are convenient both for tractor ploughing
and irrigation, A 7 km canal has been built along the mountain slope to bring water
from Kuchuang reservoir to Tiger Head hill where five water storage tanks have been built
and underground pipelines laid for irrigation.

In the past, a dry spell or a flood would cause disaster; today, both have been
controlled through irrigation and flood control devices, Sprinkler irrigation has been
introduced in high areas and 804 of the cultivated land has been brought under irrigation
from various sources, Twenty-seven hectares of barren hills have been re-afforested with
120 000 trees of which 40 000 are fruit irees. Forest earnings contribute 11% of the
brigade's total income. Agricultural mechanization has been going on steadily. The
brigade has two bulldozers, six tractors and a number of agricultural machines. A rope=-
way has been laid to carry agricultural produce, manures and fertilizers. Threshing and
processing of agricultural products are mostly mechanized. In agriculture, new techniques
such as close planting in widely spaced rows and breeding new strains suited to the local
climate are being adopted. These have helped to improve seed strains, to grow two crops
instead of one and to grow fine grain in place of coarse grain.

Organic manure is cor .tantly applied to newly reclaimed land at 150 t/ha.. Manure
is applied to other land at a rate of 75 t/ha per crop, plus 200 kg/ha of ammonium
bicarbonate and 75 kg/ha. of superphosphate,

Manure is made from crop stalks (maize, sorghum), cattle dung and human excreta,

The yield of grain has been increasing as indicated below:

Year Grain yield ner hectare
(kg/ha)

1953 1,800

1974 T.600

1975 8,200




The grair output was reported to have exceeded the best pre—liberation figure by
tenfold, The brigade's food grain contribution to the state has grown with the increase
in production, In 1975, it sold the State a record of 150 1 of grain, averaging 2 1
per household per year. The collective economy has shown a corresponding growth, the total
incore from farming, forestry, animal husbandry and sideline occupations being 13 times
that of the early cooperative years., The accumulated funds in 1977 were 60 times those
of 1955; the accumulated fund in 1977 was 24.1% of the total income in that year. A larger
accumulation fund has made available more funds for productive investment. In 1977, the
aount so invested amounted to 31.5% of the accumulation fund. Agricultural taxes in 1977
amounted to 0,83% of the total income of the brigade in that year as against 8.5% in 1955.

With the expansion of production, the income of the brigade members also increased

rom $28 in 1955 to $74 per member in 1974. In addition, the members enjoy a number of
facilities. High school education has been made available to all children in the

brigade. Tuition fees from kindergarten to senior middle school are borne by the brigade.
Cultural and recreational activities are funded from the common fund and all members receive
cooperative medical care. All the brigade members live in new houses or new cave rooms
paying an anmual rent of $1.30 per room or the equivalent of the value of two working days.
Food grain is distributed on the principle of "to each one according to his need",

5.15 Chwn Sun Production Brigade, Eebei Province
(19 May 1917)

The study group was shown how high temperature compost is made and a practical
demonstration was given. In high temperature compost making, rice straw, garbage and
night soil and animal excreta were used,

Composition of high temperature compost

Nitrogen 0.5

P20s5 0.3 P 0,13
K20 0.6=0.,7 K 0,5-0.6
Organic matter 20

The manure is applied at 90 t/ha./hea.r. The members of the production brigade
rear pigs individually. Each family keeps its pig in a small semi~circular sty to
vhich is attached a small compost pit. The depth of the pit is about 2 m and it is almost
filled with dry mud and straw., The pigs defaecate in the pit, the contents of which are

periodically turned over. The manure is ready after 40 days in summer end 60-80 days in
winter.

A visit was paid by the group to Paichi Ken Production Brigade (Litsun Commune,
Huai Lu County)e. Huai Lu County has a population of 280 000 persons. The County is
reported to have done well in water conservation and land improvement, Double cropping
has been introduced. The grain yield has increased from 4 155 k'g/ha. in 1974 to 10 500
kg/ha in 1976. Bio-gas was introduced in 1973 since when 40 000 families in the county
are reported to have set up bio=-gas plants. The group saw the bio-gas exhibition

arranged by the county. Among the exhibits was an internal combustion engine running
on bio-gas.

Ta Heh Production Brigade, Hebei Province
(20 ¥ay 1977’

The production brigade consists of 100 families. The group visited a bio-gas plant
under construction and a senior middle school run by the brigade. Thirteen bio-gas plants
have been set up in this school to impart bio-gas technology to the students, The capacity
of each plant is 14 m3. Crop wastes and night soil are used in these plants which supply in
full all gas for cooking and all the electricity required by the school (340 students and

35 teachers and other staff.) The sludge from the planis is used on the farm run by the
gchool,

5.16
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The school also conducts two short—term courses on agricultural machinery and the use
of electricity in agriculture., After graduating the students o to the countryside for two
years to work on the farms. The Ta Heh Production Brigade is reported to have set up 642
bio-gas plants.

The group inspected the wheat experimental plot which was laid out to study the
comparative value of mineral fertilizers and effluent from bio-gas plants. Ammonium
chloride at 375 kg/ha was applied to haif the plot and effluent from the bio-gas plant
was applied at 150 t/ha. to the other half, Both plots were given a basal dressing of
60 t/ha of bio-gas sludge. The following observations were quoted:

Plot receiving Plot receiving
ammonium chloride effluent
1. No, of tillers 1.43 million 1,12 million
2, No. of spikelets 52 600 440 000

The group also visited Tung Shao Ying Production Brigade (Ku Cheng People's Commune)
where the process of compost making was seen, Crop waste, silt and night soil/horse droppings
were mixed thoroughly and while making the heap, a very large bundle of crop stalks was
inserted to provide aeration.

Fig. 47 General view of Tachai Production Brigade, Shanxi Provinoce
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CHAPTER 6

EXTENSION OF EXPERIENCE GATNED IN CHINA ON ORGANIC RECICLING

6.1 General

The wealth of experience amassed in the People's Republic of China during the past
28 years can, with suitable exteneion, be used to help other developing countries in their
efforts to meet their ever-growing agrioultural needs, In most developing countries, a
large proportion of organic wastes remain as such, whereas their utilization for remedying
shortages of agricultural inputs should be an important aspeot of national economy.

The foregoing chapters present detailed information on the recycling of organic
wastes in agriculture as practised in China and on the policies to step up such activities
both from the point of increasing agrioultural production and of environmental sanitation.
In this chapter some suggestions are made how to take best advantage of the experience
gained in China in order to benefit other countries.

6.2 Recycling Programmes and Activities

5.2.1 Preliminary investigations

Wastes may be broadly classified into three main groups:

- agricultural ard animal wa.stes/by-products

community wastes (rural and urban wastes)
= industrial wastes
It might be useful to conduct a comprehensive study in various countries on the

present state of organic waste utilization and the potential scope of its exploitationm.
The study could be carried out from the following points of view:

resources (origin of wastes) such as: (i) crop wastes/by-products, (ii) forest
wastes/by-products, iiii) fruit and vegetable processing wastes, (iv) animal

wa.stes/by-produots. v) community wastes, (vi) fisheries and marine wastes and
(vii) industrial wastes.

end=products such as: (i) animal and pouliry feed, (ii) organic fertilizer,
Iiii; protein food, (iv) paper, pulp board making, (v) industrial chemicals
furfural, oxalic acid, activated carbon, silicon, etc.).

