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Chapter One.

General Introduction.

1.1 Research Context.

Presently, Western Samoa faces the critical challenge of sustaining food production by extending

cultivation to forest land and intensifying production on existing croplands. Productive and

sustainable use of these areas requires systems which make efficient use of available resources in

an environmental and socially acceptable manner, and which are economically viable.

Research in Western Samoa is currently testing agroforestry technologies, for their potential in

sustaining crop yields in comparison to the traditional method of bush fallowing.

The main focus of this study is an evaluation of legume tree intercropping systems for their

potential in sustaining food crop production in Western Samoa. The research concentrates on

the use of fast growing leguminous trees to fix nitrogen, recycle soil nutrients and enrich

fallow periods. Prunings from trees being applied as mulch to food crops to supply nutrients,

improve soil physical properties and control weeds.

This study was developed through identifying and defining existing problems facing subsistence

fanners in the rural communities in Western Samoa..

1.2 The Problems.

Food crop production in Western Samoa is currently constrained by several factors, issues relate

both to the bio-physical conditions and the socio-economic environment. Population pressure in

some villages and the demands made on the land resources by extended families are resulting in

land-use intensification and declining fallow periods. This is resulting in rapid depletion of soil

organic matter and declining soil fertility.



The humid tropical conditions which prevail in Western Samoa are conducive to rapid and heavy

weed growth especially during the rainy season. Heavy weed infestation is one reason for

abandoning land, as most farmers recognise that weed infestation leads to poor crop yields.

Weed control is the most laborious activity in cultivation especially with lands that have been

under grass fallow before crop establishment. Due to limited manpower, cash-crop farmers are

relying more and more on expensive agro-chemicals to control weeds. This is raising concerns

about environmental polution, and has lead to some villages banning the use of chemicals such as

the weedkiller paraquat.

A further problem in some of the cash crop systems is the practice of monocropping to meet

market demand and consumers preference, resulting in genetic erosion and crops highly

susceptible to outbreak of disease and insect pest.

Another factor leading to land degradation is socio-economic welfare of families, which leads to

farmers cultivating a large acreage for cash crops. As land near dwellings becomes exhausted, (it

is not exactly known whether the abandonment of these lands is due to bad weed infestation, soil

fertility problems or the desire of the land manager to claim more lands), farmers extend their

cultivation into the rainforest or steep mountain areas which are more vulnerable to erosion and

rapid loss of soil fertility. This also leads to the inefficient use of labour resources travelling to

and from distance plantations, and is resulting in many under utilised coconut plantations.

In summary the key problems perceived as important in agricultural development in the rural

communities based on an informal farm visits and surveys, qualified informant interviews and a

review of secondary information were:

1. Intensification of cultivation in some villages resulting in declining fallow periods.

2. Extension of shifting cultivation to upland rainforest areas.

3. Inefficient allocation of labour resources mostly in working distant plantation lots.



4. Lack of manpower (active youth) available for rural farming development.

5. Increasing use of costly herbicides.

6. Declining soil fertility.

7. Loss of genetic diversity.

Intensive cultivation with short or no fallow period to restore soil fertility was perceived as a core

problem which results in a rapid fall of soil organic matter level, and declining soil fertility. This

causes nutrient deficiency symptoms in crops and makes them highly susceptible to insect pests

and diseases, and affects crop yields. Also, decline in fallow periods coupled with the removal of

trees from agricultural land during cultivation is resulting in more aggressive weed growth and

difficulties in locating firewood.

1.3 The Setting.

Western Samoa Island group lies between latitude 13° and 15° South and Longitute 170° and 173°

West in the South Pacific. The group consists of two big Islands with several small islets.

The country is small and is isolated from her main industrial neighbours (The island group is

located 2500 miles east of Australia, 1900 miles northeast of New Zealand and 5000 miles south

west of the United State mainland).

The two main Islands Upolu and Savaii, have a population of around 161,000 people, with about

70% of the population living in Upolu, and 30% in Savaii (Government of Western

Samoa,1991). Twenty one percent of the total population are dwelling in Apia, the only urban

area and the centre of trade, commerce and communication linkage to the outside world. The

remainder of the population live in villages along the coastal areas of the two main islands and

two small islets, Manono and Apolima.

Upolu has a land area of about 1115km2 (FAO, 1991), with a population density estimated at 104

people per 1km2. Savaii is the largest Island with land area of 1814km2 with a population density

of 25 people per 1km2.



The survey on land use and topography of the island estimated that 69% of the total land area of

the island has potential for agricultural purposes, where 46% has potential for cropping and 23%

for pasture (Anon.,1990 and FAO,1991).

The climate of Western Samoa is tropical with very little variation in annual temperature, the

mean lowland daily temperatures range from 27° to 300C and upland ones from 20° to 21°C,

respectively. The small range in annual temperature variation is accompanied by a variation in

humidity which ranges from 80 to 90% (Anon., 1990).

The rainy season extends from November to April, with monthly rainfall ranging from 250mm in

the coastal lowland, to 700mm in upland areas of both islands. The weak dry season extends

from May to October, and is more pronounced in the north west of Upolu and Savait Island with

monthly rainfall varying from 50mm to 300mm (see figure 1).

Generally, most of the soil of Samoa belongs to the soil Taxonomy Order Inceptisols, with parent

materials dominated by andesite basalt, (Wright, 1963). The soil is relatively young and shallow

with lots of weathered coarse rocks fragments. The soil texture is usually clayed and well drained

due to oxidic mineralogy. (Jackman, 1986).

According to Wright (1963), soils of the lowland and foothills range from very shallow sandy

gravels to deep dark reddish brown clays, while the uplands range from very shallow peaty loams

to deep peaty silt loams. Although the physical nature of the soils is generally good, their porosity

and shallowness makes them prone to leaching under heavy rain conditions.

Chemical properties can be defined by high organic matter contents (5-10%) with high Cation

Exhange Capacity (27-55cmol(+)/kg) (Wright 1963 and Asghar,1986). The K content of the soils

is generally low usually less than (0.5cmol(+)/kg) (Yost, 1986), soil pH values range from 5.2-

6.4. The Troug-extractable P (Phosporus) is generally low, (2-10mg/kg) and P fixation values of

the soil ranges from (62-85%) which is very high, (Asghar 1986).



In terms of productivity, the soils of Samoa are fertile. But due to their shallowness, stoniness and

coarsely aggregate nature, plus the influence of high temperature and heavy rainfall, fertility

decreases rapidly under cultivation. Therefore good management is very important in sustaining

soil fertility for productive agriculture.

In Western Samoa, agriculture is still the most important sector in the economy. According to the

agricultural census in 1989, 70% of households were recorded as having agriculturally active,

(Government of Western Samoa 1990).

However, whilst agriculture employs a large sector of the population, it only contributes 42% of

the country's total GDP (Gross Domestic Product) and over 65% of this comes from the

subsistence sector (Government of Western Samoa 1992).

The country is also highly dependent on foreign aid and remittances to maintain its services and

standard of living (Asia Development Bank 1985 and Government of Western Samoa 1987). The

country relies heavily on imports of food and goods, while exports of agricultural products are

declining. The annual report of the Central Bank of Samoa reveals that export commodities

financed only 6.3% of the import bill for the year 1993, (Central Bank of Samoa, 1994).

Until 1980's, Western Samoa exports depended largely on three agricultural commodities, cocoa,

taro and coconut. The outlook for exports at the present time is not promising, as these

agricultural crops are vulnerable to the vagaries of weather, outbreak of diseases and pests and

external price fluctuations.

Currently, the major export commodities are derived from coconut (oil, copra and cream) with a

modest quantity of banana exported to New Zealand, while taro exports have fallen dramatically

as a result of a disease outbreak, taro leaf blight (Phytophthora cohcasiae).





1.4 Farming Systems in Samoa.

Shifting cultivation has been and still is the common practice of cropping in the country. Apart

from the European plantation mode of agriculture, the majority of Samoan cultivated land was

primarily for subsistence food production. But with increased migration of Samoan people

overseas, which created a market for export crops, coupled with the added desire to gain wealth,

people started to plant large plantations of taro to meet this need.

The farming systems in use in the country are either subsistence or plantation crops confined to

the lowlands, and extending up to the foothills (Paulson, 1993). Areas along the coast are

classified as coconut (Cocos nucifera) zones mixed with several food crops, mainly for

subsistence productions, like breadfruit (Artocarpus altilis ) , banana (Musa spp.), yams

(Dioscorea spp.) cassava (Manihot escvlenta) and the aroids, (Colocasia esculenta, Alocasia

macrorrhiza and Xanthosoma spp.).

Further inland are mainly plantation plots or cash crop/fallow zones, where coconuts and cocoa

(Theobroma cacao) were the main plantation crops. However more recently, these areas mixed

with banana and taro planted as either cash or food crops, until the outbreak of taro leaf blight.

Areas extending up to forest land were classified as taro fallow zone and pasture for cattle

farming. These forest lands were recently (within the last twenty years) used for the

establishment of large taro plantations mainly for export.

The extent of taro cultivation required to meet market demand together with the desire to control

large areas of land proved devastating to the environment, and is evident in some villages losing

their forest lands (Paulson 1993). Pressure on the use of agricultural land coupled with

environmental concerns threaten the sustainability of shifting cultivation practices (Rogers 1992).

Therefore, there is a need to develop appropriate technologies which can help in prolonging the

crop cycle, whilst reducing or eliminating the fallow period.



Taro was until recently the main crop throughout the whole country, not only as an important

food but also as a major cash crop in all villages. In several locations, taro was cultivated from

the coastal lowlands up to the rainforest. According to the agricultural census carried out by the

Agriculture Department in 1989, the total land area under taro was about 15,000 ha,of which

76.3 percent was grown as a monocrop, 22.6 percent mixed with other crops, and 1 percent as

scattered plants. Up to 80 percent of taro produced in the country was used for local

consumption, including ceremonial function, and the rest was exported to overseas (Government

of Western Samoa,1989). Taro was one of the major commodities exported overseas, to serve the

needs of the migrant Samoan community, where New Zealand was the biggest market, followed

Australia and United State. However, since the outbreak of Taro Leaf Blight in 1993 destroyed

taro production, people have started to diversify their cropping systems. Banana is now becoming

important as a cash and food crop, together with Alocasia macrorrhiza, yams, Xanthosomaspp

and cassava mixed cropping systems.

