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Abstract

Background and Objective: Integrating rice and ducks contributes to lowland rice fields' animal protein and soil fertility.
The objective of this study was to analyze soil conditions, the availability of duck feed and the capacity of ducks grazing in the rice field.
Materials and Methods: The research was conducted in three main duck-herding areas in South Sulawesi Province: Sidrap, Wajo and
Pinrang Regencies. The analysis carried out is physical and chemical properties of soil, calculating the amount of duck feed and protein
content and analysis of the number of ducks that can be accommodated in grazing. Results: The quality of rice field soil in Wajo Regency
had decreased in organic matter content and increased soil density up to 1.4 g cm=. In contrast, the soil carbon in Sidrap and Pinrang
Regencies was still relatively good. Sidrap Regency had the highest potential for duck feed availability and can provide an enormous
amount of feed for a duck at 1,222.12 duck/ha/month, higher than Pinrang Regency and almost three times higher than Wajo Regency.
Conclusion: The most prominent protein contributor in Sidrap Regency from the type of rice feed was 109.66 kg/hectare. Priority locations
in the feed supply for duck livestock sequentially are Sidrap>Pinrang>Wajo.
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INTRODUCTION

In various tropical agricultural areas of Asia, the
combination of rice-duck has been considered an alternative
to integrated farming systems, which function as a livelihood
system and improve the environment'. In this system, ducks
are put into the rice fields after harvest. The ducks eat the
remaining grain, rice shoots, grass, insects and snails as well as
soak and drink water, where activity and duck droppings can
reduce the farmer’s need for manual weeding, chemical
pesticides and chemical fertilizers?. In Japan offers a rice-duck
combinationin asettled system, the ducks grow together with
rice in a fenced-in rice field in such a way that “rice-duck
simultaneous cultivation” takes place’. However, in various
regions of Asia, the combination of rice-duck in the form of
shifting grazing is more dominant. This system is considered
a new form of nomadism in India behind technological
advances*s.

In South Sulawesi, the combination of rice-duck is also
more widely practiced by nomadic duck herders. In 2019, this
province’s harvested area of rice fields was 1,010,188.75 ha,
with a population of 4,987,533.00 ducks®. This rice-duck
combination contributes to the production of millions of eggs
as a source of animal protein, contributes to soil fertility and
natural pesticides in rice field production and is a source of
livelihood for duck herders, egg traders and duck traders and
egg incubators’. Agricultural factors significantly affect
people’s income and impact the community’s economic
sector®. It means the sustainability of duck egg and meat
production in South Sulawesi depends on nomadic duck
herding for economic value.

Research on the combination of rice-duck s partly related
toagronomicaspects such asits rolein increasing productivity
and improving rice aroma'. Its role in enhancing nutrient
absorption, soil nutritional improvement and proper aeration
of the soil® and the strengths and weaknesses of this system
when applied on a large scale'. From the economic aspect, it
has been found that shifting duck herders can adapt to
various contexts of vulnerability so that this livelihood system
can continue from generation to generation? Meanwhile, the
duck herder is not wholly free to choose the location of the
rice fields to be occupied because he is dictated by the
planting season schedule and the location determination,
which becomes his social network in an area. Therefore, it is
urgent to know the difference in soil conditions, the potential
for duck feed and the capacity of ducks that can be grazed in
a particular area of rice fields.
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Feed potential for ducks on the surface of harvested fields
is influenced by the soil's physical, chemical and
biological aspects™. Soil physical characteristics through bulk
density indicators provide an overview of soil density, where
soil density affects soil drainage and aeration, which
determines the activity of microorganisms in the soil'
In the chemical and biological aspects, the availability of soil
carbon is a determinant of the action of microorganisms
because it is a food source for these microorganisms'3. Thus,
these three characteristics influence each other. Soil physical
properties, especially low soil density values, can only be
achieved if the organic matter content of the soil increases.
The increase in soil organic matter is in line with the
increase in microorganisms in the soil'*. The activity of soil
microorganisms strongly influences the decomposition of
soil organic matter in breaking down organic matter into
mineralization, improving aggregates, regulating soil
temperature and being a source of nutrients for plants™".
The activity of these microorganismsis positively correlated to
the increase of worms and snails. They support soil fertility for
the growth of rice shoots and grass, all of which are a source
of feed for ducks. Thus, it can be assumed that the capacity of
rice fields for grazing ducks is associated with the availability
of feed on the surface of the rice fields, which is strongly
influenced by physical, chemical and biological conditions in
the soil. This study aims to analyze soil conditions and the
availability of duck feed in association with the rice field
capacity of the number of ducks grazing on it.