The study should envisage the following lines of action:

i. Present state of utilization of wastes including:
a. identification of wastes,
b. present use of wastes in quantity and value, and
Ce reasons why the resulis of investigations in the use of waste

materials, which have proved to be techmically feasible, have not
been beneficially used, and remedial measures in this regard,
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ii, Assessment of possible utilization of wastes including:
a. identification of wastes,
b availability, collection, storage in quantitative terms,
Ca identification of research and development of projects,
d. areas for further work.

iii, Prospects for utilization of wastes including:

a. invitation of project proposals indicating the scope of the study,
time, frame, cost implication and who is to undertake the study
in the utilization of wastes,

be prelinminary estimates of techno-economic feasibility,
Ce identification of viable projects for improving agricultural
productivity

The availability of wastes depends on natural resocurces; so their assessment in
quantitive terms is not amenable to direct methods. An estimate of their availability
is possible by indirect computation., Moreover, these wastes are bulky in nature, containing
nutrients in organically bound form; therefore decomposition of these wastes for a certain
Period is necessary to reduce volume and convert the nutrients into easily available forms
for use by the plant. The public health point of view must also be considered.

6.2.2 Socio-economic aspects of organic recycling

There is scope for utilization of organic materials as a major source of crop
nutrients in developing countries because of the short supply of mineral fertilizers, easy
availability of organic resources, the comparatively low production cost of organic
fertilizers and the availability of labour,

The constraints to full exploitation of organic recycling potential available in these
countries are:

ae Lack of awareness of the possibilities and lack of interest on the part of the
society towards the programme,

be insdequate infrastructure for collection of wastes in rural and wrban areas,
Ce inadequate technological development,

d. lack of skill,

e, social prejudices,

£, lack of definite poliey and programmes on the part of national
governments to support the use of urganmic fertilizsers,

8. financial difficulties concerning initial investment.
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There is already sufficient working knowledge, experience and technical information
available on city garbage composting, night soil treatment, utilization of sewage and
animal wastes and fallen cattle, bio-gas, rural waste composting and green manuring. The
Chinese have this experience and India has also made a remarkable contribution in the field
of recycling organic wastes in agriculiure., Those of the developing countries who do not
have the requisite technical information and expertise available in this field would do well
to ask for expert assistance from outside in the formulation and implementation of a
nationwide programme for development of local manurial resources,

6.2,3 Elements for development programmes
i. Bio=fertilizers

Scientists have shown that biological fixation of nitrogen is a very
promising and cheap supplementary source of nitrogen for crops., Many of
the developed couniries have already adopted this approach. The
contribution of legumes to nitrogen fixation in the so0il is highest in
Australia and in the United States of America where legumes provide a
large amount of nitrogem for primary production,

China has also made use of atmospheric nitrogen through: extensive use of
&green manuring and Azolla culture., Other countries would do well to
emlate these examples, These possibilities should be of particular
interest to developing countries which still spend much of their foreign
exchange on importing mineral fertilizers and continue to have problems
in distributing them to farmers. For these, and technical reasons,

it appears that many developing countries would benefit greatly by
making extensive use of nitrogen fixation techniques and practices.

Hitherto leguminous plants have been used as green manure to enrich the
80il by their nitrogen fixing ability, but another more heneficial way eof
harnessing nitrogen is by using blue=-green algae which are known to fix
nitrogen to the extent of 40-50 kg/ha.

~cTk on the economic use of algae has been going on in many countries

wid 4here has been oonsiderable basic and applied work in this field (e.g.
<2 Japan, China and India), In the context of this repcrt algae are of
particular interest as bio~fertilizer. In Japan and some other Asian
countries, algae have long been used as manure. It has been demonsirsted
in some field trials in Japan that algal inoculation resulted in a yield
increase of 2% in the firet year, 8% in the second, 15% in the third and
20% in the fourth year. In China, algal inoculation has started; under
experimental conditions, the rice yield was increased by 10%,

Useful work on the role of algae as a hio~fertilizer, especially in
comection with rice orops, has also been done in India, Various blue-greer
algae, e.g. Nostoo and Anabaena cylindrospermum, can be used for nitrogen
fization., %he higher yleld of tge crop is not only due to nitrogen fixation
by the algae but alac to the release of acme vitamins and growth promoting
substancez. Methods have been developed for large scale production of algase..
They can be citber cultured in a tank or on moist volcanic gravel or by open
alr soil culture. Another method is ocultivation in sewage water which is
then used for irvigation purposes.

Some othaar major areas where algae can help substantially in promoting
productivity are:
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as a source of food for men and domsstic animals: the algae as
foodstuffs have some unique advantages, for example the whole
plant can be eaten with no waste, The protein content is very
high., The algae crop in general is not affected by climatic
fluctuations and can be grown throughout the year if adequate
precauti ms are taken., Even the cultural techniques are very
simple,

as a source of energy: the recent cnergy crisis has atiracted
global attention to algze as a potential material for conversion of
golar energy into transportable fuel, Algae can fix 2,5 to 3,5% of
the solar radiation and like other organic material can be subjeoted
to anaerobic fermentation and generate b. o>-gas (methane); the
digested material could be used as manure.

phosphobacteria: there are also bacteris (phosphobacteria) which
excrete acids into the growth media and hence solubilize bound
phosphates., These organisms can be useful in the utilization of
rock phosphates with a low phosphorus content, Australia has forged
ahead in the manufacture of 'Bio-super' by inoculation of a sulphur
bacterium into a mixture of rock phosphate and sulphur,

Some 8 stions for develop: the use of uq-fertilizers

1.

2,

3.

4.

The technigques developed in China for Azolla culture could potentially
be applied in developing countries, These countries may initially adopt
the techniques to be applied to rice fields on a trisl basis, Assistance
might be arranged for the transfer of such practices,

On an immediate basis, countries which have developed algal bio-fertilizer
could be requested to supply the cultures and give complete details of
multiplication and application to other countries interested in initiating
such a programme,

Since the agro-climatic and edaphic conditions may vary in different
regions, it is also necessary to initiate programmes to isolate and
identify the blue-green algae already present and native to their own
respective enviromments.

Farmers in developing countries should be provided as quickly as possible
with the best currently available technology to use algal inooculation:
{(a} through intensive asgricultural education and extension to the farmers
with demonstrations on the use of algae as green manure and in bio-gas
plants to enhance bio-gas production and (b) through ma=s production
packaging, storing and supply of algae for culture,



ii, Green manuring

Green manuring is practised in Cuaina but expansion of the multiple cropping
system in that country woulc limit the scope of green manuring. Nevertheless,
in other countries where inadequate Juantities of materials, such as cattle
dung and crop wastes, limit production of composi, green manures are the
cheapest form of organic fertilizer., However, their place in the cropping
pattern would need to be planned, as growing only for ploughing into the soil
involves the loss of a crop.

