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The soil moisture content was kept at 30% of field water capacity.
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study has indicated that mulches from these trees can influence the soil nutrient status
significantly over the short term (ten weeks), and that the tree species will influence the
type and amount of nutrients released from leaf material. Both mulches decreased the
maximum soil temperature, while the mulberry mulch also increased the minimum soil
temperature (in the top 200mm of the soil profile). There were, however, no significant
interactions between temperatures at different soil depths and mulch treatment. While
the mulch, therefore, influenced the soil temperature in the surface layer; the energy
transfer to and from greater depths was not influenced by the muich.  The mulches
had only a temporary effect on the rnicrobial activity in the soil, suggesting that the
mulch could not change the specific capacity of the soil to sustain microbial biomass
after only one application of a mulch. Repeated applications of mulch might, however,
have such an effect. Green manure, or mulch, of sesbania and mulberry increased
water use efficiency, or plant production, at least in the short term, of Avena sativa
(oats). The possibility of utilising such mulches or green manures, apart from being a
general soil ameliorant, to address specific problems, therefore, definitely exists. To
do this, however, a modelling approach is needed to predict the effect of specific

mulches or green manures at specific rates of application on soil characteristics.
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UITTREKSEL

Invioed van deklaag en groenbemesting van meerdoelige bome op

grondtoestande

Johannes isak Cronjé

Promotor: Prof. N.F.G. Rethman

Voorgelé ter vervulling van ‘n deel van die vereistes vir die graad
M. Sc. (Agric) - Weidingkunde

in die Departement van Plantproduksie en Grondkunde

Die gebruik van deklae en groenbemesting, twee grondverbeteringstegnieke, word
algemeen gebruik in agrobosboustelsels, en veral gangverbouiing stelsels. Dit is
noodsaaklik om 'n meganistiese benadering te volg indien die invioed van deklae en
groenbemesting op die grondomgewing, en die effek van faktore soos toedieningspeil
en -frekwensie en spesies (waarvan plantmateriaal geoces word), op die geskiktheid van

die deklaag of groenbemesting bepaal word.

Die invlioed van plantmateriaal, afkomstig van Sesbania sesban (sesban}en Morus alba
(moerbei), op die grondomgewing,is in ‘n reeks klein perseel proewe en potproewe
bepaal. Beide hierdie spesies is goed aangepas by ‘n verskeidenheid habitatte in Suid-
Afrika en kan materiaal produseer wat vir brandhout, veevcer en ook vir

grondverbetering aangewend kan word.









To quantify such effects on an agroforestry system, research will have to be orientated
to a mechanistic understanding of the influence of mulches or green manures on the

soil environment.

Keywords:Mulch, green manure, multipurpose trees,

INTRODUCTION

Agroforestry is: " the collective name for land use systems in which woody perennials
(trees, shrubs, etc.) are grown in association with herbaceous plants (crops, pastures)
and/or livestock in a spatial arrangement, a rotation, or both, and in which there are
both ecological and economic interactions between the tree and non-tree components
of the system” (Young, 1989). This definition alone implies endless combinations and
even more interactions. Although there is little factual information of the benefits of
agroforestry systems, compared to other traditional land use systems, the potential of
these systems is well recognised (Kiepe & Rao, 1994).

Furthermore, it is unfortunate that much of the reported research has been empirical
and has often only involved the success of one system, and variations thereof, in a
specific area. Research has largely been limited to alley farming systems in the humid
areas with an annual rainfall greater than 1200 mm (Kang et al., 1990). Very few
attempts have been made to understand the soil moisture regime, the cycling of

nutrients and the modification of the microclimate in alley cropping systems in arid and
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intercropping (Kang et al, 1990) . The tree rows may be planted on the contour to
reduce runoff in a system known as contour hedgerow intercropping (Kiepe & Rao,
1994). If the trees are planted on the perimeter of a small field the hedgerow may also
serve as a living fence. Hedgerow intercropping is an alley-cropping system where
clippings from the hedgerow trees are taken regularly and applied specifically to the
soil in the alleys between the hedgerows where the intercrop is grown (Kiepe & Rao,
1994).

