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INTRODUCTION

Declining availability of various forest products

such as fuelwood, fodder and timber on the one hand, and

rising rates of deforestation on the other, are two

fundamental problems that the tropical world is confronted

with. The global rate of deforestation is estimated to be

of the order of about 11 million hectares every year

(Fi\0, 1983). Broadly, agroforestry type of land-use

systems which integrate woody perennials, herbaceous crops

and/or livestock on the same unit of land tend to optimize

productivity and also strive to offset the severe

anthropogenic pressures on natural forests by providing
these resources from outside the natural forests,

Silvopastoralism refers to land use systems in

which pasture and livestock production are integrated
with woody perennials on the same land management unit.

Although opinions differ, it broadly covers grazing systems

and cut and carry' fodder practices. These land use

systems are generally characterised by higher
productivity on account of the vertical stratification of

^ the shoot and root systems of different components



(Payne, 1985). The ability of crop combinations to use

available light more efficiently is well documented in

thei literature (Ewel^ , 1982). In addition, trees in

managed species mixtures have a great potential to bring

micro-site enrichment' through processes such as

efficient cycling of plant nutrients and nutrient pumping

(HajLnes and DeBell, 1979; Huxley, 1985 and Nair, 1984).

Nitrogen-fixing trees have the additional potential of

bringing in substantial quantities of atmospheric nitrogen
V

into the combined form. Crude protein content of the

forage also was found to be higher under nitrogen-

fixing trees (Deccarett and Blydenstein, 1968).

Mitigation of extremities in temperature and

rainfall, physical amelioration of soil, lesser weed

proliferation, better extractability of available
I

nutrients through changes brought in soil micro-floral

-y spectra are some of the other advantages of integrating
tree crops with annuals (Budowski, 1981).

Interference of trees, however, is a major

constraint in the integration of trees with field crops. As

tree matures and canopy is formed, intensity of light at

the ground level decreases, thereby affecting the

understorey forage productivity (Mathew ^ 1992).

Another adverse factor is the possible inter-specific



i.
competition for nutrients (Buck, 1986) and water (Budowski,

"" 1981). The potential nutrient export, especially with whole-

tree harvesting tend to deplete the nutrient capital of

the site (Wang ^ , 1991)

Proper selection of tree and field crop

components, which ensures maximum compatibility among

the various components of the system can, to some

extent, mitigate these adverse effects. Ideally in such

^ systems, the tree components should exploit the lower

layers of the soil profile without exerting any

allelopathic influence on the associated crops, fixing

atmospheric nitrogen, facilitating light infiltration

through the canopy, besides, that the root systems of the

field crops should exploit the top layers which the tree

roots do not normally scavenge. " However, precise

quantitative information on the resource sharing aspects

of silvopastoral systems involving tropical species and

the above and below ground interactions in such

situations are lacking. In this context the present

study was taken up with the following objectives:

1. Quantification of the biomass production potential

of selected forage species grown in association with tree

^ .components after canopy closure.
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2. Compare the productivity of different tree components

grown in silvopastoral system.

3. Charaterisation of the micro-site enrichment and

nutrient cycling aspects of silvopastoral

systems; analyse the partitioning of solar radiation

among the different components of • the systems and
I

elucidate influences regarding the nature of root

interactions in silvopastoral system.



i
C



.'t

REVIEW OF LITERATURE

2.1 Integrating Livestock/Crop Production systems

Agroforestry systems tend to integrate various

crop, livestock and tree production systems on the same land

management unit. Animal agroforestry is proposed as a generic

name for land.use systems which include animals (for

production and /or performance) as one of the components

(Torres, 1982), It has been suggested that these systems

can be called silvopastoral systems when they include tree or

shrubs in pastures or animals, while the agrosilvopastural

systems are the ones which contain herbaceous food crops

also.

Broadly, three major integrated livestock/crop

production systems are often distinguished: viz grazing

and/or browsing in natural forests; grazing or harvesting

of forage under planted trees or the 'cut-and-carry

system' and browsing or harvesting of tree forage or

protein banks (Payne, 1985), Major advantages cited in

favour of the cattle/tree crop system include the ability to

simulate the canopy structure of the tropical rainforest

ecosystem, although to a limited extent, utilization

^ solar energy more efficiently due to vertical



stratification of the aboveground components and protecting

the soil from erosion. The vertical stratification of

the root system also enhances 'microsite enrichment'

besides providing a closed nutrient cycle (Payne, 1985),

According to Budowski (1980) such integrated

systems abound in the humid tropical zones of Mexico,

Central America. Combe (1979) described a system of

silvopasture in the highlands 'of Costa Rica wherein under

a canopy of Alnus acuminata, Pennisetum clandestinum is

planted and rotationally grazed. Besides, Pennisetum

pupureum and Axonopus scoparius are also grown under trees

and are cut for feeding the cattle.

Barker and Nyberg (1968) surveyed the coconut

based production systems of Philippines and found that on 22

per cent of such holdings, cattle grazing is practiced.

Hill (j,969).- recOmrnended the use of Brachiaria mutica,

Brachiaria ruziziensis and Panicum maximum for the

cattle/coconut systems of Papua New Guinea, Brachiaria

miliformis, B. brizantha, and Panicum maximum are

suitable for growing under coconuts and that they are adapted

to relatively low light intensities (Eriksen and Whitney,

1977). Several workers have described integrated tree and

forage production systems characterising of the tropical
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andj sub-tiropical regions of Indian sub-continent (Raut and

Gill, 1987; Mathew et al., 1982).

2.21 Productivity of Silvopastural systems

I The agroforestry systems are characterized by

high productivity and they are extremely dynamic with

available resources and environmental conditions changing

ove^ time. A basic yet useful approach is to look at the

resource pools of light, nutrients and water and how the

plants will utilize them in the horizontal, vertical and

time dimensions (Buck,1986).

the

Management can affect biomass production and

allocation of these resources by controlling inter-crop

and intra crop competition.

2.21 Understorey herbage yield

j In a series of intercropping experiments with

Leucaena leucocephala, Sesbania sesban and Desmanthes

virgatus with (hybrid napier and Guniea grass) at Jhansi,

U.P., Gill and Patel (1985) reported fodder yields to be

the| highest under Leucaena leucocephala. Herbage yield of

80-150 t ha ^ year ^ was obtained from Panicum maximum

intercropped with Leucaena leucocephala (Mohatkar, 1987).

^ Similarly, intercropping studies of Panicum maximum with



Leucaena leucocephala in India yielded highest forage

biomass (120 t ha ^ of green fodder) and was

significantly greater than four other forage legumes (Raut

and Gill, 1987). Mathew, ^t ai. (1992) observed that

under the eco-climatic condition of Kerala, Pennisetum

purpureum, Panicum maximum, Brachiaria ruziziensis,

and Euchlaena maxicana grown in association

with Casuarina equisetifoilia and Ailanthus

malabarica recorded comparatively higher fodder yield even

after canopy formation.

2.2.2 Tree Biomass Production

Mishra et 3^- (1986) reported a net primary

production (N.P.P.) of 38,000 kg ha~^ year"^ from Leucaena

plantations in a sub-humid region of India. Prosopis

juliflora gave an N.P.P. of 30,000 kg ha~^ year"^

(Gurumurthi et , 1984). In a comparative study of

biomass of Acacia auriculiformis and Casuarina

equisetifolia• from a five-year-old plantation at Im x 1 m

spacing it was found that A. auriculiformis gave a green

biomass yield of 81.05 t ha ^ while for C. equisetifolia

it was 68.9 t ha . But at 1.5 m x 1.5 m equisetifolia

gave a higher biomass (Kushalapa, 1987). Biomass

accumulation rates of five tropical tree taxa in a 5.5

year-old plantation in Peurto Rico, at 10 m x 10 m.



were' assessed by Wang ^ al. (1991). Casuarina

eqmsetifolia recorded the highest dry matter accumulation

of 36,2 Mg ha ^ year Albizia procera,

Eucailyptus robusta, Leucaena leucocephala var ' K8,

Leucaena leucocephala var Puerto Rico had a N.P.P, of

22.51, 12.18/ 8.5 and 6 respectively.

I For a spatial mixed system there are several

examples of the plantation/crop associated with shade trees.

^ For instance in a coffee and cocoa production system
^ I

intelrplanted with Cordia alliodora and/or Erythrina

poeppiqiana of Latin America, it is estimated that the tree

component alone produce about 10,000 kg ha"^ year"^of
f

bioitjass (Russo and Budowski, 1986; Alpizar ^ al. ,

1988'). In a hedge row intercropping system in Nigeria,
Glirjicidia sepium produced 3000-4500 kg ha~^ year"^

(Yairioah, 1986; Bahiru-Duguma ^ ' 1988) and for

Leucaena leucocephala it was 6770 kg ha"^ year"^ .(Kang ^
al. ,1 1985) . The tree rows were spaced at 4 m

I

interval.

I

In an integrated tree crop system the total

biomass supported by an area is tremendously . boosted

compjared to the monoculture situation of either of these.
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2.2>2.1 Partitioning of biomass among the tree components

The success of an organism in an environment can

be predicted by looking at its relative allocation of

biomass or energy (Gadgil and Solbrig, 1972). The

partitioning of dry matter production between the four

components: leaf, reproductive parts, wood and root is a

matter of considerable importance in agroforestry, since

some of these components will be harvested and others

returned to the system.

Total biomass measured including roots of

Acacia nilotica (5264 plants ha"^ ) after, 12-month

60-month periods were 16-0 and 154.0 t ha~^ dry matter

respectively (Gurumurthi ^ , 1986); of these utilizable

biomass (bole, bark, branch) was 10.9 and 110.1 t dry matter

ha ^ respectively. Stemwood was 30 per cent and
branches 35 per cent. Root biomass was 19' per cent at

12 months interval while it was 26 per cent at the 60-month

stage.

The tree biomass and its relative allocation

to various components of different trees in a

central Himalayan forest revealed striking variability

in phytomass allocation among species. For Shorea

robusta 61.3 per cent biomass was allocated to the

and
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bole, 10.5 per cent to the branches, 4.7 per cent to

twigs, 2.6 per cent in leaves and 20.5 per cent in

the roots, in a mature sal forest. While in a chir pine-

sai/mixed broadleaved forest the bole, branch, twig, leaf
and the root component were 43,9,26.9,10.5,3.5 and 15.2

per cent respectively. While for Quercus incana in a mixed

oak forest it was 43.9,26.9,10.5,3.5 and 15.2 per

cent respectively (Rana ^ , 1989).

^ intercropping experiment involving
Leucaena leucocephala with beans and maize, no significant

difference were found in the biomass allocation between the

intercrop and monoculture situations. Leaf component was

around 14.8 per cent while branches 34.7 per cent and

bole 50.4 per cent (Maghembe ^ ^., 1986).

-ri

In the analysis of Wang ^ (1991) found

that biomass partitioning for five tropical tree taxa in

a 5.5 year-old plantation in Peurto Rico, Casuarina

equisetifolia accumulated 70.8 per cent biomass in its bole,
17.4 per cent in its branch and 10.9 per cent its leaves. For

Leucaena leucocephala var KB it was 78.7, 17.4

and 5.1 per cent respectively. The corresponding
values for Leucaena leucocephala var Puerto Rico were

72.7,15.4 and 11.5 per cent.
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3 four year old Acacia auriculiformis stand

had 72-76 per cent of the biomass was allocated to the stem

and 9-12 per cent to the leaves (Osman ^ , 1992),

2.2.3 Biomass Nutrient Export

A direct result of high biomass accumulation rate

is that the nutrient accumulation rates are also

correspondingly high. Comparing the nutrient use

efficiency and biomass production of five tropical

A trees Wang et al. (1991) have shown that Casuarina

equisetifolia with the highest growth rate had the highest
I

nutrient efficiency for N, P, K and Mg and Leucaena

ledcocephala var K8 had the least efficiency for N, K, Ca

and: Mg. For most nutrients stem wood and large branches

were the most important nutrient sinks, followed by small

branch/ bark and then leaves. According to Hopman et al.

(1993) who analysed the impact of harvesting on nutrients

in a eucalypts ecosystem in south eastern Australia,

nutrient removals from wood generally represented only a small

per,centage of available soil reserves. Nutrient content

of bark was higher compared to stemwood and therefore,

export of nutrients (Ca and Mn in particular) as a result

of harvesting was significantly reduced by on-site debarking.
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The uptake, accumulation and distribution of

nutrients in the plant body is affected by several factors

such as age, species, soil conditions, spacing, climate

etc. (Ovington, 1968), For most of the nutrient

elements the order, of nutrient is reported to be leaves

> bark > small branches > stem plus large wood. However,

for Ca it is bark > leaves > small > stem and large branches

(Lugo and Murphy, 1986).

Nutrient losses accompanying biomass harvest has

been of great concern in the recent years, especially, in the

context of planting high-yield species followed by whole-tree

harvesting (Bormann and Likens, 1967; Jorgensen ^ , 1975;

Kimmins, 1977; Johnson, 1983).

