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Agroforestry in China: Present State and

Future Potential

In China, major agroforestry systems are estimated to
cover 45 million ha. Agrosilviculture is a dominant practice.
Aquasilvicultures, e.g. tree-fish-arable crop and tree-fish-
livestock systems, are alternatives for land use in the
wetlands. Silvopastoral systems are popular in the northern
and western regions. Compared to a monoculture, well-
managed systems have many benefits. The recycling of
residues is expected to increase the efficient use of natural
resources. The C sink in the vegetation of major agro-
forestry systems in China was 179 Tg yr™', and agroforestry
is reported to have a positive effect on soil conservation
and biodiversity. The major constraint on agroforestry is
that most of the systems are on a low level of manage-
ment, primarily resulting from a shortage of technical sup-
port. However, there is a great potential for the develop-
ment of agroforestry in China. This paper presents recom-
mendations concerning policy options, technical support,
extension, and marketing in agroforestry.

INTRODUCTION

China’s current forest areas cover only 14% of the country’s total
territory. Annual deforestation is 0.44 million ha (1). Heavy pol-
lution and other environmental degradation are caused by rapid
cconomic development. Since 1980s, increases in food produc-
tion in China have barely kept up with the annual population
growth, and there is little unoccupied space to fill with produc-
tive agriculture. The food that will be required to feed a popu-
Lntion of 1.6 billion or more in the next century will have to come
almost entirely from today’s farmland.

Figure 1. Distribution of main agroforestry systems in China.

No. 1 Is the agricultural and pastoral regions of the Three-North and
Qin-Tibet Plateaus; No. 2 is the northeastern forest reglon;

No. 3 the central plains; No. 4 the wetlands or lowlands; No. 5 the
southern hilly and mountain regions.
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Agroforestry is a land-use system in which woody perennials
are intentionally grown in association with agricultural crops and
pasturcs as well as with livestock, and in which there is both
ecological and economic interaction between trees and other
components (2-5). This definition implics that agroforestry is
expected to be an alternative for the increase of the forest cover
and food production, to slow the environmental degradation and
to contribute to our natural herituge of plants and animals.
Agroforestry has been practised for several thousand years in
China (6, 7). In recent decades. agrolorestry has been rapidly
developed in order to increase overall production by harnessing
the potential of the various resources involved. Thus, a reason-
able assessment of the current state and the potential of
agroforestry is necessary for better management in the future.

AGROFORESTRY SYSTEMS AND MANAGEMENT

Agroforestry is widely practised in the wetlands, the hilly-land
of southern China, the plain, the Three-North agricultural-pas-
toral area. and the northeastern forest area (Fig. 1) (Table 1).
Most of the agroforestry systems in these arcas have been de-
veloped from oid or traditional practices.

Agrosilviculture

Agrosilviculture denotes the combination of arable crops and
trees, including alley cropping/intercropping. shelierbelts, and
home gardening (3, 4). This systcm is the most extensively prac-
tised in China (Fig. |).

Alley Cropping

In alley cropping, arable crops are intentionally grown between
the rows of trees: i.e. intensive management under trees. Alley
cropping is dominant in the hilly and mountainous areas in south-
em China, which arc situated in tropical and subtropical zones.
Alley cropping is also popular in the central and northern plains.
The traditional practice is to intercrop arable crops between tree
rows for 1-3 years. The major improvement in alley cropping
in recent decades has been a widening of the distance between
tree rows and a reduction in tree plantation density in order to
extend the intercropping period or to intercrop permanently, and
1o make the systems compatible with machine-based methods.
One example is the alley cropping of Paolownia imperials
(Paulownia tomentosa) in the Henan and Shandong provinces,
in which the distance between tree rows is 18—80 m. Similar de-
signs can be found in the alley croppings of poplar trees, Maid-
enhair tree (Gingko biloba), and Common jujube (Zizyphus
Jujuba).

