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In the summer/autumn of 2012, surveys were carried out amongst the beneficiaries of ID
China's biogas programs to find out about the households' agricultural practises, their use of the
biogas digester, and the role of the biogas residue (« bio-slurry») in the local agriculture.

Since 2010, ID China has assisted more than 2500 households with building a digester in
Zhaotong prefecture (FHiH), Yunnan province, in addition to older programs in Weining
prefecture (B T°). Amongst these, 24 households were interviewed in Zhaotong and 4 in Weining.

The main goal of the survey was to gain an understanding of the current practises on the
terrain. In the villages, households have had a biogas digester for only a short period, between
one and five years. At building time, ID provides a training to the new beneficiaries, which
includes advise on how to use the bio-slurry for agriculture. However, in the years after the
digester has been built, its exact use and impact on the agricultural practises are unknown. The
beneficiaries may have followed ID's advise, may have followed word-of-mouth advise or
imitated the neighbour, may have experimented on their own, or may have completely reverted to
previous habits and may not use the bio-slurry at all.

ID China is currently studying how its advise to the beneficiaries can be improved, and the
NGO would like to review the content of its technical message, including such questions as when
to open the digester, what to do with the residue, whether composting can be made, etc. So far
this message was mostly adapted from second-hand sources such as the Chinese government or
other biogas stakeholders. How does the message correspond to practise? Certainly there must
exist discrepancies between the technical advise given and the methods effectively practised on
the terrain after a few years.

On one hand, the surveys can help to point out the dysfunctions on the terrain. However, when
some methods are used on the terrain despite repeated opposite advice by development
organisations, one has to question whether it is not because of their ultimate suitability, in other
words their optimal return compared to the work invested, a reality that can easily elude to
external actors. Surveying hence allows to identify useful methods selected by the beneficiaries
themselves, and potentially incorporate them in the trainings.

Great care should be taken in the task of distinguishing between the two scenarios (the habits
taken by reason, and the ones taken by lack of knowledge or incentive), as the former can easily
be mistaken for the latter. This survey will hence try to find objective facts that can help bridging
the terrain knowledge of the farmers with the theoretical approach of the development actors.
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The interview team was made of ID China Agriculture Officer (agronomist) together with a
Chinese trainee or interpreter. Two trainees and three different interpreters were responsible for
the translation during about 20 days of terrain work spread between May and December 2012.

The households were chosen randomly while driving in the villages, according to the
availability of family members for a discussion. We tried to meet families in diverse areas in
proportion of the importance of ID China programs in the respective villages, therefore trying to
acquire a representative sample. Since different agriculture systems coexist in the region, we also
took care to meet at least a few households representing each agriculture type. Since the survey
team was generally travelling by motorbike, villages which were difficult to access because of
difficult road conditions in the rainy season might be under-represented.

Each interview lasted on average two hours. To conduct the discussions, we chose a semi-
structured interview method. A supporting document/form was made to guide the discussions and
collect the answers (see appendix). Many questions were related to quantitative enquiries (such as
the field surface or number of animals), while others were categorical (such as on which crops
bio-slurry is used). However, most questions had an open and general form (« how do you use the
bio-slurry ») to let the discussion flow and try to understand in depth the system and habits used
by the households, including all subtleties of method. These answers were then interpreted to fit
in a predefined category when possible.

The interviews went through many improvements throughout the months, and the questions
were fitted according to what had already been learned. This was reflected in the supporting form,
which went through many versions. Some new questions were added, while some were dropped.
Hence, some statistical results presented in this document will have less respondents than others.
However, great care was taken to keep consistency throughout the surveys.

Understanding the full seasonal cycle of agriculture and the yearly use of the biodigester in a
single interview presents huge difficulties due to the level of abstraction needed. Despite the
committed work of all interpreters, many misinterpretations might subsist, whether these initiated
between the interviewee and the interpreter (many of whom were not familiar with agriculture),
or between the interpreter and the agronomist (who was neither familiar with the Chinese
language or with the local agriculture). To reduce the risk of misinterpretation, the following
methods were used.

Firstly, every question was asked several times in different ways, or the information was
double checked indirectly. For example, if an interviewee pointed out that bio-slurry was not
used, it was later asked whether bio-slurry was used on a certain crop, or whether it was poured
on the compost. Many unexpected and surprising misunderstandings were cleared this way.



Secondly, we tried to move around the farm during the interviews, according to the current
topic. When talking about the compost, for example, a very concrete picture would emerge by
visiting the heap behind the house, rather than engaging in lengthy discussions about the
composition and management of the compost. Whenever possible, we asked the interviewees to
show us practically how things were done, however by lack of time we could not walk to the
fields for a demonstration. Furthermore, many procedures, such as the emptying of the biogas
digester, were out of season, and had to be imagined only. Besides the many walks around the
farm, the bulk of the interviews was generally held around the stove, with a cup of tea.

When preparing for the surveys, the previous work done by the French agronomist Frangois
Sorba for ID China in the village of Shenjiagou (7%Z</4) was an invaluable resource. His report
“Agrarian Diagnosis in ShenJiaGou” (2010) is a detailed synthetic analysis of the agriculture
systems in a village of the region, based on an extended stay in the village and numerous
interviews. This document can be used as an excellent complement to this study. However, the
present study focuses specifically to the agriculture in the context of the use of the biogas
digester, a topic that is not covered in Sorba's report. Besides, further agriculture systems were
studied, such as tobacco farming, and the agriculture amongst the Hui minority.

We hope that the present report will clarify many questions left open within ID China, and
that the answers it provides will help the NGO in its decisions towards its work for the benefit of
the people of Zhaotong and Weining.



Number of

[X District £ Township M Village interviews
A A
Shenjiagou
ERIE i 5
Qinggangling Xingiao
I g
Baisha
s
BZFH Zhaoyang A 5
V5L Hongjiaying
Jingan *EEZ .
Dagqilao
i B |
Sayu Lianhe
AN o 5
Xiaolongdong Zhongying
R \
Fanjiatian
BT Weining f:HHH
Niupeng MPFRE i
Dengjiaying
Total 30




210Z - A3NINS Ssehiolqg pue Imnauhy

Initiative Développement

Agriculture systems are very variable from one village to another. However, within defined
areas, they were found to be relatively homogeneous. Underneath, the repartition per crop are
therefore presented per township.

Crops grown in FX]l# (out of 14 respondents)

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Corn/Potato intercropped /7 000000000 ssiis s s

Potato monocrop

Cormn monocrop

Beans

Vegetable plot for personal consumption
Fruit trees

Pine trees

Green manure

Number of people growing the crop

AY

Crops grown in 3% (out of 6 respondents)

0 1 2 3 4 5 6

Corn/Potato intercropped /200000 iiiiiidsisd s i

Corn monocrop

Potato monocrop

Beans

Rice

Pear trees

Vegetable plot for personal consumption

Number of people growing the crop
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NG5,
Crops grown in /)NJZji] (out of 5 respondents)

0 1 2 3 4 5

Tobacco
Corn/Potato intercropped 7220004
Potato monocrop
Corn monocrop
Pepper (chilli) —
Apple trees
Walnut trees I
Grass fodder

Number of people growing the crop

Crops grown in 4=fi (out of 4 respondents)
0 1 2 3 4

Tobacco N
Corn/Potato intercropped /777 0000000
Potato monocrop I
Corn monocrop
Beans N
Apple trees
Vegetable plot for personal consumption

Number of people growing the crop

In addition, the cultivation of radish for animal consumption is widespread. Radish is not
grown as a main crop, but as a second rotation crop following a main crop. It is usually planted in
place of potato, since potato is the earliest crop to be harvested, around September. It is
sometimes also planted in the orchards, for example in the free space between apple trees.

Township Number of | Number of respondents growing
respondents radish in second rotation
=X 14 8
R 6 >
NI : 0
LA 4 0
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4.2 FIELD SIZES

A complete record of the interviewees with the surface of field of each crop is presented

below. The median field surfaces in cultivation per household are as follows:

B

All townships

4.5

ER /NIETR ailili
6. 5.5 4.0 5.0

Table 1: Median field surfaces per household, in B (mu) = 1/16 ha

BRI ZIERAR
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BRI ZIERAH
BRI ZIERAR
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BRI IR
FHIk 2B
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BRIk 2B
BRIk 2B
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L=
ER SHREN
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ER SHREN
BRE|FEN
IR SHER
NEREHEN
NEREHEN
NEREHEN
IR SHER
+RETREN
+RETREN
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+REBREN

green manure or fodder W pepper (chilli)
M potato monocrop

Repartition per crop

surface in | (mu) =1/16 ha

0 5 10 15 20 25 30 35 40
T

I
7z |
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(L
e

|

I
/4
s
/s
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TS
4

M fruit trees B tobacco

corn monocrop % corn/potato intercropped
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4.3 ANIMALS

Number of households Number of households

Number of households

Number of households

The following charts show a breakup of household per number of animals:

Qinggangling

8
6
: .EEL
2
) | H =
no animal 1 animal 2 animals 3animals 4 animals 5 animals
Jingan

5

4

3

2

1 d |
O [ [ [ [
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Xiaolondong

6

5 _

4

3 _

2 _

1 | .