1.5 Literature Review.

Several definitions of agroforestry can be found in the literature including those which put

emphasis on the planting and protection of trees in land-use systems, but the following definition

will suffice in the context of this research.

Agroforestry refers to land use systems in which trees are grown in association with food crops,

pasture or livestock and in which, there are ecological and economic interactions between the

trees and other components (Young 1989).

The following potential benefits from Agroforestry systems were suggested by Kang et al,(1984)

and Young,(1989):

1. More efficient use of sunlight, moisture and nutrients and favourable condition for soil

organisms.

2. Increased total production (including firewood).

3. Reduced inputs in terms of labour and costs, and increasing profit over time.

4. Sustainability of productivity
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The mentioned benefits of agroforestry focus mainly on the sustainability and maintenance of

land productivity. The aim of such systems is to allow the intensification of cropping in a limited

area, maintaining satisfactory yields, with low inputs (labour and costs). To be adoptable the

systems must stabilise yields or increase them with labour inputs within the fanner's capability.

Furthermore, in the Samoan context, the system must be more attractive than clearing extra forest

land.

Farming systems which combine trees with agricultural crops and livestock are an age old

method of cultivation which have been practiced by many farmers around the world for

thousands of years (MacDicken and Vergara 1990). A variety of agroforestry systems are

traditional and widespread in the South Pacific islands (Shirmer,1983; Vergara and Nair,1985;

Clarke & Thaman, 1993). Shifting cultivation is one common form of agroforestry practice,

based on a time rotation of trees with food crops to sustain the productivity of the same piece of

land over time. The important aspect of this practice is that the net loss of soil fertility under a

cropping component can be balanced by the tree component during a fallow. The deep rooted

trees and shrubs recycle plant nutrients and build up soil organic matter. This system has been

used extensively throughout the Pacific islands, and is ecologically sound and sustainable

providing fallow periods are long enough to restore soil fertility (Nye and Greenland, 1960).

Traditional agroforestry is common in Western Samoa. Thaman and Whistler (1994) in a recent

review of agroforestry in Western Samoa provide detailed lists of trees and their uses, the main

species they recorded commonly found or protected in village gardens include coconut palms,

wide range of banana and plantain cultivars, breadfruit,aroids and pandanus {Pandanus spp.).

Other less common species found planted or protected include Polynesian vi-apple (Spondius

dulcis), lopa tree (Adenanthera pavonina) and O'a (Bischofia janavica). Useful trees are

protected or planted in fields with food crops, and along field boundries. The trees provide

building materials, firewood, fruits, green mulch, shade, live fences, crop supports and

medicines. Leguminous trees such as Erythrina subumbrans, Leucaena leucocephala and Albizia

chinensis are used to provide shade in cocoa and coffee plantations, and cattle are frequently

grazed under coconuts.
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However, the most popular use of legume species in agroforestry research is in the form of "Alley

Cropping," which has been suggested to be a practice which may be ecologically and

economically viable for sustainable crop production by small scale farmers (Kang et al. ,1981,

Vergara 1987, Rogers 1992 and Karim etal.,1993).

1.5.1 ALLEY CROPPING.

Alley cropping is a land use management practice which attempts to incorporate the good

features of bush fallowing into a continuously productive cropping system. (MacDicken and

Vergara 1990). The best use of alley cropping will come from maximizing the complementarity

of resource use by legume trees and crops and minimising competition for nutrients and sun light.

The selection of trees and crop species which are to be grown together and the management of

the system are therefore of particular importance (Rogers 1992).

Legume trees can play an important role in farming systems through maintenance of soil organic

matter due to the production of large amounts of tree biomass (Kang et al, 1984).

1.5.2 Studies on tree biomass and crop yield in alley cropping:

The first formal experiments using legume trees in alley cropping were carried out at the

International Institute for Tropical Agriculture in Africa (I1TA) in the early 1980's. These early

experiments concentrated on grain crops, mainly maize and cowpea alley cropped with Leucaena

leucocephala or Giliricidia sepium. Some research was also carried out with cassava. And results

indicated the benefits of alley cropping under researcher managed experiments (Kang et al,

1981; Kang et al., 1984 and Kang and Wilson, 1987).

The inclusion of legumes in the cropping system can produce large amounts of foliage biomass

to increase organic matter, and release nutrients to improve soil fertility. Thus minimising the use

of synthetic fertilizer (Yamoah et al., 1986), and increasing crop yields (Hussain et al., 1988).
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Studies using L. leucocephala alley cropped with maize showed that yields were significantly

higher in the alley treatments compared to the control plots (Kang and Duguma 1985). When L.

leucocephala alley cropping was tested on low fertility loamy sand soils over a five year period,

maize yields declined in the control plots where no mulch was applied, but were maintained and

significantly increased in treatment plots, where tree primings were applied (Wilson et al.,1986).

In the Phillipines, alley cropping trials on steep land of volcanic origin showed considerable

benefits both in com crop yield and erosion control. Yield data for three years showed that the

second year corn yields were consistently higher in alley plots than in the control. In the third

year, corn yield increased threefold in treatment plots compared to the control. This was

attributed to the mulching effect of L leucocephala primings (O'Sullivan,1985).

Various researchers have reported that C. calothyrsus produce large amounts of foliage biomass

from prunings (Kid and Taogaga 1985; Tekel-Halmont et al, 1991 and Rosecrance et al, 1992).

The tree is also reported as being widely used in forestry and agriculture in Indonesia (Evensen,

1989 and Hainan et al, 1992), and as having the ability to restore soil fertility in degraded soils

(Prayito and Wijaya, 1979).

Alley cropping with C. calothyrsus also improved maize yield and was comparable to L.

leucocephala in this respect (Gichuru and Kang, 1989). However, cowpea yields in alleys of L.

leucocephala or G. septum generally declined by 30-50% compared to control plots

(Ngambeki,1985; Lal,1989). Cassava yields were also reported to be reduced in an alley cropping

system (Kang et al, 1989). Clearly different crops respond differently to alley cropping.

There is little information available on the use of Albizia chinensis in alley cropping experiments.

But the tree is reported as being cultivated as a shade tree in tea and coffee plantations in India

(Prasad et al, 1992). In Western Samoa, the tree is a fast growing species, valued for timber,

handicrafts and firewood.
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1.5.3 Alley cropping in the South Pacific:

In the South Pacific region, research on alley cropping was initiated in the early 1980's mainly

focusing on sustaining yields of root crops. Currently, alley cropping is being tested as an

alternative method to traditional bush fallowing to intensify cropping systems in the region, and

research is still ongoing in several countries.

Yield benefits from alley cropping experiments around the world have been reported mainly with

nitrophilic crops such as maize that respond readily to nitrogen (N) inputs provided by primings

from the leguminous hedgerows. However, the principle staple foods in most Pacific Island

countries are root crops, and reports of positive benefits from tree legumes in root crop

production systems are more difficult to find. Indeed, high N levels in newly cleared forest soils

or applications of N fertilizer can result in vigorous top growth with low tuberisation in crops

such as sweet potato and cassava (Van Wijmeersch, pers. comm.). (Brook 1993), reporting on an

alley cropping trial conducted at the Lowlands Agricultural Experiment Station in Papua New

Guinea, concluded that all hedgerow species tested provided N in quantities greater than

intercropped sweet potato requirements, which resulted in greater vine growth at the expense of

tuber formation. This worker considered shade from hedgerows detrimental to crop yield and

concluded that prospects of this land-use system for sustaining sweet potato yields were not

promising.

In the Solomon Islands, alley cropping experiments have been conducted since 1985, testing

various multipurpose tree species for their potential in improving or maintaining crop yields.

Results have shown that yield of cassava and sweet potato were generally low in alley cropped

plots (Hancock, 1989). Research in Tonga has shown that yield of yams {Dioscorea alata) and

taro {Colocasiae escutenla) were lower in 2m and 3m alley plots of L leucocephala compared to

a control with no trees (Manu & Halavatau,1994).

In Vanuatu, alley cropping research has been carried out to evaluate four legume trees in

combination with yams, maize/cowpea intercrop, sweet potato and taro. The legume trees tested

were Cajanus cajan, G. sepium, Flemingia macrophytta and L leucocephala,
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Early observations showed that F. macrophylla is slow to establish compared to other legumes,

and sweet potato is difficult to manage in crop rotation and also in placing of pruning in the

growing crop (Rogers, 1992),

In Fiji, on-farm research was carried out in the Lornaivuna area testing C, calothyrsus alley

cropped with taro, ginger (Zingiber officinalis) and cassava grown in rotation. Results showed

that taro yieid per corm was reduced by 20% in alley treatments compared to the control, though

taro spacing in alleys was more dense than the normal spacing. Yield of ginger dropped by 33%

in agroforestry plots, while cassava showed a small positive response with a yield increase of

around 3% in alley treatments (Singh & Kunzel,1994).

Limited work on alley cropping has been reported from Western Samoa. In the early 1980's an

experiment was carried out by the Community forest and the FAO Root Crop Development

Project, aiming at the assessment of available multipurpose tree species as potential soil

amenders. One trial involved taro (C esculenta) with six different legume trees species, C.

calothyrsus, G. septum, L. leucocephala, Sesbania grandiflora, Albizia saman (synonym

Samanea saman), and Erythrina sp. (Kid and Taogaga,1985). Results indicate that C. calothyrsus

, L. leucocephala and G. sepium, all produce large quantities of foliage biomass, but there

appeared no relationship between taro yield and the amount of tree biomass applied as mulch to

the plot. However, there was no attempt made by these workers to assess the long term crop yield

sustainability in the alley cropping system.

The first alley cropping experiment initiated at the University of the South Pacific, Alafua

campus was in 1987. The trial was designed to evaluate two legume tree species, C. calothyrsus,

and G. sepium, planted in three different alley widths, in combination with a taro crop

(Rosecrance et al.,1992), reported that after four consecutive years, hedge biomass yields ranged

from 5.1 to 16t ha-1 yr-1 dry weight, with C. calliandra and G. sepium performing equally well.
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The tree biomass yields decreased by 2t ha-1 with increasing alley width from 4 to 6m. Weed

populations were significantly lower in the 4m alleys compared to the 5m, 6m and control plots.