MATERIALS AND METHODS

Study area: This research was conducted in three main
duck-herding areas in South Sulawesi Province: Sidenreng
Rappang (Sidrap), Wajo and Pinrang Regencies. The research
starts from October, 2021 to March, 2023.

Study design: In this study, two types of data were collected:
Data on soil conditions and feed content on the surface of the
rice field. Soil sampling was carried out on secondary, tertiary
and pump-irrigated rice fields used as grazing land. The soil
layer was taken in the tillage layer at a 0-20 cm depth with a
soil drill. The types of soil samples taken were intact and
disturbed soil samples. Analysis of the physical and chemical
properties of the soil was carried out using the Soil Research
Institute procedure'®. Analysis for soil physical properties,
namely, soil texture and bulk density (BD) and soil chemical
properties; pH, soil carbon, cation exchange capacity (CEC),



Asian J. Plant Scii, 23 (1): 46-53, 2024

nitrogen, P,O; and base saturation (BS). Data on the content
of feed on the surface of the rice fields were collected
through tile samples of rice fields (1X1 m) and samples of
duck cache. The tiling is made with a tile area of one square
meter. Each tiling identified the type of feed and calculated
the amount of feed available in the rice field.

Feed consumption/ducks are calculated by taking ducks
displayedinthefields. Ateach displacementlocation, samples
of 5 ducks were taken. The ducks taken as samples were ducks
that had been fasted for 12 hrs then displayed in the fields for
10 hrs, after which the ducks were taken randomly. The ducks
were taken as samples and immediately cut and harvested
the craw. The duck’s craw is split and the type of feed
eaten is measured, then the amount of feed consumed by
the ducks is calculated. Analysis in the laboratory was carried
out in 2 stages, (1) Calculations to determine dry matter
and (2) Analysis to estimate protein content in research
samples.

The ability of ducks to consume feed in a day inrice fields
was calculated based on an average of twice the full capacity
of the duck’s crop. Full crop capacity within =5 hrs of ducks
grazing in rice fields. In a day, ducks were grazed for =10 hrs.
Therefore, the duck feed consumption was calculated to be
twice the full capacity of the duck’s crop to accommodate
feed. For dry matter analysis, fresh samples of known weight
were put into envelopes and then heated in an oven at 70°C
for 3 days; then, the samples were weighed using an analytical
balance with Mettler Toledo type in the Feed Chemistry
Laboratory of the Animal Husbandry Faculty, Hasanuddin
University, Indonesia. The fresh material analyzed came from
tiles consisting of grain, rice tillers, seeds, leaves, snails, etc.
Based on the feed potential data at various grazing locations,
the potential number of ducks that can be accommodated in
the different rice fields was calculated.

Calculation of feed consumption of duck is carried
out following the Susetyo procedure'. Determining the
consumption of duck feed in one day (g/head/day) is the
capacity of the duck’s crop multiplied by two, with an estimate
of 2 fullfills of the duck’s cache in a day when grazing for
8 to 10 hrs in paddy fields. Then calculated with the
equation:

Total available feed kg _ Amount of feed kg

0,
dry matter o2 fresh matter 2 x Dry mater (%)

Determining the carrying capacity of the number of ducks
that can be grazed in 1 ha of rice field during a certain period
of time can be determined by calculating the amount of feed
production (kg) available in 1 ha divided by the number of
ducks consumed (kg/head), with the equation:
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Amount of feed available (kg)

Carrying capacity =
T1YINg capactty Number of ducks consumed per head per day (kg)

All calculations were repeated three times to get a good
average value.

