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ABSTRACT: Indonesia is a country located on the equator, between two continents and two oceans.
For this reason, Indonesia has a tropical sea climate. The amount of precipitation and humidity in
Indonesia is very high. Due to the high amount of precipitation, water availability and groundwater with
a shallow water table of the land are also very high in Indonesia. However, wet climatic conditions and
high precipitation amount intensively cause alkaline washing in the soil. Consequently, it causes most
of the lands in Indonesia to become acidic. Approximately 70% of the total land in Indonesia is acid
soils with a pH less than 5. As a tropical country, Indonesia has a very high biodiversity of plants. There
are many plant species that can be used as fodder. These plants originate from various families. This
paper tries to give general information about some plants grown in acid soils (low pH levels) used as
the most common animal feed in Indonesia.
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1. INTRODUCTION

Indonesia has unique and rich natural resources and biodiversity, as it is located between two continents
(Asia and Australia) and two oceans (Indian and Pacific) (KLH, 2011). The world's second largest
biodiversity is found in Indonesia (Brown, 1997) and Indonesia is the world's richest submarine
biodiversity country (Tamindael, 2011). Indonesia is also located on the equatorial line that causes
Indonesia has a tropical climate (KLLH, 2011) and causes Indonesia has a very high biodiversity of plants.
However, because of wet climatic conditions and high precipitation intensively cause alkaline washing
in the soil and consequently cause around 70% of the soils in Indonesia to become acidic (Mulyani et
al. 2010). There are many plant species that can be used as fodder in Indonesia. These plants originate
from various families. This paper tries to give general information about some forage crops. These crops
are mostly from grasses and legumes (and two plants from other families). The crops presented in this
paper are the most common forage crops in Indonesia and most of these crops grow on acid soils (at low
pH levels).

2. GENERAL INFORMATION ABOUT THE NATURE OF INDONESIA

2.1.

2.2. Geography of Indonesia

Indonesia, an archipelago country of 17 504 islands, is the world's largest archipelago country with a
land area of 1.91 million km? (BPS, 2015), and as the 14th largest country in the world. Geographically,
Indonesia is located on the equatorial line between 06° 08’ North and 11° 15° South Latitudes, and
between 94° 45° and 141° 05° East Longitude (KLH, 2011). Latitude position causes Indonesia has a
tropical climate. While the long longitude position causes Indonesia has three time zones, namely West
Indonesia Time (UTC +7), Central Indonesia Time (UTC +8) and Eastern Indonesia Time (UTC +9)
(KEPPRES RI No. 41/1987).

2.3. Climate and Water Table of Indonesia

Indonesia is located on the equator, between two continents, and between two oceans. For this reason,
Indonesia has a tropical sea climate. Indonesia has two seasons, the dry season (May-September) and
the rainy season (October-April). The air temperature of Indonesia is between 20-30 °C. The
precipitation amount is very high and the average annual rainfall is 2000-3000 mm (Hidayat, 2008). As
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it is surrounded by oceans and seas, humidity is also very high ranging from 85-100% (BPS, 2018).
Water availability is very high in Indonesia (BMKG, 2016). Due to the very high amount of rainfall,
water availability is generally very high (BMKG, 2016), which two-thirds of Indonesia’s area is a water
territory and makes Indonesia is included in the world’s 10 countries that are rich in water (BPS, 2018).
In most of Indonesia's land, water table is very shallow. The water table is deeper only in areas around
volcanoes and in areas close to Australia (Fan et al. 2013) as shown in Figure 1.
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Figure 1. The map of the simulated world’s water table depth (Fan et al. 2013)

2.4. Acid Soils of Indonesia

There are 10 soil orders found in Indonesia, they are Histosols, Entisols, Inceptisols, Alfisols, Mollisols,
Vertisols, Ultisols, Oxisols, Andisols and Spodosols (Figure 2). Wet climatic conditions and high
precipitation of Indonesia intensively cause alkaline washing in the soil. Consequently, it causes most
of the soils in Indonesia to become acidic. Approximately 70% of the total land in Indonesia is acid soils
with a pH less than 5. These acid soils are originated from Histosols, Entisols, Inceptisols, Oxisols,
Ultisols and Spodosols soil orders (Mulyani et al. 2010).