Soils from the alley plots held significantly more water in the 0.3 to 1 bar range than soils from

the controls. After four years of mulch application soil water holding capacity and bulk density

were measurably improved, but no significant improvement was found in the chemical nutrient

status of the soils. Despite reduced weed growth and improved soil physical properties there was

no positive effect of alley cropping on taro yields over the first four years of the trial.

A cut and carry experiment in Western Samoa showed that the use of green leaf manure from

Erythrina variegata trees as mulch increased taro yield by 40% (Weeraratna and Asghar, 1992).

But the main disadvantage of cut and carried mulch is the transportation of a substantial amount

of mulching material from where it is produced to the crop area. Such systems would require

high labour inputs, and are therefore not appropriate for small farmers in Western Samoa.

1.5.4 Effects of trees in alley cropping on weed growth:

Weeds were identified as one of the major constraints in crop production, together with other

factors like declining soil fertility, pests and diseases. It is well known that weeds compete with

crops for soil nutrients, water and light, they also host insects and pathogens (Labrada and Parker,

1994). Weed control not implemented at an appropriate time may cause severe crop losses

(Altman and Campbell, 977). Personal observations have confirmed that delayed weed control

severely suppresses taro in its early development growth.

Weeds are always referred to as an important pest in agriculture, and several attempts have been

made to estimate the costs and time input spent on weed management in crop production. In the

1970's,the annual losses caused by weeds in developing countries have been estimated to be 125

million tons of food,a quantity sufficient to feed 250 million people (Parker and Fryer, 1975).

Weed management is the most laborious activity in crop production, but very few studies on the

weed control aspect of alley cropping using multipurpose tree species have been reported.
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A study on alley cropping with L. leucocephala on maize, in Kenya showed that weed control

takes up 50% of total labour input needed to produce a crop in comparison to no tree treatments

(Jama et al, 1991).

The humid tropical conditions which prevail throughout the island of Samoa are conducive to

rapid and heavy weed growth especially during the rainy season. Weeds are thus a major problem

leading to early abandonment of plantations, and a return of land to fallow.

An extensive survey of taro patches by (Sauerborn and Koch 1986) mainly in inland plantation

lots, found out that the average weed cover in farmers taro plots was 60%. And it was estimated

that up to 70% of total labour input in taro production is spent on weed control activities alone

(Opio 1983; Rehman 1983 and Wilson et al, 1984). Whilst data on work activities from an on-

farm agroforestry trial in Western Samoa, showed that it takes six hired labourers two days to

clean a 44 x 37m plot, using a cultural method of land clearing with a bush knife and hooked

sticks called lafo. The plot had previously been in fallow for several years and was dominated by

the grass species Brachiaria mutica (Rogers 1993).

In rural areas, farmers face difficulties in controlling weeds especially in land dominated by

grasses such as Brachiaria mutica. Prolific weed growth and rapid regrowth during crop

establishment forces farmers to rely on expensive agrochemicals (herbicides). The potential for

trees to control weeds through shade and mulch is therefore an important aspect of alley cropping

systems.

1.5.5 The value of alley cropping:

The assessment of short and long term benefits of alley cropping as a basis for decision making

by farmers with poor resources is very important. The adoption and success of alley cropping

systems partly depends on the economic benefits demonstrated in the technology introduced.
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Since the alley cropping resurgence in the early 1970's, the International Centre for Research in

Agroforestry (ICRAF) has put much effort in to research and development work to promote alley

cropping. However, most of their work has focused mainly on the potential role of legume trees

in recycling nutrients, minimising soil erosion, and providing fuel, forage and shade for weed

control.

Researchers in Africa and Latin America have made economic evaluations of different

agroforestry practices. A study by Ehui in Nigeria, cited by (Scherr 1992), used a cost-benefit

analysis and partial budget to compare traditional cultivation methods with alley cropping for

maize production. He concluded that intensive soil-conservation methods such as alley cropping

are not economically viable for farmers until a certain level of land scarcity exists. But

(Ngambeki's 1985) research on L leucocephala alley intercropping with maize in South West

Nigeria indicated that even though the system was more labour intensive, the cost of fertilizing

was eliminated, herbicides use was minimised, and the profits increased as the crop yield

increased.

(Evensen's 1989) studies in West Sumatra in Indonesia determined that alley cropping uses more

labour and increases labour cost over fanners' traditional practice. However, if farmers have

resources, such as labour and capital, alley cropping is more profitable than the traditional

method.

Results of these studies indicate that alley cropping is superior over a traditional fallow systems

in terms of; increasing crop yields (mainly corn crops) over periods of time under continuous

cropping; improving nitrogen content of the soil; weed suppression and producing wood for fuel,

But most of these results were obtained from station experiments carried out in environments

fully managed by researchers, or from on-farm studies with considerable input from researchers.

In the Pacific region, Raynor tried to assess the economic performance of the indigenous

agroforestry of Pohnpei Island in Micronesia. He describes the role of the agroforestry in the
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subsistence, prestige, and commercial economies of the island, as well as in ecological stability,

using data from farmers and field surveys and participant observation. He also examines the use

of land, labour, and capital inputs in production and farmers' decision making about resources

allocation. The main constraint he faced in making such an economic analysis of indigenous

agroforestry was that farmers do not keep records of inputs and outputs, and most of the produce

does not reach the market (Raynor, 1992).

(Hardaker, 1993) carried out an economic assessment of agroforestry work in Fiji, using data

from Fiji German Forestry/Agroforestry Project. He used a cost-benefit analysis and financial

modelling which showed that there would be a negative net benefit value during the first five

years of leguminous tree establishment. A net profit would start only in year six and increase up

to year fifteen, whilst the traditional system would be declining. He concluded that the alley

cropping system is unlikely to be adopted by smallholder farmers because there would be no

tangible benefits before year five or six.

In Western Samoa, an economic analysis using the computer programme MULBUD, was carried

out to investigate the potential net production benefit for the adoption of spacial agroforestry, as

an alternative land use to taro production in traditional bush fallow rotation. Five years of data

from an alley crop plot of taro intercropped with leguminous trees G. sepium and G calothyrsus

from the Community Forestry Programme was used as the basis for the projection. Conclusions

were that adoption by farmers of agroforestry would result in a benefit over the traditional bush

fallow system of $1729 per acre for the five years, stated in net present value terms (Anon, 1990).

The main disadvantage in these economic assessments (Pacific context) is the measuring of input

data on labour activities in crop production and harvest. Most data collected were based on the

farmers memories, even in research, manhours in labour activities were not often recorded, and

figures were sometimes estimated based on experience, and these can be very unreliable and

result in either overestimate or underestimate or even misinterpretation of the real situation.
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1.6 Objectives of the current work

The review of literature indicates that alley cropping has the potential in sustaining food crop

yields (albeit mainly corn crops), effective weed control, reduced labour input in weed control

activities, provision of firewood and soil erosion control

All these potential attributes of alley cropping are worth testing and applying to enhance

sustainable food crop production in Samoa. Trees are very important components of the Samoan

farming system, and legume trees such as Albizia chinensis and Erythrina subumbrans are

commonly found on crop land. However, there is not much scientific data available on their

potential as soil amenders, or how they interact with root crops in the cropping system. It was

therefore considered worthwhile to study them in agroforestry experiments.

Earlier work (Weeraratna and Asghar, 1992) indicated that applying tree mulch improved taro

yield in open plots. However (Rosecrance et al. 1992) showed that in 4m tree alleys yield reduced

despite the large amount of mulch applied. This suggests that the tree competition at the tree/crop

interface in the narrow alleys offset any advantages that might have been achieved from adding

the tree primings as mulch to the crop. A possible way to reduce tree competition and maintain

the high level of tree biomass to apply as prunings is by reducing the number of tree /crop

interfaces per unit area of cropped land. This could be achieved by planting wider alleys and

increasing the number of consecutive tree rows. This hypothesis is tested in this research project.

Also labour inputs in for crop maintenance and tree management activities and the shade effect

of trees on weed growth has also been investigated.

Under the general hypothesis, The inclusion of legume tree species in food cropping systems in

spatial arrangements and/or temporal sequences can improve the biological productivity,

economic viability and sustainability of the systems; the following specific hypotheses have been

investigated:

1. Prunings from trees tested applied to the soil as mulch can improve soil organic matter

levels and soil chemical properties.
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2, Tree shade during short fallow periods can reduce weed populations and hence labour

and chemical inputs for weed control.

3. Double tree rows will produce more biomass than single rows, which will enhance the

potential beneficial effects so as to compensate for the extra loss of crop land to trees.

4, With appropriate management tree intercropping will sustain food crop yields

compared to no tree plots and will be economically viable for small farmers.

Two long-term experiments are discussed, an alley cropping trial located at the Moamoa

Research Farm, University of the South Pacific, and a research managed on-farm trial at Poutasi

on the south east coast of Upolu island.
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Chapter two

Alley Cropping Trial.

2.0 Tree Biomass and Food Crop Yield,

This chapter reports on the growth and productivity (green leaf wood biomass) of two

leguminous trees, Calliandra calothyrsus Meissn., and Albizia chinensis (Osb) Merr. grown in an

alley cropping trial; the effect of tree shade on weed growth and labour input in weed control,

financial profit comparison between alley cropping and traditional method, and the potential of

alley cropping in improving food crop yields during several years of cropping.

2.1 Objective.

The specific objectives of the alley cropping study were;

1. To determine foliage and wood biomass production of Calliandra calothyrsus Meissn

and Albizia chinensis (Osb) Merr. Grown in an alley cropping system.

2. To compare the green leaf biomass and firewood production of the two selected species

3. To evaluate taro yield sustainability and the profitability of alley cropped plots compared

to the no tree control.

2.2 MATERIALS AND METHODS.

Site Characteristics.

The experiment was established in November 1990 at the University of the South Pacific, School

of Agriculture, Moamoa farm in Western Samoa (13°51 S longitude, 171047' W latitude). The

climate is tropical with a mean temperature of 26°C, the annual rainfall is around 3600mm, with

a weak dry season from June to October.

The trial site was generally flat, elevated 55m from sea level and was partly covered with old

coconut trees before the trial was established.

The soil is classified (USDA) as a very fine, oxidic, isohyperthermic Typic Hapludoll, derived

from Olivine basalts (Morrison et al., 1986). The soil is relatively high in organic carbon and a
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nitrogen with good cation exchange capacity and pH of around 6.4. It is porous in nature and can

suffer moisture deficits from time to time during the dry season.

