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MULTI-DIMENSIONAL AGRICULTURE — A PROMISING
SUSTAINABLE AGRICULTURAL MODEL
FOR SLOPING LAND

Liu Chungchu?, Weng Bogit and Liu Xiashi?

LFujian Academy of Agricultural Science, 247 Wuxi Road, Fuzhou, Fujian 350003, P. R. China
2National Azolla Research Center, Fuzhou, Fujian, P. R. China

Abstract

This paper describes a sustainable agricultural model for hilly red soil regions. The model, called
‘multi-dimensional agriculture for sloping land’, incorporates fruit and tea orchards interplanted with
forages to preserve water and soil, and to be utilised for animal husbandry. Animal residues are
utilised to culture edible fungi and develop biogas, and finally biogas liquid is applied as manure/
fertiliser to trees, thus improving the quality of the fruit. A favourable nutrient cycleis established that

leads to better economic and ecological results.

INTRODUCTION

IN mountainous areas of southern China, the two
principal causes of serious soil erosion are the over-
exploitation of forests and the planting of fruit
orchards and tea tree plantations on a large scale.

In recent years the problem of over-exploitation of
forests has been largely overcome by the government
paying attention to re-afforestation. This paper
concentrates on the problem of soil erosion in
orchards. In Fujian province, for instance, orchard
areas occupy more than 10% of the total land area, and
are increasing at the rate of 5000 km?/year. It is
important to know how to control soil erosion in the
orchard areas, especially when they are located on
sloping land.

The construction of a multi-dimensional
layer cropping model

A comprehensive scheme has been developed to
control soil erosion in combination with the
productive development of hilly areas. It has been
designated as a ‘ multi-dimensional agricultural model
for sloping land’, and is based on techniques which
permit high fruit yields, the interplanting of high-
quality fodder in the orchard areas and developing a
functional nutrient recycling system (Table 1).

DESCRIPTION
Selection of grass species

Planting grass is a key feature for controlling soil
erosion as well as for developing more productive
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systems. With cooperation from Australia (ACIAR
and the University of New England), more than 100
forage legumes and grasses from other countries were
evaluated. After screening, the most suitable species
found to grow in Fujian were Wynn cassia
(Chameacrista rotundifolia), grazing peanut (Arachis
pintoi), Premier finger grass (Digitaria eriantha),
Bahia grass (Paspalum notatum), white clover
(Trifolium repens), cocksfoot (Dactylis glomeratum)
and hybrid Pennisetum spp. These were interplanted
in orchard areas and harvested to assess yield potential
(Table 2).

The orchard terraces, banks and walls were planted
with different forages. Generally, on the level terraces,
legumes such as Wynn cassia, white clover and
Arachis pintoi were planted, to provide a continuous
supply of quality forage. Bahia grass was planted
around the edges of the paths in the orchards. The
terrace walls were planted with broad-leaf paspalum,
Bahia grass, or elephant grass. In some cases, a
mixture of white clover, white radish and ryegrass was
sown in the winter season. Within 1 m of orchard tree
trunks, only dry mulch was used.

Combining forages with livestock husbandry

The raising of geese requires approximately 30 m? of
forage production area for each mature goose.

Forages fed to pigs or fish can be either green or dried.

Approximately 0.8-1 ha of forage is required to
support each cow.
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Table 1. The structure of a multi-dimensional agricultural model for hilly land in southern China.

Aims: to prevent soil erosion and to improve ecosystem functions

Structure (within one water shed)

Function and efficiency

Top of hilly Mixed plantings of trees for timber To control soil erosion at the

Selectively cut timber and bamboo;

land and bamboo; fast-growing trees; source and to conserve water fast-growing trees increase profits
shrub plants both in the short- and long-term
Middle part  Plant fruit orchards and tea Effectively control soil erosionin  Increased fruit quality; improved
of the hill plantations, using contoured orchard; prevention of drought and farmers' income and cost savings
terraces with water-draining improvement in ecological
ditches; plant leguminous fodder ~ functions
on terraced surfaces; grow grasses
and leguminous plants on terrace
wall to limit erosion
Foot of Agriculture and animal husbandry; Comprehensive development » Foragesin feed for pigs may
the hill mushroom production; rice—azolla— involving save 10-30% concentrated feed.

fish system; biogas .

feeding animals with forages; .
» growth of mushroomsin media

Development of forage feeding
of animals, such as cattle, sheep,

supplemented with forages; geese etc.
» develop biogas; » Provide feed to fish in paddy
» biogas liquid for growing grass field

and biogas residual for » Decrease of 15-20% in

fertilising fruit trees

chemical fertiliser; farmers
increase their income by up to
8000 yuan/ha

Table 2. Theyield and nutrient value of interplanted forages grown on sloping orchard land.

Species Fresh yield Nutrient content Harvest date
(kg/ha) , , :
Crude protein Fibre N-free extraction
Wynn cassia 29,010 16.40 28.41 42.71 20 October 1992
Pennisetum spp. 86,370 7.75 31.61 34.23 29 February 1992
White clover 14,010 24.70 25.38 36.75 27 April 1992

Combining forages with mushroom
production

Dried and powdered forages, such as broad-|eaf
paspalum, Premier finger grass, Wynn cassia, Bahia
grass and Pennisetum spp., can be mixed and used asa
component of the media used for growing wood-ear
mushrooms, straw mushrooms and golden-needle
mushrooms, thus leading to savings of 15-45%

of the fine medium typically used.

Biogas production

The grasses growing on terrace walls in the orchard
area are cut and mixed with dung of cows, sheep,
ducks and geese to produce biogas. It has provided the
energy source for farmers’ lighting and fuel. After
biogas production has finished, the residual biogas
liquid is applied to orchards as an organic manure

to enhance fruit tree growth.
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The benefits of using this technique

Yield and quality

Interplanting fodder grasses in orchard areas decreases
soil erosion and improves soil fertility, and the
fermentation residues of biogas serve as organic
manure for fruit trees. This practice not only increases
fruit yield but also improves quality. The amount of
fruit of larger size is increased, so the benefit also
increases.

Table 3 shows that yields of Nai-apple in erosion-
controlled areas were 39% and 28% higher than the
control areas in 1994 and 1995 respectively. The
resulting production benefit is reflected in higher
profits per tree and an improved output:input ratio
(Table 4).
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Table 3. The effect of controlling soil erosion on the yield of Nai-apple. Data presented are the average values

obtained from 30 trees of each treatment.

Treatment 1994 1995
Averageyield  Proportion of largesize Averageyield  Proportion of largesize
(kg/plant) fruit (%) (kg/plant) fruit (%)
Control 113 46.3 141 39.0
Interplanted with forages 15.7 57.7 18.1 50.5

Table 4. Comparison of economic benefits of controlling soil erosion with interplanted forages on Nai-apple

orchard land.
Treatment Investment costs (yuan/plant) Price (output)
Labour Fertiliser Pesticide = Management Total costs Valueof  Value: input
fee production cost ratio
(yuan/plant)
Control 23 16 22 04 6.5 234 36
Interplanted 3.0 12 18 0.7 6.7 335 5.0
with forages
Table5. Soil fertility changes in a Nai-apple orchard at Jiang Kou, Fujian.
Before underplanting (1991) After underplanting (1994) Increase/decrease (%)
pH (H20) 48 5.2 +8
Organic matter (%) 1.0 13 +15
Available N (ppm) 47.6 58.5 +23
Available P (ppm) 23 35 +53
Available K (ppm) 304 38.9 +28
Bulk density 113 0.95 -16

Livestock production

The forage growth in orchards is sufficient to support
approximately 1 cow/ha, resulting in an annual cost
saving of feed of about 755 yuan. The use of forage
powder can substitute for 12.8% and 15% of the
concentrated feed for pigs and egg-laying ducks
respectively without any production penalty. Such
substitution resulted in the egg-laying rate of ducks
being increased by 8.7%, while the costs fell 17.4%.
The use of mixed forage powder to substitute for
15-45% of the growing medium and adding 5-10%
biogas residue has resulted in increased yields of
wood-ear mushroom and rice straw mushroom of
13.6% and 16.7%, respectively, compared with the
control. The five types of amino acids in mushroom
were also present in higher amounts than those in the
control group.

The application of this ‘multi-dimensional agricultural
model’ was also found to improve soil fertility on
sloping orchard land. After being planted to forages

continuously for three years, the organic matter in red
soil increased while the bulk density decreased
(Table 5). Soil erosion also decreased. At the same
time, therewas an increasein income of approximately
8000 yuan/ha. For these reasons, this integrated
development model for sloping orchard land, stressing
the prevention of soil erosion, has been welcomed by
local farmers.

CONCLUSIONS

Although farmers’ incomes have improved in recent
years, the need for improvements in agricultural
technology continues. Agricultural technology should
first be easy to implement; second, beneficial to
agricultural production; and third, should result in
economic benefits. If these criteria are not met, it will
not be adopted by farmers. If technology is concerned
only with controlling soil erosion, farmers will be
unwilling to accept it. If forages planted are used only
for animals, the farmers’ benefit will not be sufficient
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to encourage adoption. The development of animal
husbandry greatly depends on the availability of
markets as well as quality products. The ‘muilti-
dimensional agricultural model’ of comprehensive
development takes forage culture and soil and water
preservation as its core, and then builds in animal
husbandry, the culture of edible fungi, the production
of biogas, the application of biogas liquid to fruit
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trees, and the production of improvementsin fruit size
and quality. With this model, farmers can achieve
comprehensive benefits and thus readily adopt the
technology. Thisis one of the best characteristics of
the model — that it combines agricultural and
ecological benefits with economic benefits to the
farmers. Under these conditions, forage systems can
be developed more quickly.
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RED SOILSII AREA DEVELOPMENT PROJECT —
A FARMING SYSTEMS APPROACH TO RED SOIL
DEVELOPMENT

Richard H. Chisholm?! and John L. Stemp?

INatural Resources and Environmental Management Consultant, Canberra, Australia
2Agronomist and Task Manager, Red Soils |1 project, World Bank, Washington D.C. USA

Abstract

World Bank assistance for the development of under-utilised, degraded red soils in southern China
has comprised two projects. The first Red Soils Area Development Project (RSI) was a pilot which
developed relatively favourable sites covering 27,000 ha in Jiangxi and Fujian and was completed in
1991. The second project (RSI1), which started in 1993, is located in Guangxi, Hunan, Jiangxi, Fujian
and Zhejiang provinces and has a project area of about 53,000 ha. It is based on a small watershed
approach to development which encompasses a broader range of site conditions than RSI. The project,
which is due to be completed in June 2000, includes 217 small watersheds of about 60750 ha and
aims to develop replicable, sustainable models for further development of the red soils of southern
China.

The opportunities for expansion of arable land in China are limited and the red soils areas, covering
20 million sg km south of the Y angtze, are a major under-devel oped resource. The main focus of RSII
is on development of degraded upland areas for agriculture, horticulture, forestry and animal
production. Severe degradation of large areas of red soils means that several years of improvement by
adding organic matter has to be undertaken. Because of concern over loan repayments there has
previously been an emphasis on activities (e.g. citrus production) which give the fastest returns on
investment but may threaten the sustainability of development. The model adopted was designed for
both sustainability and acceptable income generation. Several problems emerged in RSI: lack of crop
diversification, marketing concerns due to over-planting of citrus in South China, and sustainability of
technologies adopted (e.g. reliance on imported potassium fertiliser). To address these problems a
livestock component integrated into orchards' was adopted, to provide cash income and manure for
land improvement.

Land development was based on small watersheds with areas above 25° slope planned for forestry,
mid-slopes between 5° and 25° for orchards and annual cropping, and areas below 5° for paddy
cultivation. Terraces and vegetative hedges were constructed on mid-slopes, with grassland and
forestry on steeper slopes. Planning has been based on individual household units combining
orchards, animal production, intercropping of annual crops and lowland paddy production in over 217
watersheds. The major difficulties encountered so far include: faulty terrace construction works, lack
of familiarity with upland irrigation design, and slow adoption of agroprocessing. Despite these
difficulties the project’s approach to development has been enthusiastically accepted by farmers and
net per capita incomes in 1996 were 978 RMB compared with 816 RMB in non-project areas.
Reasons for this success include integration of animal production with orchards, with farmers
currently earning net margins of 100 RMB per pig fattened; income from annual intercropping
peanuts, brassicas and maize; and improved orchard management.

The World Bank continues to support red soil development and is following with interest the work of
ACIAR in its development of low cost approaches to the problem. The Bank has adopted many of the
findings of this research in its own recommendations, particularly those on fertiliser requirements.
Experience gained under the second Bank-funded project is also providing useful lessons in refining
red soil area development models that may be more cost effective and affordable for wider adoption

in future.
INTRODUCTION has comprised two projects. The first Red Soils Area
Development Project (RSI) was a pilot which
WORLD BANK assistance for the development of developed relatively favourable sites covering

under-utilised, degraded red soils in southern China 27,000 hain Jiangxi and Fujian and was completed
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in 1991. The second project (RSII), which started in
1993, is located in Guangxi, Hunan, Jiangxi, Fujian
and Zhejiang provinces and has a project area of about
53,000 ha. It is based on a small watershed approach
to development and encompasses a broader range of
site conditions than RSI. The project, which is due to
be completed in June 2000, includes 217 small
watersheds of about 60—750 ha and aims to develop
replicable, sustainable models for further devel opment
of the red soils of southern China

BACKGROUND

China's agriculture must support a population of over
1.2 hillion people, although China’s agricultural land
base is exceptionally small relative to its large
population and geographic area. The opportunities for
expansion of arable area are limited and the red soils
areas, covering 20 million sq km south of the Y angtze
River (with 8 million hain Hunan alone), are amajor
under-developed resource.

Asincomesrise, an increasing share of the gross value
of agricultural output is being taken by fruit,
vegetables and animal products. Moreover, local
governments have placed a high priority on
developing uplands, natural pasture and water
resources for expanding productivity and production
of non-staple and commercial crops as a means of
increasing farm income. As aresult, the focus of RSII
is on upland development. Although rehabilitation of
irrigated valley bottoms is being undertaken through
drainage and irrigation improvement as part of the
watershed approach, the main emphasisis on
development of degraded upland areas for agriculture,
horticulture, forestry and animal production.

Theareasto be devel oped under the project in Guangxi,
Hunan and Jiangxi are located in broad, open valleys
with slopes of 5-15°. In Fujian and Zhejiang, the sites
are typically located in narrow, steep-sided valleys.
Elevation varies from 50-1000 metres above sea |level
across the project sites and the difference in relief
within a watershed is typically about 100 metres.

INTENSIVE VERSUS EXTENSIVE
HOUSEHOLD MODELS

The severely degraded nature of large areas of red
soils in the project area means that several years of
improvement by organic matter addition (to counteract
the dual effects of acidity and iron and aluminium
toxicity) be undertaken before rehabilitation is fully
effective. This is sometimes difficult for local
authorities to accept because of their concerns over
loan repayments. There is therefore a tendency to
favour activities (e.g. citrus production) and methods
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of development (e.g. dense planting) that offer the
fastest returns on the investment, but may threaten the
sustainability of the development. The model adopted
for the project was designed for both sustainability
and acceptabl e income generation. However, there are
severd critical constraints to overcome:

* Theresident population is poor, with some 25% of
the households in the project area below the
absolute poverty threshold income. As aresult,
farm sizes must be within the means of poor
familiesto develop, yet produce adequate income at
full development to support 4-5 people. Existing
households commonly operate 0.35 ha arable
irrigated (paddy) land and 0.29 ha of dryland,
producing maize, sweet potato, brassicas, peanuts
and fruit on scattered dryland orchards.

» The climate can be extreme with winter minimum
temperatures of minus 12°C and summer maxima
in excess of 35°C. A two to three months summer
drought occurs over most of the project area.

» The soils are predominantly high in exchangeable
aluminium, have alow pH (4.5-5.5) and are limited
by deficiencies of phosphorus, nitrogen, potassium,
magnesium and calcium, as well as the
micronutrients boron, zinc and molybdenum.

» Soil erosion is serious (Lu and Shi, 1991), covering
21% of land area in Jiangxi, and occurs at rates of
5-10,000 tons/sq km on Quaternary red clay soils
in project areas.

» Despite the excellent work being done in south
China on forages for red soils (Horne et al., 1991
eds.), the Bank and Chinese preparation teams
could not identify any particular strategies for
forage development or native pasture improvement
based on extensive methods which would be
sufficiently attractive financially to the borrower,
whose key concern was ability to repay aloan. The
experience is that forage development shows
promise in favourable higher altitude areas of
Fujian, parts of Hubei, Guizhou and possibly in
Guangxi using tropical species. However, summer
drought and winter cold still limit yields of grasses
and survival of the legume component in areas such
as Hunan and Jiangxi. Similarly, China had already
developed large areas with low input plantations of
tung oil producing trees and tea oil shrubs, but the
plantations were languishing for lack of markets.

For these reasons, an intensive model for household
development was seen as hecessary to support
household development. The key determinants
identified were:

* An approach based on development of small
watersheds encompassing forestry on hilly areas,
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sloping land development for high value crops and
improvement of lowland irrigated areas.

* Irrigation improvement and drainage to stabilise
food crop output in the lowlands and ensure stable
yields in the upland aress.

¢ Orchard development to provide stable incomes
from small areas at full development.

NEW INITIATIVES

The approach outlined above, however, had aready
been tried in RSI, albeit on the most favourable
available sites that avoided the steeper and less fertile
areas. While they resulted in a project with good
returns on the investment, severa problems emerged.
Firstly RSI had not taken particular note of
sustainability or environmental protection concerns.
Crop diversification was seen as a critical omission
in RSI. In December 1991, an extreme cold front
destroyed or damaged large areas of citrus and tea
plantations in the RS| areas. Subsequent analysis of
meteorological data demonstrated a recurring pattern
of low minimum winter temperatures at about 7 yearly
intervals. Clearly, deciduous fruits, citrus, tea,
medicinal crops such as gingko and nut crops such as
chestnut, offer a more stable farming system at
household level. Reliance on one crop, such as ramie,
as a sole source of household income also proved
unsound when the market collapsed for the product in
1988 as this resulted in even greater poverty for some
participating households.

Indeed marketing was a mgjor concern for project
designers, given past and continuing concern at the
extent of overplanting of citrus in south China, and
the need to produce products which could be
differentiated by their quality, which in turn requires
superior production and processing techniques.

Sustainability of the technol ogies employed was also a
concern. Very large inputs of fertilisers had been used
on RSl but with little attention to environmental
sustainability or household financial viability. Almost
all of China s potassium fertiliser is imported and
athough nitrogen fertiliser is available it is often of
low quality. A technology based on soil improvement
through the use of locally produced organic
amendments was clearly needed. To make
developments financially sustainable for the
beneficiaries in the years before orchards reached
bearing, a livestock component, integrated into the
orchards, rather than developed as a separate
agroenterprise as in RSI, was adopted to provide
cash income and manure for land improvement.

Forages for the Red Soils Area of China

Agroprocessing enterprises were incorporated as
vertically integrated components to provide added
value and employment opportunities.

Integrating the initiativesinto a
water shed design

Land use planning

Thefirst step in designing the small watersheds was to
divide the areas using accepted local methods into
land uses according to slope. Areas above 25° were
planned for forestry, mid-slope areas between 5 and
25° were alocated to orchard development and annual
cropping. Areas below 5° were almost always existing
paddy cultivation. Conservation measures consisted of
terraces on lands from 8-25° slope, with forestry and
grasslands on steeper slopes. Lower slope areas were
to be developed for orchards or annual crops using
vegetative hedges of Vetiver (Vetiver zizanoides),
Premier finger grass (Digitaria smutsii) and paspalum
(Paspalum wettsteinii). Counterpart staff prepared
soils and land use maps on this basis, after selecting
watersheds with the basic resources of wasteland,
access to irrigation water and available labour.

The household model

Within the mid-dlope areas, the next step was to
decide the design of an individual household unit.
With the change from communal to household
responsibility in the project areas, the project was
designed to be implemented primarily using the labour
requirements of an individual household. Labour
balances for al development and operating activities
that would comprise an annual cycle of activity
(trenching, terracing, tree maintenance, animal
production, crop harvest, etc) were constructed
assuming an available labour of 2.4 persons per
family, with 25% under-employed labour and thus
1.8 labour units per farm or about 600 labour days per
year. This volume of labour was calculated as
adequate for development of afarm model based on
about 0.4 ha of orchard, 0.13 ha of paddy and 0.06 ha
of vegetables and forage, or approximately 0.6 ha

in total. Labour requirements could be met from
household labour until year 10 and even then the
excess was within the 25% allowance for existing
under-employed labour. On this basis, development
proceeded assuming an orchard area of about

0.3-0.7 hawithin atotal farm area of between 0.5 and
1.5 ha. On the smaller farms, higher value fruits such
as grapes, kiwi, longan and lychee were to be
substituted for deciduous fruit and citrus. In all cases
amix of orchard trees rather than a single crop was
planned to provide a buffer against climatic and
market variability.
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To supply acontribution to their own organic fertiliser
requirement, the household units were designed
around an organic matter balance assuming inputs as
paddy straw, residues from annual crop and intercrop
areas and from pig manure. Outputs were the pig
manure, green manure and rice straw requirements for
initial incorporation into contour trenches under the
trees, and the straw and fodder requirements for
livestock production and fuel.

Most project areas had already achieved the national
goal of 1 pig per mu of irrigated area. The organic
matter balance showed that about 3 pigs per mu of
orchard would be needed for orchard establishment
and maintenance. The basic household model
therefore incorporated between 20 and 60 pigs for
fattening annually in two cycles. Some households
were based on pig breeding using 7-8 sows, or 250
ducks and fish ponds of about 0.5 ha . Others used
poultry (100/mu), geese (25/mu), ducks (50/mu) and,
occasionally, cattle (0.5/mu) in addition to paddy and
orchard areas. Some specialised dairy households
were based on 1 ha of forage and purchased
concentrates, with 4 heifers breeding ultimately to

8 milking cows. This specialization was to be
implemented in Jiangxi and Zhejiang.

Project feasibility studies included plans to maximise
early returns by use of high density plantingsin
orchards. However, the nature of the soils involved
demanded ongoing inputs of organic matter, for
which intercropping of annual crops (to achieve early
cash flow before bearing) and legumes (to supply
nitrogen and high quality crop residues for animal
feed and soil maintenance) would be later needed.
Project standards were therefore set to limit orchard
density and regulate tree spacing to achieve
intercropping over a sustained period. Lower densities
were also seen as a means of assisting production of
larger, higher quality fruit, which isin demand in the
market. Similarly, upper slope and agroforestry
planting densities were reduced to a maximum of
1650 trees’ha of any species to provide for higher
quality timbers.

A total of 35 ‘technical standards' including upland
development, roads, forestry, irrigation design, rural
energy from biogas digesters, infrastructure, water
reguirements for humans and animals, and staff
training were ultimately included in the Staff
Appraisal Report (Anon. 1994) as minimum
standards, which project implementers were to meet
during construction.

IMPLEMENTATION EXPERIENCE

Given the extent of the project — with over 217
watersheds and the relative complexity of individual
household units combining orchards, animal
production, intercropping of annual crops and lowland
paddy production— problemswith theimplementation
of the project at farm level were to be expected. The
major difficulties experienced so far have included:

» Farmers and project staff at county level have been
slow to recognize that level terraces constructed on
the contour were necessary for orchards. Initialy,
many developments were constructed off contour,
without vegetative protection and without
necessary arrangementsfor drainage. Concentration
of flow would have ultimately destroyed many of
these terraces and they had to be reconstructed to
project standards. Demonstration areas of 20 ha per
watershed were used for initial practical training of
farmers. For many years, bulldozers were used for
terrace construction by experienced operators at
Lingling demonstration farm, Hunan. However, in
the hands of inexperienced operators, they proved
unsuitable elsewhere in the project and were
withdrawn in favour of hand labour.

* |rrigation development using pipe systemsto supply
water from hilltop reservoirsto hand held sprinklers
has not proven easy. Despite previous experiencein
Hunan at the Lingling demonstration farm, most
staff of the county level Bureaus of Water
Resources were not familiar with upland irrigation
designs. Assistance from provincial staff and study
tours have been necessary for design staff.

* Inarapidly expanding economy, the availability of
counterpart funds for construction of roads,
buildings, pumping stations and power facilities has
been restricted. This has slowed the pace of
implementation and sometimes contributed to
sub-standard devel opments.

» Implementation of agroprocessing, initially thought
to be avery attractive part of the project, financially
has been rather disappointing. Insufficient attention
was paid to marketing aspects, and management
of financial and physical resources relied on
inexperienced staff. Inefficient designs for
processing resulted from areluctance to use foreign
technical assistance and the modern design
principles which such expertise might have
been able to apply.

* It proved difficult to convince some local
governments that the project objective was to
develop practical working models for red soil
development, not showcases.
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Despite these difficulties, the major success of the
project’s high input style of development has been its
enthusiastic acceptance by farmersin al aress.
Despite the costs which project farmers have had to
bear, and the lack of income from orchards to date, net
per capitaincomes across 41 watersheds in 1996 were
978 RMB compared with 816 RMB in non-project
areas. Watershed development is about 80% compl ete,
with most areas expected to exceed initial targets for
land development and crop establishment. The reasons
for thisinclude:

» Despite early reluctance by planners, integration of
animal production with orchards has been a major
factor in boosting household incomes. Farmers
currently earn net margins of about 100 RMB per
pig fattened, partly because they are not totally
reliant on purchased feeds as a result of early
planning for annual crop intercropping. Farmers
utilise pig manure enthusiastically as a substitute
for inorganic fertilisers on trees and crops, reducing
their costs and increasing project sustainability.
Where fertiliser has been purchased, it has been
predominantly local calcium magnesium
superphosphate — a cheap and effective fertiliser
as proven by ACIAR project 8725 in Hunan.

e Annual crop incomes from intercropping peanuts,
brassicas and maize also contribute directly to
improved living standards. Improved drainage in
the lowlands, a practice already well known to
farmers, has boosted paddy yieldsin areas with iron
and manganese toxicity problems.

« Most orchards are not at bearing stage but will
reach bearing within 1-2 years and should produce
considerable increases in income. Tree growth is
vigorous as a result of care in trenching, organic
matter incorporation and the placement of topsoil
around the roots of seedlings. The use of only first
class virus free seedlings aso has contributed to
vigorous early growth.

As aresult of these practical benefits, farmers
contributions to project funds have universally
exceeded initial estimates and previously pessimistic
local governments have at |east seen some success in
improving wasteland resources.

THE FUTURE

Experience to date suggests that the present model
will require modification to reduce investment coststo
more affordable levels for wider adoption on alarge
scale. There has been a tendency to spare no expense
in development in order to meet targets. Project staff
admit that costs for development might be reduced by
30-40% from current levels of 7500-9000 RMB/ha
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for land development and 20-25,000 RMB/hafor crop
establishment. Such inputs place a severe strain on the
resources of local government. However, what is not
yet clearly understood is the financial impact of
orchard harvests on incomes and tax revenues. Much
will depend on whether the promising early growth of
orchards is matched by good yields in years 5-10.

The mid-term review recommended that ways to
reduce the cost of development be sought across the
project in the remaining period of project life. Some
examples might include:

» Developing contiguous watersheds so as to gain
economies of scale from infrastructure and
management investments. In the ongoing project,
demonstration of value across a range of
watersheds was sought. However, for practical
implementation, atighter grouping of devel opments
could well be more cost effective.