O _

no animal 1 animal 2 animals
Niupeng

5

4

3

2

1

0

no animal 1 animal 2 animals
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Interviewees were asked what they feed to their animals. Since the results are very similar
from one village to another, the results are presented without distinction.

Feed given to pigs (24 respondents)
0123 456 7 8 9 10111213 141516 17 18 19 20 21 22 23 24

Corn flour
Potato I
Grass cuttings
Corn leaves
Radish I
Cabbage leaves I
Beans I

Number of people giving this feed

(Cabbage leaves means mainly the leaves not fit for human consumption, however radish is
grown especially for pig feeding.)

The main recipe for pig feeding seems to vary little between villages. In a very big pot are
mixed together grass, corn flour, potatoes roughly cut, and water. Potato leaves or bean stalks are
sometimes added, however in general the potato leaves are abandoned on the field. The grass is
harvested daily in the surroundings using a bill-hook and a basket worn on the back. People busy
with this task can often be seen along the trails. However, grass is sparsely available during the
winter. The mixture is left to cook on the fire for several hours. Cooking pig food is therefore a
major contribution to the fuel consumption of a family.

The reasons for cooking the pig food, according to the farmers, are for increased digestibility
and palatability. When the feed is cooked and served warm, it is said, the pigs eat more and fatten
faster.

Feed given to cows (18 respondents)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Corn leaves
Grass
Corn flour
Corn stalk
Potato I
Radish s

Number of people giving this feed
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In general, the corn stalks are given to the cows without preparation, that is with the leaves
still attached to the stalk. The animal itself will pull the leaves for feeding, and the stalk will be
left for bedding. However, we noticed that in Xialongdong, where livestock feed is scarce
because of the large area allocated for tobacco, the farmers are trying to maximise the use of
available feed, so even the stalk is fed to the cows. However, since this part of the plant is not
palatable enough, the farmers have to grind it to flour first. This powder is then dissimulated
within the other ingredients of the cow feed mix.

According to one source, grinding the stalk costs about 12-15¥ per 100 jin (50kg), while
grinding the corn to coarse flour for animal feeding costs 3¥ per 100 jin.

Feed given to horses (9 respondents)
0 1 2 3 4 5 6 7 8
Corn leaves

Grass
Potato NN
Radish [N

Number of people giving this feed

Horses are mainly fed grass during the summer season, and many animals are brought out for
grazing. In some households, the grass is collected by family members and brought to the horse
in the barn instead. In the winter, the main feed is corn leaves. As with cows, in general the whole
stalk is given to the horse, the animal consumes the leaves only and leaves the stalk as its
bedding.

-14-



The following table shows, amongst the interviewees, the number of households which do
bring their animal for grazing at least during a part of the year. Hence, “no” responses represent
households which do keep their animal indoors all year.

Grazing: |Qinggangling| Jingan |Xialongdong| Niupeng
Yes / No
Cow 7/2 N/A 1/4 1/2
Horse 6/1 N/A N/A N/A

Important differences in grazing habits seem to exist according to the location of the village,
depending on the availability of grazing areas. For example, in Shenjioagou, which is situated in
the bottom of a valley surrounded by steep slopes, the important land abandonment in the upper
fields mean that large grazing areas are available, and most animals are taken out. By contrast, in
Xiaolongdong, little surface is available because of the intensive cultivation of tobacco, and most
animals stay in the barn all year round. Cows are more likely to stay indoors year round
compared to horses. Pigs are never brought for grazing, although it happens occasionally to
encounter free pigs or piglets along the roads.

The interviewees were asked to estimate how much of their production they usually sell,
versus how much is used for own consumption. Self consumption is mainly for animals (corn and
potato), but a little part is also consumed by the family (potatoes and corn flour). Produce that is
sold is mainly tobacco and apple, so the household which grow these crops responded to this
question with high percentages. Corn and potato are rarely marketed, because families arrange to
keep at all times a number of animals which is proportional to the amount of feed that the
household can provide, according to their amount of land in cultivation. Therefore, generally all
corn and potato go for animal feeding. However, the yields vary from year to year, which
sometimes leads to excesses that can be sold to neighbouring families.

Percentage of marketed harvest

[2)

E 8 u S5X)l%
3 AR
2 4 418

o N=
Nt w /IR
£ 0 m m s =B

3 0 - 20% 20 - 40% 40 - 60% 60 - 80% 80 - 100%
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The interviewees were asked to evaluate their amount of food self-sufficiency. In general,
this question was perceived as particularly tricky to understand and answer. Hence, answers
were generally very approximative. One way of presenting the question during the interviews is
to imagine, in a thought experiment, that all food eaten by the family can be placed at once on the
table, and to try to separate mentally in two piles, one coming from outside (rice, noodles,
vegetables, oil, tofu, etc...) and the other from the family's own production (meat, potatoes, corn
flour, vegetables from the garden). The figures presented below are then the relative size of the
latter pile.

Percentage of food self-sufficiency

n

g 8 m HR
< s

g 6 mER
2 4 I 41

o 2 m /NI
é’ 0 [ . .

= 0-20% 20 - 40% 40 - 60% 60 - 80% 80 - 100%
The same question was asked about self-sufficiency of feed for the animals.

Percentage of feed self-sufficiency

(2]
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The different systems of agriculture in the studied townships can be summarised as follows.

Qinggangling and Jingan: intercropped corn/potato and small scale pig
farming

In these two neighbouring townships, the agriculture is exclusively focused on pig farming.
Corn and potato are used as feedstock for the pigs, and usually intercropped. However, in certain
plots, or in less favourable areas, such as steep mountain slopes, corn and potato are planted
separately. Radish for livestock feeding is often planted in second rotation after the potato.

Some farmers keep one cow, which is used for tilling the field. A horse can also be kept for
transport, especially in areas with steep slopes. On the plateau, a cart driven by the cow is usually
preferred, or a small tractor when the household can afford it. The cows and horses are often
brought outside for grazing. Alongside fresh grass, the corn leaves are a main feed for horse and
COWw.

Some farmers also have small surfaces of fruit trees (apple, cherry, walnut). No tobacco is
grown in these areas.

The agriculture in this area works mainly in closed circuit, with the crop consumed by the
livestock, and the livestock waste brought back to the field. Economically, few exchanges take
place, apart from the selling of one or two pigs every year. The rest of the meat is consumed by
the family.

Xiaolongdong: tobacco and apple orchards

In this township inhabited almost exclusively by people of the Hui minority, tobacco is the
base for the economy. Many farmers also have apple orchards. Hence, here a large amount of the
harvest is sold (cash crops), and the agriculture system works rather in open circuit. A large
amount of cash is made with the selling of the tobacco, however costs are higher, in particular for
the important amounts of coal needed to cure the harvest. Globally though, the crop is quite
profitable and this village is better-off.

For cultural and religious reasons, Hui people do not keep pigs. Instead, it is common for each
household to have one or two cows. Rotavators are getting more common for tilling, but the cow
is still widely used. Feed for the cow(s) is provided by planting corn. Potatoes, which are a less
appropriate feed for cows, are nevertheless grown both for feed and human consumption but
occupy less surface than corn, therefore corn and potato are usually not intercropped.

Livestock feed and bedding are usually scarce in Xiaolongdong, because of the intense
pressure for devoting the surface to tobacco rather than for feed. Even the corn stalk is often fed
to the cows. Furthermore, the village has no access to forests and lacks pine needles for animal
bedding. Because of this lack of biomass, the cows, which are mostly kept indoors year-round by
lack of grazing space, are usually kept on very little bedding, but rather on a deep layer of wet
manure mixed with some corn stalk.

-17-



Niupeng: a mix of the two previous systems

The amount of time (2 days) and the number of households interviewed in this township (4
families) are not sufficient to give a complete overview of the agriculture situation in this
township, however it can be considered that a mixture of the two agriculture systems presented
above can be found here.

Indeed, in this township farmers generally breed pigs, but also devote a portion to their
agriculture surface to tobacco. One or two cows are often kept. Horses are not common; thanks to
the flat topography and the good road infrastructure, tractors and mechanised engines are more
common. Potato is grown but in significantly smaller amounts than corn, hence they are not
always intercropped. Both corn and potato are used as feedstock.

Hence, the agriculture in Niupeng presents the characteristics of a semi-open circuit system in
which physical and economical exchange of produce is important, while another part of the
agricultural activity stays concerned with the breeding of livestock in closed-circuit.

It is generally assumed that in a small-scale subsistence animal breeding agriculture, the
farmers will breed just as many animal as they can feed. In other words, there should be a
correlation between the number of animals and the surface of field dedicated to their feed.

In the region, most of the feed is grown for pig breeding in the form of corn and potato. Cows
and horses however, eat essentially grass harvested in the vicinity, as well as the by-products of
the field (such as corn leaves), when they are not grazing themselves. Hence, one could expect to
find a correlation between the number of pigs and the total surface of corn and of potato grown
by the household.

Corn/potato cropped surface compared to number of pigs
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On the previous graph, the results of all interviews have been placed. The horizontal axis
represents the surface cropped with corn and potato, the vertical axis the number of pigs.