Ethical consideration: Procedures for using animals in this
research follow SNI 99002:2016%. This standard specifies
requirements and procedures in the management of
purchasing, pre-slaughtering, post slaughtering, packaging,
labeling, storage, transportation, facilities, hygiene and
sanitation in the production process.

RESULTS AND DISCUSSION

Soil conditions in grazing rice fields: For grazing ducks, soil
pH significantly affects the availability of macro and
micronutrients in the soil?'. The closer to neutral pH, the
more nutrients that plants can absorb. Soil pH values in
Sidrap and Pinrang Regencies have the criteria slightly
acidic to neutral, while in Wajo Regency, it is slightly acidic
(Fig. 1). Soil pH in the neutral range helps the activity of
microorganisms in providing nutrients for plants and the
development of faunal cultures??. The number of fauna in the
soil is significant in supporting soil fertility for the growth of
rice shoots and grass, all of which are a source of food for
ducks. This makes Sidrap and Pinrang Regencies the center of
destination for nomadic duck herders.

Soil carbon content in Sidrap and Pinrang Regencies is in
the medium criteria, while Wajo Regency is in the low
standards (Fig. 1). Soil carbon content (C-organic) is one of the
factorsinassessing soil fertility for agricultural development?,
The higher the carbon content of the soil, the better the soil
quality?*?. Soil carbon is a source of nutrients for plants and
food for soil fauna®. The activity of soil microorganisms
strongly influences the decomposition of soil organic matter
in breaking down organic matter into mineralization,
improving aggregates, regulating soil temperature and being
a source of nutrients for plants's. The high carbon content of
the soil is directly proportional to the development of faunaiin
the soil?. The increasing number of soil fauna will become a
feed source for ducks. Johnston et a/2¢ showed an increase in
the content of the worm community in the soil was in line
with the increase in the C-organic content in the soil.
Lumbricidae sp. and Tubifex sp. worms and snails are the
primary feed sources for ducks.

Soil nitrogen contentisin a low category, only 0.1t00.2%
(Fig. 1). Adecrease in soil nitrogen content can also be caused
by reducing conditions in the rice fields?. Soil C:N values in
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Correlation of pH, carbon and nitrogen
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Fig. 1: Correlation of pH, C-organic and soil nitrogen content in Sidrap, Wajo and Pinrang Regencies
Table 1: Soil physical and chemical characteristic in Sidrap, Wajo and Pinrang Regency
Sampling Sand Silt Clay BD P,Os Ca Mg K Na CEC BS
Regency number (%) (%) (%) Textureclass (@cm™3) C/N (ppm) (cmol+kg™) (cmol+kg™) (cmol+kg™") (cmol+kg™") (cmol+kg™) (%)
Sidrap 1 14 26 60 Clay 1.2 10 1393 8.44 1.02 0.24 0.34 27.89 36
2 9 58 33 Silty clay loam 13 38 17.65 10.01 0.77 0.22 0.42 20.36 56
3 8 63 29 Silty clay loam 13 28 17.25 7.87 1.10 0.55 0.39 18.85 53
Wajo 4 11 20 70 Clay 14 25 16.76 7.26 0.72 0.21 0.23 25.22 33
5 22 30 49 Clay 13 14 15.13 4.54 0.74 0.14 0.24 28.08 20
6 1 32 56 Clay 1.2 38 16.08 4.21 2.67 0.49 0.20 21.60 35
7 22 42 36 Clayloam 14 22 2029 4.62 248 0.49 0.16 20.77 37
Pinrang 8 3 59 37 Silty clay loam 1.2 21 1323 7.67 0.72 0.49 0.29 17.72 52
9 13 55 32 Silty clay loam 13 20 1424 6.88 1.57 0.21 0.31 19.22 47
10 7 66 27 Silty clay loam 13 28 1271 4.54 2.07 0.30 0.26 18.47 39

Sidrap and Wajo Regencies have not met the appropriate
standard to increase microbial work activity in the range
of 20-30 (Table 1).