Home gardening

Home gardening is the multi-species, multi-storey association of
trees with herbaceous crops or livestock. Home gardening in the
rural arcas of China covers 3.44 million ha, i.c. 3.6% of the ar-
able land (8). What distinguishes home-gardening systems {rom
other land use is the intensive utilization of aboveground and
the belowground resources with high specics diversity. Usually,
the upper-storcy consists of trees that produce timber, fuclwood,
fruit and fodder. The middle-storey consists of shrubs. The un-
der-storey includes vegetables, other annual crops or animals.
However, most home gardens are randomly or haphazardly ar-
ranged and the individual components are not very productive.
The introduction of highly productive species and the usc of efl-
ficient management patterns are a positive means of improving
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Table 1. Area and distribution of major agroforestry systems in China.
Agroloreslry systems Area *
(il ha.)

Agrosilviculture:

Alley cr 4.98 Estimated from 1, 10, 4244
smqu:aysmn 8:3 '{g. :; 1
Aquasiivicuiture X . 12,
Orchard 1.32 21,32, 43
Total 45.24
* Taiwan not included.

home-garden production. One example is the use of recycled
residues in Jiangsu Province (8). The excrement of chickens and
pigs, and the leaves of trees and crops are placed in a biogas
pool to produce biogas. The residues of the biogas pool are used
to produce mushrooms. The residues of the mushrooms are used
to grow earthworms, which in tumn are fed to chickens. Organic
matier is also used as fertilizer for tree and crop growth.

Shelterbelts

A shelterbelt is made up of strips of trees planted in fields to
reduce soil erosion, wind and sand encroachment, and drought
stress. This includes a windbreak that is useful in checking drift-
ing sands in desert areas and along the coasts.

Shelterbelts arc especially effective in protecting farmland
from severe wind and sand encroachment, and for producing
high-quality timber in the central and northern plains. Farmland
protecied by tree shelterbelts covers 10.7 million ha and takes
up 45.7% of all arable land (9). The most well-known type of
agroforestry is an intercropping of Paolownia imperials (P.
tomentosa) with arable crops.

In the northern parts of China, a windbreak is a major alter-
native for the control of desertification and protection of pas-
ture and farmland. Shelterbelts have been established recently
to enhance soil and water conservation in the upper-middle
reaches of the Yangize River and other hilly areas. For maxi-
mum efficiency, the upper to middle part of the hill should be
forested, the lower slope should be bench-terraced horticulture,
and the bottom should be farmland (10, 11).

Aquasilviculture

Aquasilviculture is a land-use system linking trees with fish or
aquatic crops. The major aquasilviculture systems are managed
in the middie and lower reaches of the Yangtze River, the Huihe
River, the Zhujiang River and the coasts. Virgin swamp, aban-
doned arable, coastal wasteland, and forest lands constitute the
major land resources utilized for aquasilviculture (10-13).
Aquasilviculture is practised in areas with a high watertable.
Ditching and terracing are employed for lowering the water level.
The ponds are made on onc side and the terraces on the other
by removing the soil from the moist lands. Fish are grown in
the ponds, while trees are planted on terraces and intercropped
with arable crops. A successful example is the fish-pond-mul-
berry systems widely used in the wetlands. Mulberry trees and
arable crops are interplanted on the dikes. Fish are bred in the
ponds. The mulberry leaves are fed to silkkworms, whose excreta
are used as fish food. The pond-mud fertilized by organic mat-
ter and fish excreta is put up on the dikes as manure for the mul-
berry trees and the arable crops. Other similar examples are the
tree-fish-arable crop and tree-fish-animal systems in the middie
and lower reaches of the Yangtze River. The tree species are
Taxodium ascendens, T. distichum and Metasequoia glvpto-
stroboides. Aquatic species includes the silver carp, crab, turtle
and shrimp. The animals include geese, ducks, sheep. The vari-
ous species in the system can satisfy their growth requirements
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Cultivating mushroom under the closed forests In Liuyang, the lower
reaches of the Yangtze River, China. Photo: Wending Huang.

in their different niches and realize their functional potential to
produce by-products and benefit the environment. In the tree-
aquatic crop systems, the combination of rice and Taxodium
ascendens is practised in the wetlands of the lower reaches of
the Yangtze River. Trees are planted in the rice fields or on the
dikes with a row distance of 5—12 m. Other types include lotus-
trees, arrowhead-trees and wildrice-trees.