2-3 Factors Affecting Productivity of Silvopastoral Systems

2.3.1 Tree characteristics

Trees in managed species mixtures have a

great potential to bring about 'micro-site enrichment'

through processes such as efficient cycling of plant

nutrients and nutrient pumping (Huxley, 1985) and

consequently increased biomass productivity of the

components of the system. Nitrogen fixing trees

have the additional potential of bringing in

^ substantial cjuantities of atmospheric nitrogen into combined
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form and it is inferred that a significant portion of the
I

nitrogen fixed is also released into the .rhizosphere

^ (Lakue and Patterson, 1981). Trees tend also to moderate
the influence of leaching' through addition of, bases to

the soil surface. The production of allelo-chemical

substances by trees, however, have been suggested as a

possible problem in agroforestry. But evidences are

mostly anecdotal, in this context, some of the

Eucalyptus species have been reported to produce toxins which

-A. can inhibit germination or growth of some annual herbs

(Poore and Fries, 1985).

Canopy structure and orientation of the plant

canbpy in space plays an important role in intercepting

the incoming solar radiation, Terjeing and Louise (1972)

experimented with tree shapes simulated by sphere,

cylinders and cones of equal surface area. Cones

intercepted the largest amount of radiation,

especially, at higher altitudes. In another study,.

Norman and Jarvis (1974), evaluating the influence of

canopy structure on interception of radiation, concluded

that the path length of light through the crown,

silhouette area and canopy volume did not

significantly affect shading capacities in five stands of

^ tree species studied.
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2.3.2 Spacing/-tree density

Tree densities will have varying effects on

each individual crop component and total system yield. Maize

yields did not vary significantly under varying densities

of leucaena provided the trees are routinely pruned to a

height of 20 cm (CIAT, 1977). Ola-adams (1993)

investigated the effects of spacing on biomass

distribution and nutrient contents of Tectona grandis

and Terminalia superba in south western Nigeria and

found that stem bark and leaf weight per hectare in

Tectona grandis appeared to decrease with increasing

spacing. There was a significant difference with spacing

for small branches and big roots also. In Terminalia the

total biomass, stemwood# stembark and small root weight

decreased with increasing spacing. The widest spacing

showed a significant increase in stemwood biomass.

2.3.3 Stage of stand development

Lewis ^ (1984) reported a reduction in

forage yield with increasing tree canopy under a Pinus

elliolotii stand compared to the open. Evaluating the

performance of wheat under a three-year-old Populus

deltoides stand. Ralhan ^ (1992) observed yield

^ reduction .of 23,3 per cent compared to the first year.
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Mathew et (199 2) reported that growth and yield of

fodder species was significantly affected by the tree

components only after canopy formation.

2.3.4 Tree management practices

After assessing the influence of canopy lopping

of Leucaena on the sorghum intercrop, Hocking and Rao

(1990), suggested that pollarding Leucaena at the time of

under-sowing sorghum registered an sorghum grain yield

equivalent to 46 per cent of the pure sorghum crop. Palled

et al. (1989) found that increasing stubble height of

Leucaena reduced the grain and stover yield of sorghum.

2.3.5 Shade tolerance

Among the factors affecting forage yield -degree

of tolerance of the forage crop is of crucial

importance. In south eastern United States Pinus elliotii

and P. taeda are major tree species used in

conjunction with shade tolerant forage species such

as Paspalum notatum, grown as summer forage and

Trifolium subterranem as winter"forage. Mean forage yield

under the canopy was 2800 kg ha ^and in the outside it

was 3300 kg ha ^ (Johnson and Davis, 1983).
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2.4 Sys-tem Dynamics

Implicit in the role of agroforestry in

maintaining soil fertility, is the fundamental proposition

that trees improve soils. Such soil enrichment has been

attributed to stemflow, preferential trapping of

atmospheric inputs, enhanced nutrient uptake from depth,

deep rooting nature of trees roots and efficient

nutrient cycling (Young, 1991). Several workers have

reported enhanced nutrient and water availability

under woody perennials. For instance, comparing soil

properties under the canopy of individual Acacia albida

trees, with the surrounding areas without tree canopy,

Felker (1978) reported a 50-60 per cent increase in

organic matter and nitrogen under the canopy together with

increased water-holding capacity.

In northern Nigeria maize and sorghum grown in

pot culture using 'soils under trees' grew two to three

times faster than in soil without trees. Soil fertility

decreased in the order Azadiracta indica > Prosopis

iuliflora > Eucalyptus camaldulensis > control (Verinumbe,

1987). In the moist sub-humid zone of Belize, tree-soil

transects of broad leaf savanna showed considerable

enrichments in nitrogen, phosphorus, potassium,

calcium and other bases under trees (Kellman, 1980), On
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a sandy luvisol in the semi-arid zone of northern Senegal,

soil organic carbon, total nitrogen and the mineral

nitrogen levels showed a progressive decrease from the trunk

to the canopy margin under Acacia Senegal, Balanites

eagyptiaca and Adansonia digitata (Bernhard-Reversat,

1982). In Maxcala, Mexico trees intercropped with maize

influenced soil properties upto six to 10 m radius, under

Premus capuli and Juniperus sp. Nitrogen was 1,5 to 3.0

times higher under trees, available phosphorus was 4.0 to

7.0, potassium 1.5 to 3.0 times higher, calcium,

magnesium, carbon and cation exchange capacity showed an

increasing trend (Altieri ^ al.,1987).

To sum up, overwhelming evidence exists on

the ameliorative role of trees on the soil it

supports. The accessibility of trees to deeper soil

horizons helps the component herbaceous crops to get

nutrients out.of their reach.

Other . major pathways which contributes to

the accretion of mineral elements in* the surface

soils of agroforestry systems are outlined below.

2.4•1 Nutrient cycling

Litter plays a fundamental role in the cycling

^ of nutrients and in the transfer of energy between plants and
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soil, fxinctioning as fuel for the nutrient cycles in the

^ upper-most layers of the soil (Medwecka-Kornas, 1970). The
importance of the detrital pathway to the overall

ecosystem productivity and nutrient cycling has long been

recognized and is reflected in the voluminous literature

on this subject matter (see reviews by: Bray and

Gorham/ 1964; Cole and Rapp, 1981; Waring and

Schlesinger, 1985 andVogt^^,, 1986). Litter fall,

decomposition and .turnover rates have been reported

^ from diverse ecosystems: Van Cleve and Norman (1978) from

higher altitudinal forests of Alaska, Lamb (1985) from

Australian eucalpts forests. Das and Ramakrishnan (1985)

from subtropical Pinus kesyia • of north east India,

Stohlgren (1988a) in the Sierran mixed coniferous

forests, Harmon (1990) from a picea/tsuga forest,

Kumar and Deepu (1992) for the moist deciduous forests

of the peninsular India. A vast majority of the works

cited are however, from temperate and/or monoculture stands

and only a fewer nu^er of studies are reported from

tropical forests in general and agroforestry systems

in particular. The available literature in this respect are

reviewed underneath.

2.4.2.1 Litter production rates

^ Litter represents an input-output mechanism for
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mineral nutrients and organic matter. The amount of detritus

or litter produced vary markedly among ecosystems and a

number of factors appear to control this parameter.

Bray and Gorham (1964) have shown that an

inverse relationship exists between the total amount of litter

production per year and the latitude of the locality. Das

and Ramkrishnan (1985) reported that for a Pinus kesiya

stand of North-East India, the total litter production

ranged from 6663 to 8984 kg ha~^ year"^ while the needle

litter ranged from 6383 to 6908 kg ha~^ year"^, lower than

the values projected by Bray and Gorham (1964). For a

secondary successional stand, on a well-drained uplands of

the East Gulf Coastal Plain of Mississippi, Hinseley ^ al.

(1991) suggested that foliage litter mass was in

conformity with the Bray and Gorham's hypothesised

values. Nevertheless, • the proportion of reproductive

parts were lower than the values reported by Cromack and

Monk (1975), Gizzard ^ (1976) and Rolfe (1975).

Annual litter production in warm temperate

forests range from 5-7 t ha ^ year but can be as high as
18 t ha ^ year ^ (Bray and Gorham, 1964). Values
repprted for tropical forest formation vary widely 9.8 t ha~^

year ^ (Klinge, 1977; Fraken ^ , 1979; Luizao and
Shubart, 1987), 5.5—15.3 t ha year ^ for equatorial
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forests (William and Gray 1974), 12.2-14.4 t ha~^ year"^

for a tropical deciduous forest in peninsular India (Kumar

and Deepu, 1992).

Venkataraman ^ (1983) monitored the extent

of litter fall in Eucalyptus globulus and Acacia mearnsii

plantation of Nilgiris. For blue gum the amount of dry

weight of litter was 1.9 t ha~^ year"^ and for black

wattle it was 0,96 t ha ^ year Mean annual litter

production from sites in Darjeeling was 4,8 t ha~^

year ^ and the maximum litterfall (69 per cent) occurred
during the pre-monsoon season (Nirmal, 1986). Maximum

litter fall in spruce and silver fir plantations varied from

5.2-5.17 t ha year ^ in different experimental plots
(Virendra Singh ^ 1987). Litter dynamics in an

Acacia auriculiformis stand in Kerala was around 12.92 t

ha ^ year ^ (Kunhamu, 1991).

Depending on an array of factors such as

latitude, altitude, stand density, species etc. the amount

of litterfall varies widely but it remains as the primary

source of nutrient recharge into any ecosystem.

2.4.2.2 Seasonal variations in litterfall

Lonsdale (1988) analysed the total litter fall

from 389 forest sites throughout the world using
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multiple regression analyses considering latitude, altitude

as predictor variables. Witkamp and van der Drift (1961)

reported that for Populus tremula, in Netherlands, there

was only one peak in litterfall during October, which

they attributed to prevailing wind conditions. Whereas for

Populus deltoides plantation (in India) two peaks in

May and October (Raizada and Shrivastava, 1986) were

observed.

Increased leaf fall due to drought condition have

been reported by Pool (1913). Pokhriyal ^ (1989)

made a detailed analysis of the leaf emergence and shedding

behavior in Populus deltoides at Dehradun and found out

that almost 90 per cent of the leaves were shed during

October-December. In a study on litter production

in young Acacia nilotica and Eucalyptus tereticornis

in North India, Gill ^ (1987), found that winter

season accounted for a larger proportion of the annual

litter production. This was unlike deciduous plantations

(Gosh ^ al., 1982; Kikuzawa ^ ^. , 1984), which

yielded maximum litter during sxmimer months. While in

the deciduous stands in the temperate regions of

Northern hemisphere the maximum litter fall normally is

concentrated in the autumn with a pronounced peak during

^ October-November (Viro, 1955; Andersson, 1970). Kumar and
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Deepu (1992) conducted detailed studies on litter

dynamics of a moist deciduous ecosystem in the

peninsular India and suggested that litterfall

followed a mono-modal distribution pattern with a peak
during the dry period from November-December to March-

April, perhaps due to the water stress induced

abscission of the leaves and other parts.

)r

In short, chronosequencial variations in

litterfall can be attributed to the climatic variations.

2,4•2•3 Litter decomposition

Litter decomposition is an important mechanism

of nutrient cycling in agroforestry systems. The rates and

pathways of litter decomposition are determined by
quantitative and qualitative composition of the

decomposer community, their physical environment and

the biochemical quality of the substrate (Swift et al.,
1979) .

Litter disappearance rates have been determined for

a wide variety of litter types throughout the world.

Cold temperate forests were characterised by slow

decomposition and mineralisation of organic matter and

nutrients (Jenny ^ 1948; Makrenko and Atkin, 1976).
While in the warmer or more mesic regions, the forest
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floor accumulation of nutrients and. organic matter are

generally lower. It is estimated that needles of Pinus

silvestris spent about six months in the L-layer of the soil

profile and two years in the Fl and seven years in the F2
4

layer before being humified (Kendrick, 1959). But

decomposition rates were markedly higher for tropical

forests, ranging from 0,45 to 1.5 per cent per day

(Laudelout and Mayer, 1954). In temperate forests the

rates are comparatively higher for broadleaved species

y as compared to conifers (Bray and Gorham 1964).

Deciduous tree litter usually decompose more

rapidly, but considerable variations occur between different

species. The time required for the complete disappearance

of the original biomass ranged from five to eight months

(Kumar and Deepu, 1992). Sankaran (1993) report d a weight

loss of 96 per cent teak and 94 per cent for eucalypt, over

a period of 18 months. The annual decomposition

coefficient (k) for various Pinus species across a

variety of habitats ranged between 0.228-0.78 (Das

and Ramakrishnan, 1985) and for temperate hardwood

species it lay between 0.008 and 0.47 (Melillo et al,,

1982). Annual decay rates were between 0.18 and 0.62

for Sierran mixed temperate forests (Stohlgren,

4
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1988a) and the time required for 95 per cent decay ranged

^ from 11 to 27 years.

Heterogeneity in decomposition rates among

various agroforestry systems have been reported.

Usmansyah (1980) observed that the weight loss in Albizia

falcataria leaves after 16 weeks was highest in the forest

gardens (57.5 per cent), medium in home gardens (46.5

per cent) and lowest in annual dryland cropping (37.5 per

cent). The rate of decomposition of prunings were
>-

reported to be; Leucaena leucocephala > Gliricidia

sepium > Cassia siamea > Fleminqia conqesta

(Yamoah, 1986; Wilson, et , 1986). In a study conducted

in Colombia, the half-life of litter was found to be about 60

days for Albizia carbonaria, 80 days for Gliricidia

sepium and Sesbania graridiflora and 120 days for Erythrina

sp. and Cajanus cajan and 17 0 days for Cassia grandis.