B rceptscls o
Nollsoh ™

B Utscls
Versoh

Figure 2. The map of soils of Indonesia (Sarwani et al. 2012)
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3. FORAGE CROPS IN ACID SOILS OF INDONESIA

There are many plant species that can be used as fodder in Indonesia. In this section, general information
about most common forage crops in acid soils (at low pH levels) of Indonesia. These crops are mostly
from grasses and legumes families (and two plants from other families).

3.1. Grasses Forage Crops

3.1.1. Pennisetum purpureum Shumach.

Pennisetum purpureum originates from sub-Saharan tropical Africa (Govaerts, 2013). It has been
introduced as a forage crop to most tropical and subtropical regions of the world. Pennisetum purpureum
is usually found between 10° N and 20° S (Rojas-Sandoval and Acevedo Rodriguez, 2013). This plant
grows in areas up to 2000 m above sea with annual precipitation above 1500 mm. It gives good yields
at temperatures ranging from 25-40°C (Francis, 2004). Pennisetum purpureum is a robust perennial
grass with a strong root system (Duke, 1983). The plant is resistant to drought and it grows in areas
where rainfall is 200-4000 mm (Go6hl, 1982). It grows better in rich and deep soils, but it can grow in
poorly dried with poorly drained clays or in extremely dry sandy soils with pH between 4.5-8.2 (Duke,
1983). Pennisetum purpureum is a full sunlight plant species, but can grow under partial shade (Francis,
2004). It requires a high rate of fertilizer and regular water supply (Mannetje, 1992). The yield varies
between 20-80 tons dry matter (DM) ha™! year! with high fertilizer application (Francis, 2004). And the
yield without fertilizer is in the range of 2.4-5.3 tons DM ha! year™. Grass cut can be done at 45-90 day
intervals depending on location (Duke, 1983).

3.1.2. Brachiaria decumbens (Stapf.)

Brachiaria decumbens, originates from the African continent (FAO, 2016). It is now common in tropical
and subtropical regions (Pizzaro et al. 1996; FAO, 2016). It has been extensively naturalized in
Southeast Asia and the Pacific (Schultze-Kraft et al. 1992a). Brachiaria decumbens are naturally found
in open grasslands or partially shaded areas, from 27° N to 27° S, up to 1750 m above sea level. Grows
at temperatures above 19 °C. Optimum growth occurs between 30-35 °C and where the average rainfall
is above 1500 mm (FAO, 2016). Brachiaria decumbens is a perennial (5 years) grass (Husson et al.
2008). It has a deep root system that effectively removes P and N from the soil. It can grow on a wide
variety of soils including poor soils with low pH (up to 3.5) and high Al concentration. It is moderately
tolerant of Mn and is sensitive to salinity (Deifel et al. 2006). It does not develop well in waterlogged
heavy clays, but resistant to 4 or 5-month dry season. The average yield is generally about 10 tons DM
ha! (FAO, 2016).

3.1.3. Brachiaria humidicola (Rendle) Schweick

Brachiaria humidicola is a tropical perennial grass from East and South-East Africa and has been
introduced to Australia, the Pacific Islands and South America (Cook et al., 2005; FAO, 2016). It is an
important pasture plant in humid tropical areas. In the natural environment, it can be found in areas up
to 2400 m above sea level. Optimal growth conditions; The annual rainfall varies between 600-4000
mm and the average daily temperatures of 32-35 © C. Grows in a wide variety of soils including low
acidic (pH 3.5) and infertile soils with low P levels, high Al saturated soil, heavy cracking clays and
high pH coral sands (Cook et al. 2005). Brachiaria humidicola is poor drainage tolerant and can
withstand short flood pressure at the bottom of the valley. It also can withstand drought periods (3-4
months) but it is not resistant to freezing (Tergas, 1981). The dry matter yield is in the range of 7-34
tons ha™! year' and is greatly affected by soil fertility. The most suitable harvest stage is 35 to 65 days
after the last cut (Bereau, 1990).