As it can be seen, the correlation between the number of pigs and the surface of corn/potato
does not appear clearly. Several reasons might be put forward:

» the interviewees may have given unreliable answers either concerning their number of
animals or their surface of corn/potato

» the number of animals vary through the year according to the breeding cycle (i.e.
fattening of piglets; slaughtering for the Chinese New Year), and therefore according to
the season of the interview. Piglets are often not accounted by the beneficiaries when
asked about their number of animals.

> the harvest of grass has not been considered in the pig diet in this simplified scenario

» some beneficiaries sell a part of their harvest; some others do buy some supplementary
feed

» the intra-consumption by the household has not been taken into account (i.e. potatoes)

In the light of these results, it is uneasy to conclude which criteria is best suited for evaluating
the potential production of biogas by a household. ID China has generally always considered the
number of animals to be a criterion of selection and eligibility for the subsidy of a biogas digester.
However, an alternative evaluation would be to consider the amount of surface on which feed is
grown, if one can postulate that this biomass will eventually be made available as manure, and
that yields are roughly homogeneous amongst farmers.

The results above warn that the two criteria are not equivalent. Since the animal
number criterion is more direct, it might be preferentially used.
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The second part of the interviews concerned the management of the biogas digesters. Out of
the 30 interviewees, 29 had a biogas digester built with the support of ID China, and one had no
biodigester yet. However, quite a few beneficiaries had their digester built recently (less than a
year), and therefore did not have a full experience set on how to use their new system. In
particular, many respondents had not emptied their digester for the first time yet, as is usually
practised in the region. In these cases, the related questions of the survey were left unanswered,
therefore the number of valid answers varies according to the question.

Two types of digesters were built with the support of ID China. In Weining region, the
digesters were built in earlier programs in the years before 2008, and follow a construction design
with multiple water chambers and often a hand-driven pump to recirculate the bio-slurry to flush
the toilet. The later digesters built in Zhaotong between 2008 and 2012, are classical with a single
water compensation chamber. Because of these different architectures, and perhaps also because
the digesters have been in use for more years in Weining, while doing the surveys important
differences in the use of the digester were noticed between Weining and Zhaotong. The results of
the interviews shall therefore be well distinguished between the two regions. The set of answers
for Zhaotong are more complete with 25 respondents, while only 4 households were surveyed in
Weining.

The interviewees were asked to estimate the proportion of animal manure that was circulated
in the digester. In many cases, the digester had been built with the animal pen directly connected,
in which case the totality of the manure flows from itself in the digester. In other cases, the
manure needs to be transferred regularly to the digester using buckets.

Unfortunately, whether the animal pen was connected to the digester was not recorded in the
surveys, so a break down of the answers depending on this criteria is not available.

The interviewees were also asked whether they used the toilet connected to the digester. Out
of 27 answers, only one household said that the toilet was not used.

Finally, the interviewees were asked whether they had added any other materials to the
digester, such as corn stalk, leaves, grass, pine needles, compost, etc, or if they had added manure
bought from a neighbour. Only one household answered that it was regularly adding cow manure
provided by a neighbour at the rate of 150 kg per week. All other households said that nothing
else was added but the manure from their own animals.
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Proportion of manure circulated through the digester - Zhaotong
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Through these results it appear clearly that for the 4 households visited in Weining a lesser
proportion of the manure is used for the digester. These findings shall be further supported by
comparing the manure and composting habits of the households in the next sections.

In general in Zhaotong, pig manure is the most fully used for generating methane in the
digester, compared to cow and horse manure. Two explanations can be proposed to explain this
difference:

* the pig pen is generally directly connected with the digester, whether this is less frequent
of the cow pen and horse pen, since these animals are more frequently kept separately on
deep litter.

* cows and horses are often brought away from the farm for grazing. Collecting the manure
to bring back to the farm as stock for the digester is not considered worth by the farmers.

In our interviews, it was not asked whether the users mixed water with the manure added to
the digester, and in which quantity, or whether the pig pen, when directly connected, was flushed
using water. This question of the dilution of the manure ought to be added to further similar
surveys.
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The following plot is an estimation of the daily manure inputs to the digester, in kg. The
values are based on the respondents numbers of animals, their estimated proportion circulated
through the digester, and estimated book values for daily manure production per animal.

Estimated daily manure production
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The interviewees were asked how often and how much bio-slurry they usually take out of
their digester.

The content of these kind of digesters separates naturally by flotation and sedimentation.
Hence, three types of biogas by-products can be distinguished*:

compensation
chamber

inlet
pipe

outlet
pipe

*  The scum floats at the surface of the liquid, and is made of the bulk of fibres and plant
residues, such as stalk and straw. The beneficiaries of ID China's biogas programs usually
remove the scum once a year in January/March. The top lid is opened, the floating crust
is broken and agitated with a wooden pole, and the floating residue is scooped out with a
bucket. This fraction has a wet manure-like fibrous form, with more or less liquid
depending on extraction and storage. Since biogas is called jA< in Chinese, literally

“marsh gas”, this fraction is referred to as jZ&, literally “marsh residue”.

* The sludge are the heavy particles such as sand which settle at the bottom of the tank. It
does not need regular emptying. The beneficiaries rarely empty the digester completely.

* In between these two layers the content is mainly liquid. The height of the outlet tube
leading to the water compensation chamber is built to match this liquid layer, so that the
compensation chamber does usually not suck in the solid particles. The term “bio-slurry”

usually applies to this fraction. It is a black liquid containing few or no solid particles. In
Chinese the liquid fraction is generally referred to as jBi&, literally “marsh liquid”.

2 Bioslurry = brown gold? A review of scientific literature on the co-product of biogas production.

Lennart de Groot, Anne Bogdanski, FAO, 2013. pl.
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Hence, in the interviews it was necessary to make a distinction between the two methods
of emptying of bio-slurry:

» Either the lid is opened to remove a large quantity at once (termed “batch output” in the
interview sheet). As it shall be seen below, the interviewees usually batch-empty once a
year.

*  Or the bio-slurry is taken out without opening the main lid. This was termed “continuous
output” in the interviews since it was assumed that bio-slurry would be taken out with a
regular frequency, such as every week. In the facts, as indicated by the answers of the
interviewees, this type of emptying without opening the main lid can be quite irregular
and spaced in time. Indeed, some interviewees answered that they removed bio-slurry
only every 3 months, or even twice a year. However, since the main lid was not opened,
these answers were still held in the category called “continuous output”.

With hindsight, the categories ought to have rather been called “liquid bio-slurry output” and
“semi-solid bio-slurry output” rather than “batch output” and “continuous output”, and these new
terms will be used in the following sections.

Furthermore, two methods can be used to remove bio-slurry without opening the main lid.
Either the liquid is taken directly from the water chamber by plunging a bucket, or the hand pump
can be used. The hand pump is a plastic tube plunging directly in the digester and equipped with a
hand-driven piston. The material extracted using the hand pump is a liquid bio-slurry rather
similar to the liquid found in the water chamber, but with a few more solid particles.

In Zhaotong, where most digesters are equipped with a hand pump, the answers shows
that the hand pump is not used. Out of 16 respondents, none reported using the hand pump.
Many users even seemed to ignore its proper usage.

In Weining however, the hand pump was widely used, probably because of the different
design of the digesters, in which the hand pump feeds directly one of the water chambers. Hence,
three of the four respondents answered that they used the hand pump, and one household said
they took bio-slurry from the water chamber.
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5.2.1Liquid bio-slurry output

The following plot shows the 12 valid answers arranged by frequency, on the x-axis, and
average amount (per individual bio-slurry output), on the y-axis. The bubble size is proportional
to the estimated daily manure input in the digester, as already presented in the previous section.

Output of liquid bio-slurry

Bubble size represents estimated amount of manure input per day
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Three households (out of 29) said that they do not remove or use bio-slurry at all during
the year, except when they open the digester for seasonal cleaning (see next section). Out of
these, two households said that they leave the water chamber simply overflow, and one throws the
bio-slurry on some nearby trees.
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The interviewees were asked if they do open the main lid of their digester to remove bio-
slurry. The frequency, date of last emptying, quantity removed were asked, as well as the
motivations for emptying. The exact method of emptying were not asked during the discussions.

The interviewees who built their digester in 2011 were not counted in this section, since most
of them had not yet proceeded to the first seasonal opening.

Frequency of opening

Out of the 14 interviewees in Zhaotong, 13 said that they do seasonally open and partially
empty their digester. 12 had opened their digester in the previous spring, and one in the spring
before. Only one respondent said their household had not opened their digester since building in
2010. Almost all respondents said they planned to open the digester once a year.

In Weining, two respondents said that they had opened the digester for partial emptying in the
previous spring, and two said they did not recently open the digester.

Seasonal opening
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Quantity removed

The interviewees were asked to estimate the quantity of bio-slurry that was removed during
the seasonal emptying, compared to the total volume of material in the digester. The total content
of a digester is around 8000 litres.

Proportion of bio-slurry removed - seasonal emptying
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Motivation for emptying

9 respondents said that the need for bio-slurry was their main motivation for opening and
partially emptying the digester. One respondent also said that the gas production had fallen and
that replacing the manure would resume production. One respondent said that he followed the
advise of the biogas technician to open for changing the manure every three years.