The basic components of the alley-cropping system are the inter-crop, that is able to
grow between the trees, and the trees. These trees can be defined as multi-purpose
trees (MPT's). Apart from a multitude of purposes, that these trees can and do fulfill,
such as that of a windbreak, control of erosion, source of fuel-wood and poles, they are
alsc a regular source of fresh plant material when they are pruned. These trees are
pruned regularly to reduce the shading effect on the intercrop. The clippings can be
utilised either as feed for livestock or as green manure or mulch. The short term
economic advantage of the utilization of these clippings as fodder and feed is a
powerful incentive for the farmer for the adoption of applicable agroforestry systems
(Ali, 1999). The two alternative uses: mulch and fodder, implies a reciprocal
opportunity cost (Kang ef al, 1990). The advantages of applying the clippings as green
manure or mulch are not so easily recognisable and usually not easily converted to
monetary terms. To evaluate the opportunity cost of not applying the clippings as
green manure or mulch, the effect that a mulch or green manure will have on the

system will have to be quantified.









CONCLUSION

Mathuva et al. {1998) reported that the nett benefit of an alley-cropping system, such
as hedgerow intercropping, depends not only on the extent of the competition between
the hedges and the crops, but also on the improvements in the water and nutrient
balances. The ability of an alley-cropping system to improve yields depends on the
local constraint. If the alley-cropping system can improve the nutrient cycling, where
the local constraint is nutrient supply, or if the system can improve soil water
availability, where the local constraint is water, the system could potentially increase
the yield. Both the application of a mulch and green manure can influence the soil
nutrient status, either directly through the nutrients released from the plant material to
the soil or by enhancing the breakdown of organic material through increased
temperature or microbial activity. The moisture status of the soil is also influenced by
the application of a mulch and green manure by the reduction of runoff and evaporation
by the mulch and increased infiltration by the green manure. ltis, therefore, conceivable
that the correct application of muich, or green manure, could have a significant
influence on the effectiveness of an alley-cropping system. Kiepe and Rac (1894)
concluded that the addition of hedge clippings to the soil as a mulch is essential for the
sustainability of the system. Although the influence of the scil improvement strategy
has been identified, the extent of this effect and the factors which influence the extent

of this effect have not as yet been studied in detail.
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To determine the quality of a mulch or green manure it is important that all aspects,
which influence the soil environment, be studied and quantified. The purpose of the
soil amelioration, whether it is to improve soil fertility, to increase water infiltration or
reduce evaporation, must also be considered when determining the quality of the muich
since quality is a measure of how successful the method is in achieving the intended
purpose. Plant material from trees which differ morpholegically and in their nitrogen
fixing capability, will have different effects on the soil environment. To determine the
suitability of plant material, from a specific tree species, for soil amelioration it is

necessary to determine what soil parameters will be influenced and to what extent.

Keywords: Sesbania sesban, Morus alba, agroforestry, mulch, green manure

INTRODUCTION

The success of an agroforestry system depends on a wide range of factors varying
from management practices to environmental constraints. These factors interact with,
and influence each other. One very important consideration when implementing an
agroforestry system is the choice of species. Although the choice of all the relevant
species should be considered as important, the woody component will probably be
considered paramount. The trees incorporated into an agroforestry system is usually,
but not always, perennial, while the other crop or crops may be annuals or perennials.
The tree component can be replaced at great cost and with considerable impact, as a

result of the time implication of such a replacement, on the productivity of the system.
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Most of the trees used in agroforestry systems will not realize their full production
potential within the first season, thus limiting the productive potential of the system for
the first few years. The crop component may be replaced annually as a matter of

practice.

Many tree species have either been used in agroforestry systems or have been
identified as being suitable for use in agroforestry. These trees exhibit a range of
adaptations, tolerances and susceptibilities. When choosing a tree for a system in a
specific environment these characteristics will serve as selection criteria. In addition,
management and utilisation practices must also be considered when choosing a tree
species. Even though two species might show the same adaptation to a certain
environment one might tolerate direct grazing better than the other, while the other is

better adapted for a cut and carry system.