Mineralization will occur on C/N substrates with a
ratio of 25. If the ratio is less than 20, N minerals are released
early in decomposition®. Changes in soil C/N can cause a
significant decrease in carbon storage, so itis still necessary
to return crop residues to the soil to improve soil C/N values.
The soil phosphorus (P,Os) is still categorized as moderate to
high (Table 1) in the three study locations; this is still related to
the activity of farmersin adding high fertilizer to the treatment
of lowland rice cultivation and its bond by the colloid of soil.
It can also be seen from the base saturation value at the
Pinrang and Sidrap locations, showing the best value in the
range of >35% (Table 1). The rice field system is considered
suitable and able to fulfill nutrients for plants and is beneficial
for the activities of organisms in the soil. Things are different
at the Wajo location, where farmers’ activities in adding
fertilizer and soil quality cannot support the cultivated rice
field system and require more improved management for
sustainable use of rice fields. The decline in the soil carbon of
rice fields will impact the reduction of fauna on the soil and
disrupt the sustainability of feed for nomadic duck herders'.
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Farmers feel the negative impact of land degradation
positively affects socio-economic conditions. Awareness of the
importance of good land management and conservation
practices is necessary to reduce land degradation for
sustainability2.

The soil texture is dominated by clay and silty clay loam,
with the CEC range of 17.72 to 28.08 cmol(+) kg™ in the
medium to moderate category. A clay content of >25% can
maintain soil moisture and is very suitable for rice soil
management33. The increase in the soil’s clay fraction content
and the decrease in the carbon content of the soil increased
the value of the soil's bulk density (BD). It can reduce the
faunal content in the soil because the dense soil affects
drainage, aeration and inhibits the activity of organisms in
the soil**. The bulk density of rice soil in Wajo Regency has
reached 1.4 g cm=3 in line with the soil’s decrease in organic
matter content. It makes Wajo Regency a place of movement
for ducks to move not a major priority in the migration for
duck feed.

Availability of duck feed inrice fields: The availability of feed
in rice fields is one of the factors that can determine the
number of ducks that can be grazed. The sustainability of local
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Table 2: Potential availability of local duck feed in Sidrap, Wajo and Pinrang Regency

Amount of local duck feed available in rice fields

Regency Sampling location Wet weight (kg m—2) Dry weight (kg m~2) Wet weight (kg ha™") Dry weight (kg ha )
Sidrap Duapitue (Salo Mallori) 0.22 0.10 221578 972.01
Baranti (Tonrongnge) 0.13 0.07 1,317.26 688.21
Average 0.18 0.08 1,766.52 830.11
Wajo Sabbangparu 0.09 0.04 852.10 44557
Penrang 0.06 0.01 642.20 125.95
Average 0.07 0.03 747.15 285.76
Pinrang Cempa 0.11 0.04 1,079.47 442.09
Lanrisang 0.17 0.07 1,734.06 735.36
Average 0.14 0.06 1,406.76 588.72
Table 3: Availability of local duck feed in rice fields after harvest
Regency Feed type Wet weight (kg ha=") Dry weight (kg ha™") Wet weight (%) Dry weight (%)
Sidrap Rice 1,240.84 600.77 70.24 7237
Earthworms 10.09 1.80 0.57 0.22
Golden snail 515.59 227.54 29.19 2741
Amount 1,766.52 830.11 100.00 100.00
Wajo Rice 439.35 132.20 58.80 46.26
Earthworms 14.55 8.57 1.95 3.00
Golden snail 293.25 144.98 39.25 50.74
Amount 747.15 285.76 100.00 100.00
Pinrang Rice 653.27 286.74 46.44 48,71
Earthworms 45.05 13.25 3.20 2.25
Golden snail 708.44 288.73 50.36 49.04
Amount 1,406.76 588.72 100.00 100.00

duck farmers who move is also determined by the potential
for feed available in the rice fields. The palatable feed types
(preferred by ducks) can increase the amount of feed
consumption. The research that has been conducted to
determine the potential of available feed in 3 districts
spread over 6 locations in 3 districts was presented in
Table 2.