Refilling

After the digester has been cleaned of the floating scum, the respondents explained that new
manure is poured in the main chamber as a new substrate. In general, the manure that would have
normally been added to the digester during the opening period is held aside and added at once
when the digester is ready for refilling. Animal bedding from the previous year can also be kept
for this purpose. When the digester is connected directly to the animal pen, the manure or slurry
keeps on flowing to the digester during the opening time. In addition to the new manure, all users
said that they also added water.
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Summary

Throughout the discussions with the biogas users, as well as through observing the habits on
the terrain while moving between the different villages, it became clear that the practises
regarding the opening of the digester and the removing of bio-slurry are very homogeneous
in the whole region studied.

The digester is opened once a year in the spring to match the planting season. In general,
about a half of the content is removed, and sometimes more. This estimation might be quite
imprecise, not only because of the difficulty of evaluating the volumes, but because our question
could have been misunderstood by some respondents as being the proportion of the scum that was
removed. In particular, it is possible that the respondents who answered 100% meant that all the
scum was removed. In practise, digesters are rarely totally emptied unless for dredging the
sludge. It is unclear how often, if at all, the sludge is cleaned from the digesters.

We noticed during our work on the terrain that the digesters can stay open for a quite
extended time during the spring, from about 2 weeks up to 2 months.

The exact quantities and composition of the refilling material was not asked or recorded. The
exact length of time during which the digester stays open before being refilled with manure and
re-sealed was not asked either. The latest version of the survey was adapted to include these
questions.

Despite the answers given, the individual motivations for batch-emptying once a year do
remain somewhat unclear. The relative weight of several factors remain to explain: habit, word of
mouth or imitation of the neighbour; advise or training given by the technician; annual cleaning
of the scum to prevent the clogging of the digester; or interest for the agricultural properties of
bio-slurry.

For information, a couple of experiments done by ID China in 2012 seems to support the
thesis that the annual cleaning if the digester is beneficial to the gas production.

However, during the time that the digester is opened, anaerobic fermentation is likely to carry
on and release methane to the atmosphere. In the context of a carbon project, the opening
duration could be better surveyed to quantify the potential release of methane, which could
partially offset the environmental benefits of the biogas digester and the carbon efficiency of the
project.
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In principle, whatever volume enters the digester through the input must be taken out through
the outlet to keep the level of substrate constant in the digester. This basic rule is always insisted
upon during ID China biogas trainings.

In practise, the level in the digester can be allowed to fluctuate somewhat. In particular, the
digester can be re-sealed in the spring with the liquid at its minimum height, so that a little more
can be stored. The amount of this fluctuation cannot however exceed 1.5m’.

In theory, a fraction of the initial substrate is lost though transformation in methane and
carbon dioxide. However, not more than 25% of the dry matter (DM) is transformed in gas, which
accounts to a maximum reduction of 1.5% of the volume of slurry during the digestion.

The amount of bio-slurry that is theoretically produced per household can therefore be
calculated. In the following charts we assumed a fluctuation of 1.5m’ along the year. These
results do not take into account the quantity of water that is possibly added by the households
together with the manure, as this quantity is unknown.
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12 respondents gave complete answers for both their manure inputs (in the form of their
number of animals and percentage put in the digester) and their manure output (frequency and
quantity). These results can be plotted on an input versus output graph, where in theory they
should be aligned along the diagonal. In the following graph, the further a point from the
diagonal, the less consistent the data for this particular household. When the data point is below
the diagonal, the difference (measured vertically) gives the theoretical amount of leaked bio-
slurry, in other words the wasted liquid which is allowed to flow out of the digester unchecked.
However, it is just as likely that one or several of the four figures collected (number of animals,
proportion of manure put in the digester, frequency or amount of removed bio-slurry) must
present important errors, which can be due either to erroneous figures given by the interviewee,
bad communication between the interviewers and the interviewee, mistaken interpretation by the
interviewers, or translation issues.
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The interviews with the farmers were used as an occasion to also take some routine
measurements on the biogas digesters.

The measurements were taken on a sample of bio-slurry scooped out of the water chamber,
using a Hanna HI98130, a pocket held meter measuring pH, EC (Electrical Conductivity) and
temperature. EC was taken as a side-purpose only, since it is not well knows what relation the
indicator has with the function of the digester or the effective properties of the bio-slurry.

Other measurements done while on the field, although not part of the interviews described in
this document, are also aggregated in this section.
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Summary of all measurements of
bio-slurry from the water chamber
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No clear seasonal or regional pattern appears in the pH measurements. It is likely that
individual management differences amongst households (loading rate and frequency, ...) largely
exceed possible global trends in seasonal management or the effect of seasonal temperature
variations. The median pH is 7.52

The repartition by pH value is shown below.
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Summary of all measurements of
bio-slurry from the water chamber

2012-2013
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Several values were higher than the measuring range of the device (20 mS).

The values for Electrical Conductivity do not show any seasonal or regional trends either. It
shall be noted however that three of the values for Weining are far below normal levels in
Zhaotong, which is certainly a consequence of the different design of the Weining digesters. The
median EC is 16.04 mS.
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6.4 TEMPERATURE

Summary of all measurements of
bio-slurry from the water chamber
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The variations in temperature are very seasonal. No clear geographical difference appears
between different townships.
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In addition to the temperature of the water chamber, a series of temperature measurements
were taken with a Hanna Checkdip-temp, a specific probe that was inserted through the outlet

tube. The protocol for these highly precise temperature measurements (= 0.2°C) involved holding

'

the probe 20cm above the floor of the digester (see following illustration).
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Finally, temperatures from the water chamber and the middle of the digester can be
compared. The following graph includes all temperature measurements as well as sinusoidal
regressions. For the central temperature, data was available on half a year only. Note the smaller
amplitude of the central temperature curve as well as the slight phase shift: the variation in
temperature of the centre of the digester is lower, and is also slightly delayed, reflecting the
higher thermal capacity and the buffering of the surrounding soil.

Summary of 90 temperature measurements of bio-slurry from the water chamber
and 54 measurements of central temperatures of the digesters
2012-2013
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All farmers met in the course of these interviews maintained some sort of manure heap on
which animal bedding, crop residues, raw manure, ashes etc are piled up. The material on these
heaps are eventually brought back to the fields.

Understanding the composition and the life cycle of those heaps is important for a rural biogas
project. Indeed, the manure pile, where the decomposition of the biomass proceeds aerobically,
can be considered a direct competitor of the biogas digester, where the biomass is decomposed
anaerobically and the energy recovered in the form of biogas.

This is not to say that composting and digesting are fundamentally antagonistic. In pure
energy terms of course, every kilogram of manure that is piled on the heap is a kilogram that
could have been used for gas generation instead. However, in agricultural terms, compost and
bio-slurry, the end-products of aerobic and anaerobic decomposition respectively, serve different
uses and purposes on the field. Furthermore, loading/unloading the manure in the digester
represent an increase in work compared to a manure heap, especially because the high water
content of the residue makes its transport more difficult. Finally, the amount of available biomass
can exceed the loading capacity of the digester, so that excess manure still has to be piled.

It is therefore up to every family to make a choice between how much manure is used in the
digester and how much is piled on the heap. Understanding the respective importance of the
aerobic and anaerobic pathways on the farm, and the reasons behind these choices, is a key to
understanding the relation of the users with their biogas system. In particular, distinguishing the
part of rationality in the choices of using the biomass in the digester or not (limited workforce,
transport issues, availability of other cheap fuels, seasonal need for bio-slurry, ..) from the non-
rational part (unawareness, lack of training in the use of the digester, sticking to old habits, ...) is
essential to guide the policy of a biogas program.

Besides, this survey intended to examine the availability of biomass that could be used for co-
composting bio-slurry. Since bio-slurry is produced continuously throughout the year, mixing the
outlet with dry biomass on a compost would be a way to buffer the slurry until it is used for the
next planting season. The answers below will help to assess whether bio-slurry could be added on
the manure/compost heaps.
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When farmers take the leap to biogas and build their first digester, their bedding system
changes accordingly.

In the traditional system in use in the region, pigs are either kept on bedding (crop or forest
residue is added progressively throughout the year in the animal pen, until the whole pen is
emptied at once), or on bare floor, in which case the slurry or the manure is evacuated from the
animal pen through a hole and flows into a slurry pit.