» Revised standards for terracing. Areas below 8°
have often been terraced when this was never
required. It has been difficult to persuade farmers
and project staff not to adopt some form of
terracing. However, research under the project in
Fujian has shown that contour planting and ground
covers of Arachis pintoi can be equally effectivein
reducing erosion.

» More critical appraisal of agroprocessing
investments. In many cases, earlier investments by
companies based in Guangdong have achieved
dominance in the market, particularly for fruit
juices, and the project investments have been at too
small a scale to be competitive.

» More selectivity in choosing areas to develop.
While the greatest poverty commonly occursin
isolated mountainous areas, the most cost effective
development might be possible in areas of broad
open valleys, with minimum differences in relief
for irrigation pumping and low slopes to minimise
terracing.

* More cost effective irrigation design, with
minimum use of sprinklersasasolutionto irrigation
of steep slopes. Hand held hoses and simple hilltop
reservoirs can be effective if well designed.

CONCLUSION

The World Bank continues to support red soil
development and is following the work of ACIAR in
its devel opment of low cost approaches to the problem
with interest. The Bank has adopted many of the
findings of this research in its own recommendations,
particularly those on fertiliser requirements.
Experience gained under the second Bank-funded
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project is also providing useful lessons in refining red
soil areadevel opment models, which may be more cost
effective and affordable for wider adoption in future.
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A STRATEGY FOR THE DEVELOPMENT OF THE
RED SOIL AREAS OF SOUTHERN CHINA
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NSW Agriculture, Pasture Development Group, Orange Agricultural Institute Forest Road, Orange,

NSW, Australia 2800

Abstract

Soils in the red soil region of south China have impoverished nutrient status and high levels of
exchangeable aluminium. To achieve sustained production on these acid infertile soils, improvement
programs must be undertaken to raise fertility sufficiently to enable plants to take full advantage of
the favourable climatic conditions of the region. Attempts to quickly increase available nutrients by
large fertiliser inputs are of limited value in these low cation exchange, kaolonitic soils that render
nutrients unavailable through fixation processes or through leaching of them beyond the root zone.
Rather, the development of low-input systems, in which the selection of appropriate pasture species
and fertiliser inputs are focused initially on improving soil conditions primarily through an increase in
the organic matter pool, is seen as a more feasible and sustained means of improving the productivity
of red soil in south China. This review provides an example of alow-input soil management strategy,
developed at Lechang Model Cattle Farm in north Guangdong Province, for well-drained, acid,
inherently infertile Hapludult soils. Three stages of development are described through which
individual paddocks may advance before high and sustained livestock or crop production can be
achieved. In this program, a molasses grass/roundleaf cassia pasture that is very productive with low
P and K inputs is recommended for Stage 1 because the >11 t DM/ha of top and root growth provides
a significant boost to soil organic matter. With moderate P and K inputs and some soil improvement
in Stage 1, better quality species such as setaria combined with lotononis, forage peanut or fine stem
stylo showed promise for summer grazing by cattle in Stage 2. Lime application further increased the
range of summer grasses and temperate species in Stage 2 development. Only after several years of
rebuilding soil fertility and nutrient recycling under grazing can production of high-producing Stage 3
subtropical and temperate species be sustained without high annual fertiliser and lime inputs. Cash
crops and forages can be integrated at strategic points in the soil improvement program to diversify
income, provide more cattle feed at critical periods, stop weed invasion and break insect and disease
cycles. Desirable and undesirable change in pasture composition provide a useful guide to changesin
soil fertility and the appropriateness of management practices. While further research is required to
refine some of the components of low-input soil improvement strategies for other locations in south
China, such as the selection of the most suitable species and fertiliser combinations, this approach will
result in sustained pasture and crop production on the red soils region, especialy if supported by
changes in social perceptions on livestock production and appropriate economic reforms.

INTRODUCTION

THE ability of countries within the tropical and
subtropical zone to produce the food needed for
expanding populations depends largely on more
effective use of the resources available (Baird 1978).
Concentrating on the weakest links in the current
production process produces the best return for the
physical effort and capital invested in developing
agriculture and animal husbandry (Whiteman 1980).
In China, the red soil region which extends from the
Chang-jiang River in the north to the South China Sea
in the south offers tremendous potentia to relieve the
food pressures resulting from China's increasing
population (Cao 1991), provided some fundamental
constraints to crop and livestock production can be
overcome.
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Soil acidity isthe major problem that limits the
development of the wasteland areas in tropical and
subtropical regions, including south China. Although
acid soils are found in temperate regions, they are
more common in the tropics and subtropics where the
combination of high rainfall and high temperature
promotes rapid weathering of soil minerals and the
loss of nutrients through leaching and erosion. These
soils are important because of the magnitude of the
land area affected. In tropical Asia, for example, more
than 38% of the total land area (or 330 million ha) is
classified as infertile acid soils (Sanchez and Salinas
1981). Within south China more than 70% of the

2 million km? of red soils (Flex-Henningsen et al.
1989) are strongly acid (Zhao and Shi 1986). This
accounts for about 14% of the total land area of the
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nation, and includes more than 40 million ha of
grassland (Hong 1985).

The soilsin China' s red soil region show marked
horizontal and vertical changes brought about by the
influences of bioclimatic and topographic conditions
(Figure 1). For example, from south to north the soil
distribution occurs as Oxisols, Ultisolsand Inceptisols;
from sea level upwards as Oxisols (50-300 m),
Ultisols (300-800 m), Inceptisols (800—1000 m); and
from east to west as Ultisols, Mollisols, Inceptisolsand
Entisols (Zhao and Shi 1986). The Chinese equivalents
of these Soil Taxonomy orders and the areas of each
compared to tropical Asia and world totals are shown
in Table 1.

Acidity develops in soils as a result of leaching of
base cations and their replacement with hydrogen and
aluminium. In the well-drained acid soils in south
China, aluminium rather than hydrogen is the cation
mainly responsible for the exchangeable acidity which
affects plant growth, particularly at pH <5. In turn,
auminium toxicity and acute deficiencies of
phosphorus (P), potassium (K), calcium (Ca), and
magnesium (Mg) pose the major constraints to all but
the most tolerant crops and pastures. While these
nutrient deficiencies are common to most soilsin
tropical regions, there are continental differencesin
the impact of aluminium on plant growth with
aluminium toxicity widespread throughout Latin
America(Sanchez and Salinas 1981) and tropical Asia

eay | N

including China (Wen and Lin 1986), but infrequent in
soils in northern Australia (Sanchez and Isbell 1979).
The similarity between soils in China and South
Americasuggest that tropical Americamay be a better
source of species for China's rangeland improvement
programs than Australia. This has already been
demonstrated with the registration of ‘Pi Hua Dou
184', a CIAT S. guianensis ecotype, as the first
Chinese stylo cultivar (CIAT 1988) and more
extensive testing program of CIAT lines is currently
underway in Hainan Province (Clements et al. 1997).

In addition to aluminium toxicity and theimpoverished
nutrient status of red soils, analyses of the climatic
regimes experienced in the southern provinces of
Guangdong (Michak et a. 1988; Michalk and Huang
1994), Hunan and Fujian (Horne 1991) have identified
other fundamental constraints to agricultural
development including periods of severe moisture
deficit, low temperatures and frosting. North of the
Nanling Range (25°N), which marks the boundary
between subtropical and tropical zones (Chu and Y uan
1963), frequent drought in July/August severely
affects pasture production (Horne 1991), whereas
south of the Nanling Range in north Guangdong
Province drought has a minimal effect on production
(Michalk et a. 1994).

Despite these constraints, agricultural planners are
keen to develop the large areas of barren red soil lands
in south China for integrated crop and livestock

100 105

. Yellow brown earths

Figure 1. Soil map of south China (after Xi et al. 1990).

. Red and yellow earths

110 115 120
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Table 1. Generalised distribution of soilsin the tropics.

Soil association dominated by: World totall Tropical Asial South China?
(x 108 ha) (x 108 ha) (x 108 ha)

Oxisols (Latosols, dry red earths)3 833 (23)* 15(2) 6 (4)
Ultisols (Red earths) 749 (20) 286 (36) 83 (50)
Entisols (Purple sails) 574 (16) 75 (9) 10 (6)
Alfisols 559 (15) 123 (15) ?
Inceptisols (Yellow earths) 532 (14) 169 (21) 28 (17)
Vertisols 163 (5) 66 (8) ?
Aridisols 87 (2 23(3) ?
Mollisols (Limestone soils) 74 (2 9(1) 13 (8)
Andisols 43 (1) 11 (1) ?
Histisols (Paddy soils) 36 (1) 27 (3) 25 (15)
Spodosols 20 (<1) 6 (<1) ?
Total 3670 810 165

1Based on data from Sanchez and Salinas (1981) which includes temperate portions of India, Bangladesh and Indochina plus Papua New

Guinea

2Calculated from data and maps reported by Zhao and Shi (1986).
3Chinese equivalents to Soil Taxonomy groups.

4Area given first followed by percentage of total in brackets.

production as part of the national program to rapidly
increase red meat and crop production from
wastelands to feed China s expanding population (Xie
et al. 1991). However, improvement of infertile, acidic
red soils is a formidable task that will not be
successful unless we follow the advice of Rao et al.
(1993) and “collect sufficient data and facts upon
which we can honestly base our recommendations
which guarantee a decent living from agricultural
enterprises’. For south China, this means that we must
find feasible ways to effectively alleviate the soil and
water constraints of the region at minimal cost.

STRATEGIESTO IMPROVE
ACID SOILS

There are two complementary approaches to improve
plant growth on acid soils: (1) amend the soil
conditions by applying lime and essential nutrients to
suit the range of crops and pastures suited to the
climatic conditions; (2) select species or cultivars that
will tolerate the soil constraints with only minimal
fertiliser inputs.

The elimination of soil constraints by applications of
the necessary amounts of fertiliser and amendments
can be considered as high-input soil management
technology. While this approach islargely responsible
for world food production keeping pace with
population increase, its applicability diminishesin
marginal lands where soil and water constraints are
not easily overcome at low cost (Sanchez and Salinas
1981). In degraded environments such as the red soils
region of China, where more than 35% of the areais
affected by soil erosion to varying degrees (Shi 1986),
research efforts are now directed towards developing

low-input soil management technology. This approach
does not attempt to eliminate the use of fertilisers or
amendments but rather attempts to maximise the
efficiency of purchased inputs by not necessarily
aiming for maximum pasture production (Sanchez and
Salinas 1981).

Low-input technology aims to rebuild soil fertility
through planned manipulation of pasture species and
fertiliser inputs to raise soil organic nitrogen and
carbon levels (Sanchez 1976). Thisis a slow but
sustainable process. In contrast, attempts to quickly
build a bank of readily available nutrients are rarely
successful in well-structured kaol onitic soils like those
that predominate in south China. This is because the
low cation exchange capacity cannot hold the applied
nutrients (e.g. potassium, calcium and magnesium) in
the root zone and they are either lost through leaching
or rendered unavailable through fixation processes
(e.g. fixing of phosphatic fertiliser by aluminium and
iron oxide). Understanding the effects and interactions
between fertiliser, amendments and the prevailing soil
characteristics is centra to the sustainable
management of infertile, acid red soils.

The purpose of thisreview isto provide an example of
alow-input soil management strategy developed at
Lechang Model Cattle Farm in north Guangdong
Province for well-drained, acid, inherently infertile
soils. These red Hapludult soils, which belong to the
Chinese groups 4-1-5 and 4-1-7 and are described as
“red earths” (Anon. 1985), are a significant soil type
occupying about 22% of the total area of Shaoguan
Prefecture (Anon. 1986). Similar Hapludult soils
account for 84% of the soils in south Chinaidentified
as Ultisols by Zhao and Shi (1986).
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LOW-INPUT TECHNOLOGY:
THE BASIS FOR SUSTAINED SOIL
IMPROVEMENT ON ACID RED SOILS

Sanchez and Salinas (1981) outline three basic
principles which underpin low-input soil management
technology: (1) adaptation of plants to soil constraints
rather than elimination of constraints to meet the
plant’s requirement; (2) maximisation of the output
per unit of added fertiliser input; and (3) making
advantageous use of favourable attributes of acid,
infertile soils. A fourth principle that should be added
to this list is management to increase soil organic
matter. These four aspects were examined at L echang
Model Cattle Farm in a number of small plot
experiments and field demonstrations. This
information was then used to develop a soil
improvement strategy for improvement of acid red
soil.

Use of adapted pasture species

More than 400 species of economic importance
contain ecotypes tolerant to acid soils (Duke 1978).
These plants all have their centre of origin in regions
dominated by acid soils where they have evolved
physiological mechanisms to tolerate high aluminium
levels and low phosphorus stress (Sanchez and Salinas
1981). Extensive screening of tropical pasture species
for acid soil tolerance has been conducted in Australia
(Burt et al. 1983), South America (Spain 1975;
Schultze-Kraft and Giacometti 1979; CIAT 1981) and
south-east Asia (Shelton and Humphreys 1975; Tudsi
et a. 1989).

Although pasture species were introduced to Chinain
the 1920s (Anon. 1924), little progress was made
identifying species adapted to the red soil region until
the 1980s when pasture testing programs were
initiated at model farms in Hunan (Nan Shan Farm),
Guizhou (New Zealand project, farm site unknown),
Guangxi (Qian Jian Farm), Guangdong (Lechang
Farm) and Hainan (Gaopoling Farm). Due to the
inherently low soil N levels and the high cost of N
fertiliser relative to the price of livestock products,
these demonstration programs have all focused on
developing grass-legume mixtures rather than
fertilised grass swards. The role of legumesin
mixtures is to provide symbiotically fixed N to the
grass (via the animal and deposition in urine) and
thereby to improve the nutritional content of pasture,
particularly protein, P and Ca. The grasses are
expected to provide the bulk of the energy to ruminant
livestock because of their higher dry matter production
(Sanchez 1976).
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Studies conducted at Lechang Farm by Michalk and
Huang (19944, 1994b) provide an indication of the
relative tolerance of pasture grasses and legumes to
the acid conditions that exist on the red soilsin
subtropical China (Table 2). In these studies, species
which responded to low rates of P (<18 kg P/ha/3 yr)
and K (0-50 kg K/ha) on unlimed soil were classified
as “tolerant”, whereas “ susceptible” species required
lime application to lower aluminium saturation as well
as higher P and K inputs to produce acceptable yield
(Michalk et a. 1994).

L egumes

Since legumes are generally more susceptible to low
soil pH than grasses, because of requirements for
nodulation, the selection of adapted legumesis the
most difficult part of low-cost pasture development on
acid soils. However, since N deficiency affects almost
all of the red soils region in China (Li 1986) as is the
case in other tropical and subtropical regions (Sanchez
and Salinas 1981), the use of legume-Rhizobium
symbiosisto meet the N demands of plantsin crop and
pasture systems is the best known low-input soil
management technology. Of the 88 legume accessions
and cultivars tested on unamended soil at L echang
Farm only 7 yielded more than 1 t DM/ha (Table 2)
with Wynn cassia (Chamaecrista rotundifolia), Miles
lotononis (Lotononis bainesii) and Oxley fine-stem
stylo (Stylosanthes guianensis var. intermedia) being
the most consistent producing perennial legumes
(Michalk and Huang 19944a). Forage peanut (Arachis
pintoi), jointvetch (Aeschynomene falcata) and Maku
lotus (Lotus pedunculatus) were slower to establish
and did not reach peak production until three years
after sowing. Wynn cassiaand Maku lotus also proved
to be useful legumes in Hunan (Zhang et a. 1991a).
Once established, forage peanut is persistent in
mixtures with a range of grasses, even when
mis-managed (Lascano 1994), and further testing of
the Arachis genus is warranted in south China.

Serradella (Ornithopus compressus), alegume that is
widespread on acid and/or infertile light soilsin
Europe and sown to improve similar soils in southern
Australia (Michalk and Revell 1994), was the only
temperate legume to produce more than 1 t/ha on
unamended red soil in the north Guangdong
evaluation (Michalk and Huang 1994a). White clover
(Trifolium repens) and subclover (T. subterraneum)
survived on unlimed soils but yields were low (<0.75
t/ha) and deficiencies of essential plant nutrients were
detected in plant top growth (Michalk and Huang
1992; 1993a). Zhang (1991b) aso reported low yield
and nutrient deficiencies in temperate species when
grown on unamended red soil at Mengongshan,
Hunan Province.
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Table 2. Adaptability to soil conditions of grasses and legumes recommended for grassland improvement in
north Guangdong Province (Michalk et al. 1994).

Botanical name Common name Expected Tolerance? to:
i 1
(t gl(\el/l(jha) High High Low LowP LowK Fire
Al Mn  Cat+Mg
GRASSES
Brachiaria decumbens Signal grass 2.58 M3 ? ? M S T
Cenchrus ciliaris Buffel grass 0.32 S S S S S T
Chloris gayana Rhodes grass 1.46 S ? ? S ? T
Melinis minutiflora Molasses grass 4.80 T T T T M S
Panicum maximum Guinea grass 1.67 T T ? S S T
Paspalum dilatatum Common paspalum 0.90 T T T S S T
P. plicatulum Brownseed grass 272 T T T T ? T
P. notatum Bahia grass 0.68 T T T T T ?
Pennisetum clandestinum Kikuyu 0.34 ? ? ? S ? ?
Setaria sphacelata Setaria (bristlegrass)  2.71 T ? T T S ?
LEGUMES
Aeschynomene falcata Jointvetch 212 T ? ? T T ?
Arachis pintoi Forage peanut 1.08 T ? T M M ?
Chamaecrista rotundifolia Round-leaf cassia 224 T ? T T S ?
Lotononis bainesii Lotononis 1.05 T T T T S ?
Lotus pedunculatus Lotus trefoil 1.96 T ? T M ? ?
Macroptilium atropurpureum  Siratro 0.31 T S S T T M
M. lathyroides Phasey bean 054 T M S S T ?
Ornithopus compressus Yellow serradella 0.84 T T ? T ? ?
Stylosanthes guianensis Common stylo 112 T T T T T S
S guianensisvar. intermedia  Fine-stemmed stylo 1.62 T T T T T T
Trifolium repens White clover 0.42 S S S S S ?
T. subterraneum Subclover 0.62 S S S S S ?

1Mean of evauations conducted at Lechang Farm with variable fertiliser regimes and with or without companion legumes (or grasses) on
unamended Hapludult soil (Michalk and Huang 1994a, 1994b).
2Based on Andrew and Robins 1969, 1971; Andrew and Hegarty 1969; Andrew et al. 1973; Andrew and Vanden Berg 1973; Spain. 1975;
Sanchez 1976; Michalk and Huang 1992, 1993a and b, 1994a, 1994b; and personal observations.

3T =tolerant, S = susceptible, M = moderately tolerant, and ? = tolerance unknown.

Grasses

In general, pasture grasses are moretolerant of acid soil
conditions than legumes. This explains why a number
of indigenous grasses such as Miscanthus floridulus,
Digitaria sanguinales, Sorghum por pinquum,
Hemarthia compressa and Pennisetum polystachyon
have been cultivated and utilised for many yearsin
south China (Hong 1985; Hwang et a. 1986), whereas
there is a dearth of legumes in native rangelands
throughout the region. Of the 34 tropical/subtropical
grasses tested at Lechang Farm, molasses grass
(Méelinis minutiflora), signal grass (Brachiaria
decumbens), brownseed grass (Paspalum plicatulum),
guinea grass (Panicum maximum) and setaria (Setaria
sphacelata) produced between 4.5 and 7.5 t DM/ha
when sown with moderate P and K inputs on unlimed
soil (Michalk and Huang 1994b). Native grasses
responded to PK fertiliser with yield exceeding

2.5t DM/hain plots where production of sown species
was poor. However, where sown grass yield exceeded
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4 t DM/ha, production of volunteer species was low
(<0.5t DM/ha). Molasses and brownseed werethe only
grasses to produce a satisfactory yield (>2 DM/ha)
when only Pwas applied at sowing and no maintenance
fertiliser applied (Michalk and Huang 1994b).

Ryegrass (Lolium perenne) and cocksfoot (Dactylis
glomerata) were the only temperate grasses to
establish on unlimed soil (Michalk and Huang 1994b),
but even these showed severe yellowing caused by a
combination of moisture stress, N deficiency and
aluminium toxicity. Oats (Avena sativa), a winter
forage cereal, performed better on unlimed soils than
temperate grasses producing a2 t DM/haforage yield.
Triticale, awheat/rye hybrid, failed to produce useable
forage due to acute deficiencies in the emerging
seedlings. The low magnesium levels rather than the
high aluminium saturation may be implicated in this
poor performance of triticale in north Guangdong
Province.
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Maximisation of output per unit of
fertiliser input by combining appropriate
fertilisers with agronomic practices

Nutrient deficiencies

Nutrient deficiencies are the main cause of the low
productivity of red soilsin China (He et al. 1990).
Missing element experiments and tissue analyses
undertaken at Lechang Farm highlighted the severity
of nutrient deficiencies on plant productivity (Tables3
and 4) with N (for grasses only), P, K, Ca, Mg and B
limiting plant growth and reproduction. In commercia
pastures, many species showed yellowing and/or
reddening of the older leaves which suggests low
levels of P, B and/or Mg. These deficiencies are
commonly found on Oxisol and Ultisol soilsin
tropical areas. In South America, for example,
Sanchez and Salinas (1981) report that P, K, S, Ca,

Mg and S deficiencies affect more than 70% of the
1043 million ha of acid infertile soil. Similar
deficiencies occur throughout south China, although
the severity of these deficiencies varies with soil type
(Anon. 1990).

Of this range of nutrients, P and K deficiencies are of
major concern in south China (Lu and Jiang 1990; Xie
and Li 1990), and need to be applied to ensure high
production from even the most acid soil tolerant
species. For example, fertiliser studies at Lechang
Farm showed that there is a significant P x K
interaction for setaria-based pastures grown on
unlimed soils (Figure 2). Economic analyses of this
data suggested that application of 37 kg P/ha and

133 kg K/ha at sowing, which produced a cumulative
yield of 17 t DM/ha of top growth over three years,
was the most profitable option when calculated using
the traditional economic concepts of investing to the

Table 3. Growth response of white clover to twelve elements grown on Ultisol soil in north Guangdong

Province (Michalk et al. 1988).

Treatment Relative forage yield! Significance
Check (no fertiliser) 7 *x
Complete (P+K+Cat+Mg+S+Cu+Zn+Mo+Mn+B+Co+Fe) 100

Complete minus P 7 *x
Complete minus Ca 67 **
Complete minus K 43 **
Complete minus S 104

Complete minus Mg 81 *
Complete minus Cu 96

Complete minus Zn 110

Complete minus Mo 104

Complete minus Co 104

Complete minus Fe 114

Complete minus Mn and B 53 *x

1Forage yield is expressed as a percentage in relation to complete treatment.
* and ** indicate values are significantly different (P < 0.05 and P < 0.01) from the compl ete treatment.

Table 4. Plant tissue analyses of grasses and legumes grown on unlimed soil in north Guangdong Province.

Nutrient L egumes Grasses

Subclover  Siratro Stylo Vetch Ryegrass Oats Setaria Guinea grass
N (%) 3.0P NA NA NA 13P 280 240 1.9P
P (%) 0.16P 0.13P 0.12P NA 0.14P 0.19P 0.11P 0.14P
K (%) 1.2P 0.9° 0.5P NA 160 36 150D 110
Ca (%) 1.6 18 1.6 18 0.75 0.44 0.79 0.71
Mg (%) 0.08° 0.38 0.27 0.22 0.16° 0.06P 0.12P 0.190
Mn (mg/kg) 190 205 160 150 270 290 370 319
Cu (mg/kg) 12 6 9 8 8 6 3
Zn (mg/kg) 75 23 33 44 27 20 17
B (mg/kg) 20 130 25 5D 130 3P 4P

D indicates nutrient deficiency for species according to Reuter and Robinson (1986).

NA indicates that no analysis was undertaken.
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point where marginal cost in fertiliser equates with the
marginal return in product. As a general rule,
however, only rates that return 150% or more on
fertiliser investment are recommended for use in low
input systems (Sanchez 1976). Based on this principle,
only 7 kg P/haand 50 kg K/ha were recommended for
low input setaria-based pastures in north Guangdong
Province. This combination produced 75% of
maximum pasture yield, returned 290% on fertiliser
investment (Michalk et al. 1994), and maximised
output per unit of fertiliser input over athree year
period (47 kg DM/halyr/kg K; 36 kg DM/halyr/kg P).

Agronomic practices — placement methods
and application strategies

In addition to determining fertiliser recommendations,
there are a number of agronomic practices that also
increase the efficiency of fertiliser use, such as better
fertiliser sources, application strategy, and placement
methods (Sanchez and Salinas 1981). In south China,
for example, the mgjority of the P-deficient red soilsare
suitable for application of rock phosphate (RP) as an
aternative to superphosphate (Jiang et a. 1986). In
contrast to the P in superphosphate, which is fixed by
Al and Fe within a short time after application,

Zhu et al. (1981) reported that it took more than 6
monthsfor half the P of powdered RP (2% citric soluble
phosphate) to bereleased into the soil solution. Thefirst
direct application of RP in China was carried out in
1949, and athough Lu and Jiang (1990) recommended
that sparingly soluble RPsbe used in south China, there
islittleinformation available on the response of forage
grasses or green manure crops to RP or on strategies
for using these fertilisers in pasture systems. Studies
such as those reported by Hammond et al. (1986) that
showed a similar yield response between P applied as
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a50:50 ratio of water-soluble:citric soluble Pformsand
P applied as superphosphate need to be undertaken for
arange of crops and pastures in south China.

Little is aso known about the effect of placement and
timing on the efficiency of fertiliser use. For example,
should P fertiliser be incorporated in bands for pasture
establishment or be surface broadcast, especially when
native grassland is augmented with an introduced
legume such as Wynn cassia using minimal soil
disturbance? While it is important to ensure that an
adequate supply of Pis provided to seedlings, asisthe
case with banding fertiliser, surface application may
significantly reduce P fixation by minimising contact
with the ferric oxide (often exceeding 15% in Chinese
Ultisals) in high P-fixing soils (Sanchez and Salinas
1981). These questions relating to fertiliser practice
remain unanswered for a significant proportion of the
red soil region of China.

Using the correct timing strategy can also have a
significant effect on fertiliser response. Should large
rates of fertiliser be applied at one point in time to
saturate the fixation capacity of the soil at once and
then count on an adequate release over time to provide
nutrient to pasture, or aternatively should only small
amounts be applied at frequent intervals? Figure 2, for
example, demonstrates the poor residual value of P
and K fertilisers applied to the Lechang Hapludult
soils. This response is most likely to be the case
throughout much of south China. Since response to
superphosphate did not extend beyond the first cut, it
was assumed that most of the applied P (37 kg/ha) was
rendered unavailable to plants by the end of the first
summer, through transformation of monocalcium
phosphate to less soluble Al and Fe forms or by
precipitation reaction with exchangeable Al (Michalk

5 Py
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Figure 2. Effect over time of P and K fertilisers on total and grass yield applied to setaria-based pasture grown on Ultisol
soil in north Guangdong Province (Michalk and Huang 1993b).
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and Huang 1993b). The return of the available P in
soil to the pre-treatment level within 18 months after
application and the small amount of P removed in
plant top growth (<12 kg P/ha over three years)
support this conclusion. These results suggest that for
low-input systems small, frequent P applications are
the strategy most appropriate for Chinese red soils.