3.1.4. Paspalum dilatatum Poir.

Paspalum dilatatum is native to South America (Brazil, Argentina, Bolivia, Chile, Paraguay, Uruguay).
Nowadays, it is common in tropical, subtropical and warm climate areas (Cook et al. 2005). It can be
found in humid areas between 28 °N - 35 °S (FAO, 2016). It grows in areas up to 2300 m above sea
level. Optimal growth conditions; heavy, humid, alluvial and basaltic clay soils or red loams, average
daily temperatures ranging from 23-30 °C, annual rainfall of 900-1300 mm or with good irrigation. This
plant can grow at an annual rainfall of less than 750 mm and a pH range of 4.5-8. It is very resistant to
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drought and has a slight tolerance to frost (Cook et al., 2005). Paspalum dilatatum is a valuable feed
and is one of the first species used for permanent sown meadows (Cook et al. 2005; FAO, 2016). Itis a
very tasseled, leafy perennial grass. Paspalum dilatatum yields a medium yield (3-15 tons DM
ha') and a short grazing season in rain-fed pastures (Cook et al., 2005).

3.1.5. Imperata cylindrica (L.) P. Beauv.

Imperata cylindrica grows and becomes widespread in tropical regions of the world. It is naturalized in
Australia, New Zealand, Central and South America, West Indies, Cape Verde Islands, Madagascar,
Melanesia and Polynesia (USDA, 2015). It grows well in humid or semi humid pastures or in open
forested areas up to 2000 m above sea level in the Himalayas. Its optimal growth conditions are 25-35
°C daytime temperatures, 250-6250 mm annual precipitation, full sun or slightly shaded, light sandy
soils with a pH between 4-7.5. It is tolerant of long drought periods. It cannot withstand flood and low
temperature (FAO, 2016). Imperata cylindrica is a perennial grass. It is used as feed when young in
height of 15-25 ¢cm. The annual average dry matter yield is 11.5 tons ha' (FAO, 2016).

3.1.6. Sorghum (Sorghum bicolor (L.) Moench)

Sorghum is a grass native to eastern Africa, probably from Ethiopia. Nowadays it is found in areas
between 50 °N - 40 °S and up to 1000 m above sea level (Cook et al. 2005). Optimal growth conditions
for sorghum are the day temperatures during seedlings are 25-30 °C and during the growth is 30 °C, the
annual rainfall is 400-750 mm. Grows best in deep, well-drained loam clay with a pH of 5.5-7.5.
Sorghum shows tolerance to drought and slightly tolerance to waterlogging (for short periods).
However, it is sensitive to freezing and continued flood conditions. (FAO, 2016). Sweet sorghum is
tolerant of salinity (Cook et al. 2005). Sorghum plant is a tall (height up to 5 m) and perpendicular annual
grass. Sorghum is used as grain and feed. The forage sorghum produces about 20 tons of fresh matter
ha! year! (Balole and Legwaila, 2006), but can reach 75 tons ha™! under optimum growth conditions
(FAO, 2016).

3.1.7. Corn (Zea mays L.)

Corn is native to Central America and later spread to Central America, the Caribbean, South America
and North America. It is now growing worldwide including from 58 °N in Canada and Russia to 40 °S
in Chile and Argentina, and up to 3800 m above sea level in Andean mountains (Cook et al., 2005). Its
optimal growth conditions are average daytime temperature between 18-21 °C, annual rainfall higher
than 750 mm, well-drained rich soils. Corn can withstand annual rainfall of 230-4100 mm, a pH of 4.3-
8.7 and a wide variety of soils. There is no tolerance for freezing and flooding of corn (Heuze et al.
2016a). Corn is an annual grass (OGTR, 2008). The green matter yield of corn varies between 10-50
tons ha™! (FAO, 2016). The yields obtained from small corn plants ranged between 31-46 tons ha' (21-
25 tons DM ha!) (Chaudhary et al. 2012).