When farmers switch to a biodigester, litter is not used any more, so that the slurry/manure
can flow into (or be transferred to) the digester. However, the answers below show that many

respondents still use deep litter systems for the cows and horses, and even sometimes for the pigs

(in Weining).
Pig litter (25 respondents)

012345678 91011121314151617 181920212223 24 25

No litter - concrete floor
Corn stalk m——
Corn stak and pine needles

Number of households

Cow litter (18 respondents)

0 1 2 3 4 5 6 7 8 9

No litter - concrete floor
Corn stalk I
Corn stak and pine needles
Deep litter, but manure only IEEEE————

Number of households

Horse litter (8 respondents)

0 1 2 3 4

No litter - concrete floor
Corn stalk I

Corn stak and pine needles
Grass I

Number of households

The answers vary strongly from one village to another. In particular, pine needle was only
used in Baisha and Xinqgiao, which have access to small forests. In Weining, all four respondents
still kept some of their pigs on litter, while in Zhaotong on the contrary, none used litter for the
pigs. Finally, in Xialongdong, very little litter is used, the cows are therefore kept in their own
manure, sometimes as much as knee-deep.
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All respondents kept a manure heap. None used a pit for keeping the manure or compost. The
following materials were piled on the manure heap:

Composition of manure heap (22 respondents)

o 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Animal litter
Comn stalks
Pine needles
Pig slurry I
Liquid bio-slurry I —
Solid bio-slurry I
Grass Imm———

Superphosphate fertiliser I ——

Urea fertiliser
Tobacco leaves
Fire ashes I

Number of households

For most respondents, the manure heap cycle follows the following pattern:

Starting from April, a new heap is initiated. During the warmer months, the cows and/or
horses are tethered outside the house during the day, either directly on, or next to the
manure heap. Manure as well as refuse feed (incl. corn stalk) therefore add to the heap.
Ashes from the fire are also thrown on the heap.

At some time between December and March, the cow/horse pen is emptied: the litter is
taken out and piled on the heap. The litter is left at least one month to further decompose
(anaerobic composting), which generates quite some heat (temperatures up to 40°C are
common). The main reasons for this composting step are to further mature the compost,
as well as dry the material for an easier transport.

The digester is opened in February or March. The scum is scooped out. Some farmers
choose to bring the scum separately to the field; some scoop the scum onto the manure
heap, so that manure/litter and bio-slurry get mixed together

At this stage, just before transport to the field, some farmers add superphosphate
fertiliser. Several bags of 50kg are usually used per heap.

In March or April, the heap is finally transported to the field, either on an ox-driven cart,
on horse back or with a tractor.
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The next series of questions investigated how the content of the manure heap was used on the
field, on which crops, and how it was exactly applied to the soil.

The answers were extremely consistent amongst the different villages and agriculture systems.

At a large majority, the interviewees answered that they use the FYM on all their crops (corn,
potato, tobacco, apple trees, peppers,..). In Jingan, although corn and potato are grown
intercropped, the FYM was preferentially applied on the potato.

The FYM is always used for planting solely, and is usually transported to the field in advance
of the chosen planting period. For corn and potato, the FYM is transported to the field between
February and March, for tobacco a month later.

The method of application is very consistent amongst villages and crops. 24 respondents
out of 26 said that they applied the FYM in the planting hole, and only 2 said that they
applied the FYM to the whole surface of the field before incorporating it in the soil.

The application method in the planting hole is as follows. After the field surface has been
tilled and prepared, holes are dug with a hoe. Each hole receives a handful of manure. The seeds
are then placed, as well as the mineral fertilisers, but taking care that there is no contact between
the two latter. The holes are then closed with the hoe.

*  Farm Yard Manure: a mixture made principally of animal manure and crop residue or animal bedding
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When the main lid of the digester is opened for annual or biennial cleaning, the removed
material is used as a crop fertiliser and soil conditioner by all interviewees. The bio-slurry may
transit for a little time on the household manure heap or be piled on its own, but the material is
always used on the field in the same year.

Crops on which semi-solid bio-slurry is used in the spring for planting
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Corn (out of 14 answers)
Potato (out of 14 answers) NN
Tobacco (out of 1 answer) Bl

Number of households

8 respondents out of 16 said that they mixed the bio-slurry with the FYM before applying to
the field. Out of these, 6 mixed the materials at the farm on the manure heap, and 2 after transport
to the field. See previous section for how the FYM/bio-slurry mixture is applied to the soil.

The other 8 respondents are applying the bio-slurry and the FYM separately. All said that they
apply the semi-solid bio-slurry directly in the planting hole, as is done with FYM (see previous
section). However, compared to FYM, half of the respondents growing both corn and potato
applied bio-slurry on corn only, while not on potato (4 out of 8), while the other half applied on
both corn and potato, and none applied on potato only.
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No respondent answered that the bio-slurry was unused or thrown away.

The following chart shows the different pathways for FYM and bio-slurry, out of 16 complete
valid answers (tobacco has been omitted).
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18 respondents out of 22 said that they removed liquid bio-slurry during the year. Unlike
the semi-solid bio-slurry, used only once a year, the uses of this liquid bio-slurry are very
diverse, depending on the individual households. Many different answers were given, which are
summarised in the following sections.

When the bio-slurry was not thrown away, its only use amongst the interviewees was for
fertilisation. None of the respondents did use bio-slurry as a pesticide, or in spraying, neither for
seed soaking or for animal feeding. It is also common for liquid bio-slurry to be poured on the
manure pile, especially out of growing season.

Uses of liquid bio-slurry (22 respondents)

Thrown away 1
Left to overflow 3

On manure pile only 1

Fertilisation only 12

Fertilisation, also poured on manure pile 5
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Crops on which liquid bio-slurry is used (out of 17 respondents)

o

1 2 3 4 5 6 7 8 9 10

Corn
Potato ——
Tobacco I———
Fruit trees I
Aubergine (eggplant) I
Pepper (chilli) I——
Tomato I
Cabbage mm——
Garlic I
Diverse vegetables (home consumption)

Number of households

Aubergine, pepper, tomato, cabbage, garlic and other vegetables (last 6 categories above) are
all vegetables grown in small quantities around the house for personal consumption. Therefore,
these 6 answers correspond to the use of bio-slurry on the house vegetable plot. 8 respondents out
of 17 gave at least an answer in the “vegetable plot” category, in other words about half the
interviewees use liquid bio-slurry from the water chamber on their vegetable plot. Usually, a
family's vegetable plot is located directly next to the house. More generally, because of transport
difficulties, the liquid bio-slurry is used in proximity of the house, on the nearest available fields.

Application method of liquid bio-slurry (17 respondents)

Dug in hole with seed 1
Whole surface, incorporated 2

Around trees, no incorporation 1
side-dressed, no digging or incorporation 8

Side-dressed, dug in hole 5
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As can be seen in the pie chart above, the most common method of providing the liquid
bio-slurry to the crops is through side-dressing. In other words, the liquid is poured on the soil
around the base of the plants, rather than applied indiscriminately on the whole surface of the
field, such as if preparing the plot for planting. This is an expected observation, since the crop is
already established and growing when the liquid bio-slurry is used throughout the year, by
opposition to the use of semi-solid bio-slurry for planting a new crop.

Two options of side-dressing are found. In the first one (8 respondents), the bio-slurry is not
incorporated, but is simply left to infiltrate in the soil. In the second option, a hole is first dug
close to the crop to fertilise, to retain the bio-slurry and direct the infiltration. Once the bio-slurry
has been poured, or after it has infiltrated, the hole is usually filled back with soil.

Two respondents said that they distribute the bio-slurry on the whole surface of the field.
However, because of the difficulty in the interviews to properly explain and picture the method
without a practical demonstration on the field, these explanations could effectively also point at a
side-dressing method, especially if the crop density is very high.

Obviously, there are a few months during which no crop can be grown in the climate of
northern Yunnan. Some garden vegetables such as cabbage can be grown until late Autumn,
however between December and March approximately, the bio-slurry cannot be used for the
fertilisation of any crop. It is possible that some farmers continue to fertilise the soil even once
the crop is gone, but this question has not been precisely discussed or investigated.

It is common to dilute the liquid bio-slurry with water before application, to avoid risks of
burning the crop with too concentrated amounts of minerals. 8 respondents said that they diluted
the bio-slurry with water:

Dilution of liquid bio-slurry (17 respondents)

1 part bio-slurry to three parts water 3

Not diluted 9

1 part bio-slurry to one part water 5
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The most difficult challenge of the interviews has undoubtedly been to evaluate the amount of
fertilisers used by the farmers on their different crops.

Obtaining such figures involves patient enquiry into the memory of the farmers. To make sure
which exact type of fertiliser had been used, we asked the respondents to show us the empty bags.
To verify carefully the type of fertilisers, every figure had to be double-checked in a discussion
with the farmer. Quantities were given by memory, in general in kg per mu. In general, the
interviewees could remember the figures straightforwardly, so there is a fair chance that the
answers are in general reliable although rarely precise.

Given the variety of types of fertilisers used on the terrain, all combinations cannot be
presented here. Instead, the following illustrations show the equivalent total input of the three
basic plant nutrients nitrogen (N), phosphorus (in equivalent P,Os) and potassium (in equivalent
K,0). The methodology to calculate these total inputs is simple:

» for mineral fertilisers: the quantities are multiplied by the respective proportions of the
nutrients in the given fertilisers (information given on the bags, also available in standard
tables for the most common fertilisers). For urea, the quantity of nitrogen has been
slashed down by 30% to account for ammonia volatilisation which is common with this
fertiliser. Otherwise, no availability factor has been applied for all other fertilisers.

» for FYM: the quantities have been inferred according to the number of animals given by
the respondents, so as to obtain yearly manure productions, multiplied by the proportion
of manure not put in the digester, and multiplied by standard proportions of N,P,K in the
manure. The result is further multiplied by an availability factor.