Although setaria response to applied K was more
sustained than for P, the residual effect was minimal
after three years (Figure 2) and it was predicted to
disappear after five years (Michalk and Huang 1993b).
However, this higher residua effect may have been
influenced by the ability of setariato accessthe slowly
available soil K fraction since the estimated K
removal in pasture top growth (170 kg K/ha over three
years) significantly exceeded the total available K
supplied by the exchangeable K (0.06 meg/100 g soil
in the 0-20 layer) and the 50 kg K/ha of fertiliser
applied. This means that relying on the K-cycle to
supply a substantial amount of the K extracted by the
pasture (Figure 3) will undoubtedly exhaust both the
exchangeable and non-exchangeable K because of the
low content (<4%) of K-bearing mineralsin Chinese
Ultisols (Xie et al. 1981).
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Figure 3. Potassium uptake by setariafrom low K-potential

soils over time in north Guangdong Province.

Not all pasture species can efficiently access slowly
available soil K. In the Lechang experiment (Michalk
and Huang (1993b), the leaf K level of Siratro (M.
atropurpureum) sown as the companion legume to
setaria in the pasture mix was low (0.6%) compared
with the K content of setarialeaf (1.3%). Since K
deficiency may be more serious for legumes than
grasses these results suggest that more frequent, small
applications may be needed to maintain palatable
legumesin tropical grass based pastures. However, the
success of other more acid-tolerant legumes, such as
Wynn cassia, to perform well on Chinese red soils
may be related as much to their ability to accessK as
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it isto their P efficiency. For example, in another
study at Lechang Farm, Michalk and Huang (1995)
showed that a single application of 50 kg K/ha at
sowing was sufficient to maintain cassiain native
grass pasture for at least three years without
maintenance inputs. The overall increase of 55% in
total yield due to applied K was of the same order as
that measured by He et al. (1990) for arange of crops.
More importantly for soil improvement and livestock
production, K fertiliser doubled the legume content of
the pasture. Together, these results highlight the
importance of understanding the response of adapted
pasture species to different fertiliser strategies. The
adoption of asingle fertiliser strategy for all pastures
will be beneficial to some species but will limit the
efficiency of fertiliser usage by others. More studies
are needed to formulate appropriate fertiliser strategies
for awider range of crops and pastures in the red soils
region of China.

Making use of favourable soil attributes

Despite their acidity and low nutrient status, many
Oxisols and Ultisols have positive agronomic features
that can be used advantageously (Sanchez and Salinas
1981). For example, by keeping the soil acid, the
solubility of RP fertiliser is considerably higher than if
soil is limed, and weed growth may be decreased
significantly compared with alimed and well fertiliser
soil. Physical attributes can also increase the
effectiveness of soil improvement activities. In
general, alarge proportion of the red soils of China
possess good structure resulting from the primary soil
particles being aggregated into very stable sand-sized
granules (>80% of aggregates >1 mm), especialy in
cultivated soils (Yao 1986). This structural stability
enables these soils (particularly those with a clay
texture) to bear considerable rainfall intensity and
allows rapid downward water movement to recharge
subsoil moisture.

Improving the root environment

Water movement is also the cause of the poor fertility
status of these soils through heavy leaching of base
cations. Like most Oxisols and Ultisols, the subsoils of
Chinese lateritic and red earths are highly acidic

(pH <4.3) and can present a chemical barrier to root
development either because of Al toxicity, extreme Ca
and Mg deficiencies, or both. It is common to observe
roots confined to the top 10 cm of soil and for plantsto
suffer water stress even though there appears to be
ample water in the lower horizons. Moisture stress is
also exacerbated by a narrower range of water
available to plants than expected in proportion to their
clay and water content, particularly in the surface layer
where the inter-aggregate pores drain quickly and the
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within aggregate water is strongly absorbed on clay
surfaces and unavailable to plants (Xu and Y ao 1991).

The potential effect of limited rooting depth on
pasture productivity was examined at Lechang Farm
(Michalk et a. 1994) using moisture and growth
indices (Fitzpatrick and Nix 1970). Over a 6-year
period, the soil moisture budget based on the whole
profile (70 cm) indicated that moisture would limit
pasture growth for <5% of the time. However, when
the model was run using a restricted root depth of
10 cm, plants were stressed for >30% of thetime. This
stress effectively reduced potential growth by about
44% (Figure 4).

The need to extend the rooting depth of plants
growing in acid soils to secure subsoil water and
nutrient suppliesis a major objective of low-input
technology (Sanchez and Salinas 1981). The
combination of rapid downward water movement and
the inherent low CEC that restrict plant growth can
also assist in solving the problem by assisting the
downward movement of surface applied Caand Mg to
the subsoil of Oxisols and Ultisols, accompanied by
anions such as sulfates and nitrates. Studies at
Lechang Farm showed that fourteen months after
liming with 4 t/ha, Ca and Mg were detected down to
40 cm. The reason for the rapid movement of cations
is related to low permanent charge (<1 meg/100 g
clay) of the kaolonitic clays that dominate these soils
(Yu and Zhang 1986). Once the permanent charge

Unrestricted root depth
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sites are saturated, exchangeable Ca and Mg held on
the pH-dependent charge sites are likely to move
down the profile fairly easily (Sanchez 1976). This
effectively reduced Al saturation to about 50% at

30 cm, which is below the critical level for alarge
range of tropical legumes and grasses.

Liming to increase CEC and fertiliser
efficiency

In addition to increasing the amount of subsoil
moisture available to plants, lime application at the
appropriate rateis an effective means of increasing the
CEC and fertiliser efficiency of soils with low CEC
due mainly to variable charge (Gillman 1984). Thisis
possible and desirable since deprotonation of hydroxy
groups generates the additional negative charge
needed for retention of nutrient cations (i.e. Ca, Mg, K
and NHy). Figure 5 illustrates this effect for soilsin
Lechang County where increasing pH in the top soil
(0-10 cm) from 4.1 to 5.3 increases the CEC from
3.5 meg/100 g soil (4 meq is the minimum needed to
retain most cations against leaching — Sanchez 1976)
to 6.7. This pH change also reduced Al saturation to
<5% (Figure 5).

The effect of lime application on the efficiency of
fertiliser response through cation retention was
demonstrated for K fertiliser at Lechang Farm.
Figure 6 showstheincreasein K response of greenleaf
desmodium (Desmodium intortum) when the

MOISTURE INDEX

Moisture Index

Roots restricted to 10 cm of top soil

Moisture Index

| 1981 1982 | 1983 |

1984 | 1985 1986 |

GROWTH INDEX
(Average for 1981—86 period)

Unrestricted roots
0.8 |

Growth index

Figure 4. Effect of plant rooting depth on moisture and growth indices for tropical legume-based pastures at Lechang Farm

(Michalk et . 1994).
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Hapludult soil was limed to pH 5.5. In this case, only
50 kg K/ha was needed on limed soil to produce yield
response similar to that obtained with 150 kg K/ha on
unlimed soil. Thisimproved retention of K as a result
of lime application represents a significant benefit that
should be seriously considered in relation to initial and
maintenance K fertiliser strategies. However, further
research is needed in the red soil area to identify the
minimum lime input required to produce an economic
K response.

Another important reason for applying lime isto
increase P availability of soilswith high P-fixing
capacity by blocking some of the fixation sites
(Sanchez and Uehara 1980). Figure 7 shows the
decrease in P fixation (as measured by available soil P
at equivalent P input) when an Hapludult soil from
Lechang County was limed to pH 5.5. The results
indicate that less than half the P application rate was
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needed for limed soil to produce the maximum white
clover yield on unlimed soil. Studies on acid soilsin
South America show similar decreases in P fixation
when exchangeable Al was neutralised with lime
(e.g. Mendez and Kamprath 1978).

Organic matter — thekey to sustained soil
improvement

Together with clay, organic matter is the seat of al
soil reactions. In variable charged soils such as those
dominated by kaolinite and iron oxides (which are
common features of the Chinese red and yellow
earths), organic matter in an important source of
cation retention, nutrient cycling, water holding
capacity and physical structure (Jenny 1980). This
means that management to preserve and increase soil
organic matter is critical to improve the growth
environment for plants, to promote more efficient

Exch. Al (meg/100 g soil)

pH

Figure 5. Relationships between (a) cation exchange capacity and soil pH and (b) exchangeable aluminium at different pH

levels for Lechang soils.

Yield (t DM/ha)

Limed to pH 5.5
Al saturation 1%

Unlimed (pH 4.4)
Al saturation 78%

75 150

Potassium added (kg K/ha)

Figure 6. Effect of lime application on K response of greenleaf desmodium grown on Hapludult soil at Lechang Farm.
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Limed to pH 5.5
Al saturation 1%
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Unlimed pH (4.4)
Al saturation 78%
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Figure 7. Effect of lime application on phosphorus response of white clover grown on Ultisol soil at Lechang Farm.

utilisation of fertilisers, and to increase soil fertility
(Adiningsih et al. 1991), especially if the organic
matter level isbelow 1% asis often the case in eroded
red soil (Zhao et al. 1990). An additional advantage of
increasing the soil organic matter level isto reduce the
“greenhouse effect” by storing atmospheric organic
carbon in soil organic matter (Hu et al. 1997).

Contrary to commonly held views, organic matter
contents in tropical soils are not very different from
those in temperate regions (Sanchez 1976). A reason
for thisis that while the high temperatures and
abundant precipitation promote high decomposition
rates in tropical/subtropical areas, these conditions
also produce high plant growth rates, which result in
higher biomass accumulation than is possible in
temperate regions. However, climate, soil type and
soil management can impact significantly on soil
organic matter.

In south China, for example, Wen and Lin (1986)
reported that under well grown natural vegetation, the
organic matter content in the 0—20 cm horizon of yellow
earths (Dystrochepts) is higher than that of red earths
(Hapludults) by an average of 2% in non-eroded soils.
Felix-Henningsen et al. (1990) reported that decreasing
temperature and increasing precipitation reduced
mineralisation and favoured the formation of more
stable humates thereby increasing the rate of organic
matter accumulation in the yellow earths. This means
that, under proper management, soil organic matter
levels are likely to increase at a faster rate in soils
located to the north and west of the Nanling Range.

Modes of utilisation (i.e. crop or pasture cultivars
sown, crop rotations used, and frequency and method
of cultivation) interact with climatic variability to
further modify the organic matter content of similar

soils. For example, a soil survey undertaken in 1985
indicated that the 2.5 million hectares of red Ultisol
soil in the 12 counties in Shaoguan Prefecture, north
Guangdong Province, had an average organic matter
content of 3.4% (Anon. 1985). However, the 30% of
this area occupied by the soils coded in the Chinese
classification as groups 4-1-5 and 4-1-7 averaged less
than 3.0% with a range of 0.8 to 4.0% in the top

25 cm. This variability reflected differencesin land
use with the lower values found in continuous
cropping areas and the higher values in more isolated
grassland and shrubland.

For sustainable soil improvement, strategies must be
developed to increase soil organic matter from the
present low levels, particularly on soils that have been
in continuous crop production. The original and most
abundant source of organic matter is plant tissue, and
grazing systems are the agricultura activity most
likely to promote rapid increases in the organic matter
and nutrient conditions of tropical soils (Williams and
Chartres 1991). In grazing systems, roots, animal
excrement and up to 80% of the above ground
biomass is left in the soil, which isin marked contrast
to cropping systems where only about 30% of biomass
isretained in the soil (Brady 1984). In south China,
however, soil improvement is not evident under
current land use practices, even in the low output
traditional grazing systems.

There are two possible reasons for this observation.
First, much of the dry matter produced on grassland
areas is harvested and used as an organic input to crop
land; and second, the unimproved grasslands are not
very productive and the annual biomassinput is small.
For rapid soil improvement, large annual inputs of
plant biomass are required. However, to gain the full
benefit of organic matter inputs, management
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practices must be developed to reduce the rate of
residue decomposition because in tropical soilsalarge
proportion of organic Cisin afairly labile form with a
residence time of 10 years or less. This compares with
the high proportion of highly recalcitrant organic C in
temperate soils, which may have aturnover time of a
thousand years (Trumbore 1993). Residue
management practices such as surface placement
(Holland and Coleman 1987) and minimum tillage
cultivation (Hu et al. 1997) are needed to effectively
reduce microbial access and thereby retain soil organic
Cinlow clay red soils.

Other chemical characteristics of the red soils will
complement these management practices in reducing
the rate of organic matter breakdown. For example,
Sanchez (1976) reported that the rate of organic matter
decomposition in tropical soilsis reduced as the clay
content and the proportion of oxides and alophanes
increase. In a study of Thai soils, Virakornphanich et
a. (1988) showed that the rate of decomposition was
determined by the amount of Al and Fe supplied by
clays which, in turn, complexes with and stabilised
humus against microbial decomposition. These soil
characteristics occur in the majority of the soilsin
south China.

Toincorporate appropriate organic matter management
practices into grazing systems may require
considerable extension effort and demonstration.
Appropriate management to maximise surface residue
may require acceptance of short-term lossesin
livestock production through reduced or zero grazing
levels to guarantee long-term soil improvement.
However, Figure 8 shows the significant effect that an
increase in soil organic matter has on cation retention
with CEC increasing by 50% when organic matter was
increased from 2 to 5% on an Hapludult soil at L echang

CEC (meqg/100 g soil)

Farm. An increase in organic matter of this magnitude
would also significantly increase the water stable
aggregate index and make the soil more resistant to
erosion (Shi 1986). Better farming practices

(e.g. higher fertiliser inputs, minimum tillage and
chemical fallowing, retaining crop stover in situ) are
also required to better manage organic matter resources
in cropping soils to reduce the necessity to import
supplementary organic matter from surrounding
grasslands, which is related in part to the degradation
of upland soils.

PUTTING TOGETHER A SOIL
IMPROVEMENT SYSTEM

Various attempts have been made to improve the
sustainability of grazing and cropping systems on the
acid red soils throughout the Asian region. Many
programs have correctly identified the chemical and
physical constraints to production, but have failed to
develop systems which combine the technological
capabilities with the economic resources of the target
producers. Too often integrated packages endeavour to
change the whole system at once, rather than adopting
a step-wise program. For sustained improvement of
red soils, there are several stages through which
individual paddocks must advance before satisfactory
livestock production can be realised, or before
alternative cropping enterprises can be considered.
To achieve lasting results, sufficient time must be
allowed for the full impact of the low-input
technologies to take effect.

A strategy for improvement of Hapludult soilsin north
Guangdong Province was devel oped by combining the
principles of low-input technology detailed above and
research data collected at L echang Farm between 1986
and 1989. Details of the objectives and methods used

Organic matter (%)

Figure 8. Effect of soil organic matter level on cation exchange capacity of Ultisol soils at Lechang Farm (Michalk et al.

1994).
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in each stage of the improvement strategy described
by Michalk et al. (1994) are provided in the following
sections. Similar strategies developed for other parts
of Asiaare also detailed where appropriate. While the
species used in thisimprovement strategy may not suit
the climatic conditions that prevail north of the
Nanling Range, the principles are applicable to the
entire red soil region.

Stage 1. Initial improvement with pioneer
pasture species

Most native grasslands in south China are low in
available N, and there are few indigenous legumes
present. Even when P and K fertilisers are applied the
response in terms of dry matter per hectare is small.
This means that either oversowing legumes into
existing grassland or establishing introduced legume-
grass combinationsisrequired for initial improvement.
To rehabilitate land dominated by alang-alang
(Imperata cylindrica), Blair et al. (1978) oversowed
centro (Centrosema pubescens) with fertiliser to
smother the grass. This principle of legume
augmentation in combination with rock phosphate
(RP) has been used to develop arehabilitation strategy
for alang-alang land. Mucuna sp., alegume often used
as a green manure crop, is planted as the first phase
with a high application of RP to suppress alang-alang,
to protect the soil from erosion by promoting vigorous
legume growth, to fix N, and to transform some of the
applied P into organic P. When combined with proper
organic matter management, this system has
significantly increased productivity of land previously
dominated by alang-alang (Adiningsih et al. 1991).

A strategy of oversowing native grassland with Wynn
cassia and RP fertiliser is a strategy that should be
investigated throughout south China.

No oversowing strategieswereinvestigated at L echang
Farm due to the low productivity of the unimproved
grasslands. The grass-legume combination
recommended for Stage 1 improvement was molasses
grass-Wynn cassia. Molasses grass has also been used
successfully as a pioneer species in combination with
common stylo (Stylosanthes guianensis) for Stage 1
development of pastures on acid infertile Oxisolsin
South America (Spain 1975).

Pioneer species must be well-adapted to low fertility
acid soils. Michalk et al. (1994) recommended cassia
as a suitable pioneer legume for rehabilitation of red
soils in subtropical China for the following reasons:
(2) high dry matter production with minimal fertiliser
inputs; (2) ease of establishment; (3) quick ground
cover to prevent soil loss; (4) good regeneration from
seed; (5) high survival of established plants over
winter (south of Nanling Range); (6) high seed
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production; (7) seed pods readily harvested by hand;
and (8) no observed insect or disease damage.
Similarly, molasses grass also rapidly forms a dense
sward in the establishment year with minimal
fertiliser. An added advantage of molasses grassisthat
it is susceptible to fire and can be removed by
strategic burning (Sanchez 1976) to make way for
more palatable species as soil conditions improve.
Brownseed grass also performed well with minimal
fertiliser inputs but is more persistent in the frost-free
zone of south China which makes it more difficult to
remove for Stage 2 improvement.

With minimal fertiliser inputs, the molasses grass-
cassiacombination is capable of supplying 10t DM/ha
in root and top growth. Most of this production (about
75%) can be returned to the soil as both species are not
very palatable to livestock (Clements et al. 1996;
Sanchez and Salinas 1981). The effect of the residual
dry matter of a dense molasses grass-cassia pasture on
the rate of accumulation of organic matter is yet to be
determined. However, the potential impact of this
strategy on the organic carbon content of soil can be
calculated using equations which combine annual
additions with decomposition rates expected in
subtropical pastures (Sanchez 1976). Assuming an
annua addition of 7.5 t/ha of organic matter, a
decomposition rate of organic matter into organic
carbon of 50%, a soil organic C decomposition rate of
2.5%, and soil bulk density 1.5 g/cm? (Sanchez 1976;
Yao 1990), soil organic carbon should increase by
0.24% in the top soil (0-10 cm) each year under
pioneer pasture. This would effectively double the
level of organic C (and organic matter) in the top soil
after 4 years.

This is consistent with the organic C increments
reported by Deng et al. (1981) when rice straw and
green manure were incorporated with fertiliser into
crop land. Other studies also report significant
increases in the organic matter level of Chinese soils.
In experiments conducted in Jiangxi Province, He et
al. (1990) measured an annual increase in organic
matter of 0.2% where six consecutive green manure
crops were grown on ared earth. Pel et al. (1957) also
reported a 0.07% annual increase in organic matter
within the first 3-5 years of growing green manure
crops like Raphanus sativus in combination with
fertiliser application. Together, these results highlight
the potential improvement of red soils that can be
gained by using pioneer and green manure crops.

In these studies, base saturation, available nutrient
levels and soil moisture characteristics were also
significantly improved along with the organic matter
content.
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Stage 2: Replacement of pioneers with
better species

In general, pioneer species that are tolerant of soil
acidity and low levels of P and K aso have low
nutritional value, which may affect palatability to
livestock. For example, graziers report that Wynn
cassia has low acceptability to cattle (Clements et al.
1996). While this may have a positive impact during
Stage 1 improvement by ensuring a high legume
component and aiding persistence (Jones et al. 1993),
it is not desirable during Stage 2 improvement where
the emphasisis shifted from soil improvement towards
cattle production. Since pasture production has no
direct value until converted into a saleable product
(e.g. meat, milk, fibre), it is necessary to replace
pioneer species with more nutritious grasses and
legumes as soon as sufficient improvement in soil
properties has occurred. Michalk et al. (1994) outlined
two options available to achieve this transition.

Option 1: Better species still with minimal
inputs

As soil organic matter increases with minimal
fertiliser, pioneer species can be replaced with species
that are still acid-tolerant but require higher fertiliser
inputs. However, these species are better suited for
cattle production. At Lechang Farm, setaria combined
with lotononis or Oxley stylo showed promise for
summer grazing on unlimed soil when adequately
fertilised with P and K. Since it wasfirst introduced in
the early 1980s, setaria has proved to be a valuable
species for cattle production in south China. In
addition to the studies in north Guangdong Province,
setaria has performed well in Fujian Province where
yields have exceeded 90 t FW/hawhen cut 4to 7
times per year (Hong 1985; Wu et a. 1986). Setariais
now recommended for pasture improvement of al red
soil upland areas below 1000 m in Fujian (Wu et al.
1986), Guangxi (Michalk 1988), Y unnan (Bruce-
Smith et al. 1989), Guangdong (Michalk and Huang
1994b) and Hainan Provinces (Michalk et al. 1993).
Cultivar selection is important for production and
persistence with Narok and Solander (var. splendida)
performing better than Kazungulain subtropical China
because of their superior winter yield and frost
tolerance. Tolerance to both drought and severe frosts
are features which also make Premier digit grass
(Digitaria smutsii) a species suitable for Stage 2
development in the red soil region north of the
Nanling Range.

In general, suitable Stage 2 pasture species require
higher soil fertility to establish and persist. Additional
fertiliser inputs do not always result in greater dry
matter yield, but they do ensure that forage quality is

suitable for livestock production. The nutritive value
of highly acid tolerant pioneer species can also be
improved by applying higher fertiliser rates, especialy
Pand S (McLean et al. 1981; Lascano and Salinas
1982), but this does not always guarantee acceptability
to livestock, as is the case with Wynn cassia
(Clements et a. 1996). This low acceptability of
cassia suggests that alternative legumes such as
lotononis and forage peanuts are needed for Stage 2
improvement. However, these alternatives also have
their strengths and weaknesses. For example,
lotononis seedlings are small and slow to establish,
while forage peanut establishment from seed can be
hampered by theft of seed by rodents. Both species,
however, produce palatable, high protein forage.
Further, lotononis tolerates shading better than cassia
and is known to utilise RP fertiliser better than most
other tropical legumes (Bryan and Andrew 1971).

Option 2: Application of lime to increase
Species range

Further flexibility in species selection may be possible
in Stage 2 development if lime is used to reduce the
Al-saturation to a level that will enable selected
species to grow to potential. For some pasture plants,
such as many of the temperate grasses and forages
needed to overcome winter feed shortages in the red
soil region, thiswill mean applying lime to effectively
reduce Al saturation to near zero (i.e. increase soil pH
to >5.5). This means that about 3.6 t of good quality
lime is required to neutralise the 2.2 meq of
exchangeable Al found in Lechang soils using the
simple formula of Cochrane et al. (1980) of applying
lime at arate equivalent to 1.8 times the exchangeable
Al level when expressed in meg/100 g soil. However,
many species will respond significantly to more
modest lime inputs. For example, while plants
endemic to calcareous soils (e.g. Glycine wightii,
Medicago sativa, arange of annual medics, Trifolium
repens, Lolium perenne and Phalaris aquatica) are
susceptible to Al saturation levels around 15%,
pasture species originating on acid soils only require
Al levels to be reduced to about 40% for maximum
yield. At Lechang Farm, these conditions were
achieved with aslittle as 1.5 t lime/ha

Lime application increased production of a number of
grasses and legumes at Lechang Farm (Michak and
Huang 1994a, 1994b). However, of therange of grasses
that included Rhodes grass, signal grass, buffel grass,
guinea grass and green panic, only green panic has
sufficient cold tolerance and superior quality to setaria
to be potentially useful for Stage 2 improvement in
North Guangdong. Lime application had a beneficia
effect on legume production, especially the twining
tropical types and white clover. However, based on
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legume response and the cost of lime, soil amendment
with lime may only be economic when used on small
areas of special-purpose pasture to fill gapsin the
forage supply for cattle rather than for use over large
areas. Lime application can also have a negative effect
on pasture production. Studies at Lechang Farm
showed that yield of molasses grass (Michalk and
Huang 1994b) and Wynn cassia (Michalk and Huang
1995) was reduced significantly by lime application.

In addition to increasing the range of species available
for pasture production, lime application also provides
an opportunity for cash crops to be grown prior to
establishment of Stage 2 pastures. Cash crops not only
generate cash flow to support the soil improvement/
pasture development program, but also provide a
break in the pasture sequence to assist with control of
weeds, pests and diseases, as well asallowing time for
lime to ameliorate soil to a greater depth. Research in
Jiangxi province has identified some peanut cultivars,
mung beans, radish, rye, buckwheat and vetch as crops
suitable for growing on red soils with Stage 2 inputs
(Heet a. 1990). However, more attention needs to be
focused on developing systems that integrate
appropriate crop and pastures for the red soil region of
south China.

In addition to reducing the impacts of Al on plant
growth through changes to soil pH, lime also
aleviates Ca and Mg deficiencies which are known to
limit plant growth in south China. Mg is particularly
important in north Guangdong with lotononis, white
clover and subclover al showing symptoms of Mg
deficiencies when grown on unlimed soil. However,
these symptoms disappeared and production increased
when Mg fertiliser was applied (Michalk and Huang
1992, 1993a). It is also suspected that triticale may
reguire Mg inputs when grown on Chinese Hapludult
soils. Since local lime contains <0.3% Mg (Michalk
and Huang 1993a), there is a need to procure more
concentrated Mg fertilisers or good quality dolomitic
limestone to sustain production on special-purpose
pastures that contain species sensitive to low Mg.
Boron (B) fertiliser should also be included in al
liming programs as lime application greatly increases
the adsorption of B by claysin red acidic soils,
thereby reducing its availability to plants. B deficiency
caused sterility in forage oats in north Guangdong
Province and severe B deficiency was observed in
white clover growing in limed soil (Michalk and
Huang 1992).

These exampl es highlight the need for careful fertiliser
and amendment strategies to avoid detrimental effects
on plants caused by too great a change to the pH of
these poorly buffered red soils. Further, the results
suggest that while Option 1 will provide pastures for
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large area sowings, Option 2 is more suited for
development of smaller areas where special-purpose
pastures are required to fill gapsin the feed supply for
livestock.

Stage 3: High production pastures

Only after several years of rebuilding soil fertility
through careful management of fertiliser inputs and
organic matter under grazed permanent pastures is the
establishment of higher quality species afeasible
option. The importance of improving soil conditions
prior to Stage 3 was demonstrated at L echang Farm by
the failure of many species to reach their expected
potential even when high fertiliser inputs were
applied. For example, species such as kikuyu and
paspalum that have the capacity to grow under the
climatic conditions at Lechang Farm either failed to
establish or yielded poorly (Michalk and Huang
1994b). Similarly, a temperate pasture mix failed to
grow as expected even when fertilised with 600 kg/ha
superphosphate, 300 kg/ha potash and 4 t/ha lime.
These examples highlight the inability of inorganic
fertilisers aone to solve the fertility problems of these
soils, and re-emphasise the importance of organic
matter in the process of retaining and recycling plant
nutrients in pasture systems.

Likehigh producing pastures, cropsrequire an adequate
supply of nutrients throughout their growth cycle to
produce maximum yield. The combination of
decomposition of plant residues and good fertiliser
management may also improve soil sufficiently over
time to enable a wider range of more profitable crops
to be integrated with pastures in ley systems. Sugar
cane, ginger and arange of vegetables are often grown
on the more fertile soils in Guangdong Province. The
range of suitable high value crops should be determined
for red soils located in the more subtropical regions of
China north of the Nanling Range.