2.2.1. Experimental Design and Statistical Analysis.

The experimental design is a randomised complete block with 5 treatments and 4 replications.

The treatments are:

1: 6m Alleys with single Albizia chinensis tree rows.

2: 6m Alleys with double Albizia chinensis tree rows.

3: 6m Alleys with single Calliandra calothyrsus tree rows,

4: 6m Alleys with double Calliandra calothyrsus tree rows.

5: Control with no trees.

The treatment plots are spaced 6m by 20m in length in the single tree hedgerow with tree spacing

within tree row of 0.5m and 6.5m by 20m in double tree hedgerow plots, with a substantial guard

area of 6m wide between each treatment plot.

The following orthorgonal comparisons were planned at the initiation of the experiment:

1. Albizia chinensis vs Calliandra calothyrsus.

2. Double tree rows vs single tree rows.

3. Tree vs no-tree plots.

2.2.2. MANAGEMENT.
1st Cropping Year.

In November 1990, the site was cleared of old coconut trees and the first taro crop (cultivar Niue)

was planted. Later, after taro planting three months old seedlings of A.chinensis and

C.calothyrsus were planted in 20m long rows, spaced 0.5m within rows and between double

rows, to form 6m wide alleys. The tree hedgerows were orientated East-West direction.

The first pruning of legume trees was carried out about six months after planting, when trees

were well established and lightly shading the crop. Trees were cut 1m from ground and primings
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were weighed and applied as mulch to the crops (foliage of green leaves were weighed separately

from wood material). * Any stem material above 1cm in diameter is required as wood.

All plots were weeded by hand or sprayed with herbicide (paraquat, 10Omls a.i./17L knapsack)

when it was necessary,

The first soil samples were taken in January 1991, two months after trial establishment and

analysed for organic carbon, total nitrogen and exchangeable bases.

Taro C. esculenta var esculenta (L.Schott) was planted at a 1x1m spacing within legume tree

treatments and in the control in the first year, giving a crop population of 10,000, 8,333 and 7,692

taro per hectare in the control, single row tree plots and double row tree plots respectively. In the

following years the taro crop spacing was reduced in the tree plots to lx0.9m giving a population

of 10,000 taro per hectare similar to control plot.

2nd Cropping Year.

A weed survey was carried out after the first four months fallow period (October 1991) and six

weeks (December 1991) after the second crop planting. Weed sampling was carried out to

estimate percent weed cover using 100cm2 quadrats systematically distributed over the treatment

plots, and dominant weed species identified. Weeds were controlled as in year 1,

Treatment plots were also split and planted half to taro cultivar Niue and the other half to cultivar

Manua, to evaluate the responses of two different taro cultivars to alley farming.

After the fallow period, and before planting the trees were cut to 1m height and prunings were

applied as mulch onto the plots. During the cropping period the trees required two to three further

cuts, spaced about 8-10 weeks apart. All prunings were weighed after coppicing, before being

applied as mulch to the plots, sub samples were also taken to estimate percentage dry weight.

The crop was harvested after 7 months growth and weighed to determine plot yields, before

leaving the plots to fallow and trees to grow.
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3rd Cropping Year.

In the third cropping year plots were again planted solely to taro cultivar Niue. Crop management

was the same as in the first two cropping years.

However, tree plots were split at planting time, half of the tree row were coppiced to 1m and

prunings applied as mulch in one subplot, and in the other half the trees were only partially

pruned to provide a light shade to the establishing crop for the six weeks of crop establishment all

trees were coppiced to lm as required. The control plots were also split, one half receiving

Achinensis prunings at a rate similar to the single A.chinensis treatment and the other receives no

prunings.

4th Cropping Year.

Tree management was the same as in the first, second and third year of cropping. Tree shade was

regulated by frequent pruning. Trees were coppiced to 1m and the prunings applied as mulch to

the plots after fallow. Tree regrowth maintenance by frequent pruning and weed control were

carried out as in the first, second and third years.

Taro headsetts were planted in November each year and harvested in June after about seven

months. A short fallow period of four months was left between each cropping cycles. During the

fourth cropping year, plots were planted with a mixed crop of banana, Xanthosoma taro (talo

palagi) and C. esculenta. The banana was planted in rows in the middle of the plot space 2.5m

within a banana row and 3m from tree hedge, Xanthosoma taro was planted in two rows lm from

the tree hedges on both sides of the plot and 1m within the row. Colocasia taro was planted

between the rows of Xanthosoma taro and banana, spaced at lm within the row. This change in

cropping was due to the outbreak of Taro Leaf Blight disease in Western Samoa. Weed control

was carried out as in the previous years.

The taro was sprayed weekly with Ridomil alternating with Manzate together with frequent

picking of infected leaves. Taro was harvested after five months when the crop started to die
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from severe leaf blight infection, Xanthosoma taro was harvested after seven months, while the

banana harvest depended on fruit maturity.

2.3 Results and Discussion.

2.3.1 Trees Biomass Yields.

The biomass yields from tree hedges both foliage (leaves and young shoots) and wood are

presented in Tables 1.1 to 1.7 respectively. Yields from prunings for the season 1991/1992 are

shown in Table 1.1 and 1.2. Mean yield from four cuts in the first season clearly indicates the

difference between the two species. Foliage mean yield from the first coppicing in May 1991 (six

months after seedling transplanting) shows a difference between treatments, the analysis

indicates that A. chinemis produced significantly (P<0.OOl) more foliage, than C. calothyrsus,

but there is little difference between the single and double row treatments, However, the analysis

of variance of foliage dry matter, shows no significant difference between the two species, due to

the higher dry matter content of C calothyrsus, compared to A chinensis.

Mean yields of fresh pruning November 1991 exceeded 13t ha'1 and 14t ha-1 from single row

treatments of C. calothyrsus and A. chinensis, and 18t ha-1 from double rows. This cut was made

after the fallow period of four months, when trees were allowed to grow after crop harvest.

Both trees produced large amounts of fresh green prunings and required two coppices (8 to 10

weeks apart), during cropping period (January and April).

Dry weight yields of green leaf pruning during tree/crop maintenance period (January and April)

in 1992, shows that double rows yields significantly higher (P<0.001) than single rows. And A.

chinensis was the highest yielding tree specie compare to C calothyrsus.

Total mean yields of prunings from four cuts in this season (1991-92), exceeded 7t ha"1 in single

row of C. calothyrsus treatments and 8t ha"1 for single A. chimmis,rows while double rows of C.

calothyrsus and A. chinensis were up to 9t ha-1 and 11t ha"1 dry weight. Generally, A. chinensis
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2.3.2 Wood Production.

Wood Production from the three cropping years is shown in Table 1.8. Fresh wood production in

November 1991 (first fallow period) shows that A. chinensis produced up to 49t ha-1 which is

about 51% higher than C. calothyrsus after a four months fallow. In addition, double rows

significantly outyielded (P<0.01) single row treatments.

In dry matter yield, A. chinensis still outyielded G calothyrsus significantly (PO.05), where A.

chinensis produced up to 16t ha-1, and C. calothyrsus up to 11t ha-1 of dry wood (Table 1.8b).

Fresh wood production in the second year (November 1992) showed that A. chinensis outyielded

C.calothyrsus significantly (P<0.05). Also in wood dry weight, A.chinensis yield was higher by

35%, but the differences was not significant (All significant levels are at P=0.05).

In the third year (November 1993), fresh wood production from A. chinensis (17t ha-1.)

significantly (p<0.001) outyielded C. calothyrsus (12.6t ha-1.) by 26% after a four months fallow.

However, there was no significant differences between the two species in wood dry weight yield

(Table 1.8b).

The wood production in the third season is much lower compared to previous years. A. chinensis

wood production dropped by 65% and C. calothyrsus dropped by 55% in comparison to the

second year wood production. The total wood production from the three fallow periods is much

higher in A. chinensis, (106t ha-1) while C. calothyrsus produced up to 65t ha-1 of wood.

However, lower percentage of dry weight in A. chinensis wood makes it a poor firewood,

compared with C. calothyrsus. The latter has higher percentage dry matter, which makes it a

better firewood.
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2.3.3 Tree Mortality.

After three cropping years with heavy tree coppicing each year, 34 A. chinensis (3.5% of total)

and 47 C. calothyrsus (4.7% of total) died in trial over the 3 years period. However, 159 C.

calothyrsus trees had to be planted in January 1992 to replace ones killed by wind damage during

Cyclone Val in December 1991.

2.3.4 Nutrient Content of Foliage Yield.

The amount of nutrients in the prunings returned to the soil was estimated from the amount of

dry weight foliage biomass applied as mulch and the concentration of nutrients in the leaf

material. Table 1.10 shows estimated amounts of N,P,K from the two legume species, returned to

the soil during the second cropping season. The A. chinensis tree returned greater amounts of

nutrients (N,P,K) compare to G calothyrsus, and double rows returned greater amounts in

comparison to single rows.

Tables 1.11 and 1.12 indicate similar results, that A. chinensis returned more Nitrogen,

Phosphorus and Potassium than C. calothyrsus.
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2.3.5 Food Crop Yield.

The taro crop was usually planted in early November, which is the beginning of the rainy season,

Taro can be grown all year round in Western Samoa, but most farmers prefer planting at the

beginning of the rainy season, and harvesting in the dry season.

Food crop yields are shown in Figure 2.a. and 2.b. Taro yield (kg/hectare) in the first year were

adjusted to account for tree rows, where 5 rows of taro were planted in the alley plots (tree

replacing taro row) whereas 6 rows of taro were planted in the following years (tree adding to

and not replacing taro).

Result shows that taro yield (kg/ha.) in the first year showed that no-tree treatment was

significantly higher (P<0.05) than tree treatments (taro density was lower in tree plots in year

one). There was no difference between tree species and tree rows observed However, there was

no significant difference observed in the corm average weight per plant (kg/corm) between no-

tree and tree treatments. This indicates that the inclusion of legume trees did not significantly

reduce taro growth.