3.1.8. Rice straw (Oryza sativa_L.)

Rice straw is the vegetative part of the rice plant (Oryza sativa L.), which is cut in or after the grain
harvest. Rice straw can be burned and left in the field after harvesting, it can be spread for soil
improvement or it can be used as a feed for livestock (Kadam et al. 2000). Rice straw is an important
feed in rice production areas. Rice originated from Asia, which has been cultivated since 6500 BC and
is now naturalized in most tropical and subtropical regions. Rice grows from 53 °N in China to 35 °S in
Australia. Its optimum growing conditions: average daily temperatures of 20-30 °C, night temperature
above 15 °C; productive and heavy soils; pH 6.5-7. Most types ("swamp rice", "plain rice") should be
planted in stagnant water and require an equivalent amount of 200 mm precipitation or equal amount of
irrigation per month, while others ("mountain rice" or "upland rice") require a lesser irrigation and a
rainfall of 750 mm for 3-4 months without dry period (Heuze and Tran, 2015a). Its annual yield ranges
from 12 to 15 tons ha! (FFTC, 2005).
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3.2. Legumes Forage Crops

3.2.1. Sesbania sesban (L.) Merr.

Sesbania sesban is a fast growing, long-lasting legume tree that reaches a height of up to 8 meters. It is
widely distributed and produced in semi-arid and humid tropics. It grows in riversides and swamp sides
with altitude up to 2300 m above sea level (Cook et al. 2005). Optimal growth conditions for Sesbania
sesban are annual rainfall of 500-2000 mm and average annual temperature of 17-20 °C. It is tolerant of
saline, alkaline and acid soils and soils with low P levels (Heering and Gutteridge, 1992a; Cook et al.
2005; FAO, 2016). Sesban yields up to 20 ton DM ha™! year! under optimum conditions. The average
yield worldwide is 4-12 tons DM ha! year! and it is cut 3-5 times a year (Heering and Gutteridge,
1992a).

3.2.2. Pueraria phaseoloides (Roxb.) Benth.

Pueraria phaseoloides is a legume species grown in tropical countries as a cover crop, green manure
and forage crop. Pueraria phaseoloides is thought to be native to East and Southeast Asia. It has been
introduced to be grown in most tropical areas and has now become naturalized and widespread in all
humid tropics (Halim, 1997). It grows in an altitude of 1000-1500 m above sea level (Cook et al. 2005).
It can grow in areas with annual rainfall ranging from 850 mm to 2000 mm, but gives better results when
the annual rainfall is above 1500 mm and day/night temperatures are 32/24 °C. Pueraria phaseoloides
can withstand dry, short term water logging and flood conditions (Halim, 1997). It is very tolerant to
shadows and highly preferred in tropical tree plantation (Halim, 1997; Cook et al., 2005; FAO, 2016).
It is resistant to acidic conditions (pH varies between 3.5-6) and tolerant to Al. However, it cannot
withstand saline soils (Halim, 1997). This plant is a strongly curled and climbing perennial legume. It
can be grazed or used as straw or silage. Dry matter yield is up to 20 tons ha! (Ezenwa et al., 1996).

3.2.3. Calliandra calothyrsus Meisn.

Calliandra calothyrsus is a valuable small tropical legume tree as a multipurpose tree. It is native to the
humid regions of Central America and Mexico. In 1936 it was brought to Indonesia for green manure
and shadow production. It has been introduced to many tropical countries, particularly to Southeast Asia
and Africa, as well as to Australia, Brazil, Bolivia, Colombia and Hawaii (Hess et al., 2006). It grows
up to 1800-2200 m above sea level but gives better results up to 1300 m. The plant develops optimally
with annual precipitation between 700-3000 (-4000) mm (rainy tropical) and annual temperatures 22-
28 °C. Calliandra calothyrsus does not rely on freezing but tolerates dry conditions lasting 1-7 months
(Wambugu et al., 2006). This plant grows in very light-textured and low-productive soils from acid
sandy soils to deep volcanic soils. Calliandra calothyrsus does not rely on compressed, poorly drained
and alkaline soils, but can survive on acid soils (Orwa et al., 2009). Calliandra is a small perennial
legume tree with about 5-6 m tall and can reach 12 c¢m tall, and almost evergreen. It has a flat body with
a diameter of up to 30 cm and has many branches (Orwa et al., 2009). The annual feed productivity is
7-10 tons DM ha'! (Kabi and Bareeba, 2008).