Capitalising on succession in soil
improvement

The strategy for soil improvement formulated at
Lechang Farm outlined in Table 5 is presented as
distinct stages. In practice, however, changes from one
stage to another may be achieved by manipulating soil
fertility, plant introduction and grazing management to
form a continuum, especialy from Stage 1 to Stage 2
(Option 1). Changes that occur by manipulating these
factors in a management system are an effective
example of man-assisted succession in which one
group of species is replaced by another when the
environment (e.g. soil) or management is changed.
Changesin pasture composition provide the guidelines
to assist producers recognise the signs of deterioration
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or improvement in pastoral systems and define the
boundaries of good management within stable states.
For example, changes from legume to grass
dominance under afertiliser and grazing management
strategy known to maintain legumes signals an
increase in soil N resulting from legume N fixation
and N release from accumulated organic matter.

Table 5. Proposed strategy for soil improvement and
pasture development for red soil areasin
north Guangdong Province (Michalk et al.
1994).

Stage Time
(vears)

Pasture-crop program

Stagel 1-3 Sow cassia-molasses grass-setaria mixture

Option 1
4-8 Oversown with Oxley stylo
Option 2
4 Limeplough, sow winter forage.
59 Then:(1) Re-sow lotononis-setariain

Stage 2

spring
5 or (2a) Spring cash crop of beans or
peanuts
5 (2b) Forage (oats-vetch) in winter;
6-10 (2c) Sow to lotononis-setariain

following spring (Note: Oxley
stylo can be sown with or as an
alternative to lotononis)
9-13 Paddocks treated as Option 1 must be treated
as Option 2 before proceeding to Stage 3

Stage 3 11-? Sail fertility improved enough to grow more
productive and better quality tropical
legumes, tropical grasses and temperate
species.

This program is based on limited observations over 3 years at
Lechang Farm, and experience of pasture development in tropical-
subtropical areas elsewhere.

To achieve the anticipated soil improvement, it is assumed that all
pastures and crops are adequately supplied with initial and
maintenance fertiliser using low-input technology criteria.

Changes in species dominance were observed in Stage
1 pastures at Lechang Farm over athree-year period
with molasses grass being replaced by Wynn cassiain
Year 2, and setaria (sown at alow ratein Year 1)
becoming a co-dominant in Year 3 (Michalk et a.
1994). The inability of cassiato compete effectively
with setaria may be due to several factors including
shading by the taller perennial grass and the superior
K absorbing ability of setaria due to the higher density
of grass roots compared with the legume. These
observed changes suggest that, with the correct
management, it may be possible to develop a
continuum between Stage 1 and Stage 2 pastures.
Such management may include a combination of
grazing pressure and strategic rest (Michalk and Kemp

1994). The effectiveness of strategic rest has proved to
be a valuable tool for manipulating tropical pastures.
For example, Jones (1992) showed that for a Siratro
(Macroptilium atropurpureum)-setaria (Setaria
sphacelata) pasture in sub-tropical Queensland, rest
was an effective means of changing pasture
composition. The effectiveness of grazing tactics on
pasture succession in south China still needs to be
assessed.

Degradation is the reverse process in which less
desirable weedy speciesinvade pastures as soil fertility
changes or whereinappropriate grazing management or
fertiliser tacticsare applied. An example of degradation
was reported by Michalk et a. (1994) for temperate
pasture where slow regrowth of perennial ryegrass
enabled native grasses and weeds to invade and utilise
the N fixed by companion white clover. Monitoring
such changes provides the focus for the identification
of practical thresholds in terms of movement towards
or away from adesirable composition for the particular
stage of soil improvement and pasture development.
Movement towards a less desirable pasture
composition may indicate that inappropriate grazing
management, fertiliser practices or soil improvement
strategies have been used. Management envel opes and
matrices such as those developed for temperate
pastures by Kemp et al. (1996, 1997) should be
developed to aid management of subtropical and
temperate pastures in south China.

CONCLUSION

It was once thought that acid infertile red soils like
those found in south China could not support
productive and sustainable agricultural activitiesin
tropical and subtropical regions. However, there is
now abundant evidence to indicate that acid infertile
red soils are useful for crop and pasture production
provided the general principles of low-input
management are applied (Sanchez and Salinas 1981).
Research undertaken at Lechang Farm and in other
parts of south China provides a positive pattern on
which to build a program to improve soil through
conservation of organic matter, nutrient recycling,
species selection and fertiliser application at minimal
cost and risk.

While the general approach is most likely to lead to
sustained production on red soils throughout south
China, further research is required to refine some of
the components of the soil improvement strategy for
use in the more subtropical region north of the
Nanling Range. Some of the species selected for the
system developed at Lechang Farm may perform as
well in these more northern locations, but it is likely
that further testing is needed to identify the best
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species and fertiliser inputs for these areas with colder
and wetter climates. However, in addition to
formulating appropriate strategies to successfully
restore the productivity of red soils, lasting solutions
will also depend on implementing change in social
perceptions and encouraging economic reforms. As
Brown et al. (1991) rightly point out, until
governments and support agencies provide farmers
with the incentives they need to invest in land
productivity, little progresswill be madein large-scale
improvement of degraded soils, including the infertile
red soils of south China.
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SOIL EROSION AND ITSEFFECTSIN FUJIAN
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Fujian, 350003. P. R. China
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Abstract

Soil erosion has affected 21,130 km? of Fujian province — 17% of the total soil area. Erosion
gradually decreases as one moves from the southeast to the northwest, and from the coastal areas to
the inland. Quanzhou City has the highest proportion of its area eroded at about 34%. The areawith a
potential for erosion in Fujian province is approximately 21,500 km? or 18% of the total area. Potential
erosion in the southeast prefectures near the coast is much higher than in the inland mountain areas.
Flood and drought disasters are closely linked to soil erosion and, in recent decades, along with the
extension of the soil erosion areas, the frequency and intensity of floods have increased.

INTRODUCTION

FUJAN province lies between 23°33'-28°19' N and
115°50'-120°43' E, crossing the middle and southern
subtropical zone and has a typical subtropical
monsoon climate. The annual average temperature is
15-21°C; the accumulated temperature greater than
10°C is 4500-7500°C; and the annual rainfall is
10002000 mm. The distribution of rainfall is not
regular, with the period March to June receiving
50-60% of annua rainfall. The period from October
to February is the dry season, when rainfall is only
15-20% of the annual total. The terrain descendsin
stepwise fashion from northwest to southeast,
successively comprising mountains, hills, mesas and
plains. The area of the mountains and hills is 88% of
the total. The southern subtropical monsoon
rainforests and the middle subtropical hardwood
forests contain the dominant tree species native to
Fujian province. However, due to man’ s influence, the
natural vegetation has largely been destroyed and
replaced by second-growth forest. The soils are mostly
red and yellow, derived from granite and basalt rocks,
with those derived from metamorphic and sedimentary
rocks accounting for about one-third of the soils. The
natural environmental conditions such as high rainfall,
combined with the mountainous terrain and the
influence of human activity have brought about severe
soil erosion in the province.

SOIL EROSION STATISTICS FOR
FUJIAN PROVINCE

From general investigations by the Water Conservancy
Ministry in 1987 using remote sensing technology, the

total area of soil erosion in the whole province was
found to be 21,130 km?2. Of this area 4867 km? was
affected by medium erosion, 13,049 km? by serious
erosion and 186 km? by extreme erosion. There are
two causes of soil erosion in Fujian province: water
and wind. Water erosion is the major cause, resulting
in 99% of the erosion, whereas wind erosion is
responsible for just 1% of the total.

It has been found that the distribution of soil erosion
in the nine prefectures in Fujian province gradually
reduces from the southeast to the northwest, and from
the coastal areas to the inland areas (Table 1).

The proportion of land affected by erosion in coastal
prefectures such as Quanzhou, Xiamen, Fuzhou,
Zhangzhou, Putian and Ningde is higher than the
average leve for the whole province, and much
greater than for inland areas such as Longyan,
Sanming and Nanping. Quanzhou has the largest
proportion (34% of the total land area), followed by
Xiamen (32%), whereas Nanping has the smallest
proportion (9%). The 186 km? of extreme erosion
within Fujian Province are found in the Guangiao
township, the Anxi county of Quanzhou, and the
Hetian township in the Changting county of Longyan.
The former is the result of the collapse of granite
slopes in southern Fujian while the latter is the
outcome of alack of vegetation cover.

After some improvements in management over the
past decade, the areas affected by erosion have been
reduced to about 16,000 km? or 13% of the total land
area.
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Table 1. Soil erosion areas (km?) in the prefectures of Fujian province.

Prefecture  Total area Light Medium Serious Extreme Total Per centage of
(City) of land erosion erosion erosion erosion erosion land area
area affected by
erosion

Fuzhou 11,551 1,871 900 629 3,301 29
Xiaman 1,555 276 171 53 499 32
Putian 3,839 499 183 148 840 23
Sanming 22,974 1,327 509 339 2,174 9
Nanping 26,303 1,542 695 25 2,262 9
Ningde 12,996 1,628 680 196 2,503 19
Quanzhou 10,984 1,979 732 920 95 3,727 34
Zhangzhou 12,562 2,262 539 534 3,326 27
Longyan 19,028 1,675 448 283 0 2,498 13
Total 121,793 13,049 4868 3027 186 21,130 17

Table 2. Areas (km?) subject to soil erosion areas in the prefectures of Fujian Province, classified by degree of

danger.
Prefecture Danger class Total Per centage of land
or City - affected by erosion
Slight Moder ate Completely eroded
Fuzhou 2,719 682 80 3,481 30
Xiaman 446 53 499 32
Putian 677 163 53 893 23
Sanming 1,731 344 2,074 9
Nanping 2,157 105 2,262 8
Ningde 2,398 196 13 2,606 20
Quanzhou 3,163 564 53 3,780 34
Zhangzhou 2,879 446 40 3,366 27
Longyan 1,675 823 2,498 13
Total 17,845 3376 239 21,459 18

THE POTENTIAL DANGER OF SOIL
EROSION IN FUJIAN PROVINCE

Estimates have been made of the severity of erosion
potential based on the time that it will take for soil to
be eroded to adepth of 80 cm. For example, the Water
Conservancy Ministry has classified erosion into five
classes: zero; dlight; moderate; extreme; and compl ete
removal of soil that has already occurred. In some
cases it may take less than 160 years for the sail to
be completely removed. The total area of soil with
potential for erosion (including that which has been
destroyed) is 21,459 km? or 18% of the total area.

In generd, the greatest potential for erosion isin the
southeast coastal areas of the province (Table 2).

The potential erosion hazard is greatest for Quanzhou
(34% of its land). Xiamen, Fuzhou and Zhangzhou
aso have large areas of potentially dangerous erosion:

32%, 30% and 27%, respectively. Inland prefectures
have lower percentages, with Nanping, Sanming and
Longyan having 9%, 9% and 13%, respectively.
Again, the areas classified as having potentially
dangerous erosion decline as one moves from
southeast to northwest. In the southeast, the soil
remaining is generally less than 80 cm, but in the
northwest it is comparatively thick, being mostly
between 80 cm and 150 cm.

THE EFFECTS OF SOIL EROSION

The harmful effects of soil erosion vary, and include
depletion of the soil, reduction of its productivity,
siltation of rivers and reservoirs, and degradation of
the environment. There is also a relationship between
soil erosion and flooding in Fujian.

Soil erosion has become particularly seriousin Fujian
only in the past one hundred or so years. According to
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statistics gathered in 1958, the area with soil erosion
was only 4500 km?; in 1966 it was 6557 kmZ; in 1976,
9318kms?; andin 1987, 21,130 km2. Following therapid
increase in the erosion areas, sediment load increased,
and the level of water in reservoirs has fallen. Floods
have become more frequent. Huang Wen (1993)
reported that, whereas there were 166 years which
incurred amedium flood in the 522 years from 1490 to
1991 (an average of one flood in 3.14 years), in the
53 years from 1939 to 1993, the average has risen to
one flood in 2.79 years. Also the frequency of ‘heavy’
floods hasincreased over recent yearsoccurringinnine
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of thelast 53 years, or onceevery sixthyear. Thus, since
19309, the frequency and intensity of floods appear to
beincreasing. Thistrend is consistent with thetrend for
increasing soil erosion. In order to reduce thefrequency
and intensity of floods, more attention must be paid to
soil and water conservation.
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SOIL CONSERVATION PRACTICES FOR

SUSTAINABLE AGRICULTURE ON SLOPING LANDS

IN SOUTHERN CHINA

Adisak Sajjapongs and Yin Dixint
1IBSRAM, Bangkok, Thailand

Abstract

On doping lands in southern China, farmers generally plant their crops up-and-down the slope and
cultivate the soil with minimal concern for soil erosion. This causes the loss of not only the topsoil but
aso plant nutrients. In addition, siltation of valleys and dams occurs and threatens the environment. In
the case of serious soil erosion, the soil can quickly lose its productivity to the point where it cannot
sustain crop growth.

Since sloping lands cover vast areas in southern China and are being encroached on for cultivation
every year, it is imperative that efforts should be made to identify appropriate technology for
managing these lands so that threats to the immediate surrounding areas can be arrested and more
sustainable agriculture achieved. Various soil conservation technologies, including hillside ditches,
alley cropping and farmers' practices, were evaluated at a site in Xinlong village, Guizhou Province,
to identify technologies that could render a more sustainable form of agriculture on sloping lands.

The results showed that soil losses, run-off and nutrient losses were reduced remarkably by alley
cropping and hillside ditches, when compared with farmers current practices. As a result of the
filtering out and accumulation of sediment by hedgerows, mini-terraces were formed above the
hedgerows in the alley-cropping treatment. Alley cropping gave yields as high as those from farmers
practices. On the other hand, yields under the hillside ditch treatment were lower than those of the
farmers' practices. The annual net returns from alley cropping were less than those from the farmers
practices for the first two years of thetrial. In later years, the economic returns of alley cropping were
as high as those of the farmers' practices. The economic returns under the hillside ditches were not as
high as those of alley cropping and the farmers’ practices, except in the years when additional revenue

could be obtained from bananas.

INTRODUCTION

THE south China subtropical red and yellow soil
regions occupy an area of 218 million ha, 90% of
which are in mountainous or hilly areas. The regions
possess a long plant growth season and arerich in
water resources and sunlight. These regions, therefore,
have great potential in the overall pattern of
agricultural development. In some parts of these
subtropical regions, however, the population is
increasing rapidly; the forest is slashed extensively
and cleared for farming. Land utilisation and cropping
are not organised properly. These circumstances have
caused severe soil erosion, aloss of soil fertility, and
soil degradation, resulting in alow level of crop
production and detrimental effects on the rural
economy. Statistics indicate that soil erosion in these
regions covers 615,800 km2, which accounts for 30%
of the total area of the subtropical regions. As severe
soil erosion deteriorates soil resources and silts up
rivers, hillside pools, and reservoirs, natural disasters
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(flooding and drought) occur frequently, the
ecological balance is disturbed, and agricultural
development declines (Chen et al. 1995).

Guizhou Province is in the centre of southwestern
China, where karst landforms are common. It is
located between 24°30'—29°13'N and 103°36'—
109°30'E, and is a plateau with a subtropical climate.
The province has atotal area of 17.6 x 10* km?, of
which 12.96 x 10* km? are karst. Guizhou has a
population of 33.1 million, and aresidential density of
188 persons’km?. Within the territory, the landform is
complex and the earth surface is sharply dissected.
Mountains and hills constitute 92% of the total area,
and therest islowland and valley plains. The shortage
of soil resources constrains the development of
agricultural production in Guizhou. Soil formation is
extremely slow, so it is very difficult to replenish the
soil once erosion occurs. Because of the lack of arable
land and the rapid increase in population, the steep
doping lands are beginning to be reclaimed on alarge

Forages for the Red Soils Area of China
Edited by JM. Scott, D.A. MacLeod, Minggang Xu and A.J. Casanova
ACIAR Working Paper No. 55



scale. At present, the cultivated land area amounts to
0.8 million hafor paddy and 1.1 million ha for
uplands. Sloping land constitutes most of the upland
area, and uplands with gradients of more than 45% are
not equipped with the necessary technologies for soil
and water conservation. Sloping uplands occupy about
15% of the total cultivated land area and are
consequently the major zones for soil erosion

(Zhu 1994).

With the support of the International Board for Sail
Research and Management (IBSRAM) and the Swiss
Agency for Development and Cooperation (SDC), a
project has been developed over approximately five
years to prevent the deterioration and erosion of
sloping lands in southern China.

Its objectives are to:

 validate the effectiveness of different technologies
in reducing soil loss and run-off;

» determine changesin crop yield and soil properties
as affected by soil erosion; and

* identify options that are cost-effective and
acceptable to farmers.

LOCATION AND CHARACTERISTICS
OF THE EXPERIMENTAL SITE

In early 1992 an experimental site was established in
Xinlong village, Luodian county, Guizhou Province.
This site is on an eastern slope of 40% on the western
side of Shancha stream, with an elevation of about
630 m asl. The soils are Hapludult and Hapludalf; the
soil profile descriptions are given in Table 1.

The average annual precipitation for the site is
1177 mm, of which 90% (1054 mm) falls in the rainy
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season from April to October. Furthermore, in the
four-month period between May and August, storms
occur frequently, and 68% of the total annual
precipitation is received. However, there are
substantial fluctuations between years.

EXPERIMENTAL DESIGN

The experiment was carried out on an area with slope
of about 40%, using a non-replicated trial. Individual
plots were 16 m wide and 25 m long and were
equipped with a soil-erosion collection system. The
treatments evaluated were as follows:

T1: hillside ditches with banana and Amomum
xanthioides grown on the bund;

T2: farmers practice (no soil conservation measures
and up-and-down planting of crops);

T3: aley cropping using Tephrosia candida as
hedgerows (crops planted along contoursin
aleys);

T4: bareplot.

The cropping system employed was maize during the
rainy season and vetch (Vicia sativa) during the dry
season. Fertiliser application for maize was:

227.5 kg/ha urea, 450 kg/ha cal cium—magnesium
phosphate, and 15 t/ha compost for aley cropping;
227.5 kg/ha urea, 450 kg/ha cal cium—magnesium
phosphate, and 15 t/ha compost for the farmers
practice; and 227.5 kg/ha urea, 450 kg/ha calcium—
magnesium phosphate, and 15 t/ha compost for
hillside ditches. No fertiliser was applied for vetch,
since it was grown as a green manure crop.

Table 1. Soil type and profile description of the experimental site in Guizhou Province.

Slope position Soil type Depth (cm) Profile description
Upslope Hapludult 0-21 (A) Dull yellow orange, silty clay, 10 YR7/4%, granular structure, slightly
sticky, many fine roots
21-61 (B) Orange, silty clay, 7.5 YR7/6, blocky structure, slightly hard and
compact, fewer roots
Midslope Hapludalf 0-21 (A) Dull yellow orange, silty clay loam, 10 YR6/3, granular structure,
friable, many fine roots, few animal channels
21-33 (BC) Dull yellow orange, silty clay, 10 YR6/4, blocky structure, sightly
hard and compact, few roots
Downslope Hapludalf 0-30 (A) Light brownish grey, silty clay loam, 7.5 YR7/2, some angular gravel,
friable, many fine roots
3045 (BC) Dull yellow orange, silty clay loam, 10 Y R6/4, blocky structure,

slightly compact, fewer roots

ay =yellow; R = red.
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RESULTS

Soil loss and run-off

Soil loss at the site was significantly affected by the
various treatments (Table 2). Over four years, soil loss
ranged from 0.3 to 342.1 t/ha. Bare plots had the
highest soil lossin all years, followed by the farmers
practice. Alley cropping and hillside ditches were
equally effective in reducing soil loss, which was
much lower than the farmers' practice and bare plot.
Run-off showed similar trends to soil loss (Table 3).
Run-off ranged from 12 mm to 645 mm over the trial
period and was closely related to the amount of
rainfall.

Table 2. Soil loss as affected by different soil
conservation practices during 1992-95.

Treatment Sail loss (t/ha)

1992 1993 1994 1995
Alley cropping 0.9 54.4 0.0 0.3
Hillside ditch 18 62.1 11 5.0
Farmers' practice 4.0 112.2 14 4.2
Bare plot 80.5 3421 1079 97.6
Rainfall (mm) 7727 11797 6846 1066.7

Table 3. Run-off under different soil conservation
practices during 1992—95.

Treatment Run-off (mm/year)

1992 1993 1994 1995
Alley cropping 22.7 2016 1720 205.6
Hillside ditch 11.9 77.6 91.6 164.7
Farmers' practice 89.6 3243 1418 206.2
Bare plot 217.3 6452 306.8 456.1
Rainfall (mm) 7727 11797 6846  1066.7

Of dl the treatments, the bare plot had the heaviest
soil loss and run-off; many rills and shallow gullies
were formed. The formation of terraces, as aresult of
filtering and accumulation of run-off sediment by
hedgerows under alley cropping, was obvious. After
the formation, soil loss and run-off were minimal
under alley cropping. Hillside ditches trapped water
and soil; this is significant for soil and water
conservation.

CONSERVATION OF SOIL
NUTRIENTS

Loss of surface soil also means the loss of essential
plant growth nutrients such as N, P and K, i.e. the
higher the soil loss, the higher the loss of plant
nutrients. The cumulative loss of N, P,Os and K,0

from 1992 to 1994 under the different treatmentsis
presented in Table 4. Because of heavy soil erosion,
severe losses of P,Os and K,O occurred on bare plots
and those subject to farmers' practice.

Table 4. Cumulative nutrient losses under different
treatments, 1992 to 1994.

Treatment Nutrient loss (kg/ha)

N P,0Os K0
Hillside ditch 173 47 673
Farmers' practice 355 99 1314
Alley cropping 127 40 444
Bare land 1016 361 4667

Nutrient losses under the alley-cropping treatment, in
terms of N, P,Os and K0, were only 36%, 41%, and
34%, respectively, of the farmers' practice.

Table 5 shows the changes in soil nutrients between
1992 and 1995. Under all trestments, pH tended to
rise, whereas organic matter and available potassium
decreased. Total nitrogen did not change, and
available phosphorus aso increased. The increase in
available phosphorus is most likely the result of
substantial fertiliser applications. Because of the soil
erosion and zero fertiliser application, the nutrient
content of bare land decreased rapidly. In other
treatments, changes in nutrient status reflect the
balance between the opposing effects of fertilizer
application and soil loss.

ANALYSISOF CROP YIELD

Table 6 shows maize yields over five years from 1992
to 1996 as affected by various treatments. The results
showed that hillside ditch gave the lowest yield,
because of asmaller cropping area. On the other hand,
although the cropping area was smaller, the yield
under the alley cropping was as high as the farmers’
practice, a beneficia effect of biomass trimmed from
the hedgerows.

ECONOMIC ANALYSIS

An analysis of the economic returns under different
treatments from 1994 to 1996 is presented in Table 7.
On average, similar benefit:cost (B:C) ratios were
obtained in all three treatments. Similar B:C ratios of
the farmers' practice and the alley-cropping treatment
reflected the same magnitude of yields obtained under
these treatments. The high B:C ratio under the hillside
ditcheswastheresult of additional incomefrom banana
and Amomum xanthioides. It should be bornein mind,
however, that in thisanalysis no account has been taken
of the economic benefit of reducing soil loss.
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Table 5. Changesin topsoil nutrient contents under different treatmentsin 1992 and 1995.

Treatment Y ear pH N (%) Organic matter P (mg/kg) K (mg/kg)
(%)

Hillside ditch 1992 4.90 0.13 221 7.50 100.5
1995 5.37 0.13 150 11.30 47.6

Bare land 1992 5.10 0.14 234 0.90 121.0
1995 5.76 0.13 132 1.65 71.3

Farmers' practice 1992 6.70 0.14 2.25 3.80 126.3
1995 7.12 0.14 151 18.70 1224

Alley cropping 1992 7.20 0.16 — 5.80 1215
1995 7.76 0.17 1.90 29.10 109.9

Table 6. Maize yields over time under different
treatments during 1992—96.

Y ear Yield (t/ha)
Alley Farmers Hillside

cropping practice ditch
1992 173 133 133
1993 2.84 3.05 2.02
1994 3.86 4.02 253
1995 3.50 2.88 153
1996 4.00 4.05 243
Average 3.10 3.06 1.97

Table 7. Economic returnsunder different treatments
during 1994-96.

Items Economic analysis (US$/ha)
Farmers Alley Hillside
practice cropping ditch

1994 Input 302.6 299.8 304.1

Output 472.8 453.6 479.7
B:C ratio? 1.6 15 16
1995 Input 452.6 452.6 428.6
Output 703.0 856.7 3732
B:C ratio 155 1.87 0.87
1996 Input 405.9 440.3 339.9
Output 761.8 774.0 588.1
B:C ratio 1.88 1.76 1.73
Average B:Cratio 1.68 171 1.67*

* In hillside ditches the B:C ratio in 1995 was low because the
income from banana and Amomum xanthioides seeds was not
included. The average is of two years, i.e. 1994 and 1996.
aB:C ratio = benefit:cost ratio.

CONCLUSIONS

The results of this study clearly showed that the
aley-cropping technology not only reduced soil
erosion and water loss but also promoted sail fertility.

Economically, alley cropping gave net returns as high
as those of the current farmers' practice. To be more
beneficial and to generate more returns, the
technology should be combined with perennials,
especialy fruit trees.

Currently, the project is carrying out on-farm research
that is being implemented by farmers. Alley cropping
is the technology chosen by the farmers to be
validated against their common practice. Instead of
employing only alegume shrub to establish
hedgerows, a mixture of the legume shrub with fruit
treesisbeing used. Theresults of thison-farm trial are
quite encouraging; farmers are positive about the
technology. The project plans to introduce this
technology to more farmersin Sichuan and Y unnan
provinces.
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Abstract

Twelve run-off plots were constructed in 1991 to evaluate the impacts of incorporation of forage with
upland cropping systems and engineering measures on erosion control. The results over three years
showed that forages and terraces had significant effects on controlling run-off and soil loss. The annual
soil loss was 0.8 t/ha in treatments with forage and/or crop and/or terraces, compared with 40 t/hain
the control treatment. The soil loss mainly resulted from heavy storms which occurred frequently in
April, May and June. Forages grow well in this period, hence forage can reduce the effect of storms
on erosion. I nter-cropping forage can reduce soil and water loss before crop sowing and post-harvest.
Forage also benefits by intercepting nutrients lost from crop strips.

INTRODUCTION

SoIL erosion is a serious problem due largely to
deforestation since the 1950s on the red soils of
southern Hunan, P. R. China. The area of Lingling
Prefecture recorded as forest decreased from 54% to
12% between 1950 and 1985. Most of the soil nutrient
reserves have been lost with the eroded topsoil
resulting in exposed landscapes, which native
vegetation is unable to recolonize. Such land
degradation hasresulted in 12.5% of the total land area
being classified aswasteland in thisregion (Gou 1985).
Widespread plantings of forests and citrus orchards
have met with some success and have increased the
productivity of Lingling Prefecture. For example, 49%
of the total land area has now been classified as
reforested. However, in many cases, without adequate
inputs of fertilizers, growth of forests has been poor
and the soils remain exposed to continuing erosion.