In the second cropping year 1992, taro yield (kg ha-1) in the no-tree treatment declined by 10%,

while yield in tree treatments increased by up to 13% in C. calothyrsus and over 30% in A.

chinensis, but statistical analysis showed no significant differences between tree and no-tree

treatments (taro population were same in no-tree and tree plots), Only alley rows treatment

showed a difference, where single tree rows were significantly higher (P<0.05) than double tree

rows with yield differences at 1223 ±513 kg ha-1.

In the split plot treatments between two taro cultivars (Niue and Manua). Result show that the

differences between cultivars varied with mainplot treatments. Cv. Manua outyielded Niue in the

control and double G calothyrsus plots (P<0.05). The other difference observed was that cv.

Manua yield higher (corm weight (kg) per plant) in the control plots compared to tree plots.

While cv. Niue perform well under tree plots but not significantly higher than control.



Data from the shade-cultivar trial done at USP Alafua Campus to evaluate the response of

different taro cultivars to shade management shows similar results. Where cv. Manua perform

well under open plots, and tends to yield lower in shade conditions. Whereas cv. Niue yield is not

reduced by shade. This indicates that choice of cultivar for agroforestry systems may be a viable

management option.

NB: Tree rows were included in the crop yield per hectare calculation in tree treatments.

There was a general decline in yields in all plots in 1993 compared with 1992. Yields in the no-

tree plots have declined each year by a little less than It/ha. The highest yielding treatment in

1994 was the single row A. chinensis. However, although the mean corm weight of taro under

tree treatment was higher than the control, this differences was not statistically significant.

Data from the split subplot treatments shows that taro corm yield per plant (kg/corm) was

significantly better in no early shade compared to early shade (P<0.05). The lower yields from

the plots with early shade might be due to trees being left to grow for almost six weeks without

thinning so the shade level became quite heavy, and physical damage to taro during tree cutting

work. In the control plots, although there was no significant difference between mulch and no

mulch subplot, every mulch plot had a higher mean taro corm weight per plant than the plots

without mulch.

Figure 2,c shows percentage change in mean taro corm yield over three cropping years in the

alley trial. Because different subplot treatments were applied in the second and third years, taro

cultivar niue yields (corm weight per plant) from consistent management plots were used. i.e.

yields data from trees fully coppiced at planting; and from control subplot without mulch. The

graph is very interesting as it shows taro yield slightly sustain under A. chinensis trees.

In the fourth year, the field was mixcropped with taro, Xanthosoma taro and banana. The

combined yield from these three crops showed no significant differences between alley

42





Soil analysis after two samplings, one at the beginning of the trial and one after three years,

showed a general decline in soil fertility. The organic carbon content declined by 30% in the

control (no-tree treatment), and by 15% between tree species and tree row treatments (see Table

2.3).

The Cation Exchange Capacity of the soil also declined dramatically, with 50% loss in no tree

treatment, and the tree plots. There is therefore no improvement in the chemical properties of the

soil, as is reflected in the yield of taro crop after three years.

A study on the chemical and physical properties of soil in an alley cropping trial conducted by

(Rosecrance, et al, 1992) showed similar results, that there was no improvement in soil chemical

properties in alley plots. Although, there was improvement in soil physical properties in tree plots

compared to no-tree plots. The soil bulk density was lower in the alley plots (0.89) compared to

the control (1.03). The water holding capacity was higher in alley plots, with lower soil

temperature. These favourable soil physical properties conditions necessary for any growing crop

were available under alleys of legume trees. However, there was no improvement in the taro crop

yields.
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2.4 Conclusion.

Tree Biomass.

This study on legume tree species productivity in analley cropping system in Western Samoa has

shown that the two selected legume species, A. chinensis and C. calothyrsus are well adapted to

the soil and climate conditions at the experimental site.

A. chinemis produced the largest amounts of prunings in the 1991/92, 1992/93 and 1993/94

season, also double rows of trees produced more materials (20% higher) compared to single

rows. Both tree species were productive and grew vigorously. Both required coppicing within a

8-10 week period to avoid shading the crops.

Both tree species produced large quantities of wood during a short fallow period of 4 to 6

months. A. chinensis produce more wood than C. calothyrsus on three occasions, Nov. 1991,

Nov. 1992 and Nov. 1993. However, A chinensis has low dry matter content about 25%, compare

to C. calothyrsus about 35%,and is not a preferable species for firewood.

Both tree species survive well under frequent prunings. After three years of intensive pruning

during crop management, only 3.5% of the A. chinensis trees had died and 4.7% of the C.

calothyrsus.

Rapid early growth, large production of green leaf manure and good quality wood production are

the desirable characteristics required for the choice of a species to be used in agroforestry. A.

chinensis has the attributes necessary, but due to low dry matter content, C. calothyrsus is more

preferable for firewood production.

Crop Yield.

Legume tree species, A. chinensis and C calothyrsus planted in alleys, six metre apart did not

significantly improve the yield of taro after three consecutive years of cropping.
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A. chinensis, and C. catothyrsus planted in double tree rows produced a large amount of green

leaf manure but this was not sufficient to improve soil chemical properties and crop yields.

Practically, the two species tested do not produce enough mulching materials to compensate for

the loss organic carbon and declining Cation Exchange Capacity of the soil.

The idea of including double rows of trees in wider alleys is to increase the amount of pruning

and adding more nutrients (N.P.K) to the soil to improve crop growth and yield. But results

showed that pruning quantity produced by double rows is only about 20% higher compared to

single rows. And the yields of tested crops were the lowest in double tree rows treatments. This

indicates that in alley cropping, crop yield can not be sustained by doubling legume trees per unit

area due to strong competition for soil nutrients from both trees and taro crop. Also double rows

give dense shade to the crop, and take up more space.
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Section Two

3.0 Effects of Multipurpose Trees in Alley Cropping on Weeds Growth.

This weed survey was carried out to evaluate the potential of alley cropping systems for reducing

weed populations and weed control labor input in comparison with open plots with no trees,

especially after fallow periods. The first weed sampling was carried out in November, 1991 after

four months fallow before planting the field. The first step was the identification of weed species

present in the field, using the weed identification key from Whistler (1985). The second sampling

was carried out two years later, (1993) after a short fallow period of four months, to observe change

in the weed flora under the tree (shade) and no-tree (no-shade) environments.

3.1 Weed Sampling

Sampling was carried out using a 1m2 quadrat. The Braun-Blanquet scale, cited in Sauerborn and

Koch (1986) was used to analyze the weed flora in the field and percentage of weeds cover, where:

+ = species few, with small cover.

1 = species numerous, but cover below 5%.

2 = cover 5 - 25 %.

3 = cover 25 - 50 %.

4 = cover 50 - 75 %.

5 = cover 75-100 %.

In the alley trial, five treatments were replicated four times, and four samples of 1m2 quadrat unit

were randomly taken from each treatment plot of 20m by 6m area. Therefore, 16 samples were taken

from each treatment.
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The relative area of ground covered by total weed flora and by individual species was estimated,

individual samples were collected and were analyzed for the whole sampling area.

Data interpretation started with calculating the frequencies of occurrence of species, called

steadiness (s) value;

s= 100xn/m

n = number of samples, in which the respective species are found.

m = total number of samples.

The average degree of coverage was calculated as:

sum of all degree of coverage of one specie/m.

3.2 Weed biomass:

After identifying weed species and their coverage from each unit, weeds within the quadrat area

were slashed and weighed to estimate their relative biomass, and samples were taken for dry weight

estimation.

3.3 Labor inputs in weed control:

During plot clearing before planting, the time spent on weeding in each treatment plot was recorded.

This was used to calculate the differences in labor inputs under tree and no-tree environments in man

hours per hectare.

3.4 Results and Discussion.

After two surveys 28 weed species representing 17 families were identified, of which 86% were

broad leaf plants and only 14% were grasses, (see Table 3.1a and 3.1b). The survey in 1991 showed

that dominant species (referring to steadiness or frequency of occurrence) were Blechum browneii,
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Commelina benghalensis, Paspalum conjugation, Brachiaria mutica and Panicum maximum.

However, in terms of weed coverage, C. benghalensis had the highest percent coverage followed by

B, browneii, and P. maximum,which was the only grass species common through-out the field.

The 1993 survey indicated a slight change in the weed flora compared to that carried out in 1991. B.

browneii, P. maximum and C. benghalensis frequently occurred in the field. The average cover of

each species shows that B. browneii achieved maximum coverage followed by P. maximum. The

latter was spreading rapidly due to its vigor growth and ability to grow in both open and shaded

environment. As a result it has potential to eliminate broad leaf weeds which presently dominate the

field. Where as B. mutica is dominant in open plots, but rarely occurs in the tree shaded environment.

Weed sampling after four months fallow in the 1993 survey showed that weed biomass in the no-tree

treatments was significantly higher (P<0.001) compared to the tree treatments (see Tables 3.2 and

3.3). The lower weed population in tree plots demonstrated the effect of tree shade on weed growth.

The effect of tree shade in reducing weed population was still evident during the first three to four

months after cropping, as tree shade was gradually removed by frequent pruning in the tree plots.

During crop maintenance, the second and third weed samplings showed significant differences

(P<0.05 and P<0.01) between tree and no-tree plots, but not in the fourth sampling, as trees were cut

and weeds were controlled frequently.

The effect of tree shade in reducing weed population is correlated with the labor input spent on

weeding activities. The time spent on weed control in the no-tree plots was significantly higher

(P<0.01) than in the tree plots after the fallow period as well as in the second weeding (P<0.01).

However, with the third and the following weed control operations during crop maintenance there

was no significant differences in labor input, as tree shade was removed when the crop was

established (see Tables 3.4 and 3.5).
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Figures 3a and 3b show differences in weed biomass in both fresh and dry weight during the fallow

period.

Results from the weed surveys and labor input data recorded from weeding activities during crop

establishment and maintenance, clearly indicated that tree shade has a considerable effect on

reducing weed populations. In the tree plots there was less time spent on weeding, together with a

more pleasant cool working environment. But in the open plots weeds were denser and required

more time to control. Also, the working environment was not pleasant as the labor carried out in the

hot sun.