3.2.4. Desmanthus virgatus (L.) Willd.

Desmanthus virgatus is mainly used as feed. It can be highly edible and grazed to ruminants or freshly
fed in cutting-handling systems. This legume originated from the tropical and subtropical Americas
(Cook et al. 2005). It is naturalized to African dry soil (Senegal, Zambia, South Africa), Pacific Islands
(New Caledonia, Hawaii), Indonesia, India and Australia (FAO, 2016). It can be found in areas with an
altitude up to 2000 m above sea level but mostly found in coastal bushes, roadside and overly degraded
areas with altitude below 500 m above sea level. Desmanthus virgatus is very compatible and grows in
a wide temperature range (including frost conditions) and in wide precipitation conditions (between 250-
2000 mm) (Cook et al., 2005). It prefers alkaline clay or clayey-loam soils, can also grow well in acid
and unproductive soils (Gutteridge and Shelton, 1994). It is a drought-resistant legume. But it does not
rely on shaded conditions (Cook et al. 2005). Desmanthus virgatus is a perennial legume. The yield of
Desmanthus virgatus is 7.6 ton DM ha™! in humid tropical regions (2000 mm rainfall), and 2-2.4 ton DM
ha! in low rainfall areas (600-750 mm). Desmanthus virgatus is based on regular cuts and can be cut 4-
6 times per year for feed (Cook et al., 2005).
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3.2.5. Leucaena leucocephala (Lam.) de Wit.

Leucaena is one of the finest and most palatable forage trees of the tropics. Leucaena is native to
Guatemala and Mexico. It was introduced to the Philippines and Southeast Asia in the 16th century,
spread to the Asia Pacific region and reached Australia in the late 19th century. It is commonly found
between 30 °N - 30 °S and grows well in regions where the annual precipitation is between 650-3000
mm and the day temperatures are at 25-30 °C. It prefers neutral to slightly acidic and well-drained soils.
This plant is resistant to dry climates (300 mm) and drought periods (up to 6-7 months). It can withstand
mild frost, moderate salinity and short-term waterlogging (less than three weeks) (Cook et al. 2005).
Leucaena leucocephala grows fast, evergreen, steep and grows up to a length of 5-20 m (FAO, 2016).
It is a long-lasting perennial legume (up to about 23 years in Australian conditions). Leucaena can be
lightly grazed in the first year after the seedling is finished and graze heavily after the second year. The
average yield is 3-30 ton DM ha! year! depending on soil, temperature and humidity conditions. For
optimum yield, the harvesting interval can be made between 6-8 weeks in very productive areas and 12
weeks in lower productive areas (Cook et al. 2005).

3.2.6. Sesbania grandifiora (L.) Pers.

Sesbania grandiflora is a legume tree used for animal feeding in humid tropical regions. Sesbania
grandiflora is native to Asia and is now widespread in the most humid tropical regions around the world
(Gohl, 1981). Its optimal growth conditions are an altitude of 800-1000 m above sea level, an average
annual temperature of 22-30 °C, and an annual rainfall of 2000-4000 mm (Cook et al. 2005). This plant
is adapted to a wide range of precipitation zones and soil types. It can be grown in heavy clay, alkaline
and saline soils as well as poorly drained and low fertile soils (FAO, 2016). This plant is also resistant
to drought periods of 6-7 months in acid soils and can live with 800 mm annual precipitation. It is
tolerant to waterlogging and flooding (Cook et al., 2005). It does not develop at temperatures below 10
°C (FAO, 2016). Sesbania grandiflora is a perennial, evergreen, fast-growing leguminous tree that can
reach a 10-15 m tall (Cook et al., 2005). The life span is about 20 years (Heering and Gutteridge, 1992b).
In Java, an annual yield of 27 kg (up to 50 tons ha™) of green leaves is obtained and can be cut every 3-
4 months (Cook et al. 2005).