Sesbania sesban (sesban) is a tree that has been used and has been evaluated as an
agroforestry tree in different systems. The white mulberry (Morus alba), in contrast, is
relatively unknown -apart from its role in the silkworm industry and a few studies
reporting on its use as a multipurpose tree in areas of Tanzania. The aim of this study
is to review the white mulberry and sesban as possible agroforestry species with
special reference to the production of plant material that can be utilised for soil
amelioration in the form of green manure or mulch. To determine the environmental
adaptation the current distribution and areas of cultivation will be assessed.
Observations made during a field trial will indicate the ease of establishment of the

mulberry while a literature survey and a germination trial will demonstrate the viability
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of sesban seeds. Most research, concerning these two species and, in fact, most
agroforestry species, has been directed towards their value as animal feed and not
towards the production of plant material for soil amelioration. An evaluation of these
studies will indicate the factors that can influence the production and quality of the plant

material produced.

ENVIRONMENTAL ADAPTATION AND GEOGRAPHICAL DISTRIBUTION

Sesban is well adapted to a range of circumstances and is distributed through tropicatl
and subtropical parts of Africa, Asia (Gutteridge, 1995; Evans, 1994) and Australia
(Evans,1994). Sesbania sesban (L.) Merr subs sesban variety nubica is indigenous to
the eastern parts of the Northern Province, Mpumalanga and Kwazulu Natal occurring
mostly in low lying areas and near watercourses (Palgrave, 1977; Palmer & Pitman,
1972). Although tolerant of a variety of adverse conditions, including periodic water
logging, periodic flooding, alkaline and acidic soils (Evans, 1994), a lack of longevity
is seen as one of the most limiting factors regarding the use of Sesban as a fodder tree
(Karachi & Matata, 1997). In South Africa the lifespan of sesban is limited to two to
three years in its natural habitat (Pooley, 1993). A sensitivity to low temperatures and
especially frost (Evans,1994) is seen as a major cause for this lack of longevity.

Very little has been published about the geographical distribution of the white mulberry
in South Africa. The only indication to the environmental adaptation can be found in
the studies concerning the mulberry as an invasive species. The white mulberry is a

prominent weed species in the savannah- and grassland biomes in Mpumalanga,
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impossible without modelling. Although no examples could be found in the existing
literature of attempts to model the growth and yield of sesban an evaluation of the
literature identified those factors that can influence the production potential of sesban.
The factors that influence the production of sesban can be divided into three broad
categories namely the plant itself, environmental factors, which include climatic and soil
characteristics, and managerial practices.

Gutteridge (1995) stated that the five varieties of sesban, that are recognized
botanically, do not differ in agricultural value. In a study by Karachi and Matata (1997)
accession was recognised as a very important determinant of yield potential. Further
research into the effect of accession or cultivar is, therefore, needed. The
environmental conditions conducive to the growth of sesban have been discussed in
the section concerning the environmental adaptation, geographical distribution and
applications. The importance of climatic and soil factors in determining the growth and
development of plants has been well researched and documented and will not be
emphasized here. It is important, however, to realise that, when sesban is produced
outside a natural ecosystem, the effect of environmental factors may be overshadowed

by managerial practice, as can be seen from the following example.

Jama et al (1998) conducted a study in Kenya to evaluate the effect of sesban tree
fallows on maize yield on two phosphorous-deficient sites. The standing biomass
production differed between these two sites, more material being produced at the lower
rainfall site than the higher rainfall site. Jama et a/ (1998) attributed this difference to
three factors: establishment method, plant spacing and differences in the P status. The

trees that were planted as seedlings alsc had a higher initial growth rate than those
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surface.

While sesban, as a legume, has the ability to fix nitrogen, the mulberry cannot,
theoretically, fix nitrogen. The leaves of the mulberry are singular and large. Sesban,
in contrast, has compound leaves with small leaflets. 1t is, therefore, reasonable to
assume that a mulch, or green manure, from these two tree species will have different

effects.

CONCLUSION

The natural distribution of sesban and the spread of the mulberry indicate that both of
these trees are well adapted to a range of environments in South Africa. The most
limiting factors to the spread of these trees are low temperatures, frost and a rainfall of
less than 600 mm p.a for the mulberry and 500 mm p.a for sesban. Although
establishment practices differ greatly between sesban, which is established by seed,
and mulberry, which is established vegetatively, both of these trees are easily
established.