Most members of the Leguminosae are widely distributed in the tropior and
sub=tropice. The floral composition of the natural vegetation in any
developing country will reveal a herb, shrub or tres belonging to the three
sub~families Mimosoideae, Caesalpinnioideae and Papillionaceae. Raising
perennial shrubs such as Gliricida maculata, on dry lands, on borders of
fields, around manure pits, along irrigation channels etc, would largely
make up the deficiency in raw materials for compost making.

Some of the practices that could be adopted for green manuring are:

8 sowing a green manure orop, harvesting it and using it for compost
making with other crop wastes instead of ploughing under the orop.
In this manner, the field, which must be left unsown until de-—
composition of ploughed=-in green manure, could be cultivated
immediately for sowing;

b. Sesbania seedlings may be transplanted on borders of paddy fields;
out of every 4-=5 plants being left for seed and the remaining plants
ploughed under after the harvest of the first crop of paddy. The
plants that are ploughed under serve as a green manure crop for the
following crop of paddy;

¢.  if a heavy yield of a green manure crop is obtained in one unit area,
it can be ploughed under in 3=4 other units;

d. leaves of green manure trees or forest leaves can be used as green
manure, the leaves being applied to paddy fields at the time of
puddling;

€. pulses like cowpea, soybean, green gram, etc, may be included in the
cropping pattern without loss of any commercial or cereal crop. In
a period of 4-6 weeks the crops supply an adequate quantity of
green matier for green manuring and perhaps 2 or 3 pickings of beans
as vegetables;

f. legumes could also be advantageously grown in orchards, Plantation
crops also afford opportunities for the inclusion of legumes in
mlti-layer cropping.

Lejume inoculanis: Chinese farmers have developed a simple method for
preparing legume inoculants for increasing the nitrogen fixating capacity
(()f green mj.nure crops. It could be scientifically tried in other countries.
see 3.1.3).

Much work on isolation and screening of Rhizobium for efficient strains suited
to different legume crops has been done In various countries and a number of
cultures are now available,
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Interested countries should set up their own: 'legume bank', which could include
all the legumes grown with full agronomical, nutritional and management details,
There is aleo a need for quality control standards for legume cultures now
being prepared and marketed,

iii, Garbage composting
City garbage should be converted into compost as a means of garbage disposal.

In China, city garbage is diverted in raw form to surrounding commume areas
where it is made into compost with night soil, animal wastes, etc. Transport
of raw refuse to the countryside involves much haulage at considerable cost in
labour and materials, It is also s health hazard. A better way would be

for the municipal authorities themselves to compost the city garbage with night
scil, in equal propcrtions by weight, and then supply it to People’s Communes
at cost price or even at a nominal profit. There should be arrangements for
sieving compost by means of a hand rotary sieve or a mechanical sieve,

The municipal authorities may adopt one of the three composting methods
best suited to their conditions:

8. Conventional composting in trenches/heaps,
be compost bins,
Ce mechanical composting.

Method a. is most commonly adopted in China. In certain cities/towns compost
bins are used for composting. The bins are simple structures with little
aeration and in which it takes a relatively long time to ferment the garbage.
A modified bin (method b.) consisting of a cell type structure with a porous
base and space beneath for aeration and drainage could be used with advantage.
The base could be made of bamboo mesh, and the top would serve as a loading
hatch and there could be an unloading door at the front., The closed bin
would help prevent the escape of cdours gssgociated with fermentation. The
air would help thermophillic fermentation and with a suitable méisture
content (50%) temperature would rise to 65 or 70°C within 3-5 days,

Mechanization in composting city garbage (method c.) has been introduced in
several countries, both developed and developing.

A number of compoet plants have been set up in the United States and Europe,
but the prolilem of marketing compost has restriocted the use of mechanized
composting as a method of refuse disposal, However, this system has found
favour in a number of other European countries,

In Asian countries, mechanical composting hes had limited success and the
following conclusions can be drawn:

1« °~ Compost plants should not be operated with a profit motive,
whereas it actually costs money to treat sewage or to reduce
pollution, the aim that disposal of solid wastes should bring any
financial income to the compost plant is not logical.

2. The advantages of mechanization should be made use of, but turn—
key projects of patented processes developed for highly
industrialized enviromments requiring high degrees of skills
in operation and maintenance may not be suitable. A partially
mechanized compost plant would be ideally suited for the
developing countries,
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3. A new concept in mechanical composting is called for, Besides the
normal mechanioal composting, it would be necessary to impregnate
the compost during processing with cheap suurces of nitrogen and
phosphorus. The resulting product would be a much needed organo-
mineral complex having an organic base which would release the
autrients required by the plants in balanced quantities., The enriched
compost could be transported economically over greater distances for
marketing and use.

Sewage utilization

In arid regions, water shortage is a continuing problem, eometimes lim:ting
agriocultural and economic growth. In this context, subjecting municipal

waste water (domestic sewage) to varying degrees of treatment and re-using

the reclaimed water in agricultural production becomes increasingly attractive.
Added to the resource value of waste water is the value of reclamation as a
means of controlling pollution,

Haste water reclamation and re-use in agriculture is common in China, India
and Israel and, to a limited extent, in Europe and the USA,

However, for health reaseons, the sewage for re-use in agriculture needs

some prior treatment. The two conventional methods of treating sewage,

viz, trickle filtration and activated sludge processes or their modifications,
are too costly and thus preolude their adoption in several countries,

The oxidation pond treatment, a recent imnovation, has attracted great
interest all over the world. It has great scope in developing countries
because of its simplicity and low cost, I1Its efficiency is comparable or
in some respects even superior to that of conventional treatment. Its
capital cost plus capitalized running costs is estimated to be in the
range of US§ 1 to 3 per head as against US$§ 5 to 20 for the trickle
filtar process,

In the oxidation pond, decomposition of organic matter takes place
contemporarily with algal photosynthesis, The décomposition makes available
COo, NH4 and other simple substances which the algae can utilize, For their
part the algae produce oxygen which the aerobic bacteria require. The two
kinds of mioro=—organisms are therefore of mutual assistance to one ancother,
Given appropriate conditions for abundant algal activity, the net effect of an
oxidation pond is to produce organic matter in algal cells,

Effluent from oxidation ponds is suitable for quick growing types of fish,
and the final effluent from the fish pond can be gainfully utilized for
irrigation purposes, Oxidation ponds have their highest potential in the

tropics and subtropics to which areas inexpensive treatment of this kind is
most suited,

Sewage farming is different from general farming., The quantity of sewage
that is applied depends on the nature of the soil., Proper crop rotations
and the simultaneous cultivation of green manure crops are pre-requisites of
a successful sewage farm, as in this way the tilth of the soil will be
maintained under intemsive cropping.