*  for bio-slurry: the amounts of bio-slurry taken out of the digester, as answered by the
respondents, have been used, then multiplied by standard proportions of N,P,K in the bio-
slurry, and by an availability factor. The NPK values are based on an average of
laboratory analysis done by ID China on 8 samples of bio-slurry in 2012. Both the liquid
bio-slurry from the water chamber and the semi-solid bio-slurry from the annual cleaning
have been taken into account, and slightly different NPK values apply to both, according
to the lab analysis.

* the application rates of FYM and bio-slurry per unit of surface have been deducted from
the answers of the interviewees about which crops the FYM/bio-slurry was used on; the
total quantities were divided by the field surface of the specific crops

» for ashes: when the respondent answered that the ashes were thrown on the manure pile,
the nutrient quantity and total amount were estimated using ID China average household
energy data, and an estimated proportion of NPK in wood or coal ashes. The rate per mu
was calculated proportionally to the FYM application rate.
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Urea and superphosphate are the common fertilisers, used by almost every farmer. Potash is
used less frequently. About a third of the farmers also use specific compound formulations.

About a half of all the fertilisers are provided at planting time and directly dug in the planting
hole. The other half is top-dressed, either at once, or in two steps, between May and July.
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In these graphs, each interviewee is represented by a bar. The first bar, termed “SP2”, is
the average value given by Frangois Sorba in his report “Agrarian Diagnosis in ShenJiaGou”
(2010).

The “Defra” bar represents the quantities of fertilisers as recommended by the Department for
Environment, Food and Rural Affairs (Defra) in the United Kingdom, as published in “RB209 —
Fertiliser manual”, while the “Fertilisation station” bar shows the quantities recommended by the
governmental fertilisation station of Zhaotong prefecture.

All quantities are represented as if the crop was grown alone, although it is actually
intercropped. Phosphorus is reported in kg of equivalent P,Os and potassium in equivalent K,O.

-49-



As with corn, urea and superphosphate are the common fertilisers, used by almost every

farmer. Potash is used by about half the respondents. Compound formulations are more rarely

used for potato.

Most of the interviewees did only fertilise at planting time, without later top-dressing. The 2
respondents who top-dressed on the potatoes did so with urea in May or June.

Altogether, the general impression is that the farmers are more relaxed on the potato

fertilisation compared to the corn. Corn is given more attention regarding fertiliser type, timing

and quantity.
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It could be imagined to use all of the liquid bio-slurry produced during the year to fertilise a
vegetable plot close to the house, which would suppress the need for transport. What would the
size of this plot need to be to optimally fit the amount of nutrients provided by the bio-slurry?

The following theoretical simulation supposes that three rotations of vegetables such as
cabbage are planted on the same plot around the year. This would require 38kg N, 19 kg P,Os and
38kg K,O per mu. At planting time, 0.5 t/mu of manure and 0.5 t/mu of solid bio-slurry
would be applied, like for the rest of the fields. The rest of the plant nutrients would be provided
by the regular output of the digester (fertilisation once a week). On a nitrogen basis, a total of 21
t/mu of liquid bio-slurry would be needed throughout the season to meet the requirement for the
three rotations.

According to the number of animals kept by the household, the ideal size of the vegetable
patch would be as follows:

Number of Output of bio- Surface of Corresponding

animals slurry per week | vegetable plot | to a square of
(buckets of 251) (mu) & ____metres side

2 pigs 5 0.2 11

4 pigs 8 0.35 14

2 pigs and 1 cow 16 0.6 20

4 pigs and 1 cow 19 0.75 22

2 cows 23 0.9 24

The simulation, which is based on nitrogen requirements, shows that the requirement in
potassium would also be met optimally. However, most of the phosphorus (17kg/mu) would need
to be supplemented.

-51-



A quick look at the bar graphs above will reveal at least two obvious conclusions.

Firstly, the bio-slurry is only a minor contribution to the global fertility balance. In certain
cases, bio-slurry has a noticeable contribution in potassium, up to 20%. However, its
contribution in nitrogen and phosphorus is generally insignificant. This is not to say that bio-
slurry is necessarily ineffective. Indeed, the bio-slurry can potentially have beneficial effects on
plant health and growth through other substances that it carries, such as micro-elements or
biologically active elements (research carried out so throughout the world far has not come to
definitive conclusions so far). However, on the base of pure nutrient supply, bio-slurry does not
bring significant amounts.

Of course, the amount of nutrient provided by bio-slurry is the product of its content (amounts
of nutrients per litre*) by its application rate. Hence, by increasing the quantity applied on each
square meter, the crop nutrient need could theoretically be met. However, in the scope of a rural
biogas program, this argument is pointless, since both the surface of land per family, and the
yearly availability of bio-slurry, are fixed. As we have seen above, the median cropped surface
per family is 5 mu, while the median yearly bio-slurry production is around 7 ton. Hence,
application rates above 1.4 ton/mu are not realistic. All application rates illustrated in the bar
graphs above are between 0.3 and 1.4 ton/mu.

However, the bio-slurry could potentially be reserved for a restricted surface such as a
vegetable plot, while the other fields would receive none. Theoretical calculations shown above
predict that vegetables plots comprised between 0.2 and 0.9 mu (depending on number of
animals) could be maintained this way, if phosphorus is supplemented.

The second conclusion concerns the overall levels of fertilisation. Although important
variations exist amongst the respondents, the following comparisons can be highlighted:

* innitrogen, the respondents apply at least the recommended amount by the fertilisation
station, and often more (or a lot more, up to 300%)

* in phosphorus, most apply less than recommended by the fertilisation station, although
some apply a lot more

* in potassium, the results are more mixed, some respondents being below and some above
the recommendation

Furthermore, as it can be seen, there are very important discrepancies between the theoretical
recommendations given by the fertilisation station on one side, and by DEFRA on the other.
These differences are particularly important for nitrogen. In general in fertiliser science, it is safer
to use recommendations tailored for the local soil and climate. Hence, the UK values might not
reflect particular conditions of this region of China, such as high soil infiltration rates, higher

4 The values that we used are based on the laboratory analysis of our own samples, and these values

correspond roughly with most values found in the scientific literature.
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summer precipitation, leading to increased leaching of nutrients. However, the important
differences in recommendations should be questioned and could be researched further.

In either case, whether taking the conservative values of the fertilisation station, or the lower
ones by DEFRA, given the results above, and supposing that the answers given were reasonably
corresponding to the reality, there is a high suspicion that most households do apply more
fertilisers than needed. In many instances, the quantities applied seem several times too high.
During our interviews with the farmers, our general impression was that the fertilisers inputs were
not made with rigorous or scientific method. The recommendations on the bag were only
followed by a few respondents. It may well be that families who have higher income (because of
family members sending money from town) will increasingly spend this money on fertilisers,
betting that their productivity will keep on increasing in proportion. However, at the current
levels of fertilisation, increasing the fertiliser inputs is not likely to further increase the
yields, and the excessive fertiliser is wasted. Hence, there is in the region a potential for a study
or program aiming at a reasonable use of fertilisers, which would both benefit the farmer's
incomes and address potential environmental pollution.
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Considering the transport issues is fundamental in understanding the local agriculture. In
particular, the choice to use the bio-slurry or to dismiss it may be strongly linked to the
difficulties in transporting the liquid or semi-liquid material to the field.

Therefore, the last set of questions focused in details on the available means of transport for
FYM and bio-slurry between the farm and the field, as well as on the availability of water, which
is both needed for agriculture, for filling the digester and for household consumption.

Each interviewee was asked how close its nearest field is from the house (excluding the home
vegetable plot), and how far the furthest.

Distance between house and field
12

10

Furthest field
m Closest field

L IIII- i = IIIIII

When no “closest field” bar appears (no blue bar), then the answer of the interviewee was that
the closest field is just next to the house.

All townships considered, the median closest field distance is 150m while the median furthest
field distance is 2km.
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Different transport methods are used in the region, ranging from direct transport by hand
(usually using a shoulder pole) to animal transport (either by ox-driven cart or on horse back,
which is equipped with a packsaddle) to mechanical transport by tractor. The answers of the
interviewees are presented below.

Transport of bio-slurry (17 respondents) Transport of FYM (17 respondents)

By hand 3

Horse and packsaddle 4 By hand 3 Horse and packsaddle 6

Tractor 5
Tractor 2

Ox-driven cart 3 Three wheel bicycle 2 Ox-driven cart 7 Three wheel bicycle 2

As it was pointed out by some farmers, the different forms of transport are not strictly
exclusive. For example, the manure can be transported to the proximity of the field with the ox
cart, but the last portion of the trip may have to be done by hand. Hence, the “by hand” answers
above mean that no other mean of transport but hand has been used by these respondents.

The local tractors are generally of the smallest dimension, without cabin neither front bucket,
but can tow a cart or small trailer. The tractor can sometimes be hired from a neighbour.

For transporting bio-slurry that is very liquid, at least two different systems are found. Some
farmers use a closed metal container, resembling a milk tank, which has a capacity of several
hundred litres. Some others line their cart with a plastic sheet, providing that the cart is equipped
with boards on all sides. This system is said to work well and to efficiently prevent leaks.