Forage plants provide the quickest, cheapest and most
effective method of controlling soil erosion (Zhang
and Zhang 1991). In addition they have the potential
to provide forage for livestock in the region where
forage quality year-round is poor and forage
availability in the winter monthsis low. An
experiment was established in 1991 to evaluate the
impacts of incorporating forages with upland cropping
systems on erosion control.

MATERIALS AND METHODS
The experimental site

The experimental site was a wasteland located on the
eastern upper slopes of a hill at Mengongshan

(26.7°N, 111.6°E), Lingling Prefecture, Hunan
Province, where severe gully erosion was occurring
and where native vegetation was almost totally absent.
The dtitude is about 130 m. The soil had not been
cultivated, at least not in recent decades.

Climate

The climate of Lingling is classified as mid-
subtropical with four distinct seasons and a
predominance of spring-summer rainfall (65% of the
1412 mm annual total) (Leng et al. 1992). Yearly
average temperature is 17.8°C with the lowest
temperature on record of —7.0°C in January and the
highest 40°C in July.

Soil

The soil studied was a deep red clay soil that is acid
and nutrient poor but well structured and free draining.
It is physically suited to cultivation and forage
development.

Experimental procedures

The experiment site was levelled using a tractor to
remove gullies. Twelve run-off plots were constructed
in April 1991. The slope of the site was 6.5°. The
individual plots were each 3 m wide x 22 m long
(aligned down the dlope). Brick walls were
constructed around each plot while at the bottom of
each plot, three concrete-lined brick tanks were
constructed to collect run-off water and eroded soil.
The sizes of the tanks were 0.43, 0.68, 0.87 m?,
respectively and water and sediment flowed from the
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smallest to the largest to allow accurate measurements
to be made of run-off events of different size. After
measurements were taken following a run-off event,
the water and sediment were removed and the tanks
cleaned ready to capture the next run-off event.

Twelve treatments were imposed as follows:

1. Control (bare plot). The plot was left untreated.
Any plants that grew in the plot were removed
and thus this treatment represents the worst
erosion potential.

2. Natural vegetation. The plot was left untreated,
but differed from Treatment 1 in that any

volunteer colonising plants were allowed to grow.

3. Forages (100%). The plots were planted to forages
(white and red clovers, phalaris and cocksfoot).

4. Crop (50%) and forages (50%). Forages and crops
were planted in alternate 2 metre-wide strips
aong the length of the plot.

5. Crop (75%) and forages (25%). Forages and crops
were planted in alternate strips (3 m — crops;
1 m — forages) along the length of the plot.

The above treatments represent the ‘ standard’
treatments. Treatments 6 to 8 were designed to
evaluate the effects of incorporating crops and forages
together with engineering measures for controlling
run-off and erosion.

6. Terraces + Crop (100%). Thisis similar to the
typical treatment used on the purple soil hillsin
southern Hunan. There were 6 terraces per plot;
4 terraces in the middle of the plot were 4 m wide
whereas the terraces at the top and bottom of the
plot were each 2 m wide.

7. Terraces+ Crop + Forage. Asfor Treatment 6 but
with a 0.5 m wide strip of forages on the front
edge of each terrace.

8. Terraces + Crop + Forage + pits. Asfor treatment
7 but with 2 water-collecting pits at the foot of
each terrace. The size of pits was 0.3 m wide,
0.5m long and 0.4 m deep.

Additional treatments:

9. Forages (100%) with Consol lovegrass strips.
Asfor treatment 3 but with 0.3 m wide strips
of Consol lovegrass planted at 4 m intervals.

10. Crop (50%) and forages (50%) with Consol
lovegrass strips. Asfor treatment 4 but with 0.3 m
wide strips of Consol lovegrass planted at the
lower edge of each forage strip.
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11. Crop (75%) and forages (25%) with Consol
lovegrass strips. Asfor treatment 5 but with 0.3 m
wide strips of Consol lovegrass planted at the
lower edge of each forage strip.

12. Crop (75%) and forages (25%) with tree lucerne
strips. As for treatment 5 but with 0.3 m wide
strips of tree lucerne planted at the lower edge of
each forage strip.

All plots, except terraces, were kept at the same slope
of 6.5°.

Consol lovegrass failed to establish and the tree
lucerne died in the first winter. Thus, the latter four
treatments (9-12) could be treated as the replicates of
corresponding treatments of 3, 4 or 5.

At the beginning of the experiment, the soil was limed
to bring the top 10 cm of soil up to pH 5.6. A basal
application of fertilizer was applied at rates of

80 kg/ha P and 50 kg/ha K. Additional N at 160 kg/ha
N and 30 tons/ha of pig dung were added to the crop
strips. For the forages, 25 kg N/ha was applied in
spring, 1992, and 20 kg P/ha and 20 kg K/ha were
applied in the spring of both 1993 and 1994.

Four forage species (Haifa white clover, red clover,
phalaris and Porto cocksfoot) were sown on
December 1, 1991. Wynn cassia seed was over-sown
in spring, 1993.

Crops were sown as follows:

* Rape on 1 December, 1991,

» Peanut on 8 April, 1992;

* Rape on 25 November, 1992;

» Sweet potato on 3 June, 1993;

* Peanut on 10 April, 1994.

The crops and forages were harvested at maturity.

The quantities of run-off and sediment were measured
after each rainfall event during 1992-1994. Theyields
of forage and crop were recorded. Rainfall amount and
intensity were measured by a ‘tipping bucket’ rain
gauge fitted with an electronic data logger. Additional
rainfall data was obtained from the Qiyang
Meteorological Station.

RESULTS

Precipitation characteristics

Annual rainfall ranged from 1370 to 1918 mm during
1992-1994, which is considerably more than the
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annual mean of 1283 mm recorded over the past

35 years by the Qiyang Meteorological Station (27 km
from the experimental site). The precipitation was
concentrated mainly in April, May and June, and
occurred mostly in heavy storms (Figure 1). The
annual number of rainy daysin 1992, 1993 and 1994
were 135, 177 and 194 days, respectively. In most
cases the daily rainfall was less than 10 mm. The
number of daysin which rainfall exceeded 30 mm was
10, 11 and 15, in 1992, 1993 and 1994 respectively.
However, the total amount of rain falling on those
days was 33.6%, 31.4% and 42% of the annual totals
respectively (Table 1).

Run-off

In the early stages of the experiment (December 1991
to April 1992), there were few differences in run-off
among treatments, except for the terrace treatments,
before the forages became established and the initial
crop (rape) grew. From May 1992, after theforageshad
become established and the crop strips were planted to
peanuts, run-off from treatments with crops and forage
was much less than for the control. This was because
cultivation of the crop strips left the surface rough and
the soil loose, thus decreasing the speed of overland
flow and increasing water infiltration.
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Three years of experimental results showed that the
effects of treatments 4 and 5 on reducing run-off were
similar. The 100% forage treatments had no effect on
controlling run-off in 1992, as the forages had just
established and the summer and autumn was extremely
dry in this year (Figure 1) so that the forage grew
poorly. When the forages had become established and
were growing well, the effects of treatments containing
forages on reducing run-off became more significant.
The run-off from treatments 3, 4, and 5 were 55%,
29% and 27% in 1993, and 30%, 17% and 16% of the
control in 1994, respectively (Figure 2).

Terrace treatments had significant effects on reducing
run-off, being less than 20% of the control. There
were no significantly differences among terraces
treatments. The natural vegetation treatment (2) had
some effect, compared to the control, and the effect
became greater with time as colonisation of the plot by
volunteer native plants increased.

Saoil loss

Eroded soil was measured as suspended material in
the run-off water, and as sediment at the bottom of the
collection tanks. The effects of treatments on soil loss
followed the same pattern as run-off, but the
differences were much larger. This was particularly
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Figure 1. The monthly rainfall during the experimental period.
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Tablel. Summary of the size of rainfall events and the number of rain days during the experimental period.

Rainfall range (mm) 1992 1993 1994
Rainfall Days Rainfall Days Rainfall Days

0-10 263 91 377 123 404 139
10-30 647 34 758 43 709 40
30-50 267 7 252 7 311 9
>50 194 3 268 4 494 6
Total 1370 135 1654 177 1918 194
Rainfall less run-off 1213 928 1382
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the case for the 100% forage treatment, which had
similar run-off to the control in 1992 but the soil loss
was much less than the control (Figure 3). Forages and
crops had significant effects on controlling sail loss. In
1994, the soil loss from all treatments, except natural
vegetation (2), was less than 2% that of the control.
For the 100% forage treatment, soil loss was just 1.8%
that of the control (Figure 3).

The effects of rainfall intensity on soil and
water |loss

The experimental results showed that run-off occurred
only when rainfall was greater than 10 mm. Soil and
water loss were due mainly to storm events, which
occurred frequently in April, May and June, especialy
for treatments with forages and crops (Figure 3). For
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example, on May 2, 1992, an 80 mm storm caused
56% of the annual soil loss in the control.

Relationships between run-off, soil loss
and rainfall

Run-off and soil loss have been related to rainfall
using different measures of that rainfall. In general,
the longer the time period, the stronger the
relationship. Thisis likely to be due to longer time
periods having an averaging effect on other factors
influencing erosion such as soil moisture and
vegetation. Regression analyses (not shown) between
run-off and monthly rainfall showed correlation
coefficients (r) above 0.7 with some as high as 0.9.
There was an exponential relationship between
monthly run-off and monthly rainfall.
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Figure 2. Annual run-off measured on eight treatments over three years.
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Figure 3.

The effects of treatments on annual soil loss and that occurring during the maximum storm within each year.
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Table 2. Forage yields during the experimental period.

Forage treatment 1992 1993 1994

Grass Grass Legume Total Grass Legume  Total

(t DM/ha)
3: 100% forage 11 25 13 38 17 34 51
4: 50% forage; 50% crop 10 4.8 13 6.1 37 34 7.2
5: 25% forage; 75% crop 14 11.3 23 13.6 8.3 44 12.8
7: Terrace + crop + 10% forage 1.0 14.0 0.0 14.0 84 0.2 8.6
8: Terrace + crop + 10% forage + pits 1.0 12.0 0.3 12.3 8.8 0.3 9.1
Table 3. Crop yields during experimental period.
Crop treatment 1992 1993 1994
Peanut Rape Sweet Potato Peanut
(t/ha)

4: 50% forage; 50% crop 13 0.8 14.3 21
5: 25% forage; 75% crop 12 0.7 140 16
6: Terrace + crop 14 0.6 13.6 14
7: Terrace + crop + 10% forage 14 05 12.2 13
8: Terrace + crop + 10% forage + pits 1.0 05 8.9 11
Forageyield Crop yields

Only Porto cocksfoot and Haifa white clover
germinated and established. After the dry summer of
1992, only Porto cocksfoot survived. All species were
re-sown in autumn, 1992. The growth of the forages
was still poor in 1992 but greatly improved in 1993
and 1994 (Table 2). For the forage plus crop
treatments, yields have been expressed as dry matter
per hectare of forage area within these plots. It is
noticeable that yield increases with the proportion of
crop area within plots. Thus, in 1993, the yield for
Treatment 5 with 75% crop was more than twice that
of Treatment 4 with 50% crop, which in turn is

1.6 times that of Treatment 3 with 100% forages.

The marked differences are due to the forage strips
intercepting nutrients lost from crop strips by run-off
and erosion. The forage strips thus benefit from the
large amounts of N added to the crops, whereas the
100% forage treatment received only 25 kg N/hain
spring 1992. The extra N had the greatest effect on the
grass component of the forage strips. Once the legume
component had become fully established in 1994, the
extra N had only a small effect on legume production
whereas grass yield of the 75% crop treatment was
almost 5 times that of the 100% forage treatment.
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In the most cases, the yields of cropsin terraced
treatments were less than for the unterraced sloping
treatments (Table 3). One of the reasons for this was
that terrace construction reduces the area of plots that
could be planted to crops. The crop yields were
always the lowest in treatment 8 which, in addition to
terraces, contained pits for trapping run-off. Pits
further reduced the area for cropping and less run-off
flowed into the strips for crop use.

DISCUSSION AND CONCLUSIONS

Many factors influence soil and water loss, including a
soil’s erosive factor, rainfall characteristics, slope
length, vegetation, slope, and soil cultivation and
management. Terracing is one of the most effective
conservation measures. Terraces can reduce the
velocity of water flow significantly, increase
infiltration and thus decrease run-off and soil loss.

In this experiment, run-off from terrace treatments
was less than 20% that of the control, and the soil loss
was less than 1%.

Forages had a highly significant effect on soil and
water loss. They are effective in controlling soil and
water loss for the following reasons:
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They intercept rain drops and reduce splash
erosion at the soil surface caused by rain drop
impact.

They produce numeroustillers, which can decrease
flow velocity and intercept eroded soil.

They have strong root systems, which can hold soil
mechanically and increase resistance against
erosion.

Litter and roots of forages increase soil organic
matter, which promotes the stability of soil
structure, which in turn increases infiltration.

Large amounts of plant nutrients are lost by the
erosion of topsoil. The nutrient content of eroded soil
is higher than that of the remaining soil (Bai et .
1991; Costin 1980). The eroded soil silts up rivers,
ponds and reservoirs. Planting forages can therefore
effectively reduce soil nutrient loss and eutrophication
of waterways.

Storm events causing most erosion occur from April
to July. Thisisthe most important period for soil and
water conservation. Temperate forage species grow
well in this period, but grow poorly from mid-summer
to autumn. A mixture of temperate and tropical
species can effectively prevent soil and water loss
throughout the year.

Locally, peanuts and sweet potatoes are the main
economic crops in upland production. These are
grown in summer and autumn so the soil can be bare
during this period which can receive intense rainfall.
Planting crops and forages in alternate strips can solve
this problem of excessive soil loss (Robinson 1996;
Leihner et a. 1996). Forages intercept nutrients lost
from crop strips and thus forage yield is significantly
increased and pollution of water resources decreased.
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Pits to intercept run-off at the base of terraces
adversely affected crop yield due to areduction of the
area able to be cropped as well as the available water.
The practice has little to recommend it.

Colonisation of the bare plot, mainly by Imperata
cylindrica, reduced run-off and soil loss. However,
Imperata is aweed and better results can be achieved
by planting forages which can be utilised by growing
livestock.
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MANAGING FERTILITY OF THE RED SOILS
FOR FORAGE PRODUCTION

Donald A. MacL eod

Agronomy and Soil Science, University of New England, Armidale, NSW 2351, Australia

Abstract

The degraded red soils are acid and deficient in several plant nutrients, particularly N, P, K and Mg.
Nutrients continue to be lost through soil erosion and removal of forages by cut-and-carry without
return of animal manures. Due to the low organic matter status of the soils, N is a major limitation to
forage production. Forage legumes with a good tolerance of soil acidity have been shown to add
substantial amounts of N to the soil through symbiotic N, fixation. Successful use of these legumes
depends on adding a small amount of N fertiliser at sowing (in addition to overcoming other nutrient
limitations) to promote seedling growth and inoculating seed with the appropriate type of rhizobia.

The acid, highly weathered red soils adsorb P strongly, but P adsorption isotherms give a misleading
impression of the amount of P fertiliser to be applied. To reduce adsorption, P fertiliser should not be
incorporated into the soil. Higher forage yields were obtained by broadcasting P fertiliser compared
with banding. Once N and P deficiencies had been reduced, symptoms of Mg deficiency appeared on
both grasses and legumes, indicating the limited ability of the acid soilsto retain cation nutrients, such
as Mg and K. Since pH is usualy in the range of 4.5 to 5.2, lime is needed to raise the pH to 5.6 to
remove Al toxicity. The most successful grasses and legumes have a good tolerance of acidity and
little is to be gained by liming to neutrality.

A key strategy for forage production on the red soils is increasing soil organic matter. The benefits of
organic matter include reducing P adsorption, increasing effective CEC to retain K, Mg and Ca, and
complexing Al. On wasteland, pioneer species tolerant of acidity and low nutrient status should be
used. Grasses on their own, however, will achieve little without complementary legumes to add N.
Increasing soil fertility should be set in the context of an integrated soil-plant-animal system. For
sustainable animal production forages should provide good quality feed year-round and adequate
protection against erosion.

INTRODUCTION

THE red soils of southern China are acid and poor in
nutrients. The analytical data for the Mengongshan
soil shown in Table 1 illustrate the soil fertility
problems that have to be addressed in developing
forages on the red soils. The soil has a pHyzer Of 4.3,
and is low in the nutrients N, P, Ca, Mg and K.
Organic carbon is low and so is the effective cation
exchange capacity (ECEC), which is an indication of
the soil’s capacity to retain nutrient cations.
Associated with the acid pH is the large amount of

adsorbed Al, which dominates the exchange complex.

The low availability of nutrients in the soil resultsin
nutrient concentrations in forages being deficient.
Table 2 shows that Premier finger grass (Digitaria
eriantha cv. Premier) grown on an infertile soil at
Guanshanping, Hunan was deficient in N, P, Sand K
with Caand Mg being marginal.

Table 1. Analysesof 0-10 cm samples of red soils
from Hunan Province.

Parent Material

Mengongshan Huilongxhu

Quaternary Limestone
clay

Organic C (%) 1.20 1.00
pH (1:5 water) 43 59
Nitrate N (mg/kg) 12 17

P (bicarbonate) (mg/kg) 3 6
Exch Ca (c mol/kg) 0.65(151) 5.14(85)
Exch Mg (c molkg) 0.16(4) 0.75(12)
Exch K (¢ molgkg) 0.11(3) 0.14(2)
Exch Na (¢ molkg) 0.04(1) 0.02(2)
Effective CEC (c molykg) 4.29 6.05
Base Saturation (%) 23 100
Aluminium Saturation (%) 7 —
Mg/K 1.45 54

196 of Effective CEC.
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Table 2. Nutrient concentrations in Premier finger
grass from low input! experiment,
Guanshanping, Hunan.

Nutrient Concentration Optimal/Nor mal?

N% 1.01 2.0-3.0

S% 0.15 0.23-0.40

P% 0.10 0.2-0.35

K% 151 2-2.5

Ca% 0.31 0.25-0.55

Mg% 0.28 0.25-0.60

1P gpplied at 10 kg/ha. Grass grown in combination with
Chamaecrista rotundifolia cv. Wynn.

2Based on values for kikuyu grass, a C4 tropical.

The degraded state of the red soils has arisen mainly
from the deterioration and often the destruction of the
protective vegetative cover, leading to widespread soil
erosion. Topsoil has been lost, leaving behind acidic
nutrient-poor soil. Even where erosion has not been
serious, current practices of forage management are
depleting the nutrient store. In the cut-and-carry system
of feeding housed animals, nutrients are removed in
harvested forages but are not returned because animal
manures are applied to rice paddy. Forage litter and
roots are also harvested for domestic fuel. Generally no
fertilisers are applied to forages to counterbalance the
loss of nutrients caused by these practices.

The red soils are generaly infertile but considerable
variation occurs within this extensive soil group.
Obvioudly, the greater the loss of topsoil by erosion,
the lower is the fertility. Yang et al. (2002) have
grouped the red soils of Fujian according to the depth
of topsoil removed by erosion. These groups provide a
preliminary indication of their potential for forage
production. Variation in fertility also arises from
natural causes, particularly soil parent material. Thus
the red soil from Huilongxhu developed on limestone
(Table 1) is much less acid and contains no

Table 3. Carbon and nitrogen levelsin red soils.

Forages for the Red Soils Area of China

exchangeable Al compared with the soil developed on
Quaternary clay at Mengongshan. Planning forage
development on the red soil has to take into account
variation in soil fertility. Soil maps at the prefecture
and county levels were produced in Chinain the early
1980s as part of a national soil survey (D. Michalk,
pers. comm.). These maps should form the basis for
rational land use planning for forage development and
its integration with other forms of agricultural
production.

This paper is concerned with the management of
fertility of the red soils for forage production. Aspects
of N, P, K and Mg fertility and liming are considered.
The material presented is mainly based on research
conducted in Fujian and Hunan Provinces under
ACIAR Projects 8925 and 9303.

NITROGEN

N supply isthe major limitation for pasture production
on thered soils. The N concentration of Premier finger
grass grown on a degraded red soil from Hunan was
found to be less than half the optimal concentration
(Table 2). N is released for uptake by plants through
the mineralisation of soil organic matter. The problem
is that organic matter levelsin the red soils are low
due to loss of topsoil by erosion (Table 3).
Furthermore, vegetative growth on degraded sail is
poor, so that inadequate plant debrisis returned to the
soil to build up its organic matter content.

The limitation imposed by N shortage isillustrated by
the response of forage growth to the application of
fertiliser (Table 4). Applying 50 kg N/ha increased
finger grassyield by 2.5 times. However, this
approach is not recommended for forage production
on the red soils due to the high cost of N fertiliser.
Moreover, the benefit of applying N was lost within
two to three years due to leaching of nitrate from the
highly permeable soil.

Sample depth L ocation Forages Date of sampling Total C% Total N%
Eroded land Fujian 7/10/93 0.82 0.127
Hunan 2/4/94 0.55 0.091
After forage establishment
0-10 cm Hunan Premier 7/5/94 1.24 (100)! 0.111 (100)
2/5/96 1.58 (127) 0.117 (105)
0-20 cm Fujian Premier+Wynn 10/5/94 1.33 (100) 0.099 (100)2
16/4/96 1.63 (123) 0.116 (117)

'Figures in brackets denote changes over time expressed as a % of the value at the first time of sampling.
2At the same location 1°N measurements indicated that 87% of the increased N was derived from N fixation by Wynn cassia.
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Table 4. Effect of application of N fertiliser on dry
matter production of Premier finger grass at
Jiangkou, Fujian.

N application (kg/ha) DM! (kg/ha) Increase
0 13262
50 33350 x 2.52
100 34790 x 2.62

'Values followed by the same letter are not significantly different at
P=0.05.

The N status of the red soilsis best improved by
growing forage legumes that fix atmospheric No.
Table 3 shows the ahility of the tropical legume
Chamaecrista rotundifolia cv. Wynn (formerly known
as Wynn cassia) to add N to the soil. Over a period of
two years Wynn grown in combination with Premier
finger grass increased the N content of the Fujian soil
by 17%. 15N measurements indicated that 87% of the
increased N was derived from N, fixed by Wynn.
Grasses grown on their own mainly recycle existing
N. Thus, a a similar site in Hunan over a similar
period of time, Premier finger grass growing on its
own increased soil organic C by 27%, comparable to
that for the Fujian soil, but N was only increased by
5% (Table 3).

Fortunately, a range exists of tropical forage legumes
adapted to the conditions found in acid soils. These
legumes can withstand acidity, high levels of Al and
low levels of available P (Sanchez and Salinas 1981).
Many of these legumes originate from South America
but are unable to withstand the cold winters
experienced in Fujian and Hunan. For example,
Sylosanthes guianensis, which has a critical level of
Bray Il available P of only 2.5 pg/g (Sanchez and
Salinas 1981), failed to survive the first winter after
sowing. The most suitable forages found in our
evaluation trials were Chamaecrista rotundifolia cv.
Wynn, Arachis pintoi cv Amarillo and Lotononis
bainesii. The last two species have the advantage of a
prostrate creeping growth habit which makes them
well suited for planting beneath trees in orchards for
erosion control. Of the temperate legumes Haifa white
clover (Trifolium repens cv. Haifa) initially grew well
but died out after two or three years due to the heat and

moisture stresses suffered in late summer and autumn.

Recommendation for managing forage
legumes to increase soil N

1. In addition to applying other limiting nutrients, a
small amount of N fertiliser should be applied at
the time of planting to ensure that young seedlings
have an adequate supply of N until rhizobia are
established on the forage roots (Tisdale and Nelson

1975). Thisis especially important where rhizobial
activity is restricted by cold wet conditions in

spring.

2. Legumes should be inoculated with the correct
strain of rhizobium to obtain satisfactory nodulation
and thereby N, fixation. Just as plants, rhizobial
strainsvary in their tolerance of acid soil conditions
(Sanchez and Salinas 1981). It istherefore essential
to match the nutritional requirementsand tolerances
of both legume and rhizobia. An adequate supply of
suitable rhizobia should be built up throughout the
red soil region if forage development is to be
successful.

3. ldedly grasses and legumes should be grown
together with the legumes fixing N, to increase
grass production and its protein content and
ultimately lead to a build-up of soil organic matter.
The most productive grass and legume species
found in our experiments were Premier finger
grass and Wynn cassia. When grown in
combination, however, Wynn was suppressed by
the grass (Ying et al. 2002). Wynn relied on seed
produced during the previous year for
establishment. This, together with the much higher
yield when grown alone, suggests that it should be
grown as an annual forage crop. Grasses should
till be grown, preferably in rotation in order to
prevent excessive loss of N by nitrate leaching.
The red soils are prone to leaching on account of
their stable micro-aggregates. Thus, although the
red soils are usually rich in clay, hydrologically
they behave as sandy soils. Leaching is most
serious in spring, when 40% of the annual
precipitation falls. Deep rooting grasses have the
ability to capture nutrients leached into the soil and
promote recycling. In addition to the loss of
valuable N, nitrate leaching causes soil
acidification, as has happened in areas of south-
eastern Australiawhere pasture legumes are grown
in rotation with cereal cropping.

Although temperate legumes such as white clover
failed to persist, they till have arole to play in forage
management on the red soils. In addition to providing
feed in late winter and early spring before tropical
forages have fully recovered from winter, temperate
legumes can add N to the soil to benefit subsequent
grass production. Ying et al. (2002) found that,
although it had died out, white clover increased
subsequent grass yields by up to 480 kg DM/ha.

In view of their inability to survive the stresses of
summer and autumn, temperate legumes should be
regarded as a short-term component within rotations.
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In summary, N isamajor limitation for forage
production on the red soils. Grasses on their own only
recycle N and the plant system will remain degraded
without N being increased. The most efficient way of
doing thisis by growing forage legumes adapted to the
soil and climatic conditions of the red soil region.

PHOSPHORUS

N deficiency is best approached by growing forage
legumes capable of fixing atmospheric N,. However,
the major limitation for legume growth on the red soils
is P deficiency. Once the supply of Pisincreased so
that legumes add N to the soil, the increased N
increases top and root growth. The increased root
mass then increases P uptake (Tisdale and Nelson
1975). Thus P indirectly determines N supply.

P has long been recognised as a major deficiency of
the red soils. Available P levels are low (Table 1) and
the soils have a strong P sorption capacity (Figure 1).
A number of factors contribute to this strong P
sorption: low pH, high content of Al and Fein
adsorbed and hydrous oxide forms, high clay content
and thus surface area, and dominance of kaolinite in
the clay fraction.

The problem of P sorption isillustrated by data from
alow input trial at Guanshanping, Hunan. After
receiving 10 kg P/ha, the available P (Colwell) had
dropped from 19 to 5.6 pg/g eleven months later.

1000 -

800 —+

600 +

P sorbed (ug P/g soil)

400 —
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Table 5 shows the amounts of P sorbed at P solution
concentrations of 0.2 pug/ml for topsoils from
experimental sites in Fujian and Hunan. The higher
values for the Fujian soils are attributed to the greater
degree of weathering, and hence great Fe and Al
contents, under the higher rainfall experienced at the
Fujian site. The soils also differ considerably in the
response of P sorption to liming.