Under contimed sewage irrigation but with inad)quate drainage, crop yields
diminish steadily, indicating ths gradual developmert of "sewsge sickness"

of the meil, Treatment of such soils with burnt lime followed by a fallow

period is useful. In some so0il types, subsurface dxiinage must be employed
to ensure adequate aeration.
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Conoentrated sewage has %0 be sultably purified or diluted with water to make it fit
for sgricultural use., Sewage irrigation promotes considerable weed growth., The remedy lies
in planting the orops at a wider spacing so as to facilitate weeding,

Ve

Night soil disposal and utilization

China has been making use of human excreta as manure for agricultural production
for a long time and has developed sanitary methods for ite treatment.

In most Asian countries there is strong prejudice and social inhibition against
the handling and use of night soil. Consequently methods which do not involve
direot handling of night soil should be considered for these oountries,

In oities, night sni2 digestion offers the %sut solution. Tie process involves
the aame digestion process as with sewage — sludge in conventional sewage
treatment plants, The digestion plants are usually designed so that they can
become component parts of complete treatment plants vhen water<=borne sewersge
schemes beccome postible, The digesticn plants have an additional advantage in
that bio-gas is also obtained which could beneficially be utiliszed for heating,
cooking and lighting or for genmeration of eleciricity.

A night soil digestion system bas been widely adopted in Japan. Tho sludge
obtained is dried/heated, bagged and supplied to farmers for use as manure,

In village homes, the simple technology adopted in Swedish rural areas may be
tried, The technoliogy is bhased cn bacterial action inside closed containers
known as ''compost toilets®", Human exoreta, leaves and kitchen wastes are
emptied into these toilets, After several months of dscomposition, the process
produces an odourlees and innocuocus humus which can advantageously be used as
a fertiliger.-

Bio-gas plants

The recent energy orisis and the resultant widespread fertiliger shortages

and their high prioces, making their use un-economic for certain orops, have
forced developing countries to re—examine the problem in order to make the
fullest use of indigenous resources, In this context, the possibility of

using the biological process of anaercbic fermentation to reconcile the
conflioting needs of both fuel and manure from the same sources (cattle dumg,
orop wastes) has stimmlated renewed worldwide interest in bio-gas plants. A
bio-gas plant generates the combustible gas methane through the digestion of
cellulosic organic waste and refuse materials without impairing their mamurial
value,

China has made s commendable contribution to bio-gas technology and utilisation,
A special feature of the bio-gas planis designed in China is that they are
cheap, simple and can be made locally by using indigenous materials, The four
million plants reported to have been set up in China are a visible symbol

of the nation's self-reliance and determination to make the most of its assets,
the biggest of which are ita manpower, rural resources and ingenuity.

In most of the developing countiries, local fuels and fertilisers available in
the form of animal and vegetable residuss are partially wasted and partially
burned in inefficient furnnces which capture little of the emergy oontent and
preserve almost none of the fertilizer value. Anserobic digestion of these
wastes can provide fuel for fomestic and commercial use, for irrigation and,
as the economy expands, for cotitage industries as well.
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The energy values recovered from manure and cther sgmuultural wastes may

not seem impressive but at the unit level of farms and rural homes, sach plant
costing less than US$ 50 can produce enough methane gas for cooking and nitrogen
rich manure for crops for an average sized family. While fertilizers and
electrification have benefitted those who have them, they are not widely
available and the prospects that such centralized sector-wise development

will reach even a bare majority of the people in the next generation are

remote in most of the developing countries, It is in this background that
bio-gas teclmology could he considered a means for solving the fertilizer

and fuel needs of rural people,

The currently available technology on bio-gas in China, India and in some of
the other developing countries is sufficient to expand this programme, but
clearly there are some technical problems which remain to be solved to perfect
the bio=gas plants for all conditions.

So far, the emphasis has been on individual plants., The introduction of
commuity gas plants (fed on cattle dung, pig excreta, human exoreta, water
hyacinth, etc.) to developing countries is long overdue and would be of
great service to the community, especially the weak sections,

In urban areas, commmity plants (fed with luman exocreta) should be installed,
for instance in colleges, schools, etc, The gas ocan be used for cooking and
heating purposes and the slurry (digested sludge) led through a pipe to fields
and used with irrigation water., There are opportunities for the installation
of bio-gas plants instead of costly underground drainage systems in government
sponsored housing schemes,

At present the ume of bio-gas is usually limited to fuel for cooking and
production of manure. The farming community is equally interested in cheap

and easily available fuel for diesel engines for lifting water for irrigation

and for other agricultural operations, Diesel oil being expensive, bio-gas
plants of larger capacities in rural areas will, therefore, prove more attractive,
economic and a boon to farmers for watering their fields. Similarly, bio-gas
plants can be used in cottage industries in rural areas,

The developing countries would be well advised to introduce bio-gas technology

in the rural areas to provide fertilizer and emergy from loccal sources in o mammer
consistent with full employment. These projeots may be adopted in several
contiguous villages as part of an integrated rural development programme,

Funding of such projects could be sought from national and intermational agencies.
In view of the increasing interest in bio-~gas, research on much needed development
of bio=-gas technology should be intensified, Investigations ocould include:

a. further work on chemical, microliological and engineering aspecis;

be insulation studies for inoreasing gas generation;
Ce studies on conversion of internal combustion and compression ignition
engines ;

d. groving of algae in the liquid fraction of the residual slwry;

e. development of light machinery to¢ run on bio-gas so as to widen
the scope of use of gas for cottage industries;

f. improvement in hurner design;
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& utilization of bio=gas for agricultural purposes such as
driera and hatchery heaters;

h. gsocio~economic asr-ects of bio-gas plants;

i. investigations on hydro-electric generation programmes based

on conventional water wheels driving small alternators;
Je golar and wind energy collectors.

Training ocourses for technical persomnel are needed urgently.

Organo-mi neral fertilizers

China has been producing organo-mineral fertilizers -hough serhiaps on & limived
scale, Superphosphate and ammonia are generally used together with organioc
materials in making these fertilizers,

Agronomically, the benefits from balanced use of organic manures and mineral
fertilizers are well established. An organo-mineral fertilizer has the
following advantages: :

8. it supplies all the nutrients in balanced quantities and therefore
improves the percentage utilization of nutrients added in fertilizers
as required by crops;

b. it prevents losses of nutrients because of the high ion exchangeable
sapacity of organic matter;

Ce it supplies nutrients readily and stendily over the entire growing period
of orops;

d. it helps maintain the soil organic matter at a steady level, thereby
ensuring good soil physical properties and fertility status;

e. it has significant residual effects on succoed:.ng orops and helps
maintain productivity;

f. it is more economic¢c to transport the material over greater distances
since it is enriched in N, P and K and oontains more plant nutrients
per unit volume, as compared to bulky organic manures.