These rates were found to be directly proportional to

rainfall (Arias, 1988).

2.4.2.4 Nutrient dynamics of senescing leaves

Metabolically active leaves continue to

derive nutrients till maturity. Thereafter, nutrient

contents often decline to a minimum as a result of

A senescence-caused retranslocation (Stachurski and Zimka,
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1975; Charley and Richard, 1983). The changing litter

nutrient concentrations decisively affect plant nutrition
\

and within-stand nutrient cycling. in recent years,

therefore, much emphasis has been placed on studies of

nutrient retrieval from senescei'ng leaves (Vitousek, 1984).

Das and Ramakrishnan (1985) observed

increased concentrations of nitrogen and phosphorus were

observed during May-July in the needle litter of Pinus

kesiya which was attributed to lower retraslocatian of

these nutrients before abscission and due to

addition of nutrients through precipitation. Contrary

to this potassium had lower concentration during

May-July which was attributed to its higher degree of

leachability. Nutrients inputs through litter • fall

exhibited seasonal variations under Acacia nilotica

and Eucalyptus tereticornis. Amounts of nitrogen,

phosphorus, sulphur, calcium, magnesium, potassium and

sodium closely followed the trend of the variations in

seasonal litter fall, indicating maximum recycling during

winter season and the amounts of recycled nutrients

particularly N,P,K,Ca,Mg,S were much higher in acacia than

for eucalypts (Gill et # 1987). Seasonal variation of

N, P and K were reported to be more than Ca and Mg (Sharma

^ and Pande, 1989). The variation in nutrient
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concentration of deciduous plantation (Sal and teak) leaf

litter were more than evergreen, except for N in pine

and was found to be negatively correlated with the

magnitude of leaf fall.

Compared to leaf litter the twig litter has been

reported to contain lower nutrient concentrations and was

attributed to the differences in non-photosynthetic to

photosynthetic-tissue ratio and tissue longevity compared

to leaves (Sharma and Pande,1989). Low nutrient

concentration in perennial tissues have also been reported

by Gosz ^ (1973) and Atiwill ^ (1978).

2.4.2.5 Factors affecting litter decay

2.4.2.5.1 Resource quality

Several workers have found a strong

negative relationships between initial lignin/nitrogen ratios

and the mass disappearance rates of litter (Aber and Melillo,

1982; Taylor* r 1989). Aber and Melillo (1982)

studied the nitrogen immobilization rates and found

that highest nitrogen immobilization occurred in

litters with highest lignin and nitrogen contents.

Carbon-nitrogen ratio of the litter has been reported to be

a good predictor of decomposition rates (Meentemeyer,

1978; Taylor, et al., 1989),
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Initial low N concentrations resulted in high

maximum litter accumulation, low levels of P in forest

litter also resulted in a slower rate of nutrient

release (Gholz ^ , 1985), Stohlgren, • (1988b) found

that the species with the lowest initial concentration of

N,P,K/Ca,Mg and Mn retained the greatest proportion of

nutrients after six years, in a sierran mixed conifer

forest.

2.4.2.5.2 Environmental factors

In terrestrial ecosystems leaf litter decay

is regulated by an array of factors besides the

biochemical quality of the 1itter. Environmental

conditions such as temperature and moisture supply can

play a vital role in deciding decay rates (Singh and Gupta,

1977; Pastor and Post, 1977).

2.4.3 Nutrient dynamics of decomposing litter

The -concentration of N increased sharply over the

one year period for Pinus banksiana, Betula papyrifera,

Populus tremuloides and Quercus ellipsoidalis, (Bockheim, et

1991) and six tropical species (Kumar and Deepu,

1992). But the concentration of P remained constant for

about the first 250 days and then increased, while K

concentration declined over the one year period. Many
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studies have reported that K and Mg as the most readily

released nutrients and that N as the most slowly released

macronutrient (Gosz ^ , 1973; Staaf, 1980).

Studies on leaf decomposition have shown the

reduction of carbon as the reason for the apparent

increase in concentration of many of the elements.

For N, however, microbial fixation of atmospheric

nitrogen, through fall, stem flow, and translocation of N

are also important (Bocock, 1963).

2.4.4 Root interactions

Root system studies concerning fine root dynamics,

root biomass and root architecture of trees are scattered.

Besides, the real issue of the degree of competition

for nutrients between roots of trees and adjacent

herbaceous crops has not been dwelled deep into.

Measurement of the quantities and spatial distribution of

roots in the soil is made by excavating the root system

(Bohm, 1979). But a more prec.ise and informative

32method is the use of slowly diffusing radioneuclides as P

so that the position of the label can be correlated with

root activity (Nye and Tinker, 1977; Vose, 1980),

Literature on root activity of agroforestry systems is

^ very fragmentry.
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Sankar (1988) analysed root activity patterns of

black pepper vine and various support trees in relation to

the root competition. It was found that 90 per cent of root

activity^ was confined to a radial distance of 30 cm from
the vine. Pepper vines trained on Erythrina sp. had a

larger lateral root spread than those trained on teak poles.
No other published reports are available concerning tree-crop
root interactions.

2.4.5 Canopy influence on solar spectral characteristics

Plant canopies effect both quality and quantity
of light. Under a canopy, the photon fluence rate gets
attenuated to varying degrees (Hart, 1988). Light on
absorption by photosynthetic pigments undergoes alteration
in the red : infra red ratio (Hart, 1988) . The spectral
environment in a canopy is further complicated by
sunfleeks, where light enters through gap in the canopy
(Holmes, 1984). Whitmore and Wang (1959) observed that
roughly half, the total energy in a low land tropical
rainforest in Singapore are due to sunfleeks.

Alterations in the composition of short-wave

radiations penetrating plant canopy indicates minimal changes
in spectral components during noon and maximum changes

^ during sun rise and sun set (Daynard, 1969). Comparing
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four forest types and two shrub vegetation types, in

The Netherlands, Stoutjesdijk (1972) observed that

leaf canopies transmitted very little radiation in the

photosynthetically active wavelength and a larger amount

of longer wavelength. Stoner et al. (1978) who

modelled irradiance within vegetation in Betula alba

canopies for Northern latitudes showed that

photosynthetically active radiation profiles was

influenced by foliage area, foliage reflectance and

foliage angle.

Spectral energy distribution patterns

of photosynthetically active wavelength during foliage

development (from April to June) under a canopy of mixed oaks

(Quercus alba and rubra)/ yellow poplar (Liridendron

tulipfera) in Ohio, using the spectroradiometric

technique showed that energy incident on the canopy was

highest at 550 nm and lowest at 400 nm. Radiation beneath

the canopy was reduced by 98 per cent, when leaves were

fully developed (Floyd ^ ' 1978). When incident

radiation were predominantly direct beam a bimodal

distribution of photosynthetically active radiation was

observed for a 15-year~old loblolly pine plantation.

However, for diffused incident radiation the

photosynthetically active radiation profile was unimodal
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(Sinclair and Knoerr, 1982). Increased light infiltration

into the understorey due to the cladophyllous canopy of

Casuarina eguisetifoilia was attributed as reason for

increased herbage yield of the four fodder crops grown

underneath (Mathew, ^ , 1992).

2.4.5.1 Canopy influence on attenuation of solar irradiation

Plant foliage, apart from bringing qualitative

changes to the solar spectrum, plays an important part

^ in the quantitative reduction of the incoming radiation.

Hoffer (1963) tried to relate certain stand density

parameters of lodgepole pine (Pinus contorta) with incoming

radiation and net radiation. The best relation for both

was found when canopy coverage and basal area per acre were

used as independent variables. Vezina (1965) also

attributed stand basal area as an important parameter

for judging solar radiation availability below forest stands.

Solar radiation beneath stands of basal area 228,189 and 125
2-1ft acre were six, eight and 10 per cent respectively of

the open. Variation in the amount of solar radiation in

the open did not effect the mean percentage of solar

radiation in the stand. Light measurements, at a height

of one meter, under a 100-140 year old stand of

Pinetum polytrichosum, P. equisetoso-sphaqnosumi and P.

fruitioso-sphaqnosum, showed a reduction of two to six
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percent light infiltration during summer compared to

winter. Differences between solar radiation under canopy

and in the open decreased with increasing cloud cover

(Izotov, 1966; Brasseur and Sloover, 1973).

Photometric evaluation of the radiation regime under

a forest canopy ,in Sakhalin, Russia, showed that

maximum photosynthetically active radiations were from noon

to 15 hours local solar time under stand of fir, birch,

^ spruce and larch of different densities and ages. Under
dense canopy (density index:1.0-0.8) photosynthetically

active radiation under a spruce/fir stand was only 1.1 to

3.8 per centage of the open. In a spruce stand of density 0.6

photosynthetically active radiation increased six to

seven fold. Photosynthetically active radiation under

the canopy of birch stand was five times more than that

under spruce/fir stand of equal density (Klinstov, 1976).

Solar radiation under a Cryptomeria japonica stand managed on

group selection system was 40 to 50 per cent higher than an

unmanaged stand (Fujimoto, 1973).

Seasonal variation of solar radiation in a 140-year-

old stand of Fa£^ sylvatica, a 56-year-old plantation of

Picea abies and the open were studied by (Brasseur and

Sloover, 1973). Spruce canopy intercepted 95 per cent

incoming sunlight during autumn and 97.5 per
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cent during foliated condition. For beech stand the

respective values were 91 per cent and 99 per cent.

Relative light intensity under a Fagus sylvatica

stand was 11 to 20 per cent to that in the open during spring

and two to three per cent in summer (Draskovits, 1975). In

a tropical dry evergreen forest of Thailand, Yoda ^ al.

(1983) noted that the relative illuminance decreased

linearly with height. The curve could be split into three

segments. The first segment represented the 20 to 31 m

layer, which intercepted about 90 per cent of the incident

light, while second layer with fewer leaves intercepted

negligible amount of light.

Solar radiation and relative transmission within

the canopy tended to reach maximum when the sun reached its

maximum altitude (Fujimoto, 1973).

2.4.5.2 Effect of light interception in intercropped situation

Hazara (1985) showed that photosynthetically

active radiation under the canopies of Albizia' lebbeck,

A. tortolis and Leucaena leucocephala were 80, 66 and

58 per cent respectively. Sankar and Muthuswamy (1986)

studied the dry matter production and recovery of dry ginger

under arecanut plantation in relation to light intensity.

^ The recovery of dry matter was high under a six- year-old
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stand than under a • two-year-old stand and monoculture of

ginger. As part of the investigation on the use of shade

tolerant species as a component of silvopastural system in

Central America, 25 different species/cultivars were sown

in the open and under cover of Pinus caribaea var

houndurensis. Mean light intensity under the canopy was 18

per cent of full sunlight, Centrosema, Desmodium and

Flemingia congesta were good performers (Bazil, 1987), A

model for estimating the optimum tree density for

maximum herbage production showed that woody plants with a

light, high canopy was seen favouring certain grasses. It
was hypothesised that for maximum herbage production tree

should be distributed in such a way so that the shadow of

one of the tree does not shade the base of another at

maximum shadow length (Obot, 1988).

2,4.6 Resource partitioning

Trees and shrubs are known to use their extensive

root systems .to absorb substantial quantities of nutrients'

from lower soil horizons and enrich the top soil
through leaf fall. However, the general apprehension of the

farmer is that trees in association with crops compete
strongly for nutrients and moisture.
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An important factor in the effective resource

sharing of nutrients and water in the rhizosphere is the

selection of crop species with differential root system

behaviour, both spatially and temporally. The root

distribution and resource use in the rizosphere can be

influenced by the genetic characteristics of the plant

species, the localized soil conditions and management.

Water and nutrient demands in the rhizosphere can be

partitioned temporarily by timing the harvest of crop

components in a manner that avoids competitive resource

sharing (Buck, 1986) . A * knowledge of the size of the

resource pools, . their accessibility to the crop

components, and the concepts of resource sharing

between and among the components are important to design and

manage agroforestry systems.
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X
MATERIALS AND METHODS

3.1 Study site

The study was conducted at the Livestock

Research Station/ Thiruvazhamkunnu, Palakkad district/

Kerala (between 11°21'30" and 11^21•50"E latitude, 76°21'50"

longitude and at an elevation of 60-7 0 m above mean sea

level. The silvopastoral experiment in which the present

study was conducted was laid out during June, 1988, as part

of the ongoing All India Coordinated Research Project on

Agrofprestry.

3.1.1 Climate

Thiruvazhamkunnu ^enjoys a warm humid climate having

a mean annual rainfall of 25 68.8 mm, the bulk of which is

received during the south-west monsoon season (Fig.l) The

mean maximum temperature at the nearby Dhoni farm ranges from

28.4°C (October) to 38.0°C (April). The mean minimum

temperature varies from 19.5®C (January) to 25.9°C (November)

(Fig.l).