Table5. Mean values of P sorption for topsoilsin
low input experiments in Hunan and Fujian
and for comparable Australian soils. Data
for Australian soil published by Probert

(1983).
L ocation P sorption! Cost of required
(kg/ha/10cm) P fertiliser to
obtain 0.2 pg/ml
in soil solution?
(Yuan/ha)
China Red Soils
Hunan unlimed 273 3910
limed 243 3480
Fujian unlimed 412 6180
limed 299 4300
Comparable Australian Soils
Topsoil: Oxisols 205
Ultisols 104
Subsoil: Okxisols 654
Ultisols 319

1Calculated as the amount of P sorbed at P in solution = 0.2 ug/ml.
Soil bulk density taken as 1330 kg/m3.

2Using Chinese superphosphate containing 8% P, costing 0.574

Y uan/kg.

P in solution (g P/ml solution)

Figure 1. P sorption isotherms for three soils from Jiangkou, Fujian. The vertical dotted line is used to calculate the amount
of P sorbed at a P concentration in solution of 0.2 pug/ml.
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In Table 5 P sorption values for the Chinese soils have
been compared with those for comparable Australian
soilsrich in Fe and Al oxides (Probert 1983). The
more highly weathered soils are classified as Oxisols,
the less weathered as Ultisols. The values for the
Australian topsoils are appreciably lower than those
for the Chinese topsoils, but subsoil values for the
Ultisols are closer. The Chinese red soilsin Table 5
are also classified as Ultisols. Erosion has removed the
topsoil from the Chinese profiles, leaving behind a
subsoil more acidic and richer in Fe and Al oxides,
properties which are conducive to strong P sorption.

I sotherms are used to cal culate the amount of P sorbed
when the P concentration of an equilibrating solution
is0.2 pg/ml. It is commonly assumed that this
concentration has to be maintained for satisfactory
growth of arange of crops. P sorption values are then
used to calculate the amount of fertiliser P that has to
be applied to the soil to attain this solution
concentration. The cost of using Chinese
superphosphate containing 8% P to achieve this has
been calculated in Table 5. Costs range from 3480 to
6180 Y uan/ha. These costs are clearly prohibitive.
Fortunately isotherms give an exaggerated estimate of
the amount of P that has to be added because, unlike
the laboratory determination of P sorption, soilsin the
field are not mixed and shaken with P in solution.
Nevertheless, the red soils do sorb P strongly, and
achieving alevel of available P for satisfactory forage
growth is amajor item of expense.

Management strategies for improving
P status

A number of strategies can be adopted to increase the
efficiency of P fertilisers and to reduce costs.

1. Surface application of fertiliser with minimum
disturbance of the soil. Pfertiliser should be applied
to the soil surface and not incorporated into the soil
in order to reduce contact with the soil. Superficial
roots of forages appear to be able to absorb and
utilise surface-placed P, although the mechanismis
not well understood (Sanchez and Salinas 1981).

2. Timing of fertiliser application. P fertiliser should
be applied shortly before sowing. Forage species

have their greatest need of P afew weeks after
germination before a deep rooting system
develops. Also, lesstimeis available for applied P
to be made unavailable by P sorption. Initially P
may be adsorbed on soil surfacesin alabilereadily
available form. With time, it may become
occluded within Fe and Al oxides and be only
dowly available.

. Fertiliser placement. It is commonly recommended

that for pasture establishment P fertiliser be
banded rather than broadcast, particularly for low
P application rates and where seeds are sown in
bands (Sanchez and Salinas 1981). Our findings
from forage establishment and management trials
in Fujian and Hunan do not support this
recommendation. In a low input trial in Hunan,
Premier finger grass and Wynn cassia were grown
in combination with P applied at 2 and 10 kg/ha
Available P of the soil was 5.5 pg/g (Olsen
method). Seeds were broadcast-sown, row-sown
grass and legume in separate alternate rows, and
row-sown with legume and grass mixed with rows.
P fertiliser was broadcast in the first treatment and
banded for the row-sown treatments. Table 6
shows that the yield and P uptake by the grass was
more than double for the broadcast treatment
compared with the banded treatments. In contrast
Wynn yield was much higher when it was grown
in separate rows. Thisis probably due to an
absence of competition from the vigorous Premier
finger grass, which has been shown by Ying et al.
(2002) to depress the yield of Wynn. Although
Premier grows rapidly, it did not spread far from
rows, possibly because of acute P deficiency in
inter-row areas not receiving fertiliser. Due to the
poor spread of forages from rows, weed infestation
was higher for the banded treatments (Table 6).

The effect of fertiliser placement is likely to vary
with the adaptation of the planted foragesto low P
availability. Those with very low P requirements
such as many Stylos could spread out from rows.
However, one potential drawback of banding is
that roots become concentrated around the
fertiliser bands and plants can become more
vulnerable to drought. Broadcasting of fertiliser

Table 6. Effect of fertiliser placement (10 kg/ha) on a Premier-Wynn combination in alow input experiment,

Hunan for 1995-1996.

Placement method

Premier finger grass

Wynn cassia Weeds

Broadcast
Banded: grass and legume mixed within rows
Banded: grass and legume grown in separate alternate rows

DM P uptake DM DM
(kg/ha) (kg/ha) (kg/ha) (kg/ha)
2138 2.65 990 126
793 0.95 762 273
968 1.23 1829 482
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would allow a more extensive root system to
develop. Thisis an important consideration in the
red soils region, where severe moisture stress
occurs in late summer and autumn, and could
explain why broadcasting gave higher yields and
persistence in our trials.

. Application rates of P fertiliser. Two strategies
have been proposed for dealing with the problem
of P unavailability in soils which sorb P strongly:
(1) apply high amounts of P initially to largely
satisfy P sorbing capacity and to rely on adequate
release for a number of years, without further
application; (2) apply low amounts frequently to
slowly saturate the P fixing capacity (Sanchez
1976). It is most unlikely that livestock producers
on the red soils would be able to afford the cost of
high initial application rates, which can exceed
300 kg P/ha. Moderate rates of application might
be more feasible. In atrial at Mengongshan, the
temperate grass Porto cocksfoot (Dactylis
glomerata) was grown on a P deficient soil (Olsen
P 3 ug/g) with P applied at rates of O to 120 kg/ha
(Figure 2). Yields obtained at 20 kg/ha were half
those at 120 kg/ha, but at the latter P rate, the
fertiliser cost for each kg of grass produced was
three times as high. Figure 2 also shows that the
benefits of reapplying P at 20 kg/ha in the second
year were only fully realised for initial application
rates of 80 kg/ha and above. Up to this point the
reapplied P was still being sorbed and largely
unavailable.

The most redlistic approach for the degraded red
soils would seem to be the low input strategy of
applying small amounts of P frequently and
growing species adapted to low P sails. In the low
input trial described above, P was applied at 2 and
10 kg/ha. When averaged over fertiliser placement
method, the higher P rate gave double the yield of

12 - O Year2Prate =0

[ Year 2 P rate = 20
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grass (833 and 403 kg/ha) and legume (933 and
470 kg/ha). However, the high rate of P was five
times greater than the low rate, so the cost of each
kg of forage produced was 2.5 times as much for
the higher P rate.

Build up soil organic matter. Organic matter can
reduce P sorption in these ways:

» Organic anions form stable complexes with Fe
and Al thus preventing reaction with phosphate
ions;

* Organic compounds can form a protective cover
on the surfaces of Fe and Al particles thus
reducing P sorption; and

» Organic anions can replace phosphate ions on
adsorbed sites.

Organic matter also increases the soil’s organic P
pool, from which P is released in available forms
by mineralisation. Strategies for building up soil
organic matter are discussed later.

Use of manures. Manures produced by livestock
fed on forages should be returned to areas from
which the forages have been harvested or grazed.
As discussed later, improving the cycling of
nutrients in the soil-plant-animal system requires
that manures be returned. Manures should add
soluble organic P compounds to the soil. As these
are not readily sorbed they are reported to be able
to move to depths of 0.5 to 1.0 m down the profile.
Movement of organic P should increase root
development in the soil and thus moisture
availability.

Use of rock phosphate. Ground rock phosphate
applied directly to the soil is less costly than more
soluble processed forms of P fertiliser such as
superphosphate. Compared with more soluble P

0 20 40

60

80 100 120

Year 1 P rate (kg P/ha)

Figure 2. Porto cocksfoot yields for P treatments imposed over two years.
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fertilisers, because P is released slowly over a
period of time, a higher proportion of the P content
should be taken up by plant roots before it is made
unavailable by sorption. The suitability of rock
phosphate to be applied directly depends on: (i) the
reactivity of the rock phosphate; (ii) environmental
conditions, particularly soil pH; and (iii) the ability
of plants to extract P from rock phosphate. China
is fortunate in having widely distributed deposits
of rock phosphate. In an evaluation of 45 deposits
Jiang et al. (1986) found that a quarter of them
were highly reactive (60-80% in comparison with
calcium magnesium phosphate fertiliser) and half
had moderate reactivity (30-60%). The conditions
of low soil pH, and high rainfall and temperatures
characteristic of the red soil region favour the use
of rock phosphate. Bryan and Andrew (1971) have
reported that Lotononis, found to be promising for
use in orchards (Luo et al. 2002), is capable of
extracting more P from rock phosphate than other
tropical forage legumes. A tria has been
established in Jiangkou, Fujian to assess the ability
of Wynn cassiato extract P from rock phosphate.

POTASSIUM AND MAGNESIUM

Potassium deficiency in the red soilsis widely
recognised. In the low input trial in Hunan the K
concentration of Premier finger grass was well below
optimal (Table 2). Symptoms of Mg deficiency were
observed in forages in Hunan during the cold wet
spring of 1994. Leaves of Premier were bleached in
colour and the leaves of white clover turned reddish.

O Nil (K + Mg)
[ Plus (K + Mg)

:|: 1%l.s.d

25

15

Porto cocksfoot yield (tonnes DM/ha)

0.5

Highly significant correlations (P < 0.01) were found
between concentrations of K and Mg in leaves and
DM production for both Premier finger grass and
Wynn cassia. An interaction between K + Mg and P
applications was found in afertiliser tria at
Mengongshan, Hunan (Figure 3). A significant effect
of K + Mg on the growth of Porto cocksfoot was only
found at high rates of P application, the greatest effect
being observed for P applications of 100 kg/hain
successive years. Once the major limitation of P
deficiency had been removed, increased demand for K
and Mg restricted growth. Omission pot trials on the
same soil showed that both K and Mg were deficient.

Causes of K and Mg deficiency

1. Low effective cation exchange capacity (ECEC)
limits the ability of the soil to store nutrient cations
such as K and Mg against leaching loss. The low
ECEC is mainly due to low organic matter
contents, the dominance of kaolinite and
sesguioxides in the clay fraction (Alter and
MacL eod 1991). Also the soil has a pH dependent
charge and low pH decreases net negative charge
and hence ECEC. The low ability of the Hunan
soil to store cations results in the low levels of
exchangeable K and Mg (Table 1).

Unlikeclay mineralswitha?2:1 crystallinestructure,
kaolinite, the dominant clay mineral inthered sails,
does not contain K and Mg inits crystal structure.
This, together with the loss by strong weathering of
minerals containing K and Mg, means the red soils
have low reserves of these nutrients.

o1 1]

20X2

100 100X 2

Rate of P fertiliser (kg P/ha)

Figure 3. Effect of adding potassium and magnesium at different rates of P application on the dry matter yield of Porto

cocksfoot.
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3. High levels of exchangeable Al reduce the
availability of K and Mg due to competition for
nutrients on colloidal surfaces and restricted root
development arising from Al toxicity.

4. Cold, wet conditions in spring slow down plant
processes resulting in reduced nutrient uptake.
Mg deficiency symptoms for the tropical Premier
finger grass become less marked as temperatures
rose after spring.

5. Theratio of exchangeable K to Mg can be
unbalanced by inappropriate application of
fertiliser. Liming may also create imbalances due
to increased exchangeable Ca.

6. Harvesting of forages by cut-and-carry without
returning manures leads to nutrient
impoverishment.

Management of K and Mg fertility

China has to import most of its K fertiliser due to lack
of its own K deposits. This creates a major cost for
developing forages on the red soils and it is important
that efficient management of fertility is adopted.

Strategies include:

1. Increasing ECEC so that more K and Mg are
stored against leaching. Thisis achieved by
increasing soil organic matter, as discussed later.
Raising soil pH by liming will increase net
negative charge and hence ECEC of these variable
charge soils.

2. AsK and Mg compete with each other for uptake
by plants, the correct K:Mg ratio should be
attained when applying fertiliser. Thus high levels
of exchangeable K induce Mg deficiency so the
exchangeable K to Mg ratio should be kept
below 5 (Tisdale and Nelson 1976).

3. Liming can improve K and Mg nutrition through
(i) increasing plant production and soil organic
matter and ECEC, (ii) raising soil pH and hence
ECEC of variable charge soils, and (iii) reducing
exchangeable Al and improving root development.
Liming can, however, create Mg deficienciesif the
exchangeable Ca to Mg ratio exceeds 10 to 15.
This problem can be overcome by using dolomite
limestone ((Ca,Mg)CO3).

4. Returning manures to areas where forages are
grown and/or grazing pastures in situ.

LIMING

The red soils are acid and have high levels of
exchangeable Al so that liming is needed in most
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situations. Vast deposits of limestone occur in the red
soil region, particularly in Hunan and Guizhou
Provinces. However, limestone is expensive to grind
to a suitably fine particle size, transport and spread.
The higher the desired pH, the greater is the cost of
liming.

Benefits of liming

The benefits of liming are well recognised. Those
most pertinent for management of the red soils
include:

* Increased root development due to reduction of Al
toxicity;

* If liming reduces subsoil acidity and aluminium,
moisture and nutrients stored in the subsoil can be
utilised;

» The supply of Caisincreased, and also Mg when
dolomitic limestone is used; and

» Decrease of P sorption. Studies of the effect of lime
on P sorption have, however, given conflicting
results. Several studies have shown that liming
reduced the P sorption capacity of acid soilsin
tropical America (Sanchez and Salinas 1981).
Liming, however, appears to have little effect in
soils with pH 5-6. It has been reported, in fact,
to increase P sorption through the formation of
precipitated Al and Fe oxides, which initidly are
amorphous and have a large surface area on which
sorption can occur. Our studies have shown that
liming decreases P sorption (Table 5). In Hunan
soils the reduction was 11% and in the more highly
weathered Fujian soils it was 27%.

In our studies we adopted two strategies to overcome
soil acidity. First, the soils were limed to pHp20 5.6 in
order to reduce Al to non-toxic levels. The red soils
are not strongly buffered and an application of 1.5to
2.0 t/haof lime was sufficient to achieve pH 5.6 in the
soils used in our trials. Lime would aso increase
available Ca. Second, we concentrated on forages
found to have good tolerance of soil acidity. The most
productive forages identified in evaluation trials were
Premier finger grass and Wynn cassia. The growth of
Wynn was, in fact, reduced by liming to above pH 5.6,
indicating that it is somewhat acidophilic.

Movement or lime down the profile

A commonly reported limitation of liming is that
application at the surface and mixing with the topsoil
does not ameliorate subsoil acidity due to the slow rate
of movement down the profile. For a Hunan soil we
found that pH had increased to a depth of almost
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40 cm one year after liming. Michalk et al. (1988) also
found that Ca had moved to 40 cm after 14 months.

The chemical and physical properties of the red soils
permit the relative ease of downward movement of
dissolved lime. Their ECEC allows Ca and Mg to
move into the subsoil. Their stable micro-aggregates
favour leaching during wetter times of the year,
particularly in spring. Subsoil amelioration leads to
deeper root growth so that plant available water
capacity of the profile isincreased. This increases the
survival of plants during periods of drought.

INCREASING SOIL ORGANIC
MATTER AND NUTRIENT CYCLING

Two factors are central to the efficient management of
fertility of the red soils: increasing soil organic matter
and nutrient cycling.

Soil organic matter

The importance of soil organic matter for soil fertility
has been referred to throughout the previous
discussion. Its benefits include:

» Storage of nutrients, particularly N, P and S;
* Reduced P sorption;

 Increased ECEC and thus the soil’ s ability to store
K, Mg, Caagainst leaching; and

« Complexing of Al, thus reduced Al toxicity.

The low organic matter content of the red soils has
arisen from loss of topsoil by erosion, low inputs of
plant debris from vegetation growing on degraded
soils and through human activity when litter is
gathered as a fuel source. Sustainable productivity
depends on maintaining adequate soil organic matter.
Restoration of organic matter requires time and inputs
but it should be a main priority in the regeneration of
red soils.

Table 3 shows how Premier finger grass and Wynn
cassia have increased organic C levels in Hunan and
Fujian. The levels of forage growth attained in these
trials required the addition of 25 N, 40 P, 50 K and
25 Mg kg/ha and liming to increase soil pH to 5.6
(Ying et a. 2002). To be economically viable these
inputs have to produce forages capable of supporting,
at least in part, profitable livestock production
(Casanova 2002).

The objective of the above approach is to produce
productive forages straight away with high inputs. An
aternative approach, particularly suited to badly
degraded soils, is to build up organic matter and
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fertility gradually by growing pioneer species that can
grow in infertile soil with low inputs. The prime
concern here is not initially to produce productive
forages for animal feed. The objective is to stabilise
the soil against erosion and to raise organic matter and
fertility so that better quality forages can be produced
at alater stage. This approach was adopted by
Michalk et al. (1994) in Guangdong Province where
pioneer species, such as molasses grass (Melinis
minutiflora), were grown as a first essential step in a
reclamation program.

Sanchez and Salinas (1981) have listed a range of
tropical grasses and legumes adapted to acid, infertile
soil conditions. The genus Stylosanthes has been
found to be outstanding in its ability to grow well
under conditions of low soil pH (Jones 1990). In a
preliminary evaluation program we found that the
stylos tested, such as S guianensis and S scabra,
failed to survive winter at the Fujian and Hunan sites.
In later trials a stylo growing locally, possible a CIAT
derivative, performed well. Even though stylos failed
to persist, their ability to tolerate low soil P givesthem
the potential to be used as regenerating annuals

(D. Michalk, pers. comm.). Other grasses which we
have found to have potential as pioneering species
include elephant grass (Pennisetum purpureum),
broadleaf paspalum (Paspalum wettsteinii), Narok and
Solander setaria (Setaria sphacelata) and kikuyu grass
(Pennisetum clandestinum). Of the local grasses tested
Hemarthria compressa grew well during spring and
summer. The best legumes were Wynn cassia and
Lespedeza cuneata.

Nutrient cycling

In the regeneration of the red soils it is important the
efficient cycling of nutrientsis achieved. Strategies to
improve nutrient cycling include:

1. Retain topsoil against erosion loss. Loss of
nutrients and organic matter in eroded soil has to
be countered by a protective cover of vegetation.
Therole of forages in reducing erosion and runoff
has been well demonstrated on runoff plotsin
Hunan (Wen et al. 2002). In Fujian serious erosion
from orchards planted on steep hill slopes has been
effectively controlled by terracing and planting
forages beneath fruit trees and on the faces of
terraces (Liu et a. 2002).

. Liming to ameliorate infertility of subsoil. Because
of the dominance of low activity claysin the red
soils and high permeability, an improvement in the
fertility of subsoil has been observed a year after
applying lime at the surface. This permits roots to
extend into the subsoil and tap nutrients leached
from above. Nitrate, the most readily leached
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Table 7.

major nutrient, is thus recycled and acidity arising
from nitrate leaching is reduced.

Returning animal manures to forages. In agrazing
system roughly 80% of N, P and K consumed by
cattle are returned to the soil via excreta (Sanchez
and Salinas 1981). This proportion varies with
factors such as stocking rate and grazing
management Nevertheless, there is generally
efficient natural cycling of nutrients. In a cut-and-
carry system, unless manures are returned, thereis
a continued loss of nutrients from the forage
producing areas. Table 7 shows the annual removal
of nutrients by Premier finger grass and Wynn
cassiain a high input system at Jiangkou, Fujian.
The forages were harvested approximately every
two months during the growing season, when they
had reached the cutting height of 50 or [00 mm
(Ying et a. 2002). Clearly, there is a serious loss
of nutrients unless they are replaced by applying
fertiliser or manure. Traditionally animal manures
are added to rice paddy or upland cropping areas
as farmers are reluctant, or fail to appreciate the
need, to replace nutrients removed by forages.
With this practice there is a continued drain of
nutrients from forage areas so that fertility declines
further, the forage cover is weakened and the
erosion hazard increases.

Loss of nutrients if forages are removed by
cut-and-carry without returning manures,
1995, Jiangkou, Fujian.

Premier finger grass
(kg/halyear)

Wynn cassia
(kg/halyear)

DM Yield

N
P
S
K
Ca
Mg

4592 2716
84 7
10 7

7 7
137 50
17 33
16 7

This trend need not occur, as has been
demonstrated in northern Fujian where forages are
grown in orchards. Forages are harvested for
livestock production and the manures produced are
returned to the orchards. Weng et a. (1995) have
found significant increases in pH, organic matter,
CEC and available N, P and K in the topsoil after
orchards were under-planted with forages and
integrated with livestock production.

Adoption of aforage-cropping rotation. Fertilisers
are expensive and farmers are most reluctant to
apply fertilisers to forages rather than to crops.
Provided that sufficient arable land is available,
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rotating forages with crops could alleviate the
problem. Fertilisers would be applied to crops as at
present and their residual effects would benefit the
following forages. Legumes grown in the rotation
would add N to the soil. Increased soil organic
matter under forages would benefit subsequent
crops. As discussed previously, Wynn cassia and
temperate forages are probably best grown as
annuals or in short term rotations. They would
readily fit into an integrated forage-cropping
system.

CONCLUSIONS

1. Degraded red soils need time and inputs of fertiliser
and limeto restoretheir fertility. Fertilisers must be
managed efficiently. Processes that cause further
degradation, such as soil erosion and failure to
return nutrients removed in a cut-and-carry system,
must be halted.

2. Building up soil organic matter is central to
regeneration of the red soils.

3. Legumes to fix atmospheric N, have to be
included in forage production.

4. Where loss of fertility has been severe, forages
tolerant of low fertility should be grown as pioneer
species in the first stage of restoring fertility.

5. Forages should be integrated with other forms of
agricultural production. Examples are planting
forages in orchards to reduce erosion and increase
soil fertility, and growing forages and cropsin
rotation.

6. Forages will only be produced on the red soils if
they can support profitable livestock production.
Forages must be managed to produce good quality
feed year-round. At the sametime, if the system is
to be sustainable, forages must provide adequate
protection against soil erosion, which has been the
fundamental cause of degradation of the red soils.
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MEETING THE FERTILISER REQUIREMENTS FOR
FORAGE PRODUCTION IN THE RED SOIL REGION

Minggang Xu, Jiyun Jin and Zhang Jiuguan?
1Red Soil Experimental Station, Chinese Academy of Agricultural Sciences, Beijing 100081

Abstract

The red soil of southern China, in the tropical and subtropical zones, is of low fertility (especialy
available N, P, K, and Mg) because of strong weathering and leaching. In general, for pasture
establishment on the red soils, approximately 25 kg N, 90 kg P,Os, 60 kg K,O and 40 kg MgO per
hectare are needed. To maintain pasture productivity after the first year, it is necessary to reapply
various fertilisers annually at arate equivalent to 60% of that used during establishment, until fertility
is raised to an adequate level.

The grassland area in southern China comprises about 66 million ha, most of it consisting of hilly red
and yellow soils. To date, only 0.47 million ha have been developed as pasture. It has been reported
that 44.6 million ha of wasteland have high potential for pasture establishment. If 30% of these lands
are used to establish highly productive pastures in the near future, an extra 200,000 t of N, 718,000
tonnes of P,Os, 482,000 t of K,0 and 334,000 t of MgO will be required annually. Mineral reserves
in southern China are such that N, P and Mg fertiliser requirements for forage production can largely
be met by production, although K fertiliser will need to be imported. Meeting fertiliser requirements
for forage production can be done by three methods: increasing fertiliser production capacity,

improving fertiliser application techniques and efficiency, and by importing.

INTRODUCTION

ReD soil in the tropical and subtropical zones of
southern Chinais low in soil fertility, including low
levels of available P, K and Mg, because of strong
weathering and leaching. These deficiencies present a
major constraint for long-term forage production on
these soils. Thisis particularly the case for those
infertile wastelands that have been classified as land
available for forage production. In order to maintain
successful forage production and persistence, it is
essential to apply N, P, K, Mg etc. fertilisers (Zhen
and Tu 1988; He and Huang 1991; Huang and He
1992; Zhang et al. 1991). This paper discusses the
feasibility of supplying fertilisers sufficient for
successful forage production on alarge scalein the red
soil regions of southern China.

Whereas the population of Chinais some 22% of the
total world population, the arable land in Chinaisonly
6.8% of the world' s total. Therefore, the supply of
food for this population is the most important problem
in China. Fertilisers are currently applied mainly to
paddy fields and uplands for grain and cash crops and
for fruit production. China imports a large quantity of
fertilisers, particularly K-fertilisers, because current
fertiliser production capacity cannot meet the
requirement, and some fertiliser mineral resources are
very limited.

61

Nevertheless, in recent years, the demand for animal
products such as meat, eggs, and milk hasincreased as
living standards have increased. Thus, there is a need
for greater production from the region, especially for
forage and animal production. The limitations in the
supply of fertilisers are considered here as a possible
constraint to the expansion of forage production in the
red soil region.

Land resources for forage production

Thetotal grassland areain Chinais about 400 million
ha, of which 66 million haisin southern China. Most
of those lands are hilly and mountainous red and
yellow soils (Li 1986). The red soils region
encompasses 12 provinces in southern China, with
apopulation of some 600 million people. Because

of inappropriate land use in the past and excessive
deforestation, most of the land is now seriously eroded
with little vegetation remaining.

The Chinese Government has been promoting the
development of these wastelands for more than

10 years. Planting fruit trees has had some success, but
their growth hasfaced the problemsof highinputs, such
asfertiliser, and unstable prices for the fruit produced.

Developing forages for livestock production has
proven successful in some parts of the red soils region.
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In 12 southern provinces, 26% of the total land areais
undeveloped wasteland (Li 1988). This 66 million ha
of wasteland is equivalent to five times the total
pasture area of New Zealand. Whereas, to date, only
0.47 million ha of land has been developed into
pasture it is estimated that a further 44.6 million hain
the region can be developed as highly productive
pasture in the future (Table 1). Provinces with great
potential for forage production include Guangxi,

Y unnan, Hunan, Hubei and Sichuan.

Fertiliser requirementsfor each province

For successful pasture establishment on the red soils,
approximately 25 kg N, 90 kg P,Os, 60 kg K,0O and
40 kg MgO are needed per hectare. To maintain
pasture productivity after the establishment year
reguires the application of maintenance fertilisers

annually at 60% of the establishment rate application
(Zhen and Tu 1988; He and Huang 1991; Zhang et al.
1991; Huang and He 1992). This means that the
annual fertiliser demand is about 15 kg N, 54 kg P,Os,
36 kg K,0 and 24 kg MgO per hectare, in afive-year
forage production program.

If 30% of the 44 million ha of wasteland having high
potential for pasture establishment in the red soils
region is used to establish highly productive pasture,
an extra 200,000 tonnes of N, 723,000 tonnes of P,Os,
482,000 tonnes of K,0 and 335,000 tonnes of MgO
will be required annually if fertiliser is to be applied
according to the rate mentioned above. Among the
12 provinces described above in Table 1, Guangxi,

Y unnan, Sichuan, Hunan and Hubei have the greatest
need for fertiliser.