However, the shade from the trees reduces the temperature,
light, and wind velocities. Exposure to wind is important for the
system because the resulting waves help to produce oxygen for
the fish. A high oxygen level is critical in summer in ponds with
a high-density fish population. Thus, wind direction and a sparse
structure of tree stands or belts must be taken into account in
the design of aquasilviculture.

Silvopastoral System

The silvopastoral system is a form of land use in which forest
and pasture are simultaneously managed for wood production
and domesticated animals (S, 14). The silvopastoral system is
dominant in the Three-North region. This region covers 1.49
million km® of desert and vast drought areas in the northern,
northeastern and northwestern parts of China. The silvopastoral
system is noted for its spatial arrangement of multi-storeyed veg-
etation. The upper storey consists of arbor species, the middle
of shrubs, and the under storey of forage or grazing land.

The primary use of trees for pasture and livestock is to pro-
duce fodder, provide shade, and to serve as a windbreak. One
widely used practice is to give priority to forage production us-
ing widened tree spacing. Forage production usually can be
maintained through tree harvesting. The variations in
silvopastoral systems range from planting trees in widely spaced
rows in existing pastures, to thinning of existing tree stands. An-
other allernative takes wood production as the primary objec-
tive. Grazing is not permitted until newly planted trees are high
enough to prevent damage by animals.

Silvi-Multiple Use

Silvi-multiple use is popular in the northeastern forest areas. This
region includes the provinces of Helongjiang, Jilin, Liaoling and
parts of the Inner Mongolian Autonomous Region. One of most
noted examples of silvi-multiple use is the iree-ginseng, (Prnanax
schinseng) system. The ginseng is widely used as a valuable
medicinal product, with a large market in China (10, 15, 16).
Another example of integration is the silvi-frog system. Forest
frogs can produce a frog oil, which is a kind of crude drug uscd
widely in the Helongjiang and Jilin provinces. Agrosilviculture
and silvi-edible fungus cultures are also popular. .

In southern China, the silvi-medicinal herb culture and silvi-
cdible fungus management are notable for their high profit. Rub-
ber, tea, coffee and coconut trees intercropped with arable crops
are very popular for increasing the production of multiple prod-
ucts.

The silvi-medicinal herbage culture is widely practiced in the
Henan, Anhui and Shantong provinces. The major species are
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the tuber of elevated gastradia (Gastrodia eleta), the root of
ballonflower (Platycodon grandiflorum), the rhizome of large-
headed atractylodes (Atractylodes macrocephala), and tree peony
(Paeonia suffruticosa). The Maidcnhair, mulberry, persimmon,
apricot, Chinesc chestnut, hawthorn, walnut, and Chincse pep-
per trees associated with arable crops make up the main parts
of the intercropping systems in the northern parts of China.

AGROFORESTRY FOR SPECIES DIVERSITY

Tree species are very diversified in agroforestry systems, espe-
cially in the tropical and subtropical areas. Nearly 75% of ma-
jor plantation species, investigated according to Silviculture
Techniques of China Main Plantation Species and Huang and
Wang (10), are involved in the practice of agroforestry.

Most arable crop, livestock and aquacultural species are inte-
grated with tree species. Over halfl of the cultivated Chinese me-
dicinal herb species have been intercropped into the forest stands.
According to our investigation at the Zhaoguan Agroforestry
Experimental Fann in October 1993, birds increased cight spe-
cies and bird numbers expanded fifteenfold compared with that
of un-exploited swamp land. In the tests on intercropping Chi-
nese fir (Cunninghamia lanceolata) with com, millet, soybean,
buckwheal, sweet potato, hot pepper, and tung oil tree (Aleurites
Jordii), the microorganisms in the soil, except for millet, increase
1-3 times compared with a monoculture of Cunninghamia
lanceolata, and the azotobacters on the rools are over 9-28 times
larger (17).

AGROFORESTRY FOR INCREASED PRODUCTIVITY

The measurement most frequently used (o judge the land-usc efl-
ficiency of intercropping is the land equivalent ratio (LER) (18).
We calculated the LER of T. ascendens crop systems under ex-
perimentation in Lixiahe wetlands in China (Fig. 2). Calculations
showed the LER to be between 1.51-2.53, implying that the
products which could be obtained from one ha of agroforestry
management would need a total of 1.51-2.53 ha of monocultures.