3.1.2 Soil

The soil of the experimental site was oxisol having

a pH of 5.1.
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3 • 2 Field experimen-b

A randomised block design experiment involving

factorial combinations of four fodder species:

Pennisetum purpureum Schumach, (hybrid napier), Brachiaria

ruziziensis Germain & Everard. (congo signal)/ Panicum maximum

Jacq. (guniea grass) and Zea mexicana (Schrad.) Reeves &
I

Mangelsd. (teosinte) and four tree species (Leucaena

leucocephala (Lam.) de Wit./ Casuarina eguisetifolia J.R,

& G. Forst., Acacia auriculiformis A, Cunn. ex Benth. and

Ailanthus triphysa (Dennst.) Alston.), initiated in June

1988 (Fig.2 and Plate I, II) was used for the present

investigations. In order to quantify the magnitude of

forage yield loss due to the overstorey trees, additional

plots comprising of the four forage species, (three

jTeplicates) were established in the area adjoining to the

original experimental plot.

In the original experiment, trees were planted in

plots of 6m X 6 m in two rows, 4 m apart. Each row

consisted of six trees spaced at Im distance constituting 12

t.'.ees per plot. All plots were demarcated by 50 cm wide

bunds on all sides. The fodder species were planted in the

alleys of trees, since 1988. A spacing of 60 cm x 30 cm was

followed in the case of Pennisetum purpureum and Brachiaria

ruzizensis, while for Panicum maximum and Zea mexicana the
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spacing followed were 40 cm x 20 cm and 30 cm x 15 cm

respectively (KAU, 1992).

3.2.1 Fast growing trees

a) Leucaena leucocephala (Lam. ) de Wit.

A fast growing nitrogen fixing tree native to Central

America and Mexico occurring both as a branched shrub and

a tall single trunked tree growing to a height of 5 m to

20 m in 4 to 5 years. The leaves are feathery and

permit high amount of sunlight to reach the ground.

The foliage is an excellent source of cattle feed and

green manure. Acetylene reduction method and difference

method which have been used to evaluate nitrogen

fixation potential of this species gave figures in the

range of 100 to 500 kg ha ^ year ^ (NAS, 1980). The wood

has a calorific value of 19 492 KJ kg ^ (Prakash and

Hocking, 1986).

b) Casuarina equisetifolia J.R. & G. Forst.

A native of Australia, Casuarina is fast growing

nitrogen fixing tree suitable for sand dune

stabilization, wind breaks and fence posts. The

jointed branchlets are green and perform the functions

of leaves. The wood is used for pulp and fuel.

Calorific value of heart wood is 20585 KJ kg~^(NAS, 1980).
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c) Acacia auriculiformis A. Cunn. ex Benth-

An evergreen tree with dense foliage and open spreading

crown, native to Papua New Guniea and northern

areas of Australia- It was introduced to India and many

other tropical countries in the recent past. The most

outstanding feature of this species is its ability to

grow on marginal soils and to fix atmospheric nitrogen.

The wood is used for fuel, pulp and charcoal. The

calorific value of heart wood is estimated to be 20 450 KJ

kg~^ (WAS, 1980).

d) Ailanthus triphysa (bennst.) Alston.

A deciduous tree with a tall cylindrical trunk

attaining a height of about 30 m, indigenous to the

Indian sub-continent. It is extensively grown in the

homesteads of Kerala and is one of the best match wood

species (NAS, 1980).

3.2.2 Fodder species

a) Pennisetum purpureum Schumach.

A tropical grass from Africa characterized by robust

growth and requiring a warm humid climate. It grows to a

height of 3 to 3.8 m and can be grown under rainfed

^ or irrigated conditions. Seed setting is generally
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very poor and hence propagated by cuttings (Skerman and

^ Riveros, 1990).

b) Panicum maximum Jacq.

A drought tolerant/ shade bearing, erect, perennial

grass, native to tropical and sub-tropical Africa,

sometimes grown as an intercrop in coconut plantations.

The crop grows to a height of 1.8 to 2.7 m with dark green

leaves, flowers profusely but seed setting poor. It may

A be used for making hay and silage and contains about 5

to 8 per cent crude protein (Skerman and Riveros, 1990).

c) Brachiaria ruziziensis Germain & Everard

An East African introduction highly suitable for soil

conservation and grows to height of 1 m. This perennial

grass requires a warm humid climate and is grown as an

intercrop in coconut gardens. It contains 10 to 14 per

cent crude protein and is relished by cattle. It is

ideal for hay making and silage. Seed setting is

comparatively high (Skerman and Riveros, 1990).

d) Zea- mexicana (Schrad. ) Reeves & Mangelsd

Zea, the progenitor of cultivated maize has originated in

the Central American tropics. This seed propagated annual
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is considered an ideal fodder crop and is used for

sxlage making (Skerman and Riveros, 1990).

3•3 Forage Planting

As part of the plot preparation exercise for

planting fodder grasses/ the lateral branches of trees were

pruned during June, 1992, leaving the leader intact. The

pruned materials were subdivided into logs (diameter >2 cm),

branches and leaves and their weights recorded using

spring scales. Representative samples (three replicates)

were collected to ascertain the fresh to dry matter ratio

from each fractions- The leaves were then incorporated

into the respective plots from where the prunings were

obtained (on an average 1970.3 kg ha"^, 237.2 kg ha~^, 548.6
kg. ha ^ and 1117.5 kg ha ^ respectively for acacia,
casuarina, leucaena and ailanthus, respectively; Appendix II),

The grass stubbles of the previous crops were

removed and the plots hoed and levelled during June 199 2,

Fertilizers were applied uniformly at the rate of 200 kg N

ha , 50 kg ^2^5 equal split

doses on 14^ June, 1992 (basal dressing) and 15^^ August,
1992 (top dressing; KAU, 1992), Two slips of hybrid napier,

Congo signal and guniea grass were planted per hole at the

spacing mentioned in Section 2,0 on 15^^ June, 1992
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throughout the plot. In the case of teosinte, two seeds per

plot were dibbled at the recommended spacing (KAU, 1992).

The plots were' weeded and gap filled on 1-7-1992 and

15-7-1992,

3.3.1 Harvesting forage crops

The fodder species except teosinte were cut at

an interval of approximately 45 days. In total four harvests

were made during the experimental period (16-8-92, 3-11-92,

31-12-92 and 26-4-93). Teosinte, however, was harvested only

stonce on 31 December, 1992. For estimating the fodder

biomass three representative random quadrats of 1x1

m dimension were harvested from the alleys of each plot and

fresh weights of the harvested material recorded in the

field. Besides, three replicates samples per species

(approximately 0.5 kg each) were collected to ascertain the

fresh to dry matter ratio.

3.4 Biometric observations of fodder species

Three random hills were destructively sampled on

st "31 December, 1992, from each plot and the following

measurements made:

1. Mean plant height

2. Mean number of tillers per hill
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3. Mean number of leaves per tiller

4. Mean dry matter weight per tiller.

3.4.1 Tree allometric observations

Total tree height and diameter at breast height

were enumerated on three randomly selected trees from each

plots at six monthly intervals (September 1992 and March

1993). The crown diameters of same three trees were also

measured during March 19 93 by projecting the edges of the

crown and measuring the distance between the widest

points in any two directions and calculating their

arithmetic mean.

The experimental data pertaining to forage crops

and trees were statistically analysed following the

analysis of variance technique, using MSTATC statistical

software.

3.5 Litter collection

The litter collections ' were made using

specially designed traps (Hughes ^ , 1987). Each trap was
made of four 210 cm long galvanised (2 to 3 mm) iron wire

frames. Ahoop of 55 cm diameter was made by overlapping
the ends of the wire and tying them firmly. A tripod was

made using the remaining three galvanized wires. The hoop
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was tied horizontally on the tripod. A plastic grain bag was

placed .inside the hoop with tapering end downwards. Each

trap had a collection area of 0.24 and about 15 liters

capacity. Nineteen such traps were randomly placed in the

alleys of trees so that each of the four tree species had

k-

more or less equal number of (4 or 5) traps on January

31®^, 1992.

Litter collections were made from each traps at

monthly intervals for a one-year period from 1®"^ February,

1992 to 31®^ January, 1993. The leaf litter was sorted
initially into target species litter and neighborhood tree

litter. Target tree litter was further fractionated into

leaves, twigs, br^ches, reproductive parts and

residual mass (that fraction whose category/origin could

not be ascertained).

The samples were oven-dried at 70°C until constant

weights and the rtiean litterfall on unit area basis was

computed for each month. Chemical analyses were carried out

for total nitrogen (micro-Kjeldhal method), phosphorus

(vanado-molybdophosphoric yellow colour method) and potassium

(flame photometry) following Jackson (1958) . The nutrient

inputs into the system through litter fall was ascertained

by multiplying the total mass of litter by the estimated

X nutrient concentrations and the data so generated was
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3.5,1 Litter decomposition

Standard litter bag technique was
for Characterising litter dec • "Ployed
fir ''•^°"'P°®ition dynainics. Freshlvfallen leaves of leucaena " Freshly"caena, casuarina, acacia
ailanthus were collected. The coll .
under shade for -an,ples were driedapproximately 48 hours. Twenty aram

Pl.o.a 1. »«„ t.,.
4 mm nylon wire mesh r
each species " ^^^ter samples ofSpecies were collected •!« 4- •

fresh to dry matter ratio at the t^^^ estimate the
"" -P-=

T 9 The bags were then placed inixtter layer of the soil in
experimental area a . . , ^^3°^ning to theAtotal of 12 0 samples for each .n •
were placed (four =,r, • species(four species with 10 reDlir-;5t-»
months). Plioates each for 12

monthly intervals, starting from 1®^
1992 to January, 31®^ 1993 . February,
, ' residual mass from the Ht-t-bags were retrieved by carefullv •
soil and litter over the ba the accumulated
laboratory .f^e -turning them to the^^-^—ing the extraneous materials li.e
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large anthropods, fine roots and soil and washing in running

water.

The contents of the bags were analysed for oven

dry mass, nitrogen, phosphorus and potassium following

Jackson (1958). Apart from this, the initial lignin content

was also assessed by the Van Soest '(1966) method for

estimation of acid detergent fiber and lignin. For lignin

assay, one gram of leaf san$)les (two replicates each for a

species) were weighed, to which 100 ml cold acid-detergent

solution (prepared by adding 20 g of cetyl trimethylammonium

bromide (CTAB) to one liter of one normal H-SO.) and 2 ml of

decahydro naphthalene (decalin) were added to the sarrple.

This was refluxed for 60 minutes on a refluxing rack.

The sample was then filtered and washed with acetone. The

filtrate was dried overnight and then weighed to determine

the'̂ acid detergent fiber per cent. Seventy two per cent

poured into this dried sample and intermittently

stirred at half hourly intervals. After filtering this

solution, the sample was dried overnight and weighed, which

was kept in a muffle furnace for three hours at 600oc and

• weighed at the end of this period. The weight difference

between the saitple before being kept in the muffle furnace

to that afterwards, gave the lignin content of the sample.
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3.5.2 Nutrients remaining in the litter

Nutrient content of the decomposing leaf was

determined by the equation

%nutrient remaining = (C/Co) x (DM/DMo) x 10^

were c is the concentration of element in the leaf litter at

the time of sampling; Co is the concentration of the initial

litter kept for decomposition; DM is the mass of dry matter at

^ the time of sampling; and DMo is the dry matter initial
litter kept for decomposition (Bockheim , 1991).

3.5.2.1 Decay rate coefficients

The model for constant potential weight loss (Olson,

1963) represented by the equation;

x/x'^ =

-X where x is the weight remaining at time t, x° is the original

mass, e is the base of the natural logarithm, k is the decay
rate coefficient and t is time, was fitted on the data on

mass disappearance. Half lives (t^^^) of decomposing litter
were estimated from the k-values using the equation

tQ_5 = In (0.5)/-k

= -0.693/-k (Bockheim ^ , 1991)
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In addition to the exponential decay model

characterized by Olson's (1963) equation, linear, quadratic

and cubic functions were also fitted on mass disappearance

data.

3.6 Solar radiation measurements

Light measurements were made from selected plots

of each species during the period from 13^^ April, 1993 to 2^^

May, 19 93. Integrated values (at hourly intervals from 6

y a.m. to 6 p.m.) of the photosynthetically active radiations

(P.A.R.) in the open and under the canopy at 50 cm, 1.50 cm,

2.50 cm and 3.50 cm heights were recorded using a Point

Quantum Sensor and a Line Quantum Sensor respectively,

having a data logger attachment (Li Corp., Lincoln, Nebraska,

U.S.A.).

-i-

3,7 Soil temperature and Climatic parameters
/

Five soil -thermometers were installed (15 cm

depth) under .the canopy of the four tree species and one in

the open grass plots (grass monocultures) and temperature

recorded on a daily basis.

3-8 Characterization of root interaction with radioisotope

technique

^ To assess the nature of root interactions among
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the components of the silvopastoral system radiotracer

.t- technique involving ^2^ injection was employed
(Plate-Ill). The experimental variables included

combinations of two lateral distances (15 cm and 50 cm)
from the tree and two depths (15 cm and 50 cm), besides the

tree-grass combinations (20 numbers) mentioned in section

2.0.

Selection of trees (experimental units) for
32P application was done on the basis of uniformity of
growth and maximum distance as far as possible between

two experimental units, so as to ensure minimum

interference to adjacent units (Fig. 2). Each unit was
replicated thrice. A particular tree-grass combination thus
had a total of 12 such experimental units. The experimental

units for radioisotope application were laid out in a

completely randomized factorial design.