Clear differences can be observed between villages. In particular, in Shenjiagou, a village
lacking concrete roads and where many fields are situated on steep hill slopes, no tractors are
used, and ox carts are rare. Instead, the transport is done by horse on the slopes. This probably
explains why a higher proportion of farmers in Shenjiagou keep one or two horses compared to
other villages. In townships with a flat topography such as Jingan, Xialongdong and Niupeng,
horses are rare or absent, while ox carts and tractors are widely used.
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The total workload for the transport of the manure and bio-slurry to the field can be estimated
by asking how many round trips are necessary each year to bring the totality of the material to the
field. This question was relatively easy to answer quantitatively by the farmers, however only 8
valid answers were recorded:

Method Answers
Horse and Several days 6 round trips
packsaddle
Ox cart 5 round trips 20 round trips
Three wheels 10 round trips
bicycle
Tractor 2 round trips 8 round trips
By hand 80 round trips — 1 week

Transport of water (22 respondents)

Horse and packsaddle 1 By hand 2
Ox-driven cart 4

Tractor 2

Tap/pipe 13

Important differences are found in the availability of water between villages, even within the
same township. Indeed, the local topography (valley or plateau) is a main parameter. In one
village amongst the survey, Baisha, the water supply is an issue. Many residents do not have a
pipe flowing to their home, while water is also lacking for agriculture.

The answer above does not make a clear distinction between domestic and agricultural water
supply, as ought to have been done, since our questions were not specific.

For agriculture purposes, the water is often pumped from a nearby river using a petrol-driven
portable water pump (similar to a small generator, but pumping water instead of generating
electricity). These pumps seem to supply water up to heads of several dozen meters. In some
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villages, in particular Hongjiaying and Zhongying, an extensive network of water channels
have been built by the government. These channels can be used as a source for the water
pumps mentioned above.

Water can also be delivered by truck. Large plastic “balloons” are used for holding the liquid.

The water supply, soil and topography are only adequate for rice paddies in small and specific
part of Jingan and Sayu.

The interviewees were asked to subjectively estimate whether they found the water access to
be “rather easy” or “rather difficult”, both in the winter and in the summer.

Water access - summer Water access - winter

Rather difficult 3 Rather difficult 6

Rather easy 22 Rather easy 19

Amongst the beneficiaries that found water access “rather difficult”, 5 were located in Baisha
and 1 in Xingiao.
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To better reflect how the survey results have contributed to shape answers to pending
questions, this conclusion shall be presented in the form of questions and answers.

There is a clear impact of the type and size of the agriculture of a household on the inputs of
the digester. The more land available, the more animals the family keeps, and the more manure is
fed to the digester. Otherwise, the type of agriculture, or the type of crops grown, does not seems
to influence significantly how the digester is emptied, or how the bio-slurry is used. Bio-slurry is
used on whatever crop is available.

The presence of a biodigester in the family, compared to the traditional system without a
digester, only impacts little on the agriculture. First of all, the fertilisation potential of the bio-
slurry is very limited in comparison to the level of mineral fertilisers used by most farmers.
Secondly, the scum (=solid bio-slurry removed from the digester once a year) is used in a way
absolutely similar to the normal animal manure, and is often actually incorporated to the manure
heap. Although bio-slurry is known to have its nutrients in a more available form compared to
traditional manure, there is therefore probably no significant fertility impact to expect from the
use of bio-slurry.

The bio-slurry is generally well used. All beneficiaries remove the scum once a year and use it
in an appropriate way, similar to the traditional manure. Furthermore, a majority of the
beneficiaires do use the liquid output during the year. When it is used, this liquid is used in the
best possible way, since it is used directly, and left to infiltrate the soil.

Most beneficiaries seem well aware of the agricultural value of the bio-slurry. Even when the
liquid bio-slurry is not used, it is generally not because of lack of awareness, but rather because
the work is excessive. This should come as no surprise, since the bio-slurry is easily assimilated
to traditional manure, which benefits are well perceived.

The habits amongst the households are surprisingly homogeneous. Almost every household
follows the same method for emptying the biodigester and applying the bio-slurry on the fields.
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The main obstacles in using the liquid output, as perceived by the beneficiaries, is the difficult
transport. Indeed, bio-slurry is not only liquid, but also more heavy because of its water content.

Furthermore, a main constraint is the seasonality. Liquid needs to be removed from the
digester all year round, however during 5 months of the year, no plants are available which could
be fertilised with the liquid. A solution adopted by some households is to pour the liquid on the
manure heap, which is a good solution as long as some absorbing biomass such as corn stalks or
pine needles are available.

Since the traditional system also involves either cleaning the animal pen into a slurry pit
(which is basically equivalent to a digester), piling up the manure outside on a heap, or keeping
the animals on bedding which has to be cleared in the spring, a great amount of the workload is
common to both systems. The only significant differences are in the transport of the liquid output
of the digester. Since water is added to the digester for dilution, the effort for transport is
increased. However, the liquid bio-slurry is rarely used far away from the digester.

Mineral fertilisers are used by every household in the region. The quantities used are
definitely on the high end, with a suspicion that most farmers do overfertilise.

The continued existence of a manure pile is in itself a proof that not all available biomass is
circulated through the digester. However, in Zhaotong the manure pile is always from the cow or
the horse, and has a high proportion of corn stalk, pine needle, or other bedding. It is not yet clear
if it is reasonable to circulate this material through the digester, since it may lead to excessive
scum and eventual clogging, as reported by some farmers. Specific trials could be conducted with
households to test this possibility.

In Zhaotong, all pig slurry is fed to the digester, so it can be said that this potential is
maximised. However in Weining, in our limited sample only a fraction of the pig slurry seems to
be circulated through the digester. Contrary to Zhaotong, about half the pigs are still kept on
bedding, and their slurry is not circulated through the digester. It is not yet clear whether this is
linked to local farming habits or to the different design of the digesters. The farmers explained
that it is due to a lack of space in the digester, which is overflowing. This could motivate training
initiatives to encourage the farmers to use more bio-slurry or remove the scum more regularly.
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To summarise, in Zhaotong there could be a potential (to confirm) for more gas production
under optimised manure management (+ 20% gas?), and a very clear potential in Weining (+
50%7).

If the fertilisation of the plants was to depend solely on the bio-slurry and manure, the nutrient
input would be divided by a factor of at least 10 (at equivalent surface). This would lead to a
sharp drop in yields.

However, if bio-slurry is used for the exclusive fertilisation of a vegetable plot, calculations
show that the plot could be optimally between 0.2 and 0.9 mu according to the number of
animals. Bio-slurry would provide all the nitrogen and potassium, while most phosphorus should
ideally be supplemented. This possibility is the most interesting for a rational use of the bio-slurry
and for limiting the transport, and is already put in practise by some beneficiaries.
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TR, ARFEEHN BT L , T—F+8 5 PNARKRHY , REBRIREEDT
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EHEAE, —LR PR — RN A AR IEIBRIEE PAMEGHEICIARAER M £, a0 RAE
KRR — LN FOKFEFT. MSTERIRBEBEIT AR |, X{EE —MTFHNRRINE.

TEHBSAZERTERFBRAEZSTHAE ?

RAEEREN FECHEEER , BREFRAERF. RS TEst. 2
EREEEFINER—H., SBEEERER LTE  BAEESYHHMMTEE, L, TeEE
SHUEC R EIRIBR AR EFTEARETNNTAN. E—RERX M EEERMZH L.
FHBRFEEIZFIK , BT SHAMRE. M |, B8R ATEE R MREAM T
HIFA.

T EFEAWIED ?

X—HX R FEMERMIE. WERERERS  BIEHEHKIERGFE.

BRMEENFERARNMT ? RAERT ZDBKBHATTERNEH ?

IR PN FES N FAMEREHICRE | R AFIRBEAFRAE BRI =4K ]
RAEMR, ERE |, E5PSMERERRERE kKB4 EE |, HBE LA ERFEF.
W5, MNEEEREMER, RIENERERIBBREAFAXLEMELEEEIE |, 1RIE
—LeR PRIIRE | IR IRAXUEM R ASTET ZHIAE |, REUEEERRM. TS
R PEVES TR SR IE L AT REME .

ERE , TIERNEFESRAREEIRA T IBMSHTRMF A, AMERTIITBRK
WEHAS , RE—BaRNEEBTIENEREAFA. SBEMR , KA—FREEES
KEBRRF , ENNEERFELIEMHEAFIA. RINERNBEEXE SR PSR
X, CEREBRMNARRRITHER. RABEN , EABSRNRZTE |, HEFRASE
HAMEREL . FRATAT VR kSR PR L ithE RIBAIAR | SREM BRI BT

B2, MRKRFANEFEHITRRRITNEE  £08 , BKBKIBREseB I m
20% , FEBTREBIEA 50%.

MREHHCERERSERE?