Thus, such an organc-mineral complex would help in removing the shortcomings
of organio marures on the one hand and mineral fertilizers on the other,

There is, therefqre, a need to popularize produotion of orgaio-mineral
fertilizere in developing countries,

There could ‘ne several approaches to product:.on of enriched organic manures.
It has been found that the rate and extent of liberation of nitrogen from
appli.ed organic manures is adequate for normal plant growth when their C:N
ratio is less than 10:1 or the nitrogen content is more than 2,5%. In

pra.ct:.oe, the C:N ratio of organic wasties can be reduced by adding the requisite

amount of nitrogen in the form of nitrogenous fertilizer., Thus a low quality
manure containing 0.5% N with a C:N ratio of 20:1 can be treated with ammonium
sulphate solution to add 20% more nitrogen. This would reduce the C:N ratio

‘to 8:1 and the enriched manure can then be utilized effectively. This method

is well suited to the direct utilization of large quantities of organic wastes
of wide C:N ratios such as paddy and groundnut hmsks, wheat chaff, tobacco
wastes and any material in a suitable physical condition to be easily in-
corporated in soil, This method enables the process of composting to be
oliuina.ted, thus saving time and labour,
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There ie a chemical process also for disintegrating bones, leather wastes
and obtaining a sterilized bore-meal powder which can be used as manure

or a8 & cattle feed, The dry bones are “reated with diluted caustic soda
(5.0%) until they disintegrate completely to form a paste (12-15 days). The
disintegrated material is then washed with water and treated with 10% .
hydrochloric acid solution to neutralize it, The dried material yields
bone-meal in powder form,

viii. Aquatic plants

Aquatic plants are considered as weeds in moat countries and all possible
means are taken to elimlnate them, while in China these plante are ocultured
in a systematic way to provide material both for compost making and fodder
for pige. Feeding pigs with various aquatic plants such as water hyaciuth,
water lettuce or water chestnuts as a substitute for concentrate feed is a
useful innovation, These plants could also serve ss raw material for bio-gas
plants, as in China,

Techniques for ocontrolled oultivation of water plants adopted in China are
worth emulating by other countries., A eimple method is to drag out the plants
fram waterways and put them on the banks for semi-drying; +they are then
reaped in alternate layers with mud or silt in equal proportions, To hasten -
decomposition, the heap is turned two or three times and when tuwrning, it

mist be ensured that the undecomposed plants are completely covered and not
left exposed on the surface,

ix, Tank, zohd and river silt

The beneficial effect of silt or mud on orop growth and soil improvement is

woll kmown to Chinese farmers, The extensive use of silt in agrioulture in that
country also helps in de-=ilting waterways, tanks and ponds., The mechaniocal
device for sucking mud from the bottom of waterways could be adopted with ease
in other countries.

6.3 Regearch Needs

Generally speaking, research = particularly applied research -~ on ihs use of organic
materials as manure, has not been developed to the extent as on inorganic, mineral fertilizer
uee, There is, therefore, a need to initiate and expand research on all aspeots of organic
recycling.

. Although China bas a well-organised organic manure research programme, it is oriented
towards the solving of speoific district or commme problems. There is still a need for certalin
investigations which can be made at country or even regionsl level. For example, in bio-gas
produotion improvement is needed in the separation of methane from carbon dioxide and to extend
£as produotion into the colder months of the year; more information is required regarding the
interaction between organic and mineral fertilizers; new or improved varieties of legumes are
needed with high nitrogen-fixing oapacity; methods of composting could be improved to give
products with more favourable C:N ratios for fertilizer use; and so on.
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ANNEX 1

THE PEOPLE'S COMMUNES SYSTEM

The basic wnit of rural production, administration, planning and a socialiast
community life is the People's Commme. It corresponds by and large to the old market
district of pre-revolutionary times (Hsiang)., There are at present about 55 000
people's commnes in China. The original number of about 27 000 commumes in 1958-59 was
increased to 77 000 after the consolidation measures of 1961 in order to have smaller,
administratively more wieldy wnits, and then gradually again reduced by mergers whenevar
local economic experiance showed that two or more very small communes could be operated
more rationslly on a larger scale,

The People's Commmne has a two-tier immer struvcturse; it is subdivided into saveral
Brigades which organizationally correspond to the Advanced Agricultural Producers!'
Cooperative of the pre-1958 stage. In most cases, the Brigade is co-extensive with a
larger village or group of smaller hamlets. It is subdivided into several Production Teams
which represent the historically grow: hamlet, small village or part of a larger village.
Teams consist of 6-50 households, i.e. those which normally do their field work together
(and have dome so in che past); a teem's cultivated area may range from 1 to 15 ha. The
Brigade groups several teams with about 50 to 400 households and 50-400 ha bui there are
a few brigades which are not further subdivided into teams; the model brigade of Tachai
is one of those exceptioms.

There is a relatively clear division of labour beiwsen the three tiers of the
commune system: the Team manages crop work in the fields, small-scale arimal husbandry
(poultry and pigs), small-scale tree plantations and other operatioms closely comnected
with the farmers' daily routine. The Brigades usually marage local irrigation and land
improvement works, seed multipiication aud testing, larger-scale animal husbandry, run
farm machines, repair and maintenance shops, small-scale and seasonal sideline activities
and rural industrial enterprises, supply and retail statioms (shops and warehousas),'
undertake fish farming and agricultural forestry work, The Communes are responsible for
rural capital construction, labour deployment, full-time rural indusiries, large-scals
land reclamation and pilot and infrastructural projects.

All three tiers are governed by the assembly of their members who elect their
Revolutionary Committees, and on the Commune level the People's Council (40-200
representatives), who then elect: the Commune's Revolutionary Committes. The Committees,
in charge of management, are composed of 5-9 members who are not professional adminis-—
trators but must exercise a productive profession which they continue to practice during
their tenure, and must afiter a given time return to the rank and file in order to make
room for new comnittes members, cultivators like them.

The functioning of the Commme Committees is supervised by the County (Hs:i.?:n)
authorities, whose Commmity Control Board controls the administrative practices, audits
the financial management and functions as a court of zppeal in conflicts between commune
organs. In each case, the local party cells, party committees and party secretaries act as
foremost animating and guiding elements under the principle of "unified leadership»
(between communal, administrative and party structures) which ensures close control and
pre-~eminence of the Chinese Communist Party (CPC) in decision-making at the village level. J

The Commme Committee controls the two most vital organs of ‘the collective: the
trade and supply cooperative and the finance and saving cooperative, Although both are
called cooperatives they are in fact administrative organs sntirely dependent upon the
ingtructions from the Commune management. The first handles collection of the contractu~
ally due quantities of produce (quotas) for delivery to the Hasien authorities, of
grain amomnts to be delivered in lieu of taxes, and of purchasing any above-quota
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quantitiea of produce that the collective or individual members want to commercialize.
Inversely, it is also respomaible for procuring the necesary production inputs for the
brigades end teams, and of ordering and commercializing consumer goods from the state
trading organigzation at the Hsien level, to the individual members of the collectives
through the stores and distribution points at the brigade level.