^ Six equally spaced holes were dug to the required
depth and lateral distance as per the treatments protocol
using a soil auger of 2.5 cm diameter for ^^P application.
The holes in a row were spaced at 25 cm apart (Fig. 3). The
holes were plugged with PVC access tubes protruding 10 cm
above the soil surface. The open end of each tube was

covered with a plastic cap to prevent entry of rain water.
32y P solution at the rate of 1.25 mCi at carrier level of



'•T ^-4-

Fig. 3 Layout plan for isotope application

A

0 0 o

50 cm

O O 0

TREE

O o 0

o25 cno
< >

o

\

V

25 cm

Holes for

soil lujectilon
of rauilio isotope

B

^ 50 cm

15 cm

50 cm

I
PVC access pipe

vi>



Plate 112 Soil injection o:? radioisotope foj
assessing 1;h.e tree-grass- root i-nts-ractions



%

W
B

S
&

e
W



51

1000 ppm P was dispensed into the access tube at the rate of

4 ml per hole on October 17, 1992, using a 'Lumac

Dispensette' suitable for repeated delivery of fixed

volumes. The whole dispensette was kept in,a sealed apparatus

ensuring the highest radiation shielding. The shielding

materials used in the construction had very low

Bremsstrahlung (Wahid ^ 1988 ),After dispensing, the

residual activity remaining inside the access tube was

washed down with a jet of about 15 ml water. The

> inclusion of carrier in the solution was to minimise the

soil fixation of the radiolabel.

3.8.1 Leaf sampling and radioassay

Leaves from the treated trees and the grasses

coming inside the limits of the experimental units, were

sart^)led for radioassay. The first sampling was on November

^ 2, 1992 and the second sampling on November 18, 1992, that
30 days after application of The leaf

samples were dried at 75" and radioassayed for content
by Cerenkov counting technique (Wahid ^ , 1985) at the

Radioisotope Laboratory of Kerala Agricultural University,
Vellanikkara. The method consisted of wet digestion of one
gram of plant sample using diacid mixture (HNO^ and HCIO^ in
the ratio of 2:1) and the digest was transferred to a

^ vial. The final contents in the vial was about
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20 ml. The vials were counted in a liquid scintillation

counter (Wallac 1409) Pharmacia Corp., Finland) by the
Cerenkov counting technique employing a built-in computer
programme for tritium counting. During the period of the

experiment the Cerenkov counting efficiency remained constant

at 32 per cent and hence the count rates were not converted
to dpm but are expressed as cpm values.

Prior to statistical analyses, the cpm values were
^ corrected for background as well as for decay and

subjected to log^^ transformation and analysis of
variance was performed individually for different
multipurpose tree species and forage crops. Assuming that
the recovery of radioactivity in the foliage is a reflection
of the density of active roots, the root activity percentage
at a particular lateral distance and depth was calculated
using the formula:

^ :Per . cen;tage root activity at a particular lateral distance
and depth = . (count rate (cpm g'̂ ) for that particular
lateral distance and depth/ Total cpm for all the treatments)
X 100.

3-9 Estimation of Tree Biomass

For biomass estimation all trees in eight 6m x 6m
plots (two for each species) were felled almost at ground
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level using a 'Poulan' mechanised chain saw. The number of

trees per species ranged from 15 to 22. The following

observations were made on the felled trees.

1. Total height

2. Height upto first crown forming branch

3. Crown diameter

4. Girth at breast height

The felled trees were then partitioned into :

1. Stem wood (main shoot, if the main shoot forked below the

BH level then such branches were also treated as stem

wood).

2. Branch wood (all branches differentiating from the

trunk) above breast height level.

3. Foliage

4. Coarse roots (all roots upto 5 mm in diameter) -

For quatitifying the coarse root component, three trees

from each species were completely excavated and all roots

greater than 5 mm in diameter were collected.

Fresh weights of all the above ground components

were recorded tree-wise using appropriate spring scales (to
I

either nearest 0,1 kg or 10 mg).
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3.9.1 Sampling tree biomass fractions for moisture

estimation, chemical analyses and leaf ares

determination

Leaf samples (ca. 0.5 kg each) were randomly
collected (in triplicate) from the felled trees for chemical
analyses and moisture estimation. Stem disks approximately 2
cm in width were cut at the breast height level and at the

base of the crown from a randomly selected tree in each row
of felled trees for chemical analyses and moisture
estimation. Branch wood samples were collected in
triplicate (ca. 0.5 kg each) from the selected trees. Root
samples for chemical analyses and moisture estimation were

collected from the excavated trees (three numbers) for
each species.

The samples transported to the laboratory in
double sealed polythene bags, after pre-weighing were dried to
constant weights at 60-70=C. Species-wise composite samples
were made from the different components after oven drying.
The samples were ground to pass through a 2 mm mesh. Three

sub-sanples were then drawn from the composite samples for
phytoHchemical analyses.

I

Representative leaf samples (ca. 50 0 g) collected
from the felled trees for estimating the total leaf area
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(three samples per species). These samples were transported
to vellanikkara in an insulated container wherein low

temperature was maintained with ice cubes. The leaf area
was measured using a,'Li Cor Model 3100' area meter (LiCor,

Lincoln, Neberaska ). Total leaf area for a species was
calculated by multiplying this with the total fresh foliage
weights.

Statistical analyses was carried out on the
biomass data. Allometric equations were developed to
predict total aboveground biomass of the four tree species.
Equations of the following form were used :

1- B = a(DBH^.H)^

B=total aboveground biomass H=total height DBH=Diameter at
breast height a and b are coefficients. (Rana ^ ^^.,1989

The power function was fitted by linear regression of log-
log transformed data using the

ln=B=c+b In DBH^H (Rana ^ , 1989.

2. B=aDBH^ (Dudley and Fownes, 1992),

B=total aboveground biomass H=total height DBH=Diameter
at breast height a and b are coefficients.
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3. B-a(DBH)^ (H)° (Dudley and Fownes, 1992),

B=total aboveground biomass H=total height DBH=Diameter

at breast height a, b and c are coefficients,

3.10 Phytochemical Analyses

Triplicate samples of each tissue fractions

were analysed for nitrogen, phosphorus and potassium. Total

nitrogen was estimated following the micro-Kjeldahl method

after the sairples were ground to pass through a 2 mm sieve.

Phosphorus and potassium contents of the litter samples were

estimated after digesting the saitple in a triple acid mixture

(HNO^), H2S0^ and HCIO^ in the ratio 10:1:3). Phosphorus was

determined following the vanado-molybdo phosphoric yellow

colour method and potassium by flame photometry

(Jackson, 1958).

3.11 Soil chemical analyses

Soil samples were collected from the

interspaces between the two rows of trees at three points in

the 15 cm layer in different treatments and was air dried

and ground to • pass through a 2 mm sieve. Two sub-

samples were made from each treatment for chemical

analyses. Moisture content of the soil was ascertained by

drying to constant weights at 105°C.
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^ determined using an aqueous suspension of
soils (soil and water in the ratio 1:2) using an 'Elico' pH
meter, organic carbon by the Walkley and Black rt^thod,
total nitrogen was determined on an oven dry basis (micro-
Kjeldhal n^thod), available Pwas extracted following the Bray
method (number I) and phosphorus content was then
colourimetrically assayed (chloromolybdic acid blue colour
method). The reducing agent was stannous chloride,
^^^ilable potassium was estimated flame photometrically
using one N neutral ammonium acetate solution as the
extractant (Jackson, 1958),





RESULTS

4.1 Tree growth characteristics

4.1.1 Tree height and Diameter

The four multi-purpose tree species grown

in silvopastoral system exhibited marked variations in their

growth rates at five years of age (Table 1 and Appendix

III). Acacia recorded the maximum height of 9,38 m, and was

about 280 per cent greater than ailanthus which, in turn,

recorded the lowest value. The height increment was 1.9 9,

1,21, 2,86 and 0.74 m yr ^ for acacia, casuarina, leucaena
and ailanthus respectively during the period from March, 1992

to March, 1993. Surprisingly, the indigenous tree ailanthus

had the lowest radial growth rate while acacia and

leucaena showed substantial radial growth rates (11.1 and 9,5

cm respectively) and were significantly superior to both

casuarina and ailanthus (5,6 and 4.8 cm respectively). The

difference between casuarina and ailanthus was not, however,

statistically significant. Crown diameters of acacia,

casuarina and leucaena did not differ significantly but were

markedly superior to ailanthus.

Allometry of the trees felled for biomass
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Table 1. Growth characteristics of the five-year-old multipurpose fast
growing trees grown in silvopastoral system during March. 1992
to March/ 1993.

Tree-fodder combinations

Acacia auriculiformis

Pennisetum purpureum
Panicum maximum
^achiaria ruziziensis
Zea mexicana
Overall mean

Casuarina eguisetifolia

Pennisetum purpureum
Panicum maximum
Brachiaria ruziziensis
Zea mexicana
Overall mean

Leucaena leucocephala

Pennisetum purpureum
Panicum maximum
Brachiaria ruziziensis
Z^a mexican^
Overall mean

Ailanthus triphysa

Pennisetum purpureum
Panicum maximum
Brachiaria ruziziensis
Zea mexicana
Overall mean

Tree means

P
SEM (+)
CD (0.05)

Fodder means

P
SEM (+)
CD (0.05)

Tree-fodder interaction
P
SEM (+)
CD (0405)

Mean tree

height
(m)

Sep 92 Mar 93

8.750

8.097
8.183

8.510
8.385

6.333

6.683
6.233

6.000
6.313

6.167

5.800
6.517
5.933
6.104

3.250

3.067
2.833

2.600

2.937

<0.01

0.1377
0.3963

<0.01

0.1377
N.S.

9.553

9.287
9.317
9.373
9.382

7.593

6.927
6.595
6.553
6.917

6.977
7.533
7.833
6.97 7
7.535

3.783

3.500
3 .003

2.933
3.305

<0.01

0.2430
0.7004

<0.01

0.2430
N.S.

<0.01

0.2754
M.S.

<0.01

0.4861
N.S.

Mean tree Mean crown
D.B.H. diameter

(cm) (m)
Sep 92 Mar 93 Mar 93

8.345
8.015
7,943
7.180
7.871

5.096

4.877
4.673

4.714
4.840

5.823

7.523
6 .460

6.227
6.514

4 .525

4.687
4.184

3.830

4.307

11.594
10.805
10.812
11.140
11.090

5.628

5.673
5.906
5.077
5.571

9.119

9.667
9.657
9.584
9.507

4.763

5.555
4.637
4.252

4.802

<0.01 <0.01
0.1944 0.2816
0.5595 0.8125

<0.01

0.1944
N.S.

<0.01

0.3899
N.S.

<0.01

0.2816
N.S.

<0.01

0.5632
N.S.

2.524

3.872
3.082

3.059
3.134

3.634

2.543
2.476
3.141

2.948

2.701

3.821
3.821

2.937
3.320

1.459

1.824
1.629

1.605
1.629

<0.01
0.2992
0.8611

<0.01

0.2992
N.S.

<0.01

0.5984
N.S.



Table 2. Allometric data for five-vear-oi h ^ *. '
fast growing multipurpose trees ik

SI* . Species
No.

1. Acacia aurlculiformf..

3. Leucaena leucocephala

^ 4. Allanthus triphvsa

Height
(m)

DBH

(cm)
Crown

Diameter
(cm) •

Leaf area,
(m tree" )

10.914

8.235

9.054

4.182

9.283

5.537

6.697

5.636

4.281

2.998

3.005

1.663

58.083

0.192*

7.079

4.232

^ OJ-Ol <0.01 <0.01 <0.01
Treatment comparisons CD (0.05)

^ 1-8405 21 .1387
1.3563 1.4410 1 7513

1- 4 1.3711 1.4557 1.8104

1-8935 21.8755
1.4974 1,6115 1.9482

1.4258 1.5105 1.8642

^ »Projected leaf area (one side of the needle)

20.0606

20.0899

21.9024

20.8638
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estimation (Table 2 and Appendix v also showed that

acacia was significantly superior to other species in

respect, of total height and diameter at breast height

(D.B.H,). Acacia recorded significantly higher total leaf

area compared to other three species.

4.1.2 Biomass accumulation

Biomass accumulation was highest for acacia (182,82

Mg ha ) compared to other three species (p <0.01, Table

^ 3 and Appendix IV). All the biomass components also
exhibited this trend. By and large, foliage had the least

biomass yields (5.2 to 8.5 %of the total biomass) and tree
boles the highest relative allocation of the total

biomass (ranging from 66.59 % for leucaena • to as much
as 71.74 %in casuarina) in all species (Table 2, Fig. 4

V^and appendix VI). Interestingly below ground portion did
^ not exhibit any marked variability among species, although

leucaena and ailanthus showed comparatively higher biomass

accumulation rates in the root.

4.1.2.1 Tree allometric relationships

Among the various power equations tried relating
the biomass with stand parameters such as height (H) and/or
DBH, the equations which yielded the best fit are presented

^ in Table 4. All trees except ailanthus gave good results
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Table 3. Mean dry natter yield (kg tree ^ and ha cf four imltipurpose fast grcwi«g trees grown in silATCpastoral system at five
years of age.