In most intercropping systems, intercrop yields are smaller,
becausc of the shade and competition from trees. But there is
an increase in the total yiclds of trees and intercrops combined.
Compared with tree plantations without intercropping, the total
yicld of trees and arable crops in intercropping systems can in-
crease 0.4-1.5 times (12, 19-21). In the northern plains, the tree
biomass, cmn?arcd with pure tree plantation, increased by 1.81
10 2.5 tons ha™ for 10-year old Paulownia fortunei in alley crop-
ping liclds (22). A study of the agroforestry in wetlands showed
that the bencefit-cost ratios of all 24 intercropping types were
from 1.0 t0 6.7 (23).

AGROFORESTRY FOR SOIL CONSERVATION

Maintenance of Soil Fertility and Improvement of Nutrient
Cycling

One of the most significant hypotheses of agroforestry is the po-
tentinl for maintenance of soil fertility and  productivity.
Agroforestry can be considered as a means of maintaining fer-
tility through symbiotic lixation and efficient use of fertilizers.
There is a need for more data, but it is at least a plausible hy-
pothesis that trees and shrubs can be identified which, grown in
agrol'orcslry systems, will be capable of fixing about 50-100 kg
N ha™' yr' (24). If nutrient reserves are present in weathering
rock but only at depth, tree roots may be able to tap sources una-
vailable to crops through recycling them as litter and root
residues. The measurcment of litters in Taxodium ascendens ar-
able crop systems (the T. ascendens stands are 5 years old) in
the wetlands of easlcm China gives annual retums to the soil
of: 89.5 kg N ha™ yr' of which 66.2 kg from T. ascendens, 5.8
kg P ha” yr' of which 3.2 kg from trees, and 32.8 kg K ha™
yr' of which 12.1 kg from trees (23). In the mulberry tree-fish
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Figure 2. Hiustration of the land equivalent ratio (LER) of agroforestry
systems in the wetlands of eastern China. The tree species is
Taxodium sscendens. LER = P,M,"' + P,M,™', P, Is production of tree
species in intercropping systems, P, that of crops, M, production of
tree species in a monoculture, snd M, that of crops. The critical value
of LER Is 1.0. If it is above 1.0, the intercropping system is said to be
advantageous, it below 1.0, the monocuiture holds the edvantage.
Agrotorestry experiments were set up at Zhaoguan Forestry Farm,
Jiansu Province in 1984. Before that, the area was composed of reed
marshes. In order to identily the best composition of tree stands for
intercropping, the test of tree planting spacings was set up, with the
same planting density ( 1667 trees ha™'). The four pianting spaces of
treeswere 2x3m,1.5x4m, 1.2x5m, 1.5x2x6m(1.5mls the
distence of interplants, 2 m is the distance of narrow interrows, and 6
m Is that of wide interrows). There were three repetitions for each
specing. A total of 12 plots were designed with an equal area (0.5 ha
per plot). Wheat and rape were intercropped in winter (the seeds were
sown in November) and soybean was intercropped in summer for tha
first S years; then ryegrass (Lolium perenne) was intercropped for the
following 2 years. In addition, 5 densities of soybean with three
replications, in which the sowing densities of soybean seeds were 67.5
kg ha™', 78 kg ha™, 82.5 kg ha™', 90 kg ha™', 97.5 kg ha™', were
Intercropped In the above four spacing planiations in 1987. Five
densities of mung bean (Vigna radiate) with three npllecllom, in which
the sowing densities of mung bean uods were 30 kg ha™', 33.75 kg
ha™, 37.5 kg ha™, 41.25 kg ha™, 45 kg ha™', were Imorefoppod intha
four obovo-momlomd stands in 1987. Tho mean biomass of trees and
Intercrops was used to caiculate LER. Monocultures of trees and crops
were measured in the same field formerly composed of reed marshes.
We did not find a significant difference in the LERs between legume
and nonlegume crop intercropping. The LER decreseed lrom 2-year-old
o 5-year-oid tree stands In ali intercropping types invoived. When tree
stands were 5 yeers old, the LER decreased significantly because of
tree cenopy closure. The transfer of the intercropping of high-light
requiring crops (wheat, rape, soybean and munghean) to low-light
requiring ryegrass (L. perenne) increased the LER.

systems, after nitrogen was absorbed by trees, 45% of the re-
maining nitrogen flowed into the pond, fertilizing soil and
water for the benefit of aquatic microorganisms and plant growth.
Alter harvesting fish, the mud and water were brought up on the
land to improve the soil (25).