Table 1. Land resources in the red soil regions in southern China (' 000 ha).

Province Total land Arable land Forestry Total grassland Sown pasture Potential pasture
Y unnan 38,361 4,716 17,516 14,667 86 6,000
Guizhou 17,622 3,033 6,425 5,333 62 3,733
Sichuan 56,547 13,066 1,948 6,819 200 5,076
Guangxi 23,641 3,714 9,709 12,854 10 7,993
Guangdong 21,303 5,410 9,200 2,900 8 2,320
Hunan 21,183 4,703 10,756 6,333 24 5,600
Hubel 18,595 6,614 6,881 6,419 33 5,077
Fujian 12,229 2,081 7,451 2,062 12 1,650
Jiangsu 10,505 6,131 273 413 3 325
Zhgjiang 10,498 2,995 4,897 3,169 22 2,075
Anhui 14,017 6,771 3,334 1,663 1 1,485
Jiangxi 16,695 4,442 9,553 3,842 11 3,313
Total 261,197 63,678 10,593 66,474 472 44,649

Sources. Li 1988; NRCSC 1989.

Table 2. Major annual fertiliser requirements for pasture establishment and maintenance in 12 provinces of the
red soils region (land area: ' 000 ha; fertilisers: *000 tonnes).

Province Potential pasture? Projected pasture? N P,0s5 K20 MgO
Y unnan 6,000 1,800 27.0 97.2 64.8 45.1
Guizhou 3,733 1,120 16.8 60.3 40.3 28.0
Sichuan 5,076 1,523 22.8 82.1 54.8 38.1
Guangxi 7,993 2,398 36.0 1294 86.3 60.1
Guangdong 2,320 696 104 376 25.1 17.4
Hunan 5,600 1,680 25.2 90.7 60.2 421
Hubel 5,077 1,523 22.8 82.3 54.8 38.1
Fujian 1,650 495 74 26.6 17.8 12.4
Jiangsu 325 98 15 5.2 35 25
Zhgjiang 2,075 623 9.3 337 224 155
Anhui 1,485 446 6.7 24.1 16.1 11.2
Jiangxi 3,313 994 14.9 53.6 35.8 24.8
Total 44,649 13,395 200.8 722.8 481.9 3354

aSource: Li (1986).
0.3 x potentia pasture area, developed recently.
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Meeting the fertiliser requirements

Current fertiliser production and
consumption in China

Fertiliser has played an important role in agricultural
production in China. Experimental results have shown
that, among various agricultural practices, fertilisers
contribute about 40% to grain production (Li and Lin
1996). Over the last 15 years, consumption of
manufactured fertilisers has increased rapidly in
China, from about 12.7 million tonnes in 1980 to
nearly 36 million tonnes in 1995. Over the same
period, fertiliser production capacity in China has
remained relatively low, increasing from 12.3 million
tonnes in 1980 to 25.9 million tonnes in 1995.

Fertiliser production in China has not been able to
meet the demand for fertilisers for grain and cash crop
production, and China has imported N, P and K
fertilisers every year (Table 3). Since the beginning of
the 1990s, the Chinese Government has been
enlarging fertiliser production capacity, especially of
N and P fertiliser, resulting in reduced imports of
these fertilisers. However, K fertiliser production
capacity islimited by low mineral reserves, and yet its
consumption has increased rapidly during the 1990s,
particularly in southern China. Thus, an increasing
amount of fertiliser, especially K fertiliser, has had
to be imported. The ratio of fertiliser shortage to
consumption is rising gradually (Table 3), being

20% in the 1980s and greater than 30% in the 1990s.

Thereisno K fertiliser production in the 12 provinces
of southern China, and K fertiliser has had to be fully
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imported. In 1994, 2.1 million tonnes K,0 was
imported to meet requirements. In Y unan, Sichuan,
Hunan and Anhui provinces, N fertiliser production
capacity was able to meet the demand, but other
provinces could not. The P fertiliser production
capacity in Yunan and Hubei Provinces could meet
requirements, but others could not. Generally
speaking, in the red soil regions of southern China,
nearly 15-20% consumption of N and P fertilisers
must be imported (Table 4).

Currently, fertilisers are mainly used for grain and
fruit production for human consumption. Little
fertiliser is applied to uplands for forage production.
Even so, domestic fertiliser production has not met the
demand.

Mineral reserves for fertiliser production

In terms of mineral resources, fertiliser production
capacity in China could be increased further (Zeng
1996). According to N, P and K fertiliser demand, for
N fertiliser production capacity to reach 250 million
tonnes annually by the year 2000 would require 8% of
petroleum and natural gas reserves, and about 0.15%
of coal reserves. Minera reserves can ensure the

N fertiliser production requirements. If P fertiliser
(P>Os) production capacity is enhanced by 10 million
tonnes by 2000, 50 million tonnes of standard P
mineral, about 3% of readily exploitable reserves, will
be needed. However, the P reserves are not evenly
distributed and the P,Os content in some is relatively
low, though P mineral reserves can generally ensure
the production need. If the K fertiliser (K,0)
production capacity increases annually by 5-6 million

Table 3. Fertiliser consumption, production, imports (million tonnes) and deficit in China in recent years.

Y ear Fertiliser consumption Fertiliser production Fertiliser import Shortage
0,
Total N P,Og K->0 Total N P,Os K>0 Total N P.Og K,0 ( & )
1980 12.7 9.4 29 04 123 100 23 0.0 23 0.0 0.0 0.0 29
1981 134 9.6 3.3 05 12.4 9.9 25 0.0 2.6 15 04 0.7 7.2
1982 151 106 3.8 0.7 128  10.2 25 0.0 29 18 0.6 0.5 155
1983 166 119 4.0 0.7 13.8 111 2.7 0.0 4.0 24 1.0 0.6 15.3
1984 174 125 4.0 0.9 146 122 24 0.0 5.0 29 13 0.8 15.0
1985 178 126 31 11 132 114 18 0.0 31 21 0.9 0.2 255
1986 193 137 4.6 11 139 116 23 0.0 25 16 05 0.5 278
1987 200 139 4.8 12 16.7 134 3.2 0.0 5.3 29 12 1.2 16.4
1988 214 149 51 14 173 136 3.6 0.1 7.1 4.3 14 14 19.4
1989 236 162 5.7 17 179 142 3.7 0.0 6.7 4.0 16 12 239
1990 259 174 6.5 2.0 188 146 4.1 0.0 7.8 4.5 16 17 274
1991 281 185 7.2 24 198 151 4.6 0.1 9.4 4.6 28 19 29.7
1992 293 190 7.7 2.7 205 157 4.6 0.2 8.9 4.7 2.2 2.0 304
1993 315 199 8.6 3.0 196 153 4.2 0.1 51 2.3 13 15 379
1994 332 206 9.3 3.3 219 167 5.0 0.2 7.0 2.6 2.2 21 34.1
1995 360 222 100 38 259 0.0 0.0 0.0 10.6 0.0 0.0 0.0 314

Sources: Li and Lin (1996); Agricultural Y earbook of China 1981-1996.
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tonnes to the year 2000, the required K mineral
accounts for more than 20% of reserves. Chinais short
of K mineral reserves, which cannot ensure K fertiliser
production requirements.

China’ s major K mineral concentrates are in Qinghai
Province, which has 95% of total reserves, there being
no K mineral resource in the red soil regions of
southern China.

The distribution of P minera in the 12 provinces of
the red soil region is uneven. P mineral occurs mainly
in Yunan, Guizhou, Hubel, Sichuan and Hunan

Provinces. This accounts for 96% of the total reserve
(Table 5) (Zeng 1996). If P fertiliser production
capacity were to increase by 5% each year, the P
mineral production in these five provinces could meet
the requirement and in Anhui, Jiangxi and Jiangsu
basically ensure P fertiliser production needs.
However, for other provinces it will be essential to
import P mineral from neighbouring provinces.

Magnesite is mainly distributed in Liaoning and

Shandong Provinces of northern China, with reserves
of about 9.6 billion tonnes (about 45% MgQO). To date,
Mg has not been applied as asingle fertiliser in China.

Table 4. Fertiliser consumption, production and shortage (million tonnes) in red soil regions in southern China

in 1994,

Province Consumption Production? Sur plug/deficit

N P,0s K20 Total N P,0s Total N P,05
Y unnan 05 0.2 0.1 0.8 0.6 04 11 0.1 0.2
Guizhou 04 0.2 0.0 0.6 04 0.2 0.5 0.0 0.0
Sichuan 15 0.6 0.1 23 16 0.7 23 0.1 0.0
Guangxi 0.6 0.3 0.3 11 0.2 0.1 0.4 -0.3 -0.2
Guangdong 10 0.4 0.3 17 0.4 0.2 0.5 -0.6 -0.3
Hunan 1.0 04 0.3 16 1.0 0.3 13 0.0 -0.1
Hubel 13 0.6 0.2 20 10 0.6 16 -0.3 0.0
Fujian 0.6 03 0.2 1.0 04 0.1 0.5 -0.2 -0.2
Jiangsu 18 0.7 0.2 2.7 11 04 15 -0.3 -0.3
Zhejiang 0.6 0.2 0.1 0.9 0.6 0.2 0.7 -0.1 0.0
Anhui 11.2 0.6 0.2 1.9 16 0.3 20 0.5 -0.2
Jiangxi 0.6 0.3 0.2 11 0.2 0.1 0.3 04 -0.1
Total 22.1 4.7 21 17.7 9.1 36 12.7 -1.8 -11

Source: Agricultural Y earbook of China 1995.

aThere is no production capacity of K fertiliser in southern China. All K fertiliser is imported.

Table 5. Known mineral reserves that could contribute to fertiliser production and which might meet fertiliser
needs for forage production in the 12 provinces of the red soil region in China (' 000 tonnes) by

production and import.

Province P,Os M eeting need by production or import

Mineral Production N P,Os MgO K>,0

reserves  capacity X . .

Production  Import Production  Import Production  Import
Y unnan 454,430 560 10.0 17.0 97.2 0 45.1 64.8
Guizhou 220,690 210 8.0 8.8 60.3 0 28.0 40.3
Sichuan 176,890 850 22.8 0 82.1 0 38.1 54.8
Guangxi 90 190 11.0 25.0 0 129.4 60.1 86.3
Guangdong 250 210 104 0 0 37.6 17.4 25.1
Hunan 112,480 370 20.0 52 90.7 0 42.1 60.2
Hubei 564,000 740 22.8 0 82.3 0 38.1 54.8
Fujian 2,190 110 74 0 4.5 22.1 12.4 17.8
Jiangsu 16,710 540 15 0 25.0 0 25 35
Zhegjiang 1,600 200 9.3 0 3.2 30.5 155 224
Anhui 11,890 450 6.7 0 15.1 9.0 11.2 16.1
Jiangxi 23,170 170 12.0 29 15.8 18.8 24.8 35.8
Total 1,584,390 460 141.9 58.9 476.2 246.6 3354 481.9
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Rather in southern China, Mg is applied to fields
mainly as Ca-Mg-P fertiliser which is made from
serpentine (hydrous magnesium silicate), chiefly
derived from Guangxi, Jiangxi, Hunan, Sichuan,
Y unan and Hubel Provinces.

Meeting fertiliser requirementsfor forage
production

The N and P fertiliser requirements for forage
production in southern China can largely be met by
local production while K fertiliser must be imported.

Chinais a developing country, and thus social and
economic constraints mean that itsfertiliser production
capacity cannot increase rapidly. Fertiliser will
continue to be applied mainly for grain production
(Li and Lin 1996; Zeng 1996). Fertiliser requirements
for forage production will need to be met by:

» improving fertiliser application techniques and
balancing the ratio of nutrients to increase fertiliser
efficiency. Theratios of N, P (P,Os) and K (K,0)
fertiliser applied are typically not balanced in the
red soil regions (Table 4), which has a considerable
effect on the efficiency of fertiliser use. For
example, balancing nutrient additions can increase
N fertiliser use efficiency by more than 5% (Zhou
1996). It is estimated that nearly 2% of the current
consumption of N fertiliser (about 200,000 tonnes)
could be used for forage production;

* increasing P mineral exploration and increasing the
production capacity of P fertiliser factories. During
the period 19962000, the Chinese Government
decided to increase P mineral extraction capacity to
8 million tonnes and P fertiliser (P,Os) production
capacity by 1.5 million tonnes (Zeng 1996); and

 continuing to import to overcome the shortage of
fertilisers for forage production, especially that of
K fertiliser.

For forage production in southern China, Mg fertiliser
reguirements can be met by local production, but K
fertiliser has to continue to be imported. For annual N
fertiliser requirements, 140,000 tonnes can be
produced locally and 60,000 tonnes imported.

For P,Os, 470,000 tonnes will come from local
production, and 250,000 tonnes from importation.

CONCLUSION

Southern China has a high population living on land
which is largely non-arable and infertile. In recent

years, the demand for animal products has increased.
Thus, given the favourable climatic conditions of the
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region, it will be desirable to develop the red soil
wastelands and develop forage systems and animal
production. To maintain successful forage production
and persistence, it will be necessary to apply
fertilisers. In the initial years after establishment,
annual applications of fertilisers at 60% of the
establishment rates will be needed until adequate
levels of soil fertility are achieved. However, in time
these rates should decline if organic matter is retained
and nutrient cycling improved.

The grassland area in southern Chinais about

66 million ha, most of it characterised by red or
yellow soils in hilly and mountainous regions. Only
0.47 million ha have been developed into pasture. It
has been reported that 44.6 million ha of wasteland
have high potential for pasture establishment. If 30%
of these lands are used to establish highly productive
pasture, an extra 200,000 tonnes of N, 723,000 tonnes
of P,Os, 482,000 tonnes of K,0 and 335,000 tonnes of
MgO fertiliser will be required annually.

Mineral reserves in southern China are such that N, P
and Mg fertiliser requirements for forage production
can be met largely with local production, while K
fertiliser will need to continue to be imported.

Meeting fertiliser requirement for forage production
can be achieved by increasing local fertiliser
production, improving fertiliser application techniques
and increasing fertiliser use efficiency, and by
importation.
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THE ROLE OF SOIL CARBON IN NUTRIENT CYCLING AND

IN INFLUENCING THE SUSTAINABILITY OF
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Graeme Blairl, Anthony Whitbread?, Chen Wen! and Rod L efroy?

1Division of Agronomy and Soil Science, University of New England, Armidale, NSW, 2351
2|BSRAM, PO Box 9-109, Bangkhen, Bangkok, 10900

Abstract

An extensive review of the literature demonstrates the critical importance of maintaining sufficient
soil organic matter and labile carbon in order to permit the cycling and release of nutrients as well as
to enhance the soil’s physical fertility. The rate of organic matter cycling depends on the degree of
lignification and the quality of the organic matter. Adequate release of carbohydrates and nutrients
from organic matter are essential if microbial turnover rates are to be maintained in sustainable
farming systems.

The various techniques of assessing the sustainability of agricultural systems include a wide array for
measuring productivity decline, nutrient balance, soil loss studies and carbon dynamics.

Controlled oxidation of organic matter was used to determine the labile carbon levels and the carbon
management index of arange of soils from Australia and Fujian and Hunan Provinces, PR China. The
clearing of land in Hunan and Fujian has led to extraordinarily low levels of total carbon (< 10 mg/g)
compared to those found in two Australian soils (11-47 mg/g).

The sowing of grass and legume pastures in Hunan and Fujian was shown to increase the labile
carbon and the carbon management index of soilsin both provinces. Substantial increases in both total
and labile carbon will be required in eroded soils in the red soil region of Hunan and Fujian to
enhance the capacity of the soil to act as areservoir of nutrients and to increase water infiltration and

water holding capacity of the sail.

INTRODUCTION

FOR an agricultural system to be sustainable, the
production must be stable and of an adequate level.
Sustainable production is only possible if the supply
of abroad set of resources is maintained. On the other
hand, the stability of the system is strongly influenced
by additional factors such as changes in fertiliser
inputs, pests and extreme climatic events. Sanchez

et al. (1989) indicated that soil organic matter (SOM)
is a key material resource asit is areservoir and
source of key nutrients and a modifier of soil textural
properties. Much of agriculture throughout the world
has devel oped by opening up new land such that initial
production is supported by the utilization of the
nutrients released from the accumulated soil organic
matter (SOM). This high initial level of SOM also
contributes to the physical fertility of the soil. The
release of nutrients from SOM is largely through
microbial activity, so a supply of readily useable
carbon (C) isessentia to provide the energy source for
the microbial population. Much of the world's
agricultural areawas originally under forest or natural
grasslands, which had high SOM contents.

Mineralisation of SOM releases nutrients to the soil
that are available for plant uptake, conversion to less
available forms, loss to the atmosphere, and loss by
erosion and leaching. The dominance of each process
varies with the nutrient and is gresatly affected by soil
moisture conditions. For al nutrients the increased
off-take in product places increased demands on
SOM. Asthe labile SOM is depleted it becomes
increasingly difficult to meet the demands of the crop,
hence the increasing need for inorganic fertilisers. If
the labile SOM and inorganic fertiliser cannot meet
the needs of the crop, this places more demands on the
less labile SOM, which will be slowly depleted. This
depletion of SOM not only has implications for the
nutrient cycles in the soil, but also for physical
fertility, as organic matter is an important determinant
of soil structure. If fertiliser input does not meet the
guantity of nutrients removed in the harvest and lost
through other means (leaching, sorption, etc.) the
deficit must be made up by the SOM, thus reducing
the size of this pool.

There are important changes in both the C pool size
and turnover rate when natural systems, such as
grassland, are converted to crop land and when
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legumes are incorporated into the system. In natural
grassland systems there is alarge pool of C with
residues of different ages and quality which are
turning over at varying rates. When the land is
cultivated and cropped the rate of breakdown of
organic debris is increased; athough the amount of
residue returned may be the same as, or in some cases
higher than, in the grassland it all occurs at the one
time and is all of asimilar quality with a generally
wide C:N ratio and low nutrient concentration. AsCis
lost from the system the remaining C becomes more
resistant to breakdown. When a legume is introduced
into the system the residues provide easily
decomposable C and aready supply of N for the
microorganisms, which results in rapid breakdown of
the organic matter.

Much of world agricultureisintensifying production to
meet increasing internal demands and to produce
exports to improve the balance of trade. This
intensification, much of which is occurring on soils
relatively low in organic matter and nutrient status and
with poor physical properties, isbecomingincreasingly
dependent on inorganic fertilisers. While this in itself
is not a problem, it tends to reduce the ability of the
cash poor small farmer to maintain soil fertility and
thus production. It can also result in the lowering in
SOM status, which results in soils with lower nutrient
status and water holding capacity and in which
toxicities of elements such as Al and Mn can become
more acute.

The type of organic matter also affects the rate of
organic matter breakdown. Plant material which islow
in lignin and other polyphenols, and high in nitrogen
and soluble carbohydrates, generally decomposes
relatively quickly. Thus the rate of initial breakdown
varies between immature and mature tissue as well as
between species. Dung breakdown rate depends on its
quality, hardness and the degree of contact with the
soil surface.

Considering the above, it is not surprising that the
organic matter content of soils declines rapidly after
forests are cleared for agricultural production. The
input of organic matter during clearing is high; much
of the organic matter is of a type which is readily
broken down and when burning has occurred the
amount of organic matter which is relatively resistant
to breakdown is reduced. The ash from burning also
increases the level of available nutrients which make
conditions for breakdown more favourable. Because
of the different types of organic debris, different ages
and quality of organic residues are present in the soil.
Carbon is generally divided into different pools with
widely differing turnover rates. In the CNSP cycling
model for grazed pastures developed at UNE by
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McCaskill and Blair (1988) soil carbon is divided into
seven pools based on those of van Veen and Paul
(1981) and van Veen et a. (1985). The pools and
decay rates are as follows:

Pool Maximal decay rate (d1)
Unprotected digestible 31 x1072
Unprotected indigestible 1.6 x 103
Clay protected indigestible 11 x10*
Unprotected recalcitrant 4.46 x 10
Protected recalcitrant 4.65 x 107
Unprotected biomass 7.0 x101
Protected biomass 7.7 x103

MAINTAINING SOIL FERTILITY
AND YIELD

Maintaining soil fertility clearly relies on balancing
the input of nutrients with the off-take and loss of
nutrients. The key management tool isto maximisethe
return of crop residues, or dung and uneaten herbage
in pastures, as this both reduces the removal of
nutrients and returns organic matter. In grazed
pastures the recycling of nutrients and organic matter
viaanimal dung and urine and unutilized leaf material
isamajor pathway of turnover (Catchpoole and Blair,
1990). With many nutrients, such as nitrogen,
phosphorus, potassium and sulfur, as much as 80% of
the nutrient ingested by the animal isreturned in either
dung or urine. In addition, a considerable proportion
(upwards of 50%) of the ingested fibre material is
returned in dung and this may act as a carbon residue
which turns over slowly supporting microbial activity
and the long-term build-up of organic matter.

There is agood deal of evidence for the accretion of
organic matter under some temperate and tropical
pasture systems (Clarke and Russell 1977; Ladd and
Russell 1983). Most attention has been given to the
accretion of nitrogen, and for practical purposes
nitrogen accretion seems to be mainly affected by the
amount of legume growth.

The cycling of nutrients can occur via various organic
and inorganic pathways (Figure 1).

Theimportance of the rel ease of nutrientsfrom organic
matter and the contribution that recycled nutrients
from uneaten herbage, dung and urine makes to a
grazed pasture is demonstrated by the datain Figure 2.

It can be seen from the amount of nutrient returned in
dung, urine and uneaten residues that if these
components are removed from the system, asin a
cut-and-carry system where animals are housed and
the residues returned to cropping lands, thereis a
substantial off-take of nutrients, and associated with
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Figure2. Simulated N, P and S flow rates in atemperate grass/white clover pasture grazed by 10 weaner lambs at Armidale
NSW. Legend: Nitrogen underline, Phosphorus bold, Sulphur italics. (McCaskill, 1988).

thisis aloss of carbon from the system; clearly, this
system is not sustainable.

Nutrient content of SOM

SOM is a complex mixture of plant and animal
residues in various stages of decomposition, of
substances synthesised microbiologically and/or
chemically from the breakdown products, and of the
bodies of live and dead soil biota and their
decomposition products (Schnitzer and Khan 1972).
The main congtituents of SOM are carbon, hydrogen
and oxygen, but there are significant amounts of other
elements essential for the nutrition of plants.

Nearly al of the N found in soils is associated with
SOM (Schnitzer 1985). The main forms of N in SOM
are proteins, peptides, amino acids, amino sugars,
purines, pyrimidinesand N in heterocyclic compounds
(Schnitzer 1991).

Organic P constitutes between 20% and 80% of the
total soil P in most surface soils. Organic P is present
predominantly as complex organic esters, in which P

is bonded to carbon via oxygen, in sugar phosphates,
phosphoproteins, phospholipids, glycerophosphates,
nucleotides and a substantial portion of unidentified
compounds (Schnitzer 1991).

Over 90% of the total S in most non-calcareous soils
is present in organic forms. There are two main forms
of organic S (Freney 1986). The sulfate esters account
for 30% to 70% of the organic Sin soils and are
considered to include the most labile forms of
organic S. Carbon-bonded S includes the S containing
amino acids, mercaptans, disulfides, sulfones and
sulfonic acids.

The content of other important plant nutrientsin SOM
are less frequently studied. Clearly the plant and
animal residues added to the soil will contain the other
macro and micronutrients in the ratios found in most
living organisms. As these residues are broken down,
many of the nutrients will be incorporated into living
biota and significant amounts of most plant nutrients
will be part of, or associated with, the residue
breakdown products in the SOM.
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TECHNIQUES TO ASSESS

THE SUSTAINABILITY OF
AGRICULTURAL SYSTEMSWITH
RESPECT TO THEIR NUTRIENT
STATUS

There is arange of techniques available to assess the
nutrient status of natural or agricultural systems.
These are;

a)

b)

0)

d)

e)

Long term plots where changes in crop
productivity and soil chemical and physical
characteristics are monitored and these changes
used to calculate rates of change in that system
(Odell et al. 1984).

Collection and analysis of “paired samples’
obtained from cropped and uncropped areas within
alocation. Differences in soil depth, organic
matter and nutrient status between the pairs are
used to estimate the conseguences of agricultura
practice on the sustainability of the system. This
technique lacks precision as the changes in factors
such as total organic carbon, nitrogen and
phosphorus are generally small relative to the large
pool size present in the soil and spatial
heterogeneity makes comparisons difficult.

Studies of the erosion and nutrient losses from a
catchment. These provide an estimate of the
sustainability of the catchment and information on
the factors that affect the sustainability of the
particular agricultural systems.

Nutrient balance studies have been used by Lefroy
(1990) and Lefroy and Hussin (1991) to assess
the stability of upland agricultural systemsin
southeast Asia. These studies have utilised data
on inputs from fertilisers, crop residues and
accessionsin rainfall and outputs in crop products.
They have not taken changesin soil nutrient pools
into account.

When plants fix C there is a degree of
discrimination between 13C and 12C, and the
degree of this discrimination varies between C3
and C4 plants. In a crop such as corn d'3C = -12%
whereas in C3 species such as rice and wheat d13C
= —26%. This means that when C3 plants are
grown in soils that had previously been under C4
vegetation, such as in some rice production areas
in southeast Asiaand wheat production in northern
NSW and southern Queensland, there is virtually
an in situ labelling of the organic matter
incorporated into the soil.

After atimet of cultivation, if A istheratio
13C/[12C + 13C] of soil carbon at timet, Ag isthe
ratio for the initial soil att = 0, or theratio for a
similar soil under C4 vegetation, and A; isthe
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ratio for the C3 plant, then the percentage x of
carbon coming from the C3 plant can be deduced
from

A = A(x/100) + Ag(1 — x/100). 1)

Cerri et a. (1985) first used this method in order to
measure the turnover rate of organic matter in a
50-year-old cane field, after forest clearing.

f) 14C and 137Cs were deposited over the entire
surface of the earth from atmospheric testing of
nuclear devices in the 1950s and 60s. The 13'Cs
technique has been used widely to assess the
amount of soil deposition that has occurred by
measuring how deep the 137Cs layer is beneath the
current soil surface.

CHEMICAL FRACTIONATION OF
SOIL ORGANIC MATTER

In investigating the effect of management on SOM, it
is important that appropriate measurements of SOM
are made (Syers and Craswell 1995). To this end,
changesin SOM can be measured as changes in total
SOM, chemical fractions of SOM, based on chemical
groups through to specific compounds, physical
fractions or combinations of these fractions.

M easur ement of total soil carbon

The status of the SOM resource base can be assessed
by measurement of the total amount of organic carbon
in the soil. The most commonly used techniques for
measuring organic carbon in soil is based on the
dichromate oxidation procedure of Walkley and Black
(1934). The principle of this method is that all organic
carbon is oxidised by the dichromate under acid
conditions, and the amount of reduced dichromate
gives an indication of the organic carbon content.
Total carbon measurements have been improved by
dynamic flash catalytic combustion.

Although these methods provide an improvement

on measurements of total carbon by oxidation,
measurement of total carbon, or total organic carbon,
is not sensitive to short term changesin the amount or,
more particularly, the forms of SOM which result
from changes in soil management.

Rather than assessing the chemical forms of SOM by
fractionation techniques or techniques that analyse
different functional groups, measurements of the rate
of breakdown have been used to assess the quality

of SOM.