Trees during the fallow period can help reduce labor input in weed control by 80%, but some of this

labor input is transferred to cutting trees. Figure 3.c showed that more labor is required in the

management of the alley cropping system compared to the traditional farming system. Total labor

inputs are slightly higher by 15% in the tree treatments compare to the no-tree plot. However, the

labor inputs in the control plot are entirely for weeding up to 525 mhrs,, whereas labor inputs in the

tree plots are for both weeding and tree coppicing. Labor input for weed control in the tree plot is

average up to 250 mhrs, which is 50% less compared to the control, but over 300 mhrs was recorded

required for tree pruning. The tree shade during the fallow period, significantly reduced the weed

population and hence the work required to clean the plots. The higher labor required for coppicing

trees reflects the greater re-growth of the trees during the fallow period, and also both trees are hard

wood to cut.

Alley cropping was tested for its potential in yield sustainability, but the system must also be

evaluated for its effect on labor requirements. Most fanners mention weeds as an important problem

(informal meeting with farmers),so they rely on chemicals (herbicides). Spraying can do the work '

efficiently with minimal time and labor required, but due to the cost of chemicals poor fanners

cannot afford them.
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3.4 Conclusion.

The planting of leguminous trees Albizia chinensis and Calliandra calothyrsus in the alley trial helps

to suppress weed growth because tree shade assists in the elimination of the noxious grass species, B,

mutica which is very common in cultivated land and fallow and is very difficult to control. As this

study shows this grass species is restricted to open plots and is absent in all tree plots. Field

observation after fallow showed that broadleaf weeds like; C. benghalensis, B. browneii, with

several weed species of minor important as; Oxalis barretieri, digitaria horizontalis, Mikania

micrantha and Momordica charantia are very common under tree shade, and these weeds are

relatively easy to control. Panicum maximum was commonly found under the light shade of A.

chinensis tree, but under the heavy shade of C. calhthyrsus this grass species was completely

overgrown and suppressed by the creeper M micrantha. After a short fallow period of four to five

months, both A. chinensis and C. calothyrsus provided shade which effectively reduced weed

growth.

Weed species identified under tree plots were mainly broadleaf weeds, which were relatively easy to

control. Labor input on weed control after fallow period was very low in tree plots, but tree

coppicing demanded a high labor input. This may be a major obstacle to the introduction of alley

cropping to the farming communities of Samoa. However the work in cutting the trees does bring

some product in the form of a fuel-wood supply. Also some trees are easier to cut than A. chinensis

and C. calothyrsus and maybe more attractive to small farmers.

The main work task in the alley trial changes from weeding to tree pruning, and the shady conditions

in the early months of crop establishment make a more pleasant working environment. Also with

appropriate management (tree pruning should be carried out in tree fallow no more than five to six

months if trees are hard wood species and up to twelve months in soft wood tree species), labor use

in tree plots can be similar to no tree plots.
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Farmers generally have clear ideas about the product and services they want from trees on their farm.

They are also aware of the adverse effects of tree competition on crop growth, and identify certain |

species which do not mix well in close association with food crops. Tree species which produce

prolific amounts of seed, grow rapidly, and are hard to cut can be positively disliked by farmers.

The tree species farmers do readily associate with their crops for service functions such as shade and

weed control, frequently share the following characteristics; they are easily propagated, from stem

cuttings or by direct seedling; they are soft wood species easily cut with a bush knife; they have soft

roots; do not produce large amounts of seed; and they are easily killed by ring-barking or cut close to

the ground.

A. chinensis produce prolific amounts of seed, grow rapidly, and are hard to cut can be positively

disliked by farmers. Whilst C. calothyrsus can not produce large amount of seed and is a medium

size tree grow slower and densely than A. chinensis can be liked by farmers (field observation).
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Section Three.

4.0 The value of Alley Cropping in Western Samoa.

This section reports on the financial viability of alley cropping based on an evaluation of the station

trial under research management. A cost/benefit analysis was carried out to assess the financial

effects for farmers of alley cropping compared to their existing methods of crop production.

This study compares the financial benefits and costs of alley cropping and provides the basis for

making initial farmer recommendations. Also the methodology and procedure developed should

provide a useful framework for economic analysis of future alley cropping studies.

4.1 Materials and Methods.

Gross margin and partial budgeting are the main methods used for the analysis. Gross margin is an

appropiate method for evaluating the cost and benefits, (net increases and decreases) in farm

incomes as results from costs of production and return from the expected produce. Gross margin was

used to compare the alley treatments against the traditional system by assessing the costs that vary

between treatments and associated benefits. Fixed and variable costs were all included.

Gross margin was initially calculated where the four tree treatments were combined together. Their

mean value was compared to the control, The life of the project was assumed at four years, as

banana a long term crop is included in a mixed crop, which will last for two years before a proposed

long fallow period.

Partial budgets are used to estimate the change that will occur in farm profit or loss from some

change in the farm plan by considering only those items of income and expense that change.
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Application of partial budgeting in this research is particularly useful in analyzing small changes in

the farming methods used, and deciding whether it is advisable to shift from one system to another

system if it proved more profitable.

Data on costs and prices of inputs and outputs were important in this economic analysis. Some

information, such as market price for taro was obtained from the Central Bank market survey from

each year quarterly reports. The cost of Agricultural chemicals and equipment was obtained from the

Agricultural Store, Department of Agriculture.

Information on labor input was collected by the author during field activities from the on-station

trial, throughout each cropping season. Time for each activity was recorded and multiplied by the

number of labor involved before converting into a man hours per hectare basis.

Only actual working hours were recorded, not including resting or drinking time. Labor wages were

based on hired labor salary wages. The cost of labor was calculated from the total man hours in the

production period, and is included as a variable cost (see gross margin Tables in the Appendix).

4.2 Results and Discussion.

Gross margin analysis uses all available information on prices and costs of all input and labour

required in the production cycle, and the total income together with the net income after deduction

from all costs involved in the crop production. Partial budget analysis involved only income and

costs which differed in the alley cropping treatment compared to the control treatment.

Table 4.1 shows the partial budget for taro production during the first year of alley cropping (1991).

The cost of production started from land preparation, followed by taro planting and then weed



management during the crop cycle. The gross income from the field was derived from the crop

harvest and the market price of the product at that time of the year. The labor input for the traditional

system was from field activity record keeping. The first year production labor input was based on

field data from cultivating land which was in grass fallow for ten years (on-farm trial at Tapatapao

location).

The cost of production from the alley cropping treatment ($2218.20) is higher than the control

treatment ($2125.40) by 4%. The income from the alley cropping ($7015.25) in this first season was

lower by 10% compared to the control ($7728.09). Total labor input required in the alley cropping

production was also higher by 10%, as extra time was needed for the planting of tree seedlings. The

differences between the two systems showed that the net income from alley cropping was lower than

the control due to high labor input needed in to establish the trees in alley.

The following years' partial budget (see Table 4.2,4.3 and 4.4) showed that the income from the alley

trial ($10570.42) was higher by 11% than the income from the control management system

($9386.67), as labor input and cost of production from the alley cropping reduced compared to the

first year's taro production.

The man hours spent on land preparation and crop maintenance were higher in the first year of

production in both the control management system and alley cropping, mostly on weed clearing

before planting. Extra man hours spent on tree plantings make the alley cropping more laborious and

costly in the first year. During the following cropping season labor inputs for weed control under the

tree environment after the fallow period and before planting was reduced by 65%, compared to the

control management system. However, considerable time was spent on tree pruning. In comparison,

the control system took 136 man hours/ha, in land preparation before planting solely for weed

control (65% higher than weed control alone in tree treatments after fallow), whilst the alley
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cropping treatment needed 208 man hours for both weeding and tree cuttings, of which 76% was all

in tree cutting. But during crop maintenance, 352 man hours were spent on weeding (both manual

and chemical) in the control system, while 285 man hours were spent in the tree system (50% of the

labor input time during crop maintenance was spent on tree pruning). And other advantage in the

alley cropping system was the reduction in the use of herbicides.

Generally, results from the alley cropping trial showed that the total man hours spent on taro

production in the alley cropping system were higher than in the traditional system by 5% to 10%

mainly due to tree coppicing.

However, the nature of work carried out in the production system is another aspect worth

considering, as the shift in labor from the weeding task to tree cutting is an important factor. Weed

control proved difficult, and is unpleasant hard work under hot sun which most fanners avoid by

working in the early morning and late afternoon. Farmers with capital can afford to hire labor or

buy herbicides (paraquat) to control weeds before establishing a plantation. But in several cases, land

under grass fallow are abandoned by farmers can not sustain the heavy task of weed control.

Results from the alley trial showed that the inclusion of legume trees in the farm is of great help in

suppressing vigorously growing weeds (eg. Brachiaria mutica grass which proved difficult to

control). The working environment under tree shade is cool and pleasant to work in, with less time

spent on weed control, without reliance on herbicides.

The task of cutting trees is important to consider as it has been proven to be more labor intensive,

but wood has value as firewood, which may compensate for the labor required. It is also important to

consider the selection of trees species, fallow period length, and the frequency of pruning to ensure



that trees are not too big and difficult to cut. Firewood is included as an extra output from the alley

cropping, and is an important output to consider because of its shortage in urban areas. The value of

firewood is always neglected by fanners and is not counted as an output from the farm. But the fact

is wood is a product of the land, and it should be highly valued because of firewood shortage in

certain locations.

The partial budget analysis in each cropping season clearly showed that alley cropping has a

potential in maximizing profit and reducing cost of production (mainly herbicides), compared to the

control management system. The first year production, is the only exception, where the traditional

method is profitable, its income was increased by 10% compared to alley cropping. The cost of

production increased by 4% in alley cropping due to extra cost of tree seedlings and labor input spent

on planting trees. In the following years, alley cropping shows an advantage, income from alley

cropping increase up to 12% and 14% in the second and third year.
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4.3 Conclusion.

Results show that alley cropping has potential in improving crop yields and produce good quality

firewood, is economically viable for farmers in Western Samoa. The gross margin and the partial

budget analysis from each cropping season showed very Httle variation in the cost of production and

income from crop yields.

In areas where firewood is in limited supply, alley cropping has an additional benefit over the control

management system. People in the urban areas now face difficulties in obtaining firewood and many

rely on the local market supply where firewood costs range from $5 to $7 per bundle (estimated at 30

to 40kg/bundle), depending on the wood quality.

In cases where capital and labor availability are scarce, and weed infestation has become a difficult

problem on the farm, inclusion of locally available legume trees should be considered as a priority by

farmers. Although tree establishment and management requires extra labor and needs a lot of care in

the first year, in the long run, this will help reduce costs of production.