Maintenance of organic matter levels in the soil through the
supply of litter and root residues is the major source of soil fer-
tility improvement, because organic matter can maintain the good
physical condition of the soil, protect against lcaching, and lcad
to more efficicnt use of fertilizers through improved ion-ex-
change capacity (24). According to our measurcments in the 7.
ascendens wheat-soybean system at the Zhaoguan Farm of
Jiangsu Province, the retumn of litter to soil was 5.9 tons ha™ in
5-ycar-old tree stands, of which 4.0 tons came from trees. In the
same experiment, on the less ventilasted and permeated
marshlands, the noncapillary porosity increased from 0.4% to
1.8%. This is of significance in keeping the soil more aerated
and increasing the drainage capacity in marshlands. The pH of
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Tree-fish-rape system in Susong, Yangzhou city. Photo: Wending Huang.

soil decreased from 6.85 to 6 after 7 years of inter-cropping man-

agement (23). High pH oflen causes yellow leaves on young trees
and on some crops.

Control of Soil Erosion and Desert Encroachment

Agroforestry has a potential for controlling erosion through the
multistorey cover and litter. Even though a high tree canopy can
not reduce erosion, many agroforestry systems for improving soil
organic matter do help to check erosion. Maintenance of a
ground-surface cover of 60% or more may be helpful in reduc-
ing erosion (23). In the northern parts of China, windbreaks or
shelterbelts combined with herbaceous plants are among the most
efficient alternatives for halting desert encroachment and con-
trolling soil erosion (19). The introduction of agroforestry may
provide a solution to the erosion on slopes caused by conven-
tional arable farming. Barrier hedges are combined with trees
on grass or arable crop strips, as reported by some researchers
(10, 15, 19, 26).

CARBON BUDGET IN AGROFORESTRY SYSTEMS
The carbon sink in China’s agroforestry systems, including tropi-
cal, subtropical, temperate, and boreal forests, was 179 Tg yr™'
(Table 2). If agroforestry is practised in a cycle of 15 years, the
C pool of trees would amount to 620 Tg and the C sequestra-
tion of vegetation (trees, intercrops and grass) would reach
2683.8 Tg. The whole C budget of crops and forage grass is dif-
ficult to estimate because most of these crops are consumed by
humans, or animals, or used as fuel after harvesting. The other
components (fish, livestock, etc) of agroforestry were not in-
cluded in this study. Compared with a monoculture of trees or
crops, the vegetation C sink of agroforestry was increased 0.5-
3 times in the wetlands (15), 0.3-3 times in the plains (estimated
from 10, 15, 22, 27), 0.5-2 times in the souther hilly arcas (es-
timated from 17, 21, 28-30). One estimate claims that for each
ha of agroforestry established on deforested land in the tropics,
perhaps as much as 2200 t C could be prevented from escaping
into the atmosphere (31).

DISCUSSION
Constraints

than a mono-culture. Forestry sectors are often based on strict
rules for protecting trees from the damage that would result from
arbitrarily pruning or thinning. A conflict between local residents
and forestry agencies would occur if more emphasis were on the
increase of forest cover. Foresters are in favor of forest protec-
tion while farmers are in favor of their intercrop or cash income.

When the production of agroforestry raises yields above lo-
cal consumption levels, the problem of disposing of the surplus
output arises, especially in inaccessible areas.