Sidrap Regency has the highest potential for duck feed
availability, followed by Pinrang Regency and the lowest is
Wajo Regency. The standard feed potential in Wajo Regency
is directly proportional to the low base saturation value of the
soil, with an average value of only 31.25%. Base saturation and
soil carbon greatly affect the soil’s ability to provide nutrients
for plants and soil macro-fauna as a feed supply for ducks®.
The availability of duck feed can be influenced by several
factors, including the amount of rice wasted at harvest, soil
carbon and water availability, which can accelerate the
release of rice grains on the remaining rice harvest stems,
Returning crop residue in the form of straw can also increase
soil carbon. This follows the results of Thammasom et a/¥,
where returning rice straw can improve soil carbon content
and fertility. Stagnant water in the rice fields can also
accelerate the growth of weeds and rice residues, which can
be afood source for golden snails*. Ducks grazing in rice fields
prefer leftover rice and favor earthworms compared to golden
snails, although consuming golden snails can improve the
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performance and physical quality of eggs®. Ducks can
produce eggs if a large food supply and various types are
available throughout the harvest season. The feed availability
in the three regions can be seen in Table 3.

Most of therice fieldsin Sidrap and Pinrang Regencies are
irrigated, which causes faster plant and animal growth so that
theimpact on the feed needs of ducks can be met. In contrast,
thericefieldsin Wajo Regency are mostly rainfed paddy fields,
indirectly impacting the availability of duck feed, which
quickly runs out. Water availability in the rice cropping system
is one of the inhibiting factors for land productivity*.

The types of duck feed available in the three districts
showed that the kind of rice provided the highest amount or
contributed the most types of feed; furthermore, the kind of
feedin the form of gold snails and earthworms. The availability
of rice in paddy fields is strongly supported by the carbon
content of the soil (Fig. 1), which contributes to soil fertility
and the development of rice plants*'. Feed availability from
rice has a wet weight ranging from 653.27 to 1240.84 kg ha™
or 46.44 to 70.24%. The type of feed derived from golden
snails has a damp weight ranging from 293.25-708.44 kg ha™'
or 39.25 to 50.36%. Meanwhile, the minor type of feed came
from earthworms ranging from 1.80 to 3.20 kg ha=' or 0.57 to
3.20%. The types of feed, such as rice straw and grass, are not
counted because ducks in minimal quantities eat these types
of feed. The abundance of golden snails in paddy fields
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Table 4: Capacity of the number of ducks that the sample locations in each district can accommodate

Number of ducks that can be grazed based on the availability of feed

Wet weight (duck ha™")

Dry weight (duck ha™")

Wet weight (duck ha™") Dry weight (duck ha™")

Regency Sampling location 1 month 1 month 2 month 2 month
Sidrap Salo Mallori 1,532.93 1,210.44 766.46 605.22
Baranti 911.31 857.03 455.65 428.51
Average 1,222.12 1,033.74 611.06 516.87
Wajo Sabbangparu 544.36 582.26 272.18 291.13
Penrang 410.27 164.60 205.13 186.71
Average 477.31 37343 238.66 23892
Pinrang Cempa 720.93 524.69 360.47 262.34
Lanrisang 1,158.10 872.75 579.05 436.38
Average 939.52 698.72 469.76 349.36