SI. Species
No.

No. Bianass ccnpcnaits

trees

felled Foliage Branch Pnle Root* Itot-fll

. kg
per

tree

Mg
per

ha

kg
per

tree

per

ha

kg
per

tree

Mg
per

ha

kg
per

tree

Mg
per

ha

kg Mg
per per

tree ha

1 aiiT-imUformis 21 4.43 (7.62) 12.91 7.00 (11.16) 20.40 44.70 (71.40) 130.54 6.50 (10.37) 18.90 62.68 182.82

2 Casuarina eq"i««^'tifolia 15 1.34 (8.56) 2.79 1.71 (10.94) 3.75 11.26 (71.94) 23.45 1.34 (8.56) 2.79 15.65 32.61

3 Leucaena leuooc^r^iala 19 1.62 (5.22) 4.28 3.99 (12.84) 10.52 20.67 (66.59) 54.55 4.79 (15.43) 12.64 31.04 81.91

4 Allnnthus trij:4iYsa 20 0.71 (7.45) 1.98 0.46 (4.77) 1.27 6.70 (70.07) 18.62 1.69 (17.69) 4.70 9.57 26.57

P <0.01 <0.01 <0.01 N.S. <0.01

Treatanent catpariscns CD (0.05)
1- 2 1.2039 1.9683 12.8342 - 15.4979

1- 3 1.2960 1.8497 12.0166 - 14.5161

1- 4 1.1153 1.8210 11.8535 - 14.3291

2- 3 1.2301 2.0077 13.1087 - 15.8376

2- 4 1.2169 1.9813 12.9640 - 15.6664

3- 4 1.1435 1.8636 12.1550
- 14.6961

& n for root canponent is 3 for all the species
Figures in parenthesis indicates relative proporticn of total biomps (%)

to
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Table 4. Allometric relationships relating oven dry above-ground tree biomass (kg tree with
DBH (cm) and/or total tree height (H) in m y v x n

Equation a b c S.E.E. r^ n

Acacj^ auriculiformis In B= a + b In DBH + c In H -2.244 1.907 0.772 0.297 0.9038 21

Casuarina equisetifolia In B= a + b In DBH + c In H -2.943 0.837 1.794 0.368 0.9238 15

Leucaena leucocephala In B= a + b In DBH + c In H -4.236 1.014 2.318 0.342 0.9548 19

Ailanthus triphysa In B= a + b In DBH -7.895 2.623 2.508 0.6711 20

o^

CO
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With the log linear relationship of the form In B= a + b In
DBH + c In H while for ailanthus the equation of the form:

In B= a + b In DBH gave better results (B=biomass and a,b,c
are constants),

4,1,3 Tissue nutrient concentration

The concentrations of N, P and K in different
biomass fractions showed significant differences except
for bole P content. The concentration of N, P and K in
the above ground portions decreased in the order: leaves >
branches >bole (Table 5 and AppendixVI). The tissue nutrient
concentration in roots was next only to the foliage in all
the four species for N and P. Potassium levels, however,
did not exhibit any consistent trend in this context.

As regard to foliage Ncontent, leucaena foliage
had the highest Ncontent compared to the remaining three
species (4.05 %) while casuarina had the lowest (1.56 %) and
ailanthus and acacia were intermediates. As.regards to the
root Ncontent, ailanthus and leucaena were statistically at
par, while both acacia and casuarina had perceptibly higher
levels of N. Acacia showed substantially lower values of
P for all the biomass components. No clear cut trend could
be observed in the case of Kcontent of the different tissue

^ fractions. Leucaena showed the highest K content in its



Table 5. Tissue nutrient concentration (%) of four
^ multipurpose fast growing species

Species Biomass components

Foliage Branch Bole Root

Nitrogen (%)

Acacia auriculiformis
Casuarina eguisetifolia
Leucaena leucocephala
Ailanthus triphysa

P
SEM

^ CD (0.05)

Phosphorus (%)

Acacia auriculiformis
Casuarina eguisetifolia 0,153 0.123 0.043 0 108
Leucaena leucocephala 0.171 0.086 0.057 0*085
Ailanthus triphysa 0.123 0.125 0.076 o'.lio

P <0.01 <0.01 N.S. <0.01
0-01 0.01 0.01 0.01
0.0334 0.0334 0,0334 0.0334

Potassium (%)

Acacia auriculiformis 1.082 0.384 0.264 0.253
Casuarina eguisetifolia 0.470 0.119 0.053 o'.128
Leucaena leucocephala 1.392 0.348 0.134 0*178
Ailanthus triphysa 0.477 0.376 0.162 o'.163

P <0.01 <0.05 <0.01 <0.01
0.07 0.06 0.03 0.04
0.2336 0.2002 0.1001 0.1335

2.319 0.931 0 .518 1.143
1,86 6 0.764 0 .441 1.288
4.051 1.139 0 .594 0.592
2,760 0.505 0 .338 0.549

—

<0.01 <0.01 <0 .05 <0.01
0.22 0.04 0 .02 • 0.10
0.7343 0.0668 0 .1335 0.3338

0.081 0.035 0 .031 0.045
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leaves, while acacia showed significantly high K

concentrations for root and bole fractions.

4-1.3-1 Nutrient accumulation and nutrient use efficiency

A one to one relationship was lacking

between accumulation of biomass and nutrient accumulation

(Table 6 and Appendix VII) . Nutrient use efficiency of

various macro-elements also exhibited profound variability

among the tree species and biomass components (Table 7;

-4 Fig. 5 and Appendix VIII ). Considering the whole

tree biomass, leucaena showed significantly higher

nutrient to biomass ratio for N followed by acacia. The

same trend was discernible for other biomass fractions

also except roots. For roots acacia and casuarina had

significantly higher values of N use efficiency. In contrast

for P, ailanthus showed the highest efficiency values

(0.90) and acacia the lowest (0.36), Nevertheless, acacia

had highest values of root K use efficiency. The differences

were statistically significant in this respect also.

4.2 Understorey herbage yield

As regards to productivity of the four

individual forage species, both green fodder and dry matter

yield differed significantly (p<0.01; Table 8; Fig. 6 and

Appendix IX ). Acacia and leucaena had a marked negative.-A-
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Table 6. Nutrient accumulation in different tree organs of species planted in silvopastoral system at 5-years of
age

Species

Nitrogen

Foliage
g tree kg ha

Biomass components

Br^ch
-1

Bjl«
g tree kg ha g tree kg ha

-1
Root . Tjtal

g tree kg ha g tree kg ha

Acacia auriculiformis 102.77 299 .74 65.33 190 .54 230.95 673 .60 74.10 216 .61 489.50 1427 .71

Casuarina equisetifolia 25.02 52 .12 13.11 27 .31 49.54 103 .21 17.28 36 .00 104.95 218 .64

Leucaena leucocephala 65.66 173 .27 45.35 119 .67 122.64 323 .63 28.42 75 .00 262.08 691 .60

Ailanthus triphvsa 19.60 54 .44 2.32 6 .44 22.55 62 .64 9.30 25 .83 53.77 149 .36

P <0.01 <0.01 <0.01 <0.01 <0.01

SEM 3-.97 1.14 14.94 6.90 15.79

CD (0.05) 12.9469 3.7177 48.7220 22.5021 51.49

Phosphorus

Acacia auriculiformis 3.54 10..32 2.80 8 .17 13.41 39..11 2.82 8..22 22.57 65 .83

Casuarina equisetifolia 2; 01 4..19 2.05 4 .27 4.50 9..37 1.43 2..99 9.99 20 .81

Leucaena leucocephala 2.75 7..26 3.32 8..76 12.40 32..72 3.99 10.,53 22.47 59 .29

Ailanthus triphvsa 0.85 2..36 0.58 1,.61 5.36 14,.89 1.86 5..17 8.65 24 .03

P <0.01 <0.01 <0.05 <0.01 <0.01

SEM 0.16 0.20 1.94 0.37 2.3

CD (0.05) 0.5218 0.6522 2.34 09 3.2612 7.5007

Potassium

Acacia auriculiformis 47.99 139. 97 27.07 78. 95 116.96 341. 13 55.25 161.14 246.53 719..04

Casuarina equisetifolia 6.34 13.10 1.99 4. 14 6.70 13. 96 1.70 3. 54 16.73 34,.8b

Leucaena leucocephala 22.57 59. 53 13.83 36. 49 28.25 74. 55 8.62 22. 74 73.27 193..3b

Ailanthus triphvsa 3.36 9. 44 1.74 4. 83 10.72 29. 78 2.76 7. 67 18.65 51..80

P <0.01 <0.01 <0.05 <0.01 <0.01

SEM 1.78 3.20 11.21 2.26 11.57

CD (0.05) 5.8049 10.4358 36.5578 7.3702 37.7318

Ol
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Table 7. Nutrient use efficiency of the four multipurpose tree
iSS

Species

Nitrogen

Acacia auriculiformis
Casuarina equisetifolia
Leucaena leucocephala
Ailanthus triphvsa

P
SEM

CD (0.05)

Phosphorus

Acacia auriculiformis
Casuarina equisetifolia
Leucaena leucocephala
Ailanthus triphvsa

P
SEM

CD (0.05)

Potassium

Acacia auriculiformis
Casuarina equisetifolia
Leucaena leucocephala
Ailanthus triphvsa

P
SEM

CD (0.05)

Nutrient use efficiency of different
nutrient per kg of biomass)

Foliage Branch Bole Root Total

5.17 11.40
36.97 12.90

5»93 5,93
3.37 5.50

7.81

6.71

8.44

5.62

23.20 9.33
18.67 7.67
40.53 11.38
27,60 5.04

<0.01 <0.01
2.16 0.23
7.0441 0.7501

<0.01 <0.01 <0.01
1.72 0.97 0.33
5.6092 3.1633 1.2148

0.80

1.50
1.70
1.20

0.40
1.20

0.83
1.27

0.30

0.40

0.60

0.80

0.43
1.07

0.83
1.10

0.36

0.64

0.72

0.90

<0.01 <0.01
0.07 0.07
0.2283 0.2283

<0,01 <0.01 <0,01
0.12 0.09 0.10
0.3913 0.2935 0.3261

10.83
4.73

13.93

4,73

<0.01
0.66

2.1524

3.87
1,17

3.47

3.80

2,60

0.59
1.37

1.60

<0.05 <0.01
0.60 0.26
1.9567 0,8479

8.50

1.27
1.80

1.63

3.93

1.07
2.36

1.95

<0.01 <0,05
0.36 0,19
1.1740 0,6196



Flg.6 Yield of different forage crops
grown in association with four MTPiOPeolea

140
Qra«n foddsr yl«ld (Mg/ha)

120-

100 i

I
ACACIA CA8UARINA LEUCAENA AILANTHUS CONTROL

TrM tpsolM

Fotftfftr tp*ol«*

^••raehltfU ES^PMloum P*nni«*tiim

140
Dry matter yield (Mg/ha)

120-

100

B

I
ACACIA CASUARINA LEUCAENA AILANTHUS CONTROL

Tree species



-V-

Table 8. Forage yields of diffferent fodder crops grovm in association
with four multipurpose tree species (mean of four harvests
for all species except Zea mexicana. which was harvested
only once)

Tree~fodder combinations Mean green fodder Mean dry matter

Acacia auriculiformis

Pennisetum purpureum
Panicum maximum
Brachiaria ruziziensis
^a mexic'ana

Casuarina equisetifolia

Pennisetum purpureum
Panicum maximum

, Brachiaria ruziziensis
Zea mexicana

Leucaena leucocephala

Pennisetum purpureum
Panicum maximum
Brachiaria ruziziensis
Zea mexicana

Ailanthus triphvsa

Pennisetum purpureum
Panicum. maximum
Brachiaria ruziziensis
Zea mexicana

Control (Tree-les s)

Pennisetum purpureum
Panicum maximum
Brachiaria ruziziensis
Zea mexicana

Fodder means

Pennisetum purpureum
Panicum maximum
Brachiaria ruziziensis
Zea mexicana

Tree means

P
SEM (+)
CD (0T05)

Fodder means
P
SEM (+)
CD (0.05)

Tree-fodder interaction
P
SEM (+)
CD (0.05)

-1yield (Mg ha

38.8

30.8

20.8
17.0

74.3

60.9

28.0
23.9

36.6
24.4
14.5

11.4

77.0
66.3
26.0
25.0

130.4
109.9

68.8
28.6

71.4

58.5
31.6
21.2

<0.01

2..326
6.649

<0,01

2.080
5.947

<0.01

4.653
13.299

yield (Mg ha"^}

16.0

13.7
7.3
7.7

29.7

27.3

9.7
11.0

14.6
11.0

5.3

5.7

30.7

29.7
9.3

11.7

52.0

49.7
24.0

13.0

28.6

26.3
11.1

9.8

<0.01

0.928
2.652

<0.01

0.830
2.372

<0.01

1.856
5.304
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effect on understorey herbage yields. Bioraass production

in the tree-less controls were significantly higher than

that of other treatments of fodder species except teosinte.