A potential limitation for alley cropping in Western Samoa, is the nature of land as it is very stony

and rocky, and generally, lands are not uniformly flat. Most farmers mix-crop food crops and trees

randomly rather than in straight rows. So alley cropping seems less attractive unless the alley

cropping technology can be transformed to a pattern more attractive to local farmers. |
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Chapter Three.

On-Farm Trial at Poutasi, Upolu Island
Inter-cropping two legume tree species with taro.

5.0 Introduction.

Because of inadequate information available on agroforestry system research in the country, the

initial set up of work in this study included a simple on-farm plot on a farmer's field fully managed

by researchers with some assistance from the farmer.

The trial was set up also as an observation plot for the farming family and the community

(surrounding farmers) to express their views on the technology tested as compared to their old

system of cropping. Data collected from tree/crop management and yield differences over years of

cropping should help to support or reject the technology for the rural farming community.

The trial design included a treatment of introduced agroforestry in the form of alley cropping

(Gliricidia trees in hedgerows), an Erythrina subumbrans (Hask.) Merr. Inter-crop system (based on

a existing system of E. subunbrans scattered in various cultivated lands) and a control plot of no-

trees (Rogers et al.,1993a).

Around the island of Upolu, some farmers in rural villages already utilize the legume tree E.

subumbrans in their food crop plantations. The farmers consider the tree to be very valuable in its

shade effect on weed growth and believe the tree helps to improve soil fertility. Although, this has

not been supported through formal research trial.

The tree is also recognized for its positive effects on taro yields. Based on these field observations

and informal discussion with farmers a simple survey was carried out on E. subumbrans use. The

survey was prepared and administered with the assistance of the Extension Division of the

Department of Agriculture.
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Because of limited of space on the farm site chosen, it was considered useful to compare both

factors, tree species and also planting spatial arrangements. Although the confounded spatial

arrangement with species, and information of farmer's attitude to both these could be obtained,

The survey form asked only three questions:

1: How frequent are E. subumbram in farmers' fields ?

2: Are E. subumbrans purposefully planted to improve crop growth ?

3: What crops are mainly associated with E. subunbrans ?

This island wide survey covered 178 farming families. The result showed that more than 80% of

farmers purposefully plant E. subumbrans in combination with crops on their farms; 32% with taro,

29% with mixed food crops, and 39% with cocoa.

Erythrina Tree:

Genus Erythrina is divided into five subgenera and 27 sections, comprising about 112 species

distributed throughout the tropics and subtropics. E. subumbram is one of the 12 species reported

present only in the Asia and Oceania regions (Neil, 1988).

The Genus Erythrina was widely used in agroforestry research in other parts of the tropics. E.

subumbrans is reported as a shade tree in coffee plantations in Sri Lanka (Kathirgamathaiyah et

ah, 1993); E. poeppigiana is widely used in alley cropping and coffee plantation in Costa Rica (Kass,

et a/.,1993 and Beer, 1993); E, variegata is popular with farmers in southern and western India for its

shade and support for vine crops as well as fodder and timber uses (Hedge, 1993). Most of the

literature reported the potential benefits of the genus in agricultural development resulting from

scientific research. However, little information about the adoption, advantages and impressions from

poorly resource farmers have been reported about the tree.
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Erythrina subumbrans is believed to have been introduced into the country at the turn of the century

by the Germans. The reasons for the introduction are unclear but it has been suggested it was

introduced as a shade tree for cocoa (Taogaga pers. comm. 1995). Today it is widely used by people

to inter-crop in their food crop gardens.

Gliricidia sepium Tree:

The multipurpose nitrogen fixing tree G.sepiun (Jacq) Walp. is native to Central America (Loren,

1987). The tree is widely used in agricultural systems in Asia and Central America. The species is

valued for its potential in green manure production in alley cropping (Kass and Araya, 1987., Kang

and Mulongoy, 1987) and also as vine crop support and plantation shade (Seibert, 1987) in cocoa

production. Little is known about the effect of Gliricidia on crop yields in the South Pacific region.

Therefore the tree is being tested in Western Samoa for its potential use in sustaining food crops and

improving soil fertility.

The Gliricidia was introduced into the country as a shade tree in the late 1970's by the Department of

Agriculture under a cocoa development program. Its uses are still mainly restricted to research and

the tree has not yet been widely introduced into the farming community. |

Recently, however, the Pacific Regional Agricultural Programme (PRAP) introduced Gliricidia trees

to twelve on-farm trials in the rural area. The objectives were to evaluate this species under the

farmers' farm environment and obtain their impressions about the tree in comparison to the well

adopted E. subumbrans tree. ]

5.1 Objective.

The main objective of this study is to evaluate the agroforestry methods in comparison to the

tradition method of no-tree in the farmers' food cropping system, in terms of crop yield sustainability

and economic viability.
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5.2 Materials and Methods.

Trial site. The trial was located at Poutasi on the southern side of the island of Upolu. The land

situated near the farmer's dwelling, is generally flat and covered with coconut trees and bush.

The soil is classified as an Oxic Inceptisol with pH around 5.8; high in organic carbon and cation

exchange capacity. Physical properties are generally good but due to heavy rainfall, the area is often

waterlogged (Rogers et al. ,1993).

The annual rainfall in this region is around 4000mm. It is well distributed throughout the year with

no distinct dry period and the annual mean temperature is 260C.

Experimental Design. The trial is in a complete randomized design with three replicates. The gross

plot size was 11 x 11m and the net plot of harvest plants was 7 x 6m.

The treatments were:

1: Erythrina subunbrans inter-crop, spacing 2 x 2m.

2: Gliricidia sepium planted in hedgerows 5m between rows and 0.5m within rows.

3: A no-tree treatment.

Management. In the first year, September 1990, the plot was cleared of coconuts and weeds before

planting taro at a spacing of 1 x lm, followed by planting of legume trees, E. subumbrans and G.

sepium. Plots were planted with stem cuttings 1m long, Cuttings were frequently inspected to ensure

growth and to replace dead cuttings. Weeds were controlled when necessary either by hand weeding

or herbicide spraying with paraquat at the rate of 10Omls a.i. per 17L knapsack. The taro crop was

harvested in the seventh month after which the plot was left for fallow (4 to 5 months).

In the second and third year, plot was cleared of weeds and E. subumbrans trees were lightly pruned,

by removing only side branches to reduce shade and facilitate planting operation, before the taro crop

was planted at a spacing of 1 x lm.
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Trees, both E. subumbram and G. sepium, were cut when the taro was fully established at about six

to eight weeks, and cut again two or three times during crop maintenance before harvest. Weed

management was the same as in the first season.

In the fourth year the plot was planted with a mixed crop of Colocasia taro and Xanthosoma taro

because of the taro leaf blight outbreak. Tree and weed management were the same as in the first,

second and third seasons.

The trial was fully managed by the research staff but with some assistance from the farmer who gave

advice on E. subumbrans tree management.

5.3 Results and Discussion.

Tree Biomass Yield.

The yield from E. subumbram and G. sepium is presented in Tables 5.1 and 5.2 respectively. Tree

pruning for the season 1992/93 are shown in Table 5.1, and the analysis of variance is shown in

Table 5.3. The mean green manure production in this season showed that E, subumbrans produced

significantly more biomass than G. sepium after a four month fallow period (P=0.008), but during

crop maintenance the two cuts in January and April 1993 showed that G. sepium out-yielded E.

subumbrans.

But the overall total of biomass production indicated that E. subumbrans produced up to 32t/ha. fresh

biomass (4.8t/ha. dry weight), out-yielding G. sepium which produced up to 26t/ha. fresh weight or

5.5t/ha. dry weight. Table 5.2 shows pruning biomass yield for 1993/94 season, and the analysis of

variance is given in Table 5.4. The result showed that G. sepium out-yielded E. subumbrans in
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biomass dry weight but not significantly. Total tree pruning applied as green mulch this season was

around 27t/ha. fresh weight (4t/ha. dry weight) in E. subumbram and 28t/ha. (5,9t/ha. dry weight) in

G. sepium plots.

NB: Pruning biomass from the E. subumbram plots were from tree foliage only, not including woody

materials.

After two seasons of monitoring tree biomass production the amount of green mulch applied

decreased in E. subumbram plot by 18% and increased by 8% in G. sepiwn plots. Within two years

of taro production, E. subumbrans produced 59t/ha. fresh weight of green mulch or 8.7t/ha. dry

weight, while G. sepiwn produced 54.7t/ha. fresh weight of green mulch (11.3t/ha. dry weight).

The estimated N, P and K nutrient content from the green mulch applied to the soil is shown in Table

5.5. E. subumbrans supplied 445 kg/ha, of Nitrogen, 40 kg/ha, of Phosphorus and 148 kg/ha, of

Potassium. Whilst G. sepium supplied 444 kg/ha, of Nitrogen, 31 kg/ha, of Phosphorus and 216

kg/ha, of Potassium, returned to the soil.
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Food Crop Yield.

Table 5.6 shows the crop mean yield for the four seasons (1991 to 1994). Taro was the sole crop

used in the first three years while in year four the trial was planted with mixed crop of Xanthosoma

taro and Colocasia taro, due to the taro leaf blight outbreak in Samoa. Table 5.7 shows the analysis

of variance.

There was no significant difference between treatments in the first, second and third years of

continuous cropping. In the first year, taro yield in the no-tree plot was higher by 9% than the tree

plots, but after three years of cropping both tree treatments (E. subumbrans and G. sepium)

outyielded the no-tree plot Taro yield in E. subumhrarts plots increased by 5% compared to the first

season. G. sepium was slightly lowered by 8% and the no-tree treatment suffered a yield loss of 40%

after three consecutive years.

In year four crop yield in tree plots out-yielded the control treatment significantly (P=0.05); whereby

E. subumbrans increased by 64% and 45% in G. sepium treatments in contrast to the no-tree

treatments.

The overall yield total after four consecutive years of production showed that both tree treatments

out-yielded the control significantly (P=0.05). Contrast between the two tree systems showed no

significant difference, but the food crop yield produced in the E. subumbrans inter-crop was higher

than the G. sepium alley by 15% (crop yield per hectare in the alley treatments was not adjusted, as it

included the tree rows).