3.2.7. Calopogonium mucunoides Desv.

Calopogonium mucunoides originated from tropical America and Western India. It is now found in the
most humid tropical regions (Africa, Asia, Australia). Calopogonium mucunoides are introduced and
naturalized in Indonesia and Malaysia as a cover crop and are found at an altitude of up to 2000 m above
sea level (Peng and Aminah, 1997). Its optimal growth conditions are daily temperature is between 24-
36 °C (Cook et al. 2005) and annual rainfall is 1000-1500 mm (Peng and Aminah, 1997). Calopogonium
mucunoides can withstand the flood conditions. It can grow on a wide variety of soils, but it gives better
results in acid clay soils (pH 4.5-5). It is also tolerant to high Al saturation but does not rely on saline
soils. Calopogonium mucunoides is not freezing and drought resistant. It is tolerant to moderate shading
and can grow in plantations where light transmission is between 60-100% (Cook et al. 2005).
Calopogonium mucunoides is a strong, pubescent, perennial or short-lived perennial legume. It can reach
a few meters in length, its roots are 30-50 cm in depth, with dense leaves (Cook et al. 2005; FAO, 2016).
It can be grazed or cut and fed fresh. If the crusts are harvested in a single cut, they can yield up to 14
tons DM ha'!. However, if it is cut every 9-12 weeks, the DM yield is about 4-6 tons ha’. It is
recommended to be grazed with a rest period of 8-12 weeks (Peng and Aminah, 1997).

3.2.8. Gliricidia sepium (Jacq.) Kunth ex Walp.

Gliricidia sepium is native to the Pacific coast of Central America, which is seasonally dry and is now
widespread in tropical regions between 6 °S and 19 °N of the equator. It grows in the areas with an
altitude up to 1600 m above sea level with the average temperature varies between 20-29 °C and annual
precipitation is between 650-3500 mm and has a dry period of five months. It can adapt to a wide range
of well-drained soils with pH in the range of 4.5-6.2. It does not withstand night temperatures below 15
°C. It is tolerant of waterlogging and non-fertile soils (Cook et al. 2005). It is one of the important
tropical feed trees due to its protein-rich feed and high nutritional value. It is also possible to make silage
from chopped feed which can be mixed with grass or corn. Gliricidia sepium produces 9-16 tons DM
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ha! in forage areas. The cutting can be done about 7 months after previous cutting and 14 months after
the establishment of the plants that grow from the seedlings. Then, the cluster can be done every 2-3
months during the rainy season and every 3-4 months during the dry season (Wiersum and Nitis, 1992).

3.3. Forage Crops from Other Families

3.3.1. Cassava leaves (Manihot esculenta Crantz.)

Cassava (Manihot esculenta Crantz) is mainly grown for tubers used as basic food or starch, but cassava
leaves can be a valuable feed (Phengvilaysouk and Wanapat, 2008). Cassava is native to South America
and is common in tropical and subtropical regions including Sub-Saharan Africa and Southeast Asia.
The main production areas are at 30 °N - 30 °S. It grows in areas up to 2000 m above sea level. Its
optimal growth conditions are the annual average daytime temperature is above 18-20 °C, the annual
rainfall ranges from 500 mm to 3500 mm, high solar radiation and light, well-drained and acid soils. It
is very tolerant to bad soil conditions, drought and insects, but does not grow well in heavy, rocky and
gravely soils. It is sensitive to water-saturated, saline or alkaline soils. Very low P levels are considered
to be good while zinc deficiency should be avoided (Vongsamphanh and Wanapat, 2004). Cassava is
mostly grown in marginal environments, acid and fertile soil (Man and Wiktorsson, 2001). Cassava is a
perennial plant which is mostly grown as an annual (Dominguez, 1983). The leaves of cassava can be
fed freshly, but it is generally preferred to be dried or silted because the leaves contain hydrogen cyanide
which may be toxic to livestock (Wanapat, 2002). The annual dry matter yield varies between 7.5-9 tons
ha! (Ravindran, 2018).