The productivity levels under ailanthus and casuarina were,

howeverf statistically at par.- On the whole, productivity

decreased in the order: hybrid napier> guniea grass> congo

signal> teosinte for both freSh fodder yield and on dry

weight basis ( 71.43, 58.48, 31.61 and 21,18 Mg ha"^ ) and

dry weight yields (28.6, 26.27, 11.13 and 9.8 Mg

^ ha ^). The interaction effects were also highly
significant. The combinations involving casuarina and

ailanthus were generally better performers than other

combinations both in terms of fresh weight and dry weight of

fodder.

4-2.1 Fodder growth and yield attributes

The mean height of fodder grasses was

significantly influenced by the different tree canopies

(Table 9 and Appendix X). The highest mean height was

registered in control plots (fodder species devoid of

overstorey). Acacia overstorey had the most depressing

effect in this context. Besides, leucaena also exhibited

retarded understorey herbage growth. Congo signal and

teosinte were characterised by considerably lower height
under acacia and leucaena canopies compared to the tree-less
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Table 9. Fodder gro^h and yield attributes of the forage crops grown
in association with multipurpose tree species.

Tree-fodder combinations

Acacia auriculiformis

Pennisetum purpureum
^nicim maximum
Brachiarla ruziziensis
zhA mexi^na

Casuarina equisetifolia

Pennisetum purpureum
Panicum maximum
Brachiaria ruziziensis
Zea mexicana

Leucaena leucocephala

Pennisetum purpureum
l^anic-vun maximum
Brachiaria ruziziensis
Zea mexicana

Ailanthua triphvsa

Pennisetum purpureum
Panicum-maximum
Brachiaria ruziziensis
Zea mexicana

Control (Tree-less)

Pennisetum purpureum
Panicum maximum
Brachiaria ruziziensis
Zea mexicana

Forage means

Pennisetum purpureum
Panicum maximum
Brachiaria ruziziensis
Zea mexicana

Tree means

P
SEM (-f)
CD (0T05)

Fodder means

P
S'EM ( + )
CD (0T05)

Tree-fodder interaction
P
SEM (+)
CD (0.05)

Mean dry
weight

per
tiller

(g)

Mean Mean Mean ndmber
plant number of leaves
height of per tiller

(cm) tillers
per hill

162.3 36.0 7.3
138.8 37.7 5.1

63.4 94.2 4.8
176.3 0.7 2.2

236.6 47.1 8.4
146.6 72.8 5.0
103.7 91,5 6.5
30 4.4 1.0 5.1

2.9

1,1

0.9

3.5

5.3

1.7
1.3
6.2

151.9

119.1
60.5

238.9

26.6
28.9

104.6
0.2

6.8

5.1

5.3
2.8

6.0

1.5
1.0

• 2.3

ff

219.4
149.3
108.2

305.7

36.3
68.4

112.9
1.0

9.1

5,4

5,8
2.2

6.6

1.6

1.2

5.3

277.3
170.7
113.3

352.,3

36.8
79.7

116.7
1.0

10.8
5,1
5.4

5.4

6.4

1.9
1.5

7.4

209.5
144.9

89.8
275.5

34.5
57.5
94.2

0.7

8.5
5.1
5.6
3.5

5.4

1.5
1.2

5.1

<0.01
8.474

24.218

<0.01

0.847
2.705

<0.01
0.074
0.212

<0.01

0.073
0.208

<0.01

7.579

21.650

<0.01

0.846
2.420

<0.01

0.06 6
0.189

<0.01

0.065
0.186

<0.05

7.579
48.437

<0.01

1.893
5.411

<0.01

0.148
0. 423

<0.01

0.146
0.417
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treatment. Similarly guniea grass under leucaena and hybrid

napier under casuarina overstorey also registered reduced

plant heights.

Mean number of tillers per hill and mean number

of leaves per tiller were also significantly

influenced by overstorey trees. Tree-less controls

invariably registered the highest number of tillers per

hill. Except in the case of congo signal, casuarina stands

did not have any deleterious effect on the expression of

tiller production potential of different forage crops

(Table 9),

A similar trend was discernible in the case of

number of leaves per tiller. There was a marked increase in
the number of • leaves per tiller for hybrid napier and

teosinte in the open followed by its combination with
ailanthus, casuarina, leucaena and acacia. However,
guniea grass did not exhibit much variability in this
respect and congo signal recorder the highest number of leaves
per tiller under ailanthus canopy. As regards to dry weight
per tiller, ailanthus again registered the highest dry weight
followed by the control, leucaena, casuarina and acacia.
Ailanthus and control values were, nevertheless, statistically
at par. The depressing effect of acacia overstorey on the dry
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matter per tiller yield on all the forage crops was quite

evident.

4.3 Canopy light interception

Large proportion of the incoming solar radiations

in the photosynthetically active region (PAR) was intercepted

by the acacia canopy (Table 10 and Fig. 7), The attenuation

of light at various levels for acacia was most drastic (41.92

% of the open at 3.50 m and only 16.68 %at 0.50m above

the ground level). Leucaena and casuarina facilitated

relatively higher levels of light infiltration (50.2 % and

50,8 respectively of the open), (Table 10, Fig. 8 and

10). The photon flux density (PFD) at various levels was

highest in the ailanthus stand. Although, the mean

interception for ailanthus between 6.00 A.M. and 6.00

P.M.was 58,9 %, ailanthus crown intercepted the least PAR

when the sun-was overhead (Table 10, Fig. 9), in general,

PFD levels increased as the height of measurement above

ground level increased.

4.4 Soil temperature under tree canopies

Soil temperature under different multipurpose
tree stands (0 - 15 cm depth) were generally lower than

the open grasslands for most part of the year except

November-December and April-May (Table 11 and Fig. 11), m



oi
<

G
O

•H
4J
(0

•H

to
u

0)
>

•H

O
(d

>1

M
(0
U

•H
4^
(0
Ji
4J
c
>1
CQ

o
+>
0

CM

(VJ
I

X

y

Fig. 7 ReUtive proportion of photosynthetically active
radiation (PAR) intercepted at different heights above
ground level (shaded region) in a 5-year-old stand of
acacia. Eac.h_^data. point corresponds to the. hourly
integrated valoes of PAR. The data were recorded during
the period from April 13, 1993 to April 16, 1993.

A aJO m aim (nvid Iml

« » It 11 U U 14 U li 19 »

A-B*atatk tka eaaopy

C 3J0 B akOTV fiowrf M

MM

MM

B LM B akoTC fmmd Wnl

• V W U U U 14 If » lY U

B«AbOT* tk« cafiopy

D 330 m a>»w cmod towl

Local solar hour

f



4^

Qi
<

c
o

•H
4J
fd

•H

(a
u

(a
>

•H
+J
O
fO

>1
H
rH

rC
O

•H
+)
0)

XJ
+J
a
>1
(0

o
+j
o
Si
04

I—{
I

Fig. 8 Relative proportion of photosysnthetically active
radiation (PAR) intercepted at different heights above
ground level (shaded region) in a S^year-old stand of
.casuarina.-Each - data point corresponds to the hourly
integrated values of PAR. The data were recorded during
the period from April 17, 1993 to April 20, 1993.
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Table 10. Integrated values of photon flux density moles sec"^ cm at
hourly intervals of the photosynthetically active radiation
(P.A.R.) in the open and under the canopy at different heights
above the ground level for the period from 13 April, 1993 to 2
May, 1993) under four multipurpose tree species.

Species Local

solar
hour

-1 ~2Photon flux density (p moles sec cm )

Heights above ground level (m)

0.50 1.50 2.50 3.50

L.Q. Q.S L.Q. Q.S L.Q. Q.S L.Q. Q.S

Acacia 7,00 8.2 54 .6 6 .0 36 .7 9 .5 50 .6 4 .5 7 .0
auriculiformis 6.00 43.8 276 .4 19 .6 156 ,3 42 .4 2'46 .9 43 .1 10 0 .6

9.00 71.9 699 .0 28 .5 199 .6 144 .2 692 .8 246 .6 526 .1
10.00 96.8 1010 .0 90 .9 748 .8 110 .8 982 .0 356 .5 1130 .0
11.00 165.9 1213 .0 116 .7 1135 .0 444 .5 1375 .0 808 .2 1319 .0
12.00 186.6 1195 .6 168 .8 1423 .0 339 .5 1553 .0 638 .5 1343 .0
13.00 417.1 1289 .0 312 .4 1589 .0 564 .0 1621 .0 464 .1 1310 .0
14,00 180.5 974 ,0 60 2 .2 1626 .0 305 .2 1490 .0 281 .0 69 9 .7
15.00 141.1 1052 .0 291 .3 1555 .0 298 .7 991 .4 148 .5 390 .6
16.00 103.4 434 .0 135 .0 1319 .0 161 .9 521 .9 39 .8 118 .7
17.00 35.2 170 .8 9..1 49,.9 63,.5 255..3 15,.6 89,.5
18.00 16.3 143,.2 10,.2 23,.5 26..3 125..6 6 .3 14 .5

Casuarina 7.00 42.1 68..4 39..0 56..2 24..8 57..5 22,.8 12,.1
equisetifolia 8.00 200.2 342..9 213. 3 306.,0 90,.8 291.,5 53..4 122..1

9.00 340.2 680.,2 356.,2 632..0 358..8 706..6 25 6..9 678..5
10.00 396.4 734. 6 453. 0 765. 3 649. 0 988. 6 559. 9 859.,0
11.00 373.1 759. 0 563. 0 869. 0 684. 0 1285. 0 778. 1 1312..0
12.00 771.0 1537. 0 856. 0 1456. 0 742. 9 1471. 0 869. 5 1197. 0
13.00 1066.0 1639. 0 1230. 0 1653. 0 997. 1 1470. 0 1103. 0 1359. 0
14.00 712.5 1520. 0 765. 0 1426. 0 839. 7 1398. 0 1230. 3 1508. 0
15.00 529.2 1242. 0 589. 0 1235. 0 706. 6 1168. 0 1102. 0 1313. 0
16.00 160.4 376. 2 186. 0 456. 0 300. 4 572. 2 235. 0 652. 0
17.00 112.6 254. 4 132. 0 205. 0 72. 6 139. 5 52. 9 110. 7
18.00 60.0 133. 7 59. 6 132. 2 23. 6 45. 5 42. 3 56. 3

Q-S.-Point quantum sensor L.Q. -Line quantum sensor
Contd,

•nJ
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Table 10 (Contd.)

Species Local

solar

'hour

—1Photon flux density (p moles sec on )

Heights above ground level (m)

0.50 1.50 2.50 3.50

L.Q. Q.S L.Q. Q.S L.Q. Q.S L.Q. Q,S.

Ailanthus 7 .00 17.1 33 .2 17 .2 31 .6 20 .2 36 .3 40 .6 50 .7
triphvsa 8 .00 94 .1 160 .3 79 ,2 15 6 .8 79 .9 174 .8 208 .4 25 6 .2

9 .00 277 .7 577 .7 109 .9 572 .3 348 .2 568 .5 598 .2 712..8
10 .00 218 .1 967 .4 306 .0 975 .9 749 .2 959 .5 980 .1 1105 .0
11 .00 532..4 1239..0 1017..0 1258,.0 78a..0 1204..0 1081..9 1255..0
12 .00 1116,.0 1404,.0 14 26,.0 1456..0 1398..0 1433..0 1349..0 1455..0
13,.00 1461..0 1479.,0 1422..0 1564.,0 1458..0 1619..0 1546..0 1542..0
14..00 1366..0 1395..0 1282..0 1393..0 12 79..0 1377..0 1477..0 1540..0
15,.00 564. 2 1214. 0 690. 0 1157. 0 730. 0 956,.0 1162.,1 1179. 2
16..00 239. 0 584. 0 237, 7 686. 6 318..2 621,,6 770..2 779. 6
17. 00 172. 1 224. 7 127. 8 177. 7 174. 7 253. 5 258. 7 256. 2
18, 00 54. 2 126. 8 56. 2 145. 2 56. 2 138. 2 110. 0 142. 0

Leucaena

leucocephala
7.00 13.6 35.9 17.2 37.5
8.00 62.9 172.6 72.7 242.9
9.00 252.3 502.1 322.0 670.4

10.00 546.4 1059.0 455.4 1086.0
11.00 323.4 1174.0 512.1 1408.0
12.00 893.1 1636.0 1018.0 1617.0
13.00 1139.0 1655.0 1130.0 1423.0
14.00 893.6 1571.0 1023.0 1463.0
15.00 543.5 1241.0
16.00 270.7 570.0
17.00 223.7 298.7
18.00 61.9 118.5

653.0 1030.0
321.0 456.0

22 0.0 32 0.0
78.0 86.0

16.9

79.8

135.1
453.0

765.0
896.0

1035.0
896.0

407.2
190.8

82.3
45.0

Q.S. Point quantum sensor L.Q. —Line quantum sensor

40.6

244.2

584.0

1031.0

1431.0
1458.0

1615.0

1532.0

1301.0

688.9
430.2

256.8

16.9

72.3

19 4.8

563.0

689.0

1132.0

1134.0
965.0

644.8
318.2

192.4
57.0

33.2
194.9

642.8
1130.0

1460.0
1645.0

1686.0
1577.0

1300.0

617.0

43 6.2

135.0

•vi

(ji
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Fig. 11 Soil temperature (0-15 cm) under
d itferent teee canopies and in the open

grasslands
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Table 11. Soil temperature variations in the 0-15 cm
soil layer under different tree canopies and
in the open grasslands

Month Tree species Open
grass-

Ailanthus Leucaena Casuarina Acacia land

Jun'92 25.7 25.7 25.8 25.2 27.0

Jul 25.2 25.3 25.4 26.3 26.3

Aug 25.2 25.4 • 25.4 24.8 26.8

Sep 25.2 25.5 25.4 24.8 26.8

Oct 26.1 25.5 25.4 25.6 27.5

Nov 26.8 29.3 26.6 26.1 27.8

Dec 25.5 27.0 28.2 25.1 25.5

Jan'93 22.7 23.6 26.5 22.6 22,3

Feb 23.8 24.9 23.7 24.7 25.4

Mar 26.0 27.6 25.3' 26.6 28.5

Apr 28.2 30.2 28.7 28.5 29.7

May 28.3 29,3 31.1 27.4 29.0

Mean 25.7 26.7 26.5 25,6 26.9
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"1this context acacia stand gave the lowest mean value
(25.64»c). top layer of the soil under ailanthus, leucaena
and casuarina recorded 25.72, 26.70 and 26.5=0 respectively,
soil temperature in the tree-less plot was 26.89=0.
surprisingly, leucaena registered the highest values for
soil temperature during November-December and March-April.

