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ABSTRACT
Agroforestry is a farming systems which consist of a forest crop as a main component grown

in combination with agricultural crops and/or livestock. This is a sound pattern of land use providing a
diversity of opportunity. In many developing countries where land-use conflicts between agriculture
and forestry are an issue, agroforestry can be used as a tool to minimize such conflicts as well as to
help in reforestation. Proper crop combination would provide both direct and indirect returns to the
farmers. Increasing productivity due to multiple cropping would result in increased income
opportunities. Soil chemical, physical and biological properties would be improved through potential
reduction in soil erosion as well as soil organic matter and porosity amelioration. However, “proper
combination of forest and agricultural crops” was not an easy question to be answered.

Paper mulberry can be considered as an alternative crop in agroforestry systems and has been
studied by the HUFA Project. Paper mulberry can be considered as a forest crop if it is intercropped
with pineapple, sugar cane, kenaf, orange, and banana; or as an agricultural crop if grown in
combination with teak or eucalypt. Preliminary results suggested that growth of paper mulberry, in
terms of diameter at ground level, total height and aboveground biomass varied with species of
intercrops. The highest growth performances were recorded from a pineapple plot, followed by teak,
eucalypt and banana. Such growth trends could be explained through the light-demanding
characteristics of paper mulberry, since there was no light competition between paper mulberry and
pineapple, while teak is a deciduous tree, but eucalypt and banana are evergreen crops. The exotic
paper mulberry introduced from Japan (Kozo : Broussonetia kazinoki) intercropped by eucalypt had
higher natural regeneration in terms of new shoots in comparison to teak and banana.
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AGROFORESTRY SYSTEM
Agroforestry is a farming system in which a forest crop is the main component but is grown

in conjunction with other agriculture products (crops and/or livestock) in the same land-management
unit. This system provides a diversity of opportunity, especially in developing countries where land-
use conflicts between agriculture and forestry are critical issues. Thailand, for example, lost forest
cover at the annual rate of 3,889 km2 during 1961-1998 (Charuppat, 1998). As a result of soil
degradation, some agricultural land was abandoned after being extensively farmed over a period of
time. Most land ill-suited to agriculture in the Tropics could be potentially available for forest
plantations (Evans, 1992). Hence, agroforestry systems should be used as a tool to minimize
agriculture-forestry conflicts, assist in poverty alleviation and help restore forest cover. Based on these
criteria, combinations between longan and garlic in the North and coconut and cattle in the South are
farming systems; while eucalyptus and cassava in the Northeast are agroforestry system.

Agroforestry systems seem to be a sound land-use system in the tropical regions. However,
there are factors affecting the limitations of successful agroforestry systems. For example soil
properties and topography. Figure 1 shows the general relationship between soil depth and slope of
topography. The lower left-hand corner of deep soil and gentle slope should be classified as
agricultural land, while the upper right-hand corner of shallow soil and steep slope is more suitable for
a forest crop. Therefore, agroforestry system should be established on marginal land between
agricultural and forest lands. However, matching the most appropriate soil depth and slope for a
specific crop is not an easy issue to resolve.

Moreover, successful agroforestry systems should represent a sustainable land-use system. 
There are four consecutive criteria of agroforestry systems, i.e. productivity, marketability, 
adoptability, and sustainability. Agroforestry land should be able to produce satisfactory yields of 
agricultural and forest crops per unit of land area. Crop output should
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Figure 1.    Generalized diagram showing lands suitable to agriculture (A), agroforestry (AF),
and forestry (F) based on soil depth and slope of a given land

access to reasonable markets, otherwise sustainable adoptation by farmers cannot be expected. This
means that crop productivity and marketability are of importance for sustainable participation by
farmers. Crop selection is therefore a key issue to any successful agroforestry system.

PAPER MULBERRY
Paper mulberry is a drought-resistant and shade-intolerant non-timber-forest crop which

grows well on well-drained and fertile soil derived from limestone. From a botanical standpoint, there
are two main species, i.e., Broussonetia kazinoki (Japanese : Kozo) and Broussonetia papyrifera (Thai
: Po Saa). Tajima (1999) reviewed classical Japanese papers and concluded that there are six
distinctive varieties of paper mulberry widely known and used in Japan. These are Akaso (red kozo :
B. kazinoki), Aoso (blue kozo : B. kazinoki), Taori (hand-breaking kozo : B. papyrifera),  Kurokaji
(black kaji : B. papyrifera), Takakaji (tall kaji : B. papyrifera), and Makaji (true kaji : B. papyrifera).
Total bark productivity and percent inner bark to stem productivity are not different, but fiber quality
of B. kazinoki is superior to that of B. papyrifera. It is possible that the Japanese started to grow this
variety, at least on a small scale, over one thousand years ago.

In Thailand, according to estimates of Supaponhemin et al. (1999) the annual demand for
paper mulberry inner bark could be as high as 68,000 T, but the amount of transaction in markets is
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only 5,000 T/yr. Most are harvested from natural stands and imported from neighboring countries.
However, Thammincha and Tanasombat (1999) reports that 68% of inner bark consumed in northern
Thailand is locally produced, the rest is imported from Laos and Myanmar. Half of local production is
harvested from natural stands, 30% from plantation, and 20% naturally grown on farmland. Although
the figures based on these reports are different, it is obvious that the major part of paper mulberry used
as a raw material for hand paper making in Thailand is either naturally grown or obtained from
imported sources, plantations can be found though on a small scale. To promote local supply of paper
mulberry for such purposes, cultivation by private sectors should be encouraged. Since there are some
limitations of monoculture as mentioned in a previous paper, agroforestry system of paper mulberry is
an alternative.