The yields that have been reported in the literature, for these two tree species, indicate
that both are capable of producing enough material to utilize as a mulch or green
manure. Itis, however, clear that the yield of both varies greatly and that many factors,
including genotype, environment and management can influence the yield. Plant
spacing has already been identified as an important determinant of production. Soil
fertility and establishment practices also influence the production of sesban. These

factors interact with other managerial and environmental factors to determine the
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of soil biclogical activity has been suggested and evaluated as an indication of soil
health (Bandick & Dick, 1999). The microbial portion of the soil is further highlighted,
by Kennedy and Smith (1995), as an important determinant of sustainability and

ecosystem functioning.

Dehydrogenase activity is an easily determinable factor. Apart from being relatively
simple and cheap there are other factors that confirm and endorse the suitability of this
soil enzyme as an indicator of soil microbial action. There is a general acceptance that
soil enzymes are mostly derived from micro-organisms (Ladd, 1978). Nannipeiri et a/.
(1983) reported that fluctuations in soil enzyme activity followed the same pattern as
the microbial biomass, as influenced by the addition of glucose to the soil.  Soil
enzymes, however, are not only the product of microbes but can also be derived from
plant material added to the soil (Martens et a/. 1992). Dehydrogenases, however, are
intracellular {(Bolton et a/, 1985; Ladd, 1978) and are “mainly related to microbial
respiratory processes” (Bolton ef al. 1985). Dehydrogenase activity can, therefore, be
seen as a good indicator of microbial activity.

Mulches can influence the soil moisture content, the soil temperature as well as the
nutrient status of the soil. Apart from the direct influences these effects may have on
accompanying crops, it is also possible that they may influence micro-organisms in the
soil.

It is hypothesized that the application of a mulch would increase the enzyme activity in
the soil, at least during decomposition and the period of microbial breakdown of the
plant material. The objectives of this study were, therefore, to determine whether a

freshly deposited mulch would influence the microbial activity in the soil? To what
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Trees and nutrient cycling

Trees are capable of using nutrients unavailable to other crops e.g. deep in the soil
profile or in adjacent open spaces (Van Noordwijk ef al, 1936). This ability will depend
on the root distribution of the tree. It is, generally, accepted, that most trees are deep
rooted, a statement often made as an argument for the inclusion of woody species in
cropping systems. This is, however a generalization. There are large differences
between different species, and even within species as influenced by the environment,

concerning the distribution pattern of the roots (Van Noordwijk et al, 1996).

Nutrients are captured in the plant material including the leaves. The leaves can either
be utilised by browsers or drop onto the soil surface as litter. Minerals are released
from the leaves and litter through leaching and from the litter through decomposition
{(Heady & Child, 1994). Trees and shrubs are, therefore, capable of enriching the soil
beneath the canopies (Heady & Child, 1994). This is what usually happens in natural

ecosystems. It is, however, possible for man to manipulate or simulate this system.

Clippings from multipurpose trees can enhance the soil environment by contributing
nutrients to the soil. The basics of nutrient cycling have been described for trees in
forest ecology, and undoubtably these principles will apply to agroforestry systems,
where trees and crops are grown in close proximity (Palm, 1995). In these systems,
however, another dimension enters the equation: management. Management
strategies such as type of tree, type of system, arrangement and spacing of

components, pruning regime and the fate of the clippings (green manure, mulch or
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undernourishment. The quality of the product should, therefore, also be considered.

It has been stated earlier that nutrients captured in the leaves of trees can be returned
to the soil through different pathways. In natural ecosystems the nutrients are often
returned to the soil through a process of litter fall. This process, however concentrates
the nutrients beneath the canopy of the tree (Heady & Child, 1994).

The aim of nutrient cycling in agroforestry sy§tems is not only for the tree to capture the
nutrients but to distribute the captured nutrients to the inter-crop. The natural process
of litter fall would, therefore, not be acceptable, especially in the semi-arid areas where
the trees would be spaced further apart to reduce competition. Nutrients can also be
cycled back to the soil via manure. The added benefit of supplying fodder to animals
serves as an incentive for farmers to include trees into their systems. Manure from
these animals can then be collected and worked into the soil. Mathuva et a/.(1998)
reported that significant amounts of nutrients were lost from manure through
volatilization and urine even when great care was taken in the collection and
preservation of the manure. These losses can be greatly aggravated when the manure
is left for long periods in open “bomas” before removal, a problem identified by McCown
et al (1992) in the semi-arid areas of eastern Kenya. The availability of enough manure
was also a problem in this area. Pruning the trees and applying the clippings to the soil
is an easy and manageable method of cycling nutrients captured by the tree to the crop

that leaves very little opportunity for nutrient loss.
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The effect of plant material applied as mulch or green manure on the water balance and
fertility of the soil differed. Although green manure or muich of sesban and mulberry
increased water use efficiency and plant production, at least in the short term, a

combination of such methods should also be investigated in greater detail.