3.3.2. Sweet potato (Ipomoea batatas (L.) Lam.)

Sweet potato is thought to come from the mouth of the Orinoco River in Mexico and the Yucatan
Peninsula. It grows between 40 °N and 32 °S at an altitude up to 2000 m above sea level (and 2800 m
in equatorial regions) (Ramirez, 1992). Sweet potatoes are grown in more than 100 countries, sometimes
as basic food, but often as an alternative food. Great sweet potato producers are China, Indonesia,
Vietnam, India, Philippines and Japan in Asia, Brazil and the US in America, And Nigeria, Uganda,
Tanzania, Rwanda, Burundi, Madagascar, Angola and Mozambique in Africa (FAO, 2016).

Sweet potato is a perennial plant but mostly grown as an annual. Roots are adventurous, mostly found
in 25 cm of the top soil (Duke, 1983). Sweet potatoes can be grown everywhere with enough water to
support their growth and the annual rainfall for optimal growth should be between 750-2000 mm. Sweet
potato requires full sunlight with an average temperature of 20-25 °C for optimal development. Sweet
potatoes grow in soils that have a high humus content and well-drained which provide a warm and moist
environment for the growth of good roots. The optimal soil pH is between 5-7. Sweet potato is slightly
drought resistant (Ramirez, 1992). Although sweet potato tubers are the main agricultural product,
vegetative parts are a very valuable feed for animals. The vegetative parts of sweet potato can be used
as fresh, dry or silage. For the best leaf and root production, it is recommended that 50% of the total
leaves should be cut by an interval of 20 days, as excess leaves can reduce the production of tuber roots.
Vegetative parts of sweet potatoes can be harvested three or four times during a growing season (Scott,
1992). The dry matter yield varies between 5.4-9.1 ton ha™! (Lam, 2016).

4. CONCLUSION

As a tropical country, Indonesia has rich natural resources and biodiversity including very high
biodiversity of plants. However, because of wet climatic conditions and high precipitation intensively
cause alkaline washing in the soil and consequently cause around 70% of the soils in Indonesia to
become acidic. There are many plant species that can be used as fodder in Indonesia. This paper presents
8 species of grasses forage crops, 8 species legume forage crops and 2 species forage crops from other
families. These crops are only some of the most common crops used for animal feeding in Indonesia
especially grow in acid soils, however there are so many plants that are used as forage crops in Indonesia
which cannot be presented in this paper.
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Figure 3. Pennisetum purpureum Shumach. Figure 4. Brachiaria decumbens
(Heuze et al. 2016b) (Heuze et al. 2016c¢)

Figure S. Brachiaria humidicola Figure 6. Paspalum dilatatum
(www.germipasto.agr.br) (http://flowers.la.coocan.jp/)

e i

Figure 7. Imperata cylindrica Figure 8. Sorghum bicolor (L.) Moench.
(https://facultystaff.richmond.edu) (www.botany.wisc.edu)
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Figure 9. Zea mays L.
(www.aphotoflora.com)

Photo= Ben Mallén ©

Figure 11. Sesbania sesban Figure 12. Calliandra calothyrsus
(www.westafricanplants.senckenberg.de) (www.tropicalforages.info)

Phota - Brue

Figure 13. Pueraria phaseoloides Figure 14. Desmanthus virgatus
(www.tropicalforages.info) (www.tropicalforages.info)
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Figure 15. Leucaena leucocephala Figure 16. Sesbania grandiflora
(http://keyserver.lucidcentral.org/) (www flickr.com)

RV i \ :

Figure 17. Calopogonium mucunoides
(www.medicinalplantsinnigeria.com)

Figure 19. Manihot esculenta .
(www.livestrong.com) (www.legom.info)
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