The savings coops act as local branches of the People's Bank in collecting the
credit ssmets of the collective and of individual members; the latter may have savings
accounts. They accept payments and remittances from the Commme and its funds to the
Hsien authorities and the People's Bank and inversely handle loans from the latter to the
commune.,

The Commmes' and Brigades' accountants work closely vwiih those two cooperatives, The
accounting is carried cut in two categorizse: in kind and ii money. Commune revenue is
accounted in theme two terms., Remittances ars “2ing &dide rrom the gross revenue in the
following order tc the tax account, to the quota delivery account, to the three commme
funds and to working accomnts. These transfers must be accepted by the Commune members'
agsembly, usually twice a year. Once all production expenses are met and the necesary
and statutory remittances are made, the assembly decides upon the distribution of the net
proceeds: usually this is being done in two ways, in kind by giving each member first a
basic amount of produce such as grein, sugar, cocking o0il, cotton, etc. and distributing
the remainder in proportion to the work points each member has earnmed during the period
of account under study. In the same way, the cash net proceeds are distributed.

The three statutory funds to be supported by mandatory remittances from the
collectives' gross revenue are: the welfare fund, from which the comm=zios pay health,
education and other social expenses; the reserve fund, which aerv«s to defray unforeseen
social costs, supports hardship cases, etc; and the accumalation fund, The latter is by
far the most important as it is from it that the Commme pays for capital invesiments, be
it in infrastructure, in agricultu:al capital equipment or in expansion of productive
capacity into other fields, i.e. rural small-scale industries., The level of remittance
is theoretically freely mixed by the assembly but the state, through its organs and the
local CPC committae, sea: to it that the rate of accumulation is not too low. In recent
years, it was mentioned that in most well-run communes the rate of accumulation was
10-12% (of gross revenue), in exemplary omes like Tachai, it was said to axceed 20% and
more.
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AGRICULTURAL RESEARCH AND EXTENSION

Soientific research activity is mainly unde: the jurisdiotion of the Chinese Academy
of Agricultural Sciences, which is subordinate to the Ministry of Agriculture and Forestry.
The Academy is responsible for long term agricultural research, Besides this, the Academy
also operates a number of specialized research institutes and laboratories such as the
National Institute of Forestry, National Institutes of Plant Protection, Hortioculture,
Sericulture and Soils., Each National Research Institute specialigzes in a major field of
agrioulture or a specific discipline of agricultural science and covers agricultural
problems all over the country in its special field. The Chinese Academy of Sciences also
does some research on agriculture but it is only confined to fundamental research whereas
the Academy of Agricultural Sciences mainly devotes its time to applied research. The
Nationzl Research Institutes solve basic scientific problems and thus provide scientific
feedback for research institutes at lower levels. Thke provinces and autonomous regions
bave their own academies of agriculture; each province has its own agricultural research
institute as do the mnicipalities of Shanghai and Peking. At the county level also,
there are Agricultural Research Stations., Techniocal advances from these research stations
have to reach the field production level and the field problems have to reach the research
stations for solution, Communal research and technical service systems at the commune level
have been ivtroduced, Under these systems there are four levels of research for the masses,
starting from the county to the production team. Thus there is one agriculiural research
station in each county, one experimental farm in each commune, one research team in each
production brigade and one research group in each production team. Through this system
research findings are iransformed into field trials, demonetrations and extension with
extension services as such, The organizational struoture of the commune facilitates rapid
demonstration of both information derived from its own research activities and the results
conducted at the higher level institutions.

In Jiangsu Province alone, the number of workers engaged in agricultural activities
out of the total population of 55 million, of which 40 million is farming community, was
reported to be at 1.2 million, It is evident that China has developed a large network of
agricultural experiment stations and demonstration farms. While at levels from the county
upward research funding is contributed by the State, the commnal levels support their own
research in a spirit of self-reliance,

A provincial research institute meintains a close linkage with the teolmiocal practices
and problems of the farming masses in different parts of the province in three ways:

1e Through the research institutes at prefectural level and further {4 1evel system

¢1>f ag:)-icnltml research for the masses - county, commme, brigade and production
evel),

20 Issigna one~third of its scientisis to conduot agriocultural research for and with
the farming masses in the countryside for certain periods varying from one to
three years depending upon the nature of the research problems, They also
popularise results of scientific research and take part in scientific experi=-
mentation, thus learning sowe practical agriculture from small farmers and
making on-the-spot improvements in practices,

3. Selects experienced workers from among the comsnme mesbers to work at the
:lnltit\.rte and to receive in-service training in solentific agrioculturs relating
to their local problems., About 120 individuals are so trained each year,
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Remearch programmes of the institute are formulated Ly taking into comsideration the
requirements of the State, the needs of the farming commmity and the institute's o views,
To be of prastical benefit to the commmne members, field research is gemerally conducted on
the principle of a "three-in-one" combination involving research, demonstration and extemsion,

The research is oriented to increase agricultural productisn in the following manner:

1a Ectensive investigation of the national resources in the country and
their use and the study of efficient tapping of new resources,

2. Overall study of the better utilization of land and water areas and the
extension of cultivated lands including reclamation-of alkaline and other
poor soils,

3. Application of Chinese traditional experience in intemsive farming and of the
latest solence technology to raise the level of agrioultural production,

4. Strengthening of research in economics.

The "Eight=point charter for agriculture" proclaimed by Chairman Mao serves as basic
guidelines for carrying out the above research tasks, The charter calls for (1) a0il
improvement, (2) rational application of fertilizers, (3) water conservation, (4) breeding
of high yielding varieties, (5) rational close planting, (6) plant protection, (7) field
management and (8) introduction of improved far: implements. '
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ANNEX 3

MINFRAL FERTILIZERS

In Chin:, wlthough the major portion of plant nutriente is supplied by organic
recycling and only one~third by mineral fertilizers, the sustained higher yields needed
to support the population make it necessary to enlarge the quantity of mineral fertilizers
in the effort to increase agricultural production, In addition, the policy of raising
yields through intensive cropping systems, i.,e. dovble or triple oropping, places a still
greater demand on mineral fertilizers. The Chinese Govermnment has, therefore, taken
measures to increase fertilizer production,

Initially, in China, the emphasis was on setting up small factories and about 2 000
county=-spongored small-scale factories were established, almost one for each county. The
advantages of such small factories are: 1less capital investment, less mechanization,
minimum storage and transport costs of the finished product, and time saving. These small
factories were designed by Chinese experts and equipped with 'home-made' machinery. At
present, about 60% of the fertilizer is produced by small and medium-sized factories with
an average annual output of about 20 000 tons. The main produce is a nitrogen fertilizer,
ammonium bicarbonate,

The study team visited two small-@icale fertilizer factories producing ammonium
bicarbonate; one was the Yishing County factory which produces 20 000 tons, and the other
the Chiao Ting fertilizer factory producing 80 000 tons per year. The predicted production
capacity of this factory was reported to have been exceeded by 20%, and 80% of the equipment
and spare parts is produced by the factory itself,

Ammonium bicarbonate contains 17.5% nitrogen which makes it a relatively low analysis

fertilizer, The preoduction process is :iclatively simple and cheap and is made according to
the following reaction:

NH3+H20+C02 NH4HCO3
The raw materials used for the process are coal, air and water and two steps are involved:
1. production of ammonium hydroxide by combining water and ammonia,
2. carbonation of the ammonium hydroxide with carbon dioxide.