In terms of economic yield produced on an area basis, tree plots have the potential to sustain or

increase yield of taro crop under a continuous cropping, while yield loss is expected in the

traditional method without trees.
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Labor-Input Comparison between Tree and No-tree Treatment in Weed and Tree

Management.

Before the plot was cleared for planting random weed samples were taken inside each treatment plot

to roughly estimate the weed biomass present in the field during the short fallow period of four

months.

The mean fresh weight of weeds as recorded from E. subumbrans plots was around 1kg/m2, while G.

septum and control were 2.4kg/m2 and 2.2kg/m2 respectively. Thus there was more than 100%

difference in weed biomass between E. subumbrans system compared to no-tree plots and G. sepium

alley plots (see Figure 5.1).

The significance of this weed sampling was reflected on the labor input spent on weed control after

the fallow and before planting (see figure 5.2), where time spent on weeding E. subumbrans plots

was significantly lower (p=0.05) than the no-tree and G. sepium plots. This showed that the E.

subumbrans inter-crop system can save more than twice the time in weed control compared to no

tree system.

Figure 5.2 also shows labor input on tree coppicing. Cutting E. subumbrans after the fallow period

required high labor input, It was estimated that up to 124 extra man-hours per hectare were needed in

tree pruning alone, which is about 68% higher than the control plot. However, during crop

maintenance, weed control in the no-tree plot was significantly higher (P=0.05) than tree plots.

Increase in man-hours in tree pruning does not reflect the nature of the work carried out. Experience

from the on-farm trial showed that the cool environment from tree shade is more favorable to work

with rather than slashing densely populated weeds in the hot sun.
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Economic Analysts of Taro under Tree and No-tree System.

Taro cultivation is very labor intensive as all activities were done manually. The first year of

production in areas under long period in grass fallow is more laborious than the following years (see

Table 5.8,5.9 and 5.10). The major production activities include land preparation, planting, weeding

and harvesting; at least 800 man-hours ha-1 of labor input, are required in taro production.

Tables on gross margin (see Appendix, Table 5.8, 5.9, and 5.10) which summarize the cost and

return of taro production from 1991 to 1994. The major farm inputs were mainly bush-knives,

knapsack sprayers, planting sticks (iron bar) planting materials and chemicals, mainly herbicides.

The price of taro varies from time to time, based on seasonal supply and demand problems caused by

the seasonal nature of the production, and high competition in the local market, as well as overseas

markets. This has resulted in market instability and price fluctuations in the local market.

Table 5,8 shows the partial budget of taro production in the first year. In contrast, the income from

the traditional system (control management) exceeded the E. subumbrans inter-cropped by 9%. The

cost of production from the E. subumbrans system was higher by 15% compared to the traditional

system. The differences showed a net loss in the first year, if there is a change from traditional

system to the E. subumbrans inter-crop. This loss is due to higher production cost, from extra man-

hours in tree planting.

Tables 5.9,5.10 and 5.11 shows partial budget for the following years, comparing the E. subumbrans

inter-cropped system to the traditional management. In the second year, the income from the E.

subumbrans inter-cropped system was higher by 17%, and the cost of production dropped by 8%, as

the use of herbicides was eliminated.
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In the third and fourth years, the income from the E. subumbrans system exceeded the traditional

system by 36%. In 1994 during the outbreak of leaf blight, taro plants were greatly affected. The

cost of production and labor required to control the disease was very costly, overshadowing the gross

return from taro.

Taro was the most profitable enterprise under whatever production system was used (compared to

banana and taamu), but in the long run the inclusion of legume trees is of great advantage. The

farmer can increase his revenue per labor man-hour by 34%, and up to 67%, in the second and third

year of taro production using the E. subvmbrans inter-cropped system, and increase by 36% and

63% in G. sepium, compared to the traditional system.

The major cost of production in the traditional system were chemicals (herbicides) and knapsack

sprayers. The farmer solely relied on herbicides to control weeds throughout the crop cycle. But in

the E. subumbrans system, (grid pattern) the farmer had the chance to eliminate reliance on

chemicals and thus minimize the production cost.
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5.4 Conclusion.

The results obtained from the trial showed that both trees produced fairly large amounts of foliage

biomass (both green leaves and green stem pruning) during a fallow period of about five months.

Food crop yields in both tree treatments showed significant improvement over the no tree treatment,

after two or three years of production. The E. subumbram inter-cropped system proved more

productive, and can help sustain yields of crops such as taro (Colocasiae esculenta) and tannia

(Xanthosoma spp.). E.subumbrans is more effective than G.sepium at sustaining crop yields.

In weed control, the E. subumbrans inter-cropped plots have shown significantly lower weed

populations under dense tree shade during an annual fallow of up to five months. The other

beneficial effect of tree shade is evident in minimizing aggressive grass species such as Brachiaria

mutica, which is a dominant species in farmlands in Samoa.

Weed species dominant in tree plots are Blechum browneii, Mikania micraniha and Paspalum

conjugation. These weeds proved easy to control compared to weeds in the open plots. E.

svbumbrans is more effective than G. septum in reducing weed growth.

The E. subumbram agroforesty system tested is recommended for further testing in other locations

of both islands, and to small-holder farmers with difficult weed problems, limited access to labour

and cash resources.
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Chapter Four.

General Conclusion and Recommendations for Future Research.

This study indicated that alley cropping with Albizia chinensis and Calliandra calothyrsus did not

improve root crop yields significantly but may have potential in maintaining yields under

intensive, continuous cropping on an oxidic, isohyperthermic Hapludoll, basaltic soil in Samoa.

However, results showed that the trees provide substantial amounts of firewood, shade, and a

pleasant working environment requiring less labour input for weed control. There is also less need

for expensive herbicides. But the acceptability of this technology in the rural farming

communities needs to be further evaluated in on-farm trials.

The research managed on-farm trial at Poutasi, southern side of Upolu island showed that

inclusion of legume trees in the food cropping system increases food crop yields on an Oxic

Inceptisol soil type. The practice of planting Erythrina subimbrans in a grid pattern proved to be

the best agroforestry method tested in sustaining root crop yields, mainly taro (Colocasia

esculenta).

E. subimbrans in an intercrop system is more effective than G. sepiimi planted in an alley system

at sustaining crop yields and reducing weed growth. Data from Poutasi on-farm trial highlighted

several benefits from managing tree shade in root crop production systems. Tree canopy shade

during short fallow periods (4-6 months) significantly reduces weed growth and over time shift

the weed flora from perenial grass species to easily control broad leaf weeds. Light shade from

trees during the first 2 months of crop establishment makes a pleasant work environment,

especially in weed control, and can significantly increase taro corm yield.

The traditional fanners' practice of ring-barking trees is an alternative method to manage shade

level in Erythrina subumbrans plots. This technique results in a gradual leaf fall and
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reduction in shade level whilst the companion crop is well established. An important advantage of

of ring barking is that little labour input is required in land preparation (tree pruning and weeding)

during crop establishment (Rogers and Tolo, 1996).

The cost/benefit evaluation carried out showed that the E subumbram intercropping system was

the most profitable. This system has the potential to sustain crop yields in the long run; eliminate

herbicide use and requires less labour input compared to the traditional system. Alley cropping

requires higher labour input cost in the first year of production because of tree establishment.

Higher labour input is also required for tree pruning after a fallow. This can vary depending on

the tree species, and fallow duration. However, this extra cost of production can be offset by the

value of firewood cut from the trees, and also in the improvement in soil physical properties from

green mulch applications, and reduced cost on herbicides. One of the fact is that the outbreak of

taro leaf blight, given the unsure nature of the cash economy and that the environmental

advantage of not using costly herbicides could become even greater, especially for poor farmers

today.

Recommendations for Future Research.

The results of this research indicated that Erythrina subumbrans planted in a grid pattern and

intercropped with root crops has potential for sustaining crop yields. However these results were

obtained under research managed conditions and it would be advisable to further evaluate the

system in farmer managed on-farm trial. These on-farm trials would allow the adaptation of this

technology to farmers' environments and provide researchers and extension personnel with

farmers' impressions of the modified technology under farm conditions,

Different locations or site selection is another criteria for testing the agroforestry technology, to

determine the range of applicability of this technology. This should involve; assessment of the

biophysical environment and the response of tested methods, as well as the resources, goals,
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social and cultural obligations and the economic conditions of the farming families. Situations

where this agroforestry technology is inappropriate must be clearly distinguished from those

situations where it is beneficial.

Results from both the station and the on-farm trial reported in this thesis can provide some

guidelines for conducting future research. The following recommendations could help in the

testing and adaptation of this technology in on-farm studies.

1. Sufficient number of farmers represent farming environments from different locations on

the island should be involved, so that the potential for improved farming system

production with the E. subumbrans intercrop system can be assessed.

2. Initial interactions with selected farmers should be frequent. This could be improved by

frequent meetings either on the research station or in on-farm locations, so that farmers

discuss their farm problems and ways to improve their farm management.

3. Periodic follow up or frequent farm visit should be planned with each farmer. This will

help identify problems and provide possible solutions. It will also provide the researchers

with the opportunity to personally assess the system.

4. Identification of the range of biophysical environments for which agroforestry is

applicable, will be assisted by; rainfall data, the chemical analysis of soil samples from

each site, and a description of topography and vegetation,

5. Information on labour activities and farm costs should also be collected. Interviews with

farmers and frequent visits by researchers could provide such information.

Other related studies on the long term sustainability of food crop yields in response to tree

environments should be continued to include assessing the competitive effects of trees and crops
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in, above and below ground factors. Results from the station alley cropping trial showed that both

trees tested produced large amount of foliage biomass supplied as mulch to the intercrop but crop

yields were no better, when compared to no the tree plots. However, a split-plot treatment of

mulch and no-mulch in the control plots resulted in a higher taro corm yield in the mulched

subplot. This indicates that tree competition either for light, soil moisture or soil nutrients can

offset some of the potential benefits from the prunings applied as mulch.

Because of the superiority identified for the long established Erythrina subumbrans agroforestry

system, compared to the recently introduced alley trees. Perhaps we should look more closely at

traditional agroforestry practices and trees, and their roles in gaining some of the same benefits

that agroforestry experiments showed could exist

It is important therefore, to evaluate further different tree crop combinations and tree spatial

arrangements. The objective should be to reduce competition at the tree-crop interface whilst

maximising service benefits from the tree component and total production from the system.

105












































