Keywords: Morus alba, Sesbania sesban, mulch, green manure, water use efficiency

INTRODUCTION

The increased competition in systems where crops are grown in close proximity to each
other, as found in agroforestry systems such as alley cropping, are regularly cited as
reasons for the relative inefficiency of these systems in arid and semi-arid areas.
According to Mathuva et al. (1998) the efficiency of an alley cropping system depends
on the ability of the system to improve soil water availability, where water is the limiting
factor. Very little research has, however, been done on the water use patterns in alley
cropping systems (Kiepe & Rao, 1994 ). Furthermore, the use of additional techniques,
such as waterharvesting and the reduction in evaporative water losses, have not been
taken into consideration in most of these studies. Kiepe & Rao (1994} emphasized the
importance of research into the different components of the water balance.

There are a range of possible management options available to minimize the
competition between hedgerows and crops. These include: choice of suitable tree
species, height and frequency of pruning the hedgerows, and hedge spacing (Mathuva

et al. 1998).
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Because of the profound effect of the watering treatment the data were sorted and each
watering level was analysed individually as a 4x2 multi-factorial using a SAS package

(SAS Institute Inc.).

Layout

The treatment combinations were assigned randomly to pots, which were rotated

regularly in a completely randomized layout.

Application of treatments

Fresh leaf material was used for the muich and the green manure treatments. The
mulch treatment consisted of fresh leaves from M. alba or S. sesban spread evenly
over the soil surface. The green manure treatment consisted of fresh leaves mixed
thoroughly with the total amount of soil in the pot. Each treatment was repeated at
three different watering levels. These levels were determined as a percentage of field
water capacity. The pots were sealed at the base to prevent any leaching water loss.
All the water lost could, therefore, be attributed to evaporation from the soil surface and

to transpiration. The control pots did not receive any leaf material.

Observations

Each pot was weighed before watering to determine the water lost from the pot. The
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Total leaf area

While no significant differences in the total leaf area were detected at the intermediate
watering level, the relative leaf areas at high and low watering levels (Tables 4 & 5)
were affected. The higher rate of mulch or green manure application, irrespective of the
treatment, resulted in a higher total leaf area. The mulberry green manure treatment
had a significantly higher total leaf area than the rest of the treatments at the high
watering level (Table 5). The green manure treatments had significantly higher total
~ leaf areas than the mulch treatments of the same species at the low watering level

(Table 4)
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been evaluated as an agroforestry tree in different systems. The white mulberry (Morus
alba), in contrast, is a relatively unknown non-nitrogen fixing tree. The natural
distribution of sesban and the spread of the mulberry indicate that both of these trees
are well adapted to a range of environments in South Africa. The most limiting factors
affecting the spread of these tree species are low temperatures, frost and a rainfall of
less than 600 mm p.a for the mulberry and 500 mm p.a for sesban. Establishment
practices differ greatly between sesban, which is established by seed, and mulberry,
which is established vegetatively, but both of these trees are, however, easily
established. Although both of these tree species are capable of producing enough
material to utilize as a mulch or green manure, the yield of both species varies greatly.
Many factors, including genotype, environment and management practices -such as
plant spacing and establishment methods -may influence the preduction. The effect of
all of these parameters, as well as their influence on each other, has not, as yet, 5een
quantified. lt is, therefore, recommended that a detailed study be conducted into the
environmental and managerial factors to facilitate the modelling of the growth,
development and productivity of the trees to facilitate the prediction of potential yield

for specific environments and managerial regimes.

In preliminary studies leaf DM production levels of high density stands (3 700 trees/ha)
varied between 3000 to 6000 kgDM/ha for a newly established mulberry plantation, and
approximately 5000 kgDM/ha for sesban. One hectare of these trees would, therefore,
be able to supply only one application of mulch or green manure for one hectare of
cultivated land if an application level of 4000 to 5000 kgDM/ha is considered. Even

where a higher DM production, as a result of better environmental conditions or better
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