The production cost was given as about US$50 per ton and the selling price to the
production brigades as about US$§73.

The packaging of ammonium bicarbonate in plastic bags considerably reduces the loss

of ammerduin.
[ ]

L'{ In view of the increasing need for mineral fertilizers in China, the number of
smzll-scale factories is still increasing, bhut for some time now more emphasis has been
placed on larger-scale factories and toc this end, 28 large-ecale factories begun
production during the Pourth Five~year Plan for 1971=75. Import contracts for 13 more
large-scale factories, mostly urea plants, await implementation from 1976 onwards,
which could supply Chinese agriculture with an additional 2.2 million tone of nitrogen
per year, equal to about half of the current consumption,
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The consumption of mineral fertilizers in China in 1975/76 was:

4,555 million tons N
1,253 " " Pp0s g .552 million tons Pg
0,401 " 5 Kp0 (0,333 million toms K

From these quantities, the following amounts have been produced in China
during the same period:

3,300 million tons N
1,245 " " P205 50.548 million tons Pg
0.300 " n K20 (0.249 million tomns K

FAO, Monthly Bulletin of Agricultural Economice and Statisties, 3 Volume 26,
March 1977).




VISITS ARD EXPERIENCES OF GENERAL INTEREST

Despite the heavy working programme during the Study Tour, cur Chinese hosts
were still able to arrange visits of historical, political, technical, industrial,
economic and oultural interest. These were to:

the Great Wall

the Ming Tombs

Tien An Men, Square of the Heavenly Peace

the Imperial Palace Museum

the last May Celebrations

the Agricultural Exhibition, Peking

the Glassware Factory, Peking

the Yangtse River Bridge, Nanjing

Dr. Sun Yat-sen's Mausoleum, Nanjing

the Walking Traotor Factory, Changzhou

the Gomstruction Material Factory, Changzhou

the Exhibition Hall, Changzhou

the Pottery Factory, Tingsan Hang County

the Sanchun Cave

Gardens in Suzhou including Tiger Hill Garden and Mu Garden

the Suzhou Embroidery Research Institute

the Shanghai Industrial Exhibition

the Chinese Export Commodities Fair, Guangzhou

the Hsin Hui Fan Factory

the Memorial Garden to the Martyrs of the Guangrzhou Commune Uprising

film shows: The East is led
Taochai Production Brigade
several outstanding ocultural performances, particularly by young people

the Pei Yuan Restaurant, Guangzhou; the Peking Kaoya Dien (Peking Roast Duck
Restawrant) and many other places where we could appreciate the exquisite Chinese
cuisine,

All these experiences served to supplement our impression of China as it is
today.
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ANNEX 5

SELECTED IITERATURE ON RECYCLING OF ORGANIC WASTES

The Soil and Fertilizer Research Institute, Shandong Province
Compost and its effeocts on soil and orops in China

K. William Kapp
Recycling in comtemporary China,
In, World Development, Vol. 3, July-August 1975

Department of Environmental Health, Inst:i.‘l:t\f&e of Hygiene, Chinese Academy of
Medical Sciences, Peking,
Sanitary effects of urban garbage and night soil composting in China

US=CHINA RELATIONS PROGRAN
China. 's energy pohc:.es and resource davelopment,

IIEPUZ"G of a Dalu.na.r, Stanford Universi u.y, .l.y(u

Michael G. McGarry
The Taboo Resource — The use of human excreta in Chinese agriculture,
The Ecologist, 1976

FAO

Organic materials as fertilizers, Soils Bulletin 27, 1975
FAO

Organic materials and soil productivity, Soils Bulletin 35, 1977
FAO

Organic recycling in Asia and the Pacific, Soils Bulletin (in print)

GuCe Venkataraman
Algal bio~fertiligzers for rice cultivation,
Indian Agricultural Research Institute, New Delhi, 1977

UN Economic and Social Commission for Asia and the Pacific
Biogas techmology and utilization

Bangkok, 1975

P. Dart
Recent developments in the field of biological nitrogen fixationm,
ICRISAT, Hyderabad, 1976

J. Goldstein

Sensible sludge — A new look at a wasted natural resource,
Rodale Press, Emmaus, PA, USA, 1977

National Academy of Sciences
Making aquatic weeds useful,
Washington, D.C., 1976

G.G. Golueke
Biological reclamation of solid wastes,
Rodale Press, Emmuus, PA, USA, 1977

EJP. Taiganides
Animal Wastes
Applied Science Publishers Ltd,, London, 1977
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ANNEX 6

PROGRAMME

Arrival of participants in Peking

Introduction and discussion of the programme with
Mr. Li Yung-kai, Director of the Bureau of Foreign Affairs
Ministry of Agriculture and Forestry.

Welcoming dinner by courtesy of Mr, Li Yung-kai

Agricultural Exhibition
Introductory discussions
Imperial Palace Museum

Participation at Labour Day celebrations = invitation by

Mr, Ii Yung-kai

Travel by air to NANJING, ocapital of Jiangsu Province
Presentation of the programme and introductory discussion

Vieit to Yangtse River Bridge and to Dr, Sun Yat-sen's Mausoleum

Research Institute of Agricultural Sciences, Jiangsu Province
Soil Research Institute of Academy of Sciences

Travel by train to CHANGZHOU
Introductory discussion

Vieit to Walking Tractor Factory, Construction Material Factory and
to the Industrial Exhibition Hall

Wa Chin County : bio-gas and green manure
Yishing County : fertilizer factory

Kiang Yin County : green manures, Azolla
Travel by train to SUZHOU

Yueh Chi Pecple's Commune : green manure and aquatic plants

Group discussion ,
Agricultural Research Station of Feng Chiao People's Commune

Agricultural Research Institute of Wu Chin County : green manure a
organic manure

Discussion with the Chinese counterparts
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11 May

12 May

13 May

14 May

15 May

16 May

17 May

18 May

19 May

20 May

21 May
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Group discussion
Travel to SHANGHAT
Introductory discussion

Malu People's Commune : night soil and garbagej
treatment of night scil and garbage from Shanghai City

Fertilizer factory of Chiao Ting County

Shanghai Industrial Exhibition Hall

Chao Yang sewage treatment plant

Use of sewage by the Chang Chen People's Commune
Travel to GUANGZHOU

Fun Shan City : treatment of night soil and garbage
Chinese Export Commodities Fair, Guangzhou

Hsin Hui County : green manure, night soil and compost, Azolla

Hein Hui County (contd....)
Travel to Guangzhou
Group discussion

Discussion with Chinese counterparts
Travel by air/irain to TACHAI (Shanxi Province) via FEKING