AGROFORESTRY SYSTEMS OF PAPER MULBERRY
Due to its shade-intolerant characteristics, paper mulberry is commonly found along

roadsides as a natural pioneer species. In agroforestry systems, it can be grown in alley cropping as
well as in a fringe of field or orchard having full sunlight. Paper mulberry treated as overstory species
was intercropped in Japan with tea (Camellia sinensis), white mulberry (Morus alba), and Arum spp.
or Amorphophallus spp. (Tajima, 1999); while there is no report on understory management.
However, a HUFA trip to Laos PDR in March 1999 found an intercropping system between paper
mulberry and teak (Tectona grandis) in Luang Prabang which had been in existence for several
decades. Farmers grow teak at a spacing of about 4x4 m with an irregular spacing for intercrop.
Farmers obtain income during the first few years from paper mulberry, then, from the thinned teaks at
about the 6th – 8th year depending on the site quality of teak.

The first agroforestry system for paper mulberry in Thailand was established by the HUFA
Project in June 1998 (Thaiutsa et al., 1999). There were 4 clones of Thai Po Saa and 1 clone of
Japanese Kozo planted at 9 sites (provinces) in various regions of the country. Various kinds of
intercrops including pineapple, banana, sugar cane, kenaf, orange, teak, and eucalypt (Eucalyptus
camaldulensis) were selected depending on planting sites and traditional practices of the farmers.
Paper mulberry and teak, as well as paper mulberry and eucalypts were planted at spacing of 4x6 m in
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superposed rectangular method. Paper mulberry was also combined with banana in the same manner
and spacing. For intercropping by pineapple, sugar cane, and kenaf, the spacing of primary crops was
2x4 m. Due to availability of nursery stocks and planting sites, however, only Kozo + eucalypt, Kozo
+ teak, and Kozo + banana were planted in the first year. Kozo was harvested by stem cutting at 10 cm
above ground level at 1 year old. The new shoots were thinned remaining at appropriate numbers per
stump. Table 1 shows the results of early growth performances.

Table 1.  Growth of Kozo (Broussonetia kazinoki) planted in agroforestry system (2 yrs after
planting and 1 year after harvesting)

Parameter Kozo+Eucalypt Kozo+Teak Kozo+Banana
Spacing, m 4x6 4x6 4x6
Survival 88.2 89.6 85.5
Stem diameter (10 cm high), cm 2.3 2.5 2.0
Height, cm 273.0 268.0 245.0
Natural regeneration, shoots/ha 40,131 21,200 19,700
No. of shoots per stump 5.0 4.6 4.8
Biomass, g/shoot (new tree)

Stem 126 144 84
Branch 92 101 69
Leaf 78 87 58
Outer bark 15 17 10
Inner bark 17 20 12
Total 328 369 233
Biomass per stump, g
Inner bark

85 112 58

Total 1,640 2,066 1,118
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Findings (Table 1) revealed that Kozo in eucalypt and teak combinations had better growth
and development than that in banana combination. Natural regeneration expressed as the number of
shoots originating from root suckers showed impressive development for Kozo. New shoots in
eucalypt plot were about two times higher than those in teak and banana plots. This may be because of
the thin canopy of eucalypt in comparison to teak and banana. Slight differences between teak and
banana can be explained by the deciduous property of teak and evergreen-clump-form characteristics
of banana. With regard to the biomass of Kozo, both inner bark and total, the highest amount was
recorded for teak (112 g and 2,066 g) followed by eucalypt (85 g and 1,640 g), and banana (58 g and
1,118 g). These phenomena are also the results of deciduous/evergreen characteristics of intercrops
leading to an emphasis on light demanding behavior of paper mulberry. If a single tree biomass of
Kozo is focused, however, the maximum biomass will become pineapple, i.e., 43 g/tree for inner bark
and 794 g/tree for total biomass.

Growth and yields of 2-year-old intercrops were also recorded:
Diameter at breast height of teak =    2.50 cm/yr
Diameter at breast height of
Eucalypt =    4.55 cm/yr
Total height of orange =    79 cm/yr
Yields of banana =    33,056  kg/ha/yr
Yields of pineapple =    31,500 kg/ha/yr

CONCLUSION
Agroforestry systems are a land use pattern suitable to developing countries where conflicts

between agriculture and forestry are an issue. This system can be used as a tool to minimize
deforestation and to assist in reforestation. If paper mulberry is grown as an alternative crop in
agroforestry systems, it must be kept in mind that paper mulberry is a light-demanding species. It’s
intercrops should be managed as understory. If paper mulberry is managed as understory, however, the
overstory intercrops should be thin-canopy-deciduous species. Hence, growth and yields of Kozo as
well as its natural regeneration intercropped with eucalypt and teak are superior to banana. With an
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exception of harvesting leading to new coppices of Kozo, the maximum biomass is gained from
agroforestry system having pineapple as intercrop.
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