Table 5: Protein availability in Pinrang, Wajo and Sidrap Regencies rice fields

Protein availability

Contribution of protein for each type of feed

Regency Feed type Wet weight (kg ha=") Dry weight (kg ha™") Wet weight (%) Dry weight (%)
Sidrap Rice 109.66 53.03 61.49 65.21
Earthworms 7.14 1.24 4.00 152
Golden snail 61.55 27.06 34.51 33.27
Amount 178.35 8132 100.00 100.00
Wajo Rice 20.74 6.73 27.46 20.56
Earthworms 7.14 4.39 9.46 13.41
Golden snail 47.63 21.63 63.08 66.03
Amount 75.51 3275 100.00 100.00
Pinrang Rice 3830 16.77 33.55 37.12
Earthworms 22.08 6.62 19.35 14.66
Golden snail 53.77 21.78 47.10 48.22
Amount 114.15 45.17 100.00 100.00

can reduce the quality of rice production because golden
snails are classified as pests for rice plants*. Its abundance in
the Wajo District is directly proportional to the decreased
availability of rice feed in that location.

Rice field capacity to the number of ducks herding:
The ability of the area to supply the food needs of the
grazed ducks is strongly influenced by the ability of rice
fields to prepare food for the ducks. Rice field capacity will be
reduced by half for the second month. The findings of the
amount of duck feed consumption per month were
presented in Table 4. Sidrap District, especially in the
village of Salo Mallori can provide the largest amount of feed
fora duck at 1,532.93 duck/ha/month, two times higher than
Wajo District.

A capacity that exceeds the available feed will impact
decreasing egg production. Likewise, on the other hand, a
capacity that is less than the amount of available feed will
have an impact on increasing duck egg production within a
certain period. The increase in egg production is also
determined by the high consumption of duck feed and the
nutritional quality of the feed. The duck laying phase requires
feed with a 15-17% crude protein content and metabolic
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energy of 2,900 kcal kg™ 3. The availability of protein in rice
fields in the three districts was presented in Table 5.

High egg production in grazing ducks in Sidrap and
Pinrang Regencies is supported by the availability of feed
and nutritional content, especially protein content and
energy metabolism of feed. The most prominent protein
contributor in Sidrap Regency from the type of rice feed was
109.66 kg ha=". This is due to the high availability of rice feed
at grazing locations. In contrast to Pinrang Regency and
Wajo Regency, the protein contributors from the type of
golden snail feed were 53.77 and 47.63 kg ha™", respectively.
Generally, the golden snail has a higher protein content than
rice feed*. However, the golden snail is not liked by ducks,
especially the sizeable golden snail, because it has a hard and
sharp shell, causing ducks only to eat tiny goldsnails in limited
quantities. Earthworms also have a fairly high protein content,
but ducks have difficulty getting earthworms in the soil in line
with the decrease of soil carbon content in the region.

CONCLUSION

The carbon content of the soil in Sidrap and Pinrang
Regencies is in the moderate criteria, with a base saturation
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value of >35%, while the Wajo Regency is in the low criteria.
Itis directly proportional to the low availability of feed in rice
fields. The largest protein contributor in Sidrap Regency from
the type of rice feed was 109.66 kg ha=". This is due to the high
availability of rice feed at grazing locations. Sidrap Regency
had the highest potential for duck feed availability and
could provide an enormous amount of feed for a duck at
1,222.12 duck/ha/month. Priority locations in the feed supply
for duck livestock sequentially are Sidrap>Pinrang>Wajo.
The selection of Wajo Regency as a location for duck feed was
because the breeders did not have other destinations to
provide feed for ducks and reduce the risk of loss. It is
necessary to regulate the distribution pattern or schedule the
availability of feed for ducks and socialization for the owners
of rice fields to improve land quality by returning the
remaining straw to the fields for carbon stock.

SIGNIFICANCE STATEMENT

The work links the soil conditions, primarily soil carbon,
with food availability for duck herders. A relationship between
soil conditions and the abundance of food for ducks was
found and it is significant for the migration route for moving
ducks to get the best quality feed to produce protein.
Collaboration with duck manure in improving soil carbon
quality for sustainable land use needs to be investigated.
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