Tachai Exhibition

Tachai Production Brigade

Film Show on Tachai

Travel by train to SHIJIAZHUANG (capital of Hebei Province)
Introductory discussion

Chun Sun Production Brigade : high temperature compost and stable manure
Paichi Kan Production Brigade (Huai Lu County): bio-gas

Ta Heh People's Commune : bio-gas
Tung Shao Ying Production Brigade : high temperature compost
Discussions with Chinese counterparts

Travel by trair. to PEKING




[¥]
-3

21, 22, 23, 24 May

24 May (evening)
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Conoluding discussions

Preparation of report

Final discussions with Chinese counterparts
Farewell dinner by courtesy of the Team Leader

Departure of participants to their home countries
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ANNEX 7

PERSONS NET

PEXING

Ministry of Agriculture and Foresiry
Li Yung=kni, Director of Foreign Affairs,
Chin Feng-chu, Permanent Representative to FAO
Chang Shih—chan, Head of International Division
Hsu Kuo-chang, Staff member International Division
Tung Ching-sung, Staff member International Division
Wang Yu—~chung, Staff member Intermational Division
Kung Chien-ying, Staff member International Division

JIANGSU PROVINCE

Agri cultural Degar‘tmont

Tang Lu~yu, Director of Agriculturs Department
Li Kung—chen, Head of Livestock Division

" Li Pa, Technician
Sui Huai-yu, Staff of Agriculture Department
Ma Yung-tang, Staff of Agriculiure Department
Wang Kung-son, Staff of Agriculture Department

Research Institute of cultnra.l Sciences of Jia u Province, Nanji

Yang Yun-sheng, Head of the gensral office of tha Revolutionary Committee of the
Imetitute

Sheng Hsin-pei, Deputy D:.rictu- of tho Departmont of Seil Scionco
Huang Yu-sbin, Research Officer (Bacterial fer-tilisor)

Yen Yu~chou, Research Officer (Bacterial fertiliser)

Chu Pei-li, Research Officer (Grogn Namre)

Ting Chien-ying, Rehoa,;jch'Offiycef (Green Mamire)

Kuo Shao-cheng, Research Officer (Wheat)

Lu Pei-wen, Research Officer (Plant Protection)

Fan Heng-piao, Responsible member of the Secretarial Unit, Office of the
Rovolutionary Comittoe
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National Research Institute of Soil Science, Ranjing

Hsung Yi, Vice Chairman of the Revolutionary Committee, Specialist in Soil Physios
and Chemistry

Lu Ju-kun, Assistant Professor Department of Agro-Chemistry
Hsi Chen-fan, Professor, Department of Soil Geography

Liu Wen-cheng, Research Officer (Saline and Alkaline Soils)
Shih Shu-lian, Research Officer (Soil Bio-Chemistry)

Ty Li-mai, Research Officer (Soil Bio~Chemistry)

Wu Chin County

Chang Tgé-heh, Vice—Chairman of the Revolutionary Committee of Wu Chin County

Yu Hung-sheng, Chief of the Methane Gas Office of the Revolutionary Committee

Shen Chih-chang, Deputy Chief of the Methane Gas Office

Ni Fu-li, Staff member of the Methane Gas Office

Chang Pu=chin, Chairman of the Revolutionary Committee of Pen Niu Communs

Chou Shou-hai, Chairman of the Revolutionary Committee of Cheng Hsiang Produotion Brigade

Kiang Yin County

Chang Chen-hua, Deputy Officer. Director, Kiang Yin County

Wu Shi-tung, Vice=Chairman of the Revolutionary Committee of Huashi Production Brigeade
chau Hung—pi, Head of the Recepiion Group

Chang Jeng—chou, Staff member of the Reception Group

Wu Yu—chai, Staff menmber of the Reception Group

Suzhou

Heiao Tingy Director of Agriculture Department Wu County

Ting Chi—wing, Technician of Agriculture Department of Wu County
Wang Ri-hua, Staff of Agrioculture Department .

Hu Chang—chin, Head of Recept:.on Group of Foreign Affairs of Sughow
Chuan Kuan-ma.n, ‘Head of !'oroign_ ‘Affairs Division of Wu County

Yueh Chi People's (:omm
Ku Haa.n—sha.n. Chairman of the Revolutionary Committee of the comum
Pan Shuo-chin, Head of Agriculture Sc:.ent:l.fic Research Station
Mo Chao=yuan, Technic:.an

Feng Chiao Poogle ‘a8 Commine
Cha.ng Ming—chuang, Head of Agncultural Scientific Research Station
Yang Chin-clun, 'Vice Director of Agrioultural Sciontiﬁc Research Station
Hsiao Chin-llaung, Brigade Leader
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Soientific Research Institute of Wu County

Shih Pai-fu, Vice Chairman of the Revolutionary Committee of the Research Institute
Ty Tan-chang, Technician
Ku Wei~chun, Technician

SHANGHAT

Yen Ming, Responsible member of Agriocultural Department of Sharghai

Li-Hsuei Kiang, Responsible member, Agricultural Department

Chou Wei-chi, Vice Chief of the Production Division of Agricultural Department

Chin Cheng-shan, Responsible member of the Cleaning Administration of Shanghai

Yang Yu=—chen, Staff member

Chang Kwang-tzu, Staff member

Li Cheng-hsun, Vice=Chairman of the Revolutionary Committee of Malu People's Commune
Peng Fang-hsu, Staff member of the Revolutionary Committee

Yao Chu-hua, Physician, Malu's Hospital

Pan Yun-lung, Responsible member of the Revolutionary Committee of Chao Yang Sewage
Treatmont Plant

Ma Ching-fang, Responsible member of the Revolutionary Committee of Chao Yuog Sewage
PTreatment Plant

Wang Tsuei-eh, Technician of Sewage Plant
'Shen Hung—chi, Responsible member of Chang Chen People's Commne
Hsu Lin~fa, Responsible mcnber of Chao Yang Production Brigade

GUAIEIDN PROVINCE

Guangzhou
. Shei Yung-shing, Director Agricultural Department

~Ling Chu, Agromnilt

Ohang Hu—chi, ‘Head of Soil- uﬂ Portiliur D:Lvilion of Agricultural Soientifio
‘ Rnu:rch Imtitnto

Chmg Chung-ta, Pechnician E
’Lin Hesao—chin, Auiltant Profenor Agrioulturul Scientific Renea.roh Institute
: fChu ‘Hwei-huo, uliata.rrt Profouor Agrioultural Soientific Resea.reh Imtitute
Lian Gho.o-hua.ng, Lecturor of Agrioulture and Foroatry 0011ege
Liu B-u-ch:l Lootu.ror of Apiculturo a.nd !'orostry College
Lui Teng-hui, usiltant of A griculturo and Poro:try ‘College
' xsio Li-ohang Assistant of Agriculturo and Forantry 0011050
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