MRS RIEDVTEIET SR EBRIBRIEFHG |, BAEFTEAHRALRLD , WM
RBRIEMN &,

SR, MRIBEIBRIEAE—REREHETSME | (TR |, —EEREEXEMETK
JBAEIBMRETCH 0.2 E 0.9 mtitfe. AAIBREEBIRIERIEMEK FTENMB TN |
EB FEE Y ANTERIE, MBI ATIET , — R ERE TN FIRIBAEE
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Vijla] &Surveyors :
Bio-slurry usage and agriculture survey

BHENESR (RIPAFRFE)

Respondent's Name (better to be family

leader): ilalHAA(Date) : 20 £F year A Month H Day
& Male % Female

Vil s Address : #h[X District tR/Z Town A Village %A Group = plate N
BRYRS biogas tank number : HiES4S Telephone number :

R &k PEA(SE IDENTIFICATION OF THE BENEFICIARY & GENERAL DATA

FPE#®L (BIFBREL) Household Name (biogas | RFPFHEXEJLOAIZLR : Average Daily Number of people eating in the

application name) : household : A% AAdults /INZChildren (FRBRA18%)
it A 24 FIELDS AND CROPS

e R BT

Surface / # Crops or rotation
FRITPESE Nearest field: FK km FRILFEE Furthest field: FK km

TI3EAA A4S SOIL AND SLURRY CHARACTERISTICS

O »ht sand 0O %&b+ loamy sand O WEkEL sandy clay loam O #53E+ clay loam
O ¥WEhEL silty clay loam

00 #4%E sandy loam O W4t loam O ##P3EL silt loam O #FksL sandy clay O #5L clay O # Bk L silty clay

HIEPH{EO.OLM&E A E5: AR epHE EHERIEEEYESE
Soil pH 0.01 M CaCl2: Bio-slurry pH: Bio-slurry dry matter content: %

BH (REMREHO) ANIMAL HUSBANDRY (count the adults only)

) Animal # | MEFMIZT4? Diet BB FERNBRMHKERZ DInput in BGT
Grazing #AE How much | #5i& How often

HPigs YO NSO O % Xdays
“4Cows YRO NEO O % Xdays
OHorses YR2O NEO O % Xdays
YRO NEO O % Xdays

YO NEO O % Xdays

KRS EE I A\ BIOGAS TANK INPUT

I fr{E B B 58S thAR%EdE Toilet used and connected to BGT? 0 & yes O % no

HabRmEES b s = ¥ OTHER MANURES OR MATERIALS ADDED TO THE BIOGAS TANK

BHMRIFIZ (AT B EE SVRMBIEAAR) Type of organic material Y& (FoRAST) | ik Gy
Quantity (m3 or jin) | Price When

GEAMREREFENRES , B4 JLAL Proportion of food self-sufficiency (household food): %

SR BRI AT , BC4™1E JLEK Proportion of food self-sufficiency (animal feed): %
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1 - JkEEHi ¥ CONTINUOUS BGT OUTPUT, FROM: O X7k EE WATER CHAMBER [ i F 3R HAND PUMP

8 Quantity: frjin % KKfEEX—IX taken out every (frequency, days) ($Z , X¥)
O BRBAEREHAREY L fertilisation, on the crop(s):
A% Use:
B AR Dilution: O Rvyes: btk (GBRIBAE : k) rate _ vol bio-slurry :_ vol H,0 O #&no
BESWIERE Mixed with fertiliser? 0O 2vyes: O &no
43843 Localisation: O Btk whole surface O FFF—H2E A\ with seed
O 24 , 4 furrow/side-dressed O
1izFA = Method of application: [ j#EX_t left on surface O #L3ERE incorporated
O ZERIEMFEEIZHEEA dug in hole O BAERIEYL spraying
O #E#EBE_E on compost O E3E#4 thrown away O Hfth other:

2 - BihiEIR ¥ BATCH BGT OUTPUT

Month(s) when the tank is usually emptied: 1 2 3 4 5 6 7 18 9 1011 12

B TESHZ% > How much is emptied: % BABFFLEE Lid opened? ORyes O&no
#uk A Reason for emptying: O &/ BS=H no gas production O FE/ARIBE need for bio-slurry

O Hfts, #58A other, please specify:

O BRBEREMMAKREY L fertilisation, on the crop(s):
i Use: R &R Dilution: 0O 2 yes: tkfl GABIAAE : k) rate __ vol bio-slurry :___ vol H,0 O &no
EB5WIERA Mixed with fertiliser? O 2vyes: O &no
AR Localisation: O E3Rith3RE whole surface O MFF—HIEA with seed
0O %%, j4 furrow/side-dressed O
izFA = Method of application: [J ji#EL_t left on surface O fMt1ERE incorporated
O EREEBEIZHUEA dug in hole O BFEREH)E spraying
O #E#EBE_E on compost 0O H#EE thrown away 0O Hfts other:

3 - B E #H#E REFILLING

TBRHEFERIK B 4 Month(s) when the tank is refilled: 1 2 3 (4 5 6 7.8 9 10 11 12
B R R E R R LR (BRIBFFEMETEK E) How long does BGT stay opened (emptying -> restarting)? X days
BEHHEMBMOYE Refilling materials: ¥E Quantity {THf 70 When
1 - Jk Water 1

2- Frjin

3- F jin

4 Lyt BEDDING COMPOSITION

A AR A Cow bedding composition: [0 EXF&FF Corn stalks [ ¥A%t Pine needles O

AR OIS Horse bedding composition: [ Ek#FF Corn stalks O #%t Pine needles O

#fE COMPOST OR MANURE HEAP

WINEMIE (BIEHAE) Material added including fertiliser(s) Quantity (m3) | When
4, D¥EE TEMHERTE FKFEFF Mgt BE (FAK) | BN

O Cow/horse litter/manure [ Bio-slurry I/s [0 Corn stalks [ Pine needles

[0 Cow/horse litter/manure [J Bio-slurry I/s [ Corn stalks [ Pine needles

0 Cow/horse litter/manure [J Bio-slurry I/s [J Corn stalks [J Pine needles

0 Cow/horse litter/manure [] Bio-slurry I/s [J Corn stalks [J Pine needles

Oo/o|ojo|a

O Cow/horse litter/manure [ Bio-slurry I/s [0 Corn stalks [ Pine needles
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HEIEMEFE K A% COMPOST OR MANURE USE

B4R IEY L Used on crop(s):

Z{EAH{E AR B ¥ Taken to the fields in (month)

L IBHL A Localisation: [ E3ih whole surface 0O FFpF—i23B A with seed
O &4, M4 furrow/side-dressed O
1zA7A I Method of application: O M#ELE left on surface O AMITIERE incorporated [O EREMEAREIZHIEA dug in hole

KRB & ASHES

1%} Fuel sources: O A# wood O RAEZH) agricultural residue O HEakE B coal/lignite
X7k Ashes: O FHEREIR A mixed with compost 0O E#EP54 thrown away O
RIEMFEIEIE R FERTILISATION AND MANURING
R4 Crop BB , ZEBE , HEAE Fertiliser / manure / compost ¥E Amount A HEAE When
/ muE
/ muE
/ muE
/ muE
/ muE
/ mus
/ muE
/ muE
WXL IEA A How is the fertiliser choice determined?
Rt A XEE{FE AR How is the fertiliser rate determined?
R EFHFIFAER PLANT RESIDUE
Fh2 What ¥ Usage {AB{EA When
O EKMHF1FEFF Corn leaves/stalk
00 £E&M Potato leaves
O SHaZFF Bean leaves/stalks
O
O
RIEDEK —BIER CROPS
T Seeds P& Yield S tkfProportion of
RAEH Crop 1EHFIfAReused | MXBought R ERRE Reason for seed choice marketed harvest
- . e %
i . /5 %
N . 5 %
. - Frie %
REMAUERIE A PLANT HEALTH
KA Crop EHhFHERK Pest or disease AT &4 When REFE Severity

O ®light [J & severe

O #light [ & severe

O ®light [0 E severe

O ®light [J & severe
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a1 {E FA1E I PESTICIDES

R{EH) Crop fEARIRRT] Pesticide used = Amount {TBF{E A When
/ muE
/ muE
/ mu
/ muE
iE¥i 773 TRANSPORT oK 4. DI B, AR FIT
JB# Bio-slurry [ horse and packsaddle [J cow/horse and cart [J tractor own/hired [ by hand O
HERE Compost O horse and packsaddle [ cow/horse and cart [J tractor own/hired [ by hand O
[ horse and packsaddle [ cow/horse and cart [J tap/pipe O by hand O

7K Water

BEREMHEAREE BRI BER B EZL # How many trips needed to bring the compost and/or bio-slurry to the fields?

Husk %1 ACCESS TO WATER

5= Summer [ f&#2 rather easy

O B3 rather difficult

&= Winter O & rather easy

O B rather difficult

KBRS RAE ZIT How far is the water source from the farm?

RSB IB R F A iE L BENEFICIARY'S IMPRESSIONS

BRI R GRS BGT/biogas system has following advantages / disadvantages

{£ R ADVANTAGES

f# = DISADVANTAGES

VA R %M%51%4 80 GENERAL COMMENTS & ADDITIONAL INFORMATION

REPNENLUZSEH 4L E FTaE4 B E| K HE¥ BENEFICIARY'S REMARKS AND POTENTIAL DIFFICULTIES RELATED TO

ORGANIC MATTER MANAGEMENT
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