Potential and Recommendation

There are three main possibilities for using potential resources
to increase production in a given land-use system: expansion of
the cultivated area, increasing the frequency of cropping, and
increasing the yield per unit of permanently cultivated land (33).
A good example of expanding the cultivated area is the estab-
lishment of a windbreak, which is used as a reclamation tech-
nique to halt desertification. Biological controls and improved
land-management practices have increased woodland by 22.7%
at Yanchi, reducing severely desertified land by 10% (34). Re-
search shows (3, 4, 12, 22, 35-38) that because of the advan-
tage of agroforestry in resource sharing and environmental fa-
cilitation, agroforestry can raise productivity if the systems are
properly managed. In the northern parts and along the coasts,
large areas are available for shelterbelts or windbreaks. Another
natural resource is the forest land which could provide opportu-
nities for increasing the frequency of cropping through
intercropping and multiple-product production.

Producitivity in agroforestry can be improved not only by rais-
ing yields, but also by reducing the cost of production. Increased
space utilization and the substitution of green manure from ni-
trogen-fixing trees for costly industrial fertilizer have positive
roles to play, both in the protection of land from degradation and
in indirectly reducing production costs. Recycling of organic
materials in agroforestry is a promising way to convert waste
materials into useful products. This has been practised exten-
sively in southemn and eastern China (8, 15, 19, 25, 39). How-
ever, the use of machinery, fertilizer, pesticides and irrigation
are more difficult to manage in agroforestry than in a
monoculture. A good alternative seems to be the system of us-
ing widely spaced alley cropping that makes the use of tractors
and power tillers possible. At present, most agroforestry systems
are operating at a fairly low level of management. Plant arrange-
ment in home gardens is usually haphazard and excessively
dense, with inadequate attention to growth requirements and spe-
cies interaction. This leads to reduced yields and product qual-
ity. Efficient management can be improved considerably through
more rescarch back-up and extension elforts. In addition, the in-
troduction of sophisticated techniques should be clearly demon-
strated to farmers and explained in an understandable way.

In order to achieve long-term sustainability in landuse, a con-
sistent and attainable policy for agroforestry development is
needed, becausc farmers prescntly worry about the frequent

Arid and scmiarid regions in China cover
53% of the land area (32). This is the pri-
mary obstacle to increasing the production

Table 2. C sink and C density of vegetation per yeer in the agroforestry sysiems of China.

. H X C sink (Tgyr') C denslty of vegetation
of forestry and agriculture in China. Systems &“ﬂm Tree Total (Mg ha™ yr™')
Most agroforestry practices are on a low

management level. Many old or conven- m:mho 6.98 1723 1399 123 3245 6.54

. i . 0.72 1257 9868 8.71 119.96 343
tional activities are unproductive and have Home gardening 5.34 919 970 088 1975 5.74
improved very little over the years, and Siivopasioral system ég? g.:# g-gg ggg :gz
technical support is inadecquate. Present Orchard 2.80 1.85 373 033 591 4.48
agroforestry systems are usually unsuitable | Yo 4133 12610 1149 178.92 395

. . : o h 10, 15, 27-29, :

for the operation of machinery. Farmers are "":"’L’.".';'.mu?, 2 4{%*.); of home paxtggahgs.m)gu tha sbvopastora yuiem (15, 27, 15,
sometimes unwnllnqg to intercrop in tree 55); o aquasivicuture ( ..ﬁ...,.."""" nercropping (21.32), | ok o the oo
plantations, the major reason being that it wdeepround biowees crop and grass) divided by the areas of corresponding agr y {Table 1).

is more complicated to manage agroforestry
Ambio Vol. 26 No. 6, Sept. 1997 © Royal Swedish Academy of Sci 1997 397




policy changes. The sharing of benefits and obligations must be
well defined. This will encourage farmers’ activities in
agroforestry management. Multiple solutions to the problem of
marketing for surplus output arc required through the develop-
ment of cooperative marketing organizations and the establish-
ment of local processing industries.

As a means ol recovering forests as well as controlling
desertification and soil crosion through integrated management,
the recently developed Three-North Shelterbelt Program, the
Coastal Shelterbelt Program, the Huang-Hui Plains Afforesta-
tion Program, and the Soil-Water Conservation Forest Develop-
ment of the Upper-Middle Reaches of the Yiangtze River. all
seem to be steps in the right direction. However, a technical bias
and excessive bureaucracy, which exclude active local partici-
pation, should be avoided because they easily result in misun-
derstanding and mistrust between the farmers and the forestry
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