Oxidising agents can be used to assess the relative
proportions of different forms of SOM in terms of the
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ease with which they are broken down. Solutions of
potassium permanganate (KMnQ,) have been
extensively used for the oxidation of organic
compounds. The rates and extent of oxidation of
different substrates is governed by their chemical
composition (Hayes and Swift 1978) and the
concentration of permanganate. Oxidation with less
than the amount of permanganate required for
complete oxidation should reveal the quantity of
readily oxidisable components in the SOM.

Loginow et a. (1987) developed a method of
fractionating based on susceptibility to oxidation by
permanganate. The method is based on the supposition
that the oxidative action of potassium permanganate
on soil organic carbon under neutral conditionsis
comparable to that of the enzymes of soil
microorganisms and other enzymes present in the soil.

Modification and standardization of the KMnO4
oxidation technique by Blair et a. (1995) have
increased the precision and simplified the technique to
use only one concentration of permanganate, thereby
dividing soil carbon into labile (C.) and non-labile
(Cnw) carbon. These measurements of |abile carbon
have been used, in combination with similar datafrom
a soil of an uncropped reference area, to calculate a
Carbon Management Index (CMI), as a measure of the
relative sustainability of different agricultural systems
(Blair et a. 1995). Thisindex compares the changes
that occur in the total and labile carbon as a result of
the agricultural practice, with increased importance

attached to changes in the labile, as opposed to the
non-labile, component of the SOM.

CMI = CPI x LI x 100 where: )
C; cropped soil
CPI = Carbon Pool Index =
C; reference sample

C_ L cropped soil
C,\. reference soil

LI = Liability Index =

EFFECT OF AGRICULTURAL
ACTIVITIESON SOIL CARBON
DYNAMICSIN CHINA AND
AUSTRALIA

The clearing of land in Hunan and Fujian has left soil
with extraordinarily low total carbon (Ct) asshownin
Table 1. These values are among the lowest we have
recorded throughout the world. Although the eroded
soils are low in total carbon they have a reasonable
amount of labile carbon which resultsin a lability of
0.17 in Hunan and 0.12 in Fujian. These data suggest
recent inputs of organic matter that are breaking down
rapidly and this is confirmed by the fact that the site
from where the sample was collected had been
cultivated in spring and left fallow for approximately
two months

In Hunan the introduction of the Premier finger grass
haslead to asubstantial increasein both total and labile
carbon. The rate of increase of non-labile carbon has
been greater than that of labile carbon, which has
resulted in a decrease in the lability and in the lability

Table1l. Carbon dynamicsin soils from Hunan and Fujian, China and from the Northern Tablelands of NSW,

Australia.
L ocation/System Cr CL CnL L LI CPI CMI
mg/g
CHINA
Hunan
Eroded land 5.48 0.80 4.68 0.17 — — —
Premier finger grass  5/94 12.43 0.98 11.44 0.09 0.53 2.26 120
Premier grass 5/96 15.77 1.19 14.58 0.08 0.47 2.87 135
Fujian 3/95
Eroded land 8.21 0.90 7.31 0.12 — — —
Premier finger grass 10.19 0.80 9.40 0.09 0.75 124 93
Wynn cassia 11.10 1.02 10.08 0.10 0.83 1.35 112
AUSTRALIA
Glen Innes
Native Pasture 47.2 7.9 39.9 0.20 — — —
Maize/Spring Oats/Red Clover 20.7 6.3 144 0.44 219 0.44 96
Armidale
Native Pasture 11.2 224 8.96 0.20 — — —
Degraded Pasture 29.4 45 249 0.19 0.95 2.63 249
Phalaris/White Clover 347 5.2 295 0.18 0.90 3.99 279
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index. This suggests that a significant portion of the
carbon accumulating inthe soil isasalignified material
that is not participating actively in carbon cycling.

The large increase in total carbon has led to an
increase in the CPI to in excess of 2.0. This, together
with the changein LI, has resulted in a CMI in excess
of 100, meaning that carbon dynamics in the Premier
finger grass soil are better than in the eroded land.
Continued cropping with Premier finger grass from
199496 has resulted in a further increase in both the
LI and CPI, and hence the CMI.

A similar pattern emerges in Fujian. Cropping with
either Premier finger grass or Wynn Cassia has
resulted in an increase in total carbon. Where Premier
finger grass is grown there is a reduction in the
amount of labile carbon compared with the eroded
land but there is an increase where Wynn cassia was
grown. In both instances the lability of the carbon is
lower in the pasture soils than in the eroded soils.
These changes in carbon result in aCMI below 100 in
the Premier finger grass treatment and a slight
increase above 100 where Wynn cassia was grown.

These data contrast markedly with those with extremes
of climate from an area of eastern Australia athough
not asextreme asin Hunan or Fujian. The Native Grass
pasture at Glen Innes had a Cr concentration almost
five times that of the Hunan eroded land. The C,
concentration in this soil is approximately ten times
that in Hunan. Cropping this soil continuously since
1921 with aMaize/Spring Oats/Red Clover rotation has
resulted in adecrease in both Ct and C._. The decrease
in Cr hasbeen greater than that in C_, hencethelability
of the carbon has more than doubled indicating a more
rapid cycling of carbon in this system. Although the
CMI in the cropped soil is at 96 the system is
functioning more efficiently because of the more rapid
cycling of carbon as indicated by the substantial
increasein LI.

The situation at Armidale is somewhat similar to that
in Hunan and Fujian except that the starting values

of Ct and C,_ are substantially higher in the Native
Pasture than in the eroded land in China. Pastures have
increased Ct and C, at Armidale, with the greatest
increase being where the introduced species of phalaris
and white clover have been sown. The rate of increase
of both Cy and C_ have been similar, resulting in no
change in L. The marked increasesin Cr are reflected
in the CPI values exceeding 2.5 in both systems. This
results in a substantial increase in the CMI above 100
in the Native Pasture in both systems.

The analysis of Total and Labile C used in this study
has shown the value in making these measurements

Forages for the Red Soils Area of China

when attempting to monitor the changesin soil C asa
result of agricultural practice. If the eroded red soils
of Hunan and Fujian are ever to reach their full
production potential both Labile and Total C pools
will have to be increased so as to provide a reservoir
of plant nutrients and to increase the water infiltration
and holding capacity of the soil.
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Abstract

The eroded soils of the red soil region require substantial inputs of nutrients to support forage growth
and, in particular, nitrogen supplied through legumes. The origins of the tropical legume,
Chamaecrista rotundifolia cv. Wynn, are described and evidence for its adaptation to acid soils in the
red soil region provided. The attributes of Wynn cassia growing in Fujian and Hunan Provinces, PR
China, suggest that it has poor palatability and persistence compared to its performance in

Queendland, Australia.

Preliminary trials of 39 lines of Chamaecrista rotundifolia carried out in Hunan and Fujian suggest
that six lines are superior in performance to cv. Wynn. One line in particular, CPl 86134, showed
superior early growth and nodulation compared to cv. Wynn.

Persistence of Wynn Cassia may be improved by allowing some seed set to occur prior to cutting
whilst its palatability may be improved by making silage from cut forage.

INTRODUCTION

GROWTH and persistence of forage species in the red
soils region of southern China (latitude 24-32°N) are
limited by extreme acidity and infertility, low winter
temperatures (mean daily temperature in January

¢. 6°C) and high summer temperatures (mean daily
temperature in July c. 29°C) (Leng et al. 1991).
Research conducted by specialists in forages from the
University of New England and Chinese scientists has
been directed towards identifying adapted forage
species and c. 300 accessions of tropical and
temperate forage species have been evaluated at sites
in Fujian and Hunan Provinces (Zhang et al. 2002).
Although some adapted grasses have been identified
(including the temperate species Dactylis glomerata
cv. Porto and the subtropical Eragrostis curvula cv.
Consol, Digitaria eriantha cv. Premier and Setaria
sphacelata cv. Solander), few adapted forage legumes
have been noted. Amongst the most promising are
Chamaecrista rotundifolia cv. Wynn, Lotononis
bainesii cv. Miles and Lespedeza bicolor. Although it
flowers successfully, L. bicolor fails to produce well-
filled seed (Zhang Jiuguan, personal communication)
and L. bainesii has only recently been evaluated, but is
unlikely to yield alarge bulk of dry matter, although it
may have a place in soil stabilisation and
improvement. C. rotundifolia cv. Wynn (Wynn cassia)
is currently the best option for alegume (at least

amongst the tropical species tested) and has been
incorporated in a number of trials testing mixtures and
response to defoliation (A.J. Casanova, personal
communication).

Although Wynn cassia holds considerable promise,

in southern China it suffers from a number of

deficiencies:

» Few, if any, plants survive over winter — they
persist through seedling regeneration in spring;

* When harvested for forage, regeneration from seed
in the following spring is poor;
» Seedlings establish dowly in spring;

» Localy, forage is considered to be unpalatable to
livestock.

The current “small project”, supported by ACIAR,
aims to identify accessions of C. rotundifolia better
adapted to the climate and management practicesin
the region.

THE ORIGINS OF WYNN CASSIA AND
PERFORMANCE IN AUSTRALIA

Wynn cassia is an ecotype which originates from Sao
Paulo Province, Brazil (latitude 22° 54'S). It was
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selected from a limited range of 18 accessions
conserved by the Australian Tropical Forages Genetic
Resource Centre (ATFGRC), Brishane, Australia.
Wynn was released as a legume for grazing lands on
sandy, mildly acidic soils in south-eastern Queensland
in 1983 (Oram 1990). Since its release, pastures from
the NSW—Queensland border to northern parts of the
Northern Territory (latitudes 28°-13°S) have been
oversown with Wynn, and experimental trials have
been sown in many tropical countries, giving better
understanding of its adaptation and characteristics.

In Australia reports vary concerning its acceptability
to livestock. Graziers in the Northern Territory and
through much of Queensland consider it to be a useful
component of their pastures, but some in southern
Queendand have expressed concern over its
palatability. The only documented trial we are aware
of that compares pastures with and without Wynn was
sown in southern Queensland and showed a mean
benefit over five years from sowing Wynn of

35 kg/hd/lyr (Partridge and Wright 1992). Although in
limited trials in southern China, Wynn was not eaten
when hand-fed to cattle, buffalo, goats or pigs (Zhang
Jiuquan, personal communication), it was readily
eaten by both cattle and goats when made into silage
as a mixture with 40% Wynn and 60% Premier

(Bai Xue Fung, personal communication). It is
possible that, as with other forages with novel flavour
or smell, livestock will need to become acquainted
with Wynn before eating it readily. There are also
indications that unpalatability may be associated
with low phosphorus status in the soil. Despite

its shortcomings, it is currently second only to
Sylosanthes spp., as a grazing legume in northern
Australia. Clements (1996) recently predicted that,
by the year 2000, there would be 200,000 ha of
Wynn pastures in the region.

In the drier parts of the southern speargrass region of
Australia, detailed demographic studies have shown
that Wynn persists largely through seedling
regeneration but also through perennation. Some
plants survive over the winter dry season and alimited
proportion of these survive into athird growing
season. Wynn produces abundant seed during the
growing season. A proportion of the seed is “soft” and
will germinate with the first rain in spring; the
remainder is “hard”, and the seed coat breaks down
over time, resulting in flushes of germination in
successive rainfall events. These characteristics have
been integrated into a conceptual model for the
cultivar (Jones et a. 1993) and this model is being
extended into a mathematical model (C.K. McDonald,
personal communication).

OPPORTUNITIES FOR IMPROVED
CULTIVARS

Since the release of Wynn, the world collection

of C. rotundifolia has been greatly extended. The
collection conserved by CIAT, Colombia, has been
combined with that of the ATFGRC, making atotal of
130 accessions. These cover the geographic range of
the species, from northern Mexico (latitude 21°N) to
northern Argentina (latitude 29° S) (Figure 1). Based
on phytogeographic criteria, a core set has been
identified (Pengelly et al. 1997), and Whitty et al.
(1994) have demonstrated variation at a molecular
level in alimited collection of 18 accessions. Some
accessions are much later flowering than Wynn,
both in Australia (B.C. Pengelly, persona
communication) and southern China (Luo Tao,
personal communication). Accessions being grown
in Queensland to produce seed for the current
experimental program exhibit extensive variation in
growth habit, yield and flowering date (C. Liu and
J.B. Hacker, unpublished data).

THE CURRENT EXPERIMENTAL
PROGRAM

The current program seeks to determine whether there
are opportunities to select cultivars that are superior to
Wynn. Based on phytogeographic information, but
with emphasis on northern and southern latitudinal
extremes for the species, a set of 40 accessions was
grown for seed production in Australia (Figure 1). In
addition, seed of several related species (C. nictitans,
C. pilosa and C. serpens) was produced. Replicated
trials were sown at Qiyang (Hunan Province) and
Jianyang (Fujian Province) in the northern spring,
1997.

The emphasis in these trials was to assess variation in
attributes associated with rapidity of establishment
and persistence rather than yield per se. During the
establishment phase, the following attributes were
assessed:

* establishment;
» earliness of nodulation;
* rate of shoot elongation;

* rate of root elongation.

During the main growing season, the date of the first
flowering and of the first ripe pod were recorded,
yield was rated at intervals, and seed yield (pod
number) will be estimated at the end of the growing
season.
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Figure 1. Natura distribution of the world collection of Chamaecrista rotundifolia and accessions selected for evaluation in

southern China.

The following spring, perennation and seedling
replenishment will be assessed:

* percentage of plants surviving the winter;

» number of seedlings germinated and timing of
germination.

Apart from persistence/perennation, the main concern
about Wynn cassiais palatability. Based on data from
the 1997 season, accessions will be selected for a
palatability trial in 1998. C. pilosa will be included in
thistrial, asthereis circumstantial evidence from
Queendand that this species may be more acceptable
to cattle than is Wynn (R.M. Jones, personal
communication). The design of the palatability tria
is being discussed with experts in animal nutrition.

PRELIMINARY RESULTS

Early results from both sites have been subjected to
preliminary analysis. Datafrom the Jianyang site were
ranked for each attribute and the values summed. The
best accession overall was identified on the basis of
having thelowest value. Six of the 39 entrieswere rated
better than Wynn, thelowest value being for CPI 86134.
This accession had more rapid shoot and root growth
than Wynn, and developed effective (red-coloured)
nodules more rapidly (Table 1).

Table 1. Shoot and root data and nodule numbers for
Chamaecrista rotundifolia cv. Wynn and
CPI 86134 from 2046 days after sowing
on 28 April 1997 at Jianyang (means and
standard deviations).

185 16 13/6 185 1/6 13/6
Wynn CPI 86134
Yield rating 37 43 43 47 A7 AT

Dry wttops(g) 0.02 0.16 0.49
(0.08) (0.24)

001 019 072
(0.08) (0.53)

Max. stem 25 68 167 37 82 191
length (cm)  (0.5) (15) (41) (40) (20) (55)
Max. root 100 179 200 83 173 221
length cm)  (L2) (41) (34) (22) (32 (L9)
Rootdry wt (g) 0.01 003 012 001 003 0.17
Total nodules 02 7.4 147 07 116 234
(04) (37) (117) (11 (44) (8.1

Rednodues 0 50 104 O 104 177
(30) (8.6) @7 (7.9

The results from the Guanshanping site were more
difficult to assess as germination over the experiment
was patchy. As aresult, destructive harvests were not
taken from all plots. However, when stem lengths and
yield ratings on a single plant basis were ranked and
the ranks combined, Wynn had the lowest value. The
accession which ranked second was CPI 86134, which
was the best entry at Jianyang (Table 2).
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Table 2. Shoot data for Chamaecrista rotundifolia
cv. Wynn and CPl 86134 from 28-56 days
after sowing on 30 April 1997 at
Guanshanping (means and standard
deviations).

18/5 16 13/6 185 16 13/6

Wynn CPI 86134
Yield rating — 43 4.0 — 40 4.0
Max. stem 4.7 7.7 19.7 41 73 207
length (cm) (100 (1.4 (06 (01) (L0O) (25

The preliminary results suggest that there are
accessions with more rapid early establishment than
Wynn, at least at the Jianyang site. More detailed
analyses are needed before any recommendations can
be made for the development of an alternative cultivar
to Wynn.

LONG-TERM PROSPECTS

In the longer term, diseases from the Americas are
likely to appear in the Old World. Several have been
reported by Lenné (1990) and most genotypes are
seriously affected by anthracnose in Colombia

(B.L. Maass, personal communication). We are
planning a comprehensive analysis of variation, at
amolecular level, of the entire available collection.
Grouping based on these data should provide a basis
for identifying centres of genetic variation for further
collection and also for selecting accessions for disease
resistance.

In the meantime, there are good opportunities for
utilising Wynn, as annual forage and for soil
improvement in orchards. As a cut-and-carry forage,
persistence can be improved by alowing a small
proportion of plants to mature and set seed.
Palatability problems may be addressed in two ways:
first, young livestock may become acquainted with the
species by including it in their diet with more

pal atable species; second, it can be fed in winter as
silage, which is palatable to livestock. Discussions
with several scientists in Hunan and Fujian Provinces
indicated that lack of winter feed is the most serious
limitation to devel oping alivestock industry and silage
may offer a means of overcoming this problem.
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MANAGEMENT OF NATURAL GRASSLANDS
ON RED SOIL AREAS OF HUNAN

Gao Chunshil

LAnimal Husbandry Bureau of Hunan Province, Rongwanzhen, Changsha,
Hunan Province 410006 P. R. China

Abstract

Improved management systems are required for natural grasslands in the red soil regions of Hunan.
The critical factors determining the productivity of natural grassiands are those relating to the soil, the
species of grasses, the most suitable animals and the grazing system and stocking rate. Grasslands in
Hunan Province are extensive and have a high productive potential. The effective utilisation of
grasslands is important in the development of the rural economy and to increase the income of
farmers. The core of modern grassland production is to produce a large mass of feed of sufficient
quality to feed a wide variety of herbivorous animals and poultry in order to produce high-quality
animal products. Productive management of grasslands includes combining soil, forage and animal
management. Grassland is the largest photosynthetic area in the world, playing an important role in
global climate and ecology. Grassland production is readily combined with other kinds of agriculture,
and it can supply food for human consumption as well as raw materials for industry. The further
development of animal husbandry will require improvements in grassland production.

INTRODUCTION

THE natural grassland areas of Hunan currently
support awide range of local animalsincluding Xiang
Xi cattle, Xiangnan cattle, Binhu bulls, Matou goats,
and Xiangdong black goats. The main animals
introduced are milking cows, Chendu goats, Nanjing
yellow goats and Yingui black goats. The main
poultry are Daozhou gray geese, Wugan cotton geese
and Xupu white geese. By breeding and hybridising
local strains with introduced high-quality strains, the
productivity of cross-bred animals can be increased by
15-25%, with finishing occurring 1.5-2 months
earlier, leading to an increase in economic returns of
22%. Currently, approximately 30% of animalsin
Hunan are of a crossbred or hybrid type.

The natural grasslands of Hunan have been created as
secondary communities after the initial destruction of
the original forest. The areais now dominated by
grasses and shrubs as a result of human activity. As
the climate experiences 80% of the annual rainfal in
the period from March to July, there is serious soil
erosion and the soil fertility is declining. Because of
the uneven distribution of rainfall, there are distinct
dry and wet seasons. The cold weather in winter limits
crop growth. However, the natural grassland is
relatively stable over long periods thus providing a
sound basis for grazing enterprises.

In the mountainous regions in the west and south of
Hunan Province, at atitudes from 200 m to 800 m,
there are relatively few people and thus thereis little
cropping. About 64% of the natural grasslandsin
Hunan Province are in such regions. The dominant
plants are Miscanthus floridulus, Miscanthus sinensis,
Arundinella hirta, Eulalia speciosa, Heteropogon
contortus, Pteridophytes, Lespedeza davidii and
Smilax spp.

In generd, the yield of fresh biomass derived from
grassland can be improved into a good pasture. Some
shrub and meadow lands are located in the low
mountains and hilly regions at an altitude of 700 m
to 900 m. The main grasses are Miscanthus sinensis,
Bothriochl oa ischaemeum and Themeda triandra. The
dominant shrubs are Lespedeza davidii, Vitex negundo
and Albizia kalkora. These grasslands have been used
mainly to graze cattle. However, only 30% of the
grassland and shrubs are utilised. The hilly region at an
atitude of 500 m to 800 m has more shrubs, vines,
herbs and grasses such as Imperata cylindrica, Setaria
viridis, Indigofera bungeana and Miscanthus
floridulus. These grasslands provide feed largely for
goats. The dominant plant of the meadow around
Dondlin Lake is Carex cinerascens. Grasslands also
occur between cropping or woodlot areas in Hunan,
where cattle and goats can be fed in large numbers.
However, because of overgrazing, the dominant plant
of this grassland is grazing-resistant short grass
together with a few legume plants. These main grass
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varieties are Cynodon dactylon, Digitaria sanguinalis,
Setaria viridis and some legumes such as Kummerowia
striata.

The main methods of using natural grasslandsin
Hunan include:

1. Uncontrolled grazing: This is the main type of
grassland use. Cattle and goats are fed freely on
the grassland especially when grass growth
commences in the warm season. The herd owner
tends the animals but this type of grazing can
cause serious damage through overexploitation.

2. Grazing in continuous mountain areas. Here, the
mountain grasslands are extensive with relatively
few animals. After grazing over a certain distance,
the animals are controlled in limited areas
overnight before being moved to a new area.
Under this system, much of the grassland is wasted
because it is not fully grazed by the animals.

3. Grazing in non-continuous mountain terrain: The
terrain in the south and east of Hunan is largely a
series of separate mountain peaks with cropping
regions between the mountains. The herd-owner
makes full use of special grazing terrain and moves
animals to different mountains, according to a
schedule.

4. Grazing for specific times: This method of grazing
is used in some counties in hilly and plains
regions, where the animals are fed in the barnyard
after grazing for a certain limited time.

5. Cutting or mowing: Some grasslands are small in
area, and hence it isinconvenient to graze animals
there. Animals are therefore fed in the barnyard
with mown grass. Grasses growing in meadows
with fertile soils grow well with high yields. The
fresh grass is mown and dried to provide usable
stored feed.

UTILISATION OF NATURAL
GRASSLANDS

For optimum results, it is important that economic
outcomes are considered together with ecological
factors. Critical factorsto consider for utilising natural
grasslands include the soil type, animal species, the

stocking capacity, the grazing time and methods of
controlling grazing pressure.

CHOICE OF ANIMAL SPECIES

The main natural grasslands of Hunan in mountainous
regions provide low quality herbage, often with a
protein content no more than 8%. Thus, it is very
important to choose animals that can grow on poor
quality feed. Local yellow cattle have a high capacity
to digest fibrous vegetation. According to
investigations in Baojin and Janyang counties, during
the major growth period from April to November

the weight increase of cattle ranges from 190 to

290 grams/day. Hybrid cattle tend to be better suited
to these conditions. Short grasslands tend to be better
for goat production, whereas tall meadow grasslands
are better suited to cattle.

CONTROLLING THE STOCKING
RATE

The grass yield needs to be matched to the numbers of
animals grazed if the vegetation is to be protected
from overgrazing. Experiments have shown that cattle
weighing approximately 200 kg require 0.5-2.5 ha of
grassland. The grass yield during the period from
March to July is high and more cattle can be stocked
at this time. However, in summer with dry conditions
and high temperatures, the number of animals grazed
needs to be reduced. This applies also during the cold
winter period. Hence, these natural grasslands need to
be grazed seasonally.

Grazing can normally commence 15 to 20 days after
spring growth begins. This can vary, depending on
atitude, from mid-March to mid-April, and grazing
can continue through until the end of December.

CONTROLLING GRAZING PRESSURE

Choosing a suitable grazing pressure is an effective
way of protecting against the degeneration of
grasslands. Because of high temperatures and rainfall
in the south, the persistence of grasses can be limited.
In order to keep grasses actively growing it isnecessary
to graze down to a height no less than 5 cm to 7 cm.
The grazing interval is usually around 45 to 50 days.
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THE INTEGRATION OF ANIMALSINTO DIFFERENT
LANDSCAPE ECOSYSTEMS IN HUBEI PROVINCE
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ILivestock Breeding Centre of Hubei Province, Wuhan, 430070, P. R. China
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Abstract

Hubel Province has alarge proportion of mountainous terrain, which accounts for 56% of the total land
area. Approaches to derive plant and animal products from different landscape ecosystems suited to
the natural conditionsand resources of the mountain areas have been studied, using symbiotic principles.
Four ecological and symbiotic patterns of organisms: (i) timber tree-forage-animal—-medicinal herbs;
(ii) crop—forage—animal; (iii) fruit tree-forage—animal and (iv) forage—animal—fish are proposed. Using
the symbiotic and mutually beneficia interactions of plant species, thelimited land and animal resources
can be more fully utilised. Increases in the biological yield of land, many new products, control of soil
erosion and improved soil fertility could be achieved by devel oping a high-production, high-efficiency,
material-recycling and sustainable agro-ecosystem in the mountainous region.

INTRODUCTION

HuBEl Province has many types of landform that can
be divided into three parts: mountains, hills and plains.
They account for 56%, 24% and 20% respectively of
the total landform. The climate is subtropical
monsoonal and because of the range of altitudes there
are many differences in climate, soil, plant and
cultivation patterns. The average arable land per person
isonly 0.058 ha, which is lower than the national
average of 0.13 ha. The unused grassy mountain and
slope areas are estimated at 0.088 ha per person, which
isone-third of the national average of 0.273 ha. Inlight
of the conflicting demands of population, resource,
environment, grain and energy, it is important to
increase the utilisation efficiency of resources and
exploit the potential of differing agricultural landscape
ecosystems. Developing animal husbandry on
mountain forage land, by combining planting and
animal husbandry, and building adaptable mountain
agro-ecosystems is the only way to resolve the deficit
in agricultural resources. Only by doing this can we
improve the utilisation ratio of resources, achieve
improved ecological and economic benefits, and reach
the target of sustainable agricultural development.

In Hubei Province, for reasons of history and the
varying natural conditions, there has been a serious
imbalance in the development of the rural economy.
Mountain development has lagged behind, and the
farmers' standard of living and technology were at
alow level. In the early 1980s, scientists carried
out research into developing and utilising mountain
resources. The research work included resource
investigation, agricultural structure, forage

development, ecosystem modifications, and inputs to
and outputs from agriculture. Some forage and plant
species with good adaptability and high yield were
selected. In the 1990s, traditional ecosystem models
were changed from the models in which developing
forage land was the only way to feed animals, to
models in which trees, grains, forages, and animals
were combined in integrated devel opment.

This paper discusses results that focus on the
improvement of the structure and function of
mountain agro-ecosystems. More attention needs to be
paid to integrated development models adapted to
different landscapes and technologies and which
benefit from symbiotic relationships between species.

MODELS AND METHODS

Experimental region and natural
conditions

In different landscapes, the ecosystems have different
structures and functions. Experiments were conducted
in typical western mountain regions above 1000 m,
with complex terrain and various landscapes. The
regions can be divided into three elevation zones: the
first is the mountain region above 1200 m. Thisareais
vast and has low temperatures. It is suitable for
forestry and forage-based animal husbandry. The
second is sub-mountainous regions with elevations
between 800-1200 m. This vast area has a good
climate and high quality soil, and therefore has the
best potential for integrated development of
agriculture, forestry and animal husbandry. The third
ishillsand plains at elevations below 800 m. Thisarea
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