4.5 soil chemical characteristics under tree canopies

soil .pH (0-15 cm layer) under acacia was
significantly lower (4.94) than that of tree-less control
(5.15), ailanthus (5.12) and casuarina (5.17). Both acacia
and leucaena (5.07) had similar soil pH (.able 12 and
Appendix XD. soil organic carbon status in the acacia stand
was significantly higher (4.2 %) than that of the remaining
treatments. Leucaena plots recorded the second highest
organic carbon level (3.4 %). The tree-less control and
ailanthus were however, statistically at par (2,.l %and
1.9 %, respectively). Fodder means and fodder-tree
interactions .were not significant in this respect (Table 12
and Appendix xi) .

Regarding macro-elements in the surface (0-15 cm)
layer of the soil, all the three N-fixing species had
markedly higher nitrogen content (0.224%, 0.212 %and

%for acacia, casuarina and leucaena, respectively).
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Table 12, Soil chemical properties fo-m 4-i i
different tree-

Acacia auriculiformSa

Pennisetum purpureutn' 5.0
Panic^ waxXm^ 5,
Brachiaria ruzizienaia 4, 3
Zea mexicana '— 4 p
Overall mean 4*9

Casuarina equisetlfnna

Pennisetum purpureum
Panic^ maximum "
grachiarla ruzizienHiw
Zea mexicana
Overall mean

Leucaena leucocephaia

5.0
5.3
5.2
5.2
5.2

5.0
5.1
5.0

5.2
5.1

5.3
5.1
4.9

5.2
5.1

Pennisetum purpureuin
Panicum maximum
Brachiaria ruzizienaja
Zea mexicana ""
Overall mean

Ailanthus triphvsa

Pennisetum purpureum
Panicum maximum
Brachiar±q ruziziena^B
Zea mexicana
Overall mean

Control (Tree-less)

Pennisetum purpureum
Panicum maximum
l£achi^la ruziziehB^B
Zea mexicana
Overall means

Tree means
P
SEH (+)
CD (0.05)

Fodder means
P
SEM {+)
CD (0.05)

Tree-fodder interaction

SEH (+)
CD (0705)

5.1.
5.0
5.2

5.3
5.1

3.997
4.326
4.251

4.328
4.226

2.964
3.108
3.121
3.054
3.062

3.120
3.402
3.622
3.643
3.447

2.002
1.841
2.926
1.621
2.097

1.687
1.763
1.640
2.735
1.956

<0.01

0.0276
0.0788

<0.01

0.0957
0.2735

<0.05
0.0247
0.0788

<0.01

0.0553
0.1580

<0.05
0.0856
0.2446

<0.01

0.1914
0.5470

0.238
0.212
0.194
0.253
0.224

0.169
0.236
0.244
0.198
0.212

0.235
0.258
0.261
0.295
0.262

0.164
0.219
0.295
0.156
0.190

0.147
0.148
0,147
0.173
0.154

<0.01

0.0137
0.0391

N.S.

0.0122

N.S.

0.0273

17.877
15.343

15.523
18.983
16.932

17.933
20.800
22.353
19.083
20.043

19.103
16.587
14.233
19.317
17.310

15.340
12.097
13.337
13.980
13.688

12.280
11.583
10.647
10.501
11.253

<0.01

0.8936
1.8034

N.S.

0.7993

63.340
61.560
70.490
78.317
68.427

58.823
53.853
55.963
54.610
57.328

64.593
58.257
61.740

54.610
59.800

42.090
46.807
50.927
49.763
47.397

33.540
35.673
38.303
39.917
36.656

<0.01

1.9236
3.8820

N.S.

1.7205

N.S.

1.7872
N.S.

3.8472

78
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The soil N status of the tree-less control was at par with

that of ailanthus (0,154 % and 0.190 %, respectively). Soil

phosphorus status was considerably higher in the 'tree plots'

in comparison to the tree-less plots. Casuarina recorded

the highest soil p status and was significantly

superior to all other treatments (20.0 ppm), Besides,

acacia (16,9 ppm) and leucaena (17.3 ppm) exhibited

markedly higher soil P status compared to ailanthus and tree

less control (13.7 and 11.2 ppm respectively). The soil K

values were significantly higher for all the treatments

compared to the tree-less control (68.4, 53.3, 59.8, 47.4

and 36..8 ppm for acacia, casuarina, leucaena, ailanthus

and tree-less control respectively).

4.6 Root interactions

4.6.1 Recovery of soil applied in tree foliage as a

":y function of depth and lateral distance of application

The . difference in recovery of between the

lateral distances was significant for acacia at 30 days of

application, casuarina both at 15 and 30 days after

application and ailanthus at 15 days after application

(Table 13A and Appendix XII ) . in general, recovery

declined as the lateral distances of ^^P application

y increased. The magnitude of reduction in ^^p was largely
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Table 13A. Radioactivity recovered (log cpm g~^) from the leaves of the
mutipurpose tree species grown under silvopastoral system, as a

depth, lateral distances and days after application
of P

Radioactivity recovered (log cpm g in the leaves of

Casuarina Leucaena Ailanthus

30 15 30 15 30 15 30

Acacia
Days after ^—

P appli- 15
cation

Lateral

Distance
(cm)

25

50

2.021

(104.9)
1.977

(94.8)

p N.S.
SEM(+) 0.0497
CD(0.05)

2.352 1.487 1.892 1.916 2.405 1.684 1.907
(224.9) (30.69) (77.98) (82.41) (254.1) (48.3) (80.7)
2.224 1.180 1.541 1.880 2.388 1.255 1.889

(167.5) (15.13) (34.75) (150.7) (385.5) (18.0) (77.4)

<0.05 <0.01 <0.01 N.S. N.S. <0.01 N.S.
0.0385 0.0680 0.0643 0.0667 0.0683 0.0703 0.0823
0.1095 0.1935 0.1829 0.2003 0.1829

Depth (cm)

15 2.162 2.483 1.780 1.910 2.178 2.586 1.913 2.235

50
(145.2) (304.1) (60.25) (81.28) (150.7) (385.5) (81.8) (171.8)
1.836 2.093 0.886 1.523 1.618 2.207 1.027 1.561

(68.5) (123.9) (7.69) (33.34) (41.5) (161.1) (10.6) (36.4)

P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
SEM(+) 0.0497 0.0385 0.0680 0.0643 0.0667 0.0683 0.0703 0.0823
CD(0.05)0.1414 0.1095 0.1935 0.1829 0.1898 0.19 43 0.2003 0.1829 CO

o
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Table 13B, Root activity (%) of the tree components
of the SIIvopastoral system

Acacia Casuarina Leucaena[ Ailanthus

Lateral

Distance
(cm)

25 55.1

50 44.9

Depth
(cm)

15

50

70.6

29,4

55.8

44.2

69.5

30.5

50.2

49.8

64.9

35.1

52.8

47.2

81.8

18.2
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inconsequential for both acacia and leucaena, whereas, for

casuarina it was substantially different both at 15 and 30

days after application. The root activity percentages ranged
from 55.8 to 50.2 %at 25 cm lateral distance for

casuarina and leucaena respectively (Table 13B),

of 32.

The recovery of declined markedly as the depth

'P application increased from 15 to 50 cm (Table
13 and i^pendix XH) . Implicit in the low recovery at 50

^ cm depth regardless of the tree species is the lower root

activity in this zone (Table ISA). Furthermore, recovery of
32P increased during the time interval from 15 to 30 days
after application, for both depths of application. The root

activity percentages ranged from 81.8 to 64.9 %in the upper
depth zone for ailanthus and leucaena respectively (Table
13B).

Recovery of by tree components as influenced by the

associated forage crops

Radioactivity recovered by tree species grown
in association with different forage crops generally
increased between 15 and 30 days after application (Table 14

and Appendix XID) . However, the differences were not

significant initially in any of the tree species
yr investigated, except casuarina. Over time, the forage



Table 14. Radioactivity recovered (log cpm g in the leaves of tree species grown in
association with four forage crops at 15 and 30 days after P application

32
Days after P
application -> 15

Acacia

30

Casuarina

15 30 15

Leucaena

30

Ailanthus

15 30

Congo signal 1.929 2.324 1.482 1.666 1.919 2.611 1.545 2.092
(84.9) (210.9) (30.3) (46.3) (83.0) (408.3) (35.1) (123.6)

Guinea grass 1.977 2.249 1.360 1.981 1.918 2.318 1.433 1.606
(94.8) (177.4) (22.9) (95.7) (82.8) (208.0) (27.1) (40.4)

Hybrid napier 1.965 2.265 1.204 1.948 1.793 2.328 1.366 1.848
(92.2) (162.5) (16.0) (88.7) (62.1) (212.8) (23.2) (70.5)

Teosinte 1.971 2.211 1.098 1.948 1.990 2.562 1.685 1.997
(93.5) (162.5) (12.5) (88.7) (97.7) (364.7) (48.4) (99.3)

Control 2.155 2.392 1.523 1.305 1.871 2.163 1.318 1.947
(142.9) (246.6) (33.3) (20.2) (74.3) (145.5) (20.8) (88.5)

P N.S. N.S. <0.05 <0.01 N.S. <0.05 N.S. <0.05
SEM (+) 0.0785 0.0608 0.1075 0.1017 0.1054 0.1301 0.1122 0.1301
CD (0.05) 0.3072 0.2907 0.3720 0.3720

Retransformed values given in parentheses

CD
CO
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^ crops began to exert marked influence on the amount of

absorbed by all the tree species except acacia.
Nevertheless, no consistent pattern could be observed in
this regard,

32 . . •P activity of casuarina leaves was highest in
the guinea grass plots followed by hybrid napier and congo
signal. Control plots had the least value at 30 days after
application. For ailanthus ^2^ decreased in the
order: congo signal > teosinte > control > hybrid napier >
guniea grass and for leucaena: congo signal > teosinte >

guniea grass >hybrid napier > control. In general, forage ,
crops such as teosinte and congo signal and to a lesser
extent guniea grass had a stimulatory effect on 32p
uptake by trees such as ailanthus and leucaena, although the
difference were not significant for all combinations except
guniea grass - ailanthus and leucaena monoculture.
However, recovery of 32p casuarina grown in combination
with teosinte . was substantially lower than that of
casuarina monoculture at 15 days after application. On the
other hand at 30 days after application casuarina
monoculture recorded substantially lower 32p activity.

The tree components of the silvopastoral

n



system exerted a marked influence on the amount of
absorbed by all the four forage crops at both stages of
observation except in the case of hybrid napier at 15 days
after application (Table 15 and Appendix XII33 . m general,
tree-less controls registered an order of magnitude higher
values of foliar activity for all forage crops with the
exception of hybrid.napier at 30 days after application
and guniea grass at 15 days after application. This was,
however, followed by ailanthus and/or casuarina in most of

^ ^"<3 leucaena combinations
invariably registered lower recoveries of applied .

The recovery of 32p

30 days after application was significantly lower than the
control when grown under ailanthus, casuarina and leucaena,
although, at 15 days after application, acacia - congo signal
monoculture Appendix

^ XIII At 30 days after application, congo signal

85,

32p

32
P

counts under casuarina, ailanthus, acacia and the control
were significantly greater than the leucaena combinations.

While recovery in guniea grass
differed significantly among intercropped situations at the
two dates of sampling (Table 15 and Appendix XIII), guniea
grass under acacia showed significantly lower values
compared to those grown under other tree species 15 days
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Table 15.

.Sss: .re's. 'is""4:after

oy Congo signal
Days after

application -> 15 30

Guinea grass

15 30

, Hybrid napier

15 30

Acacia

Casuarina

Leucaena

Ailanthus

Control

P
SEM (+)
CD (0.05)

3.188

(1541.7)
2.884

(765.6)
2.845

(699.8)
2.920

(831.8)
3.210

(1621.8)

<0.01

0.0856

0.2446

3.300

(1995.3)
3.419

(2624.2)
2.716

(520.0)
3.325

(2113.5)
4.071
(11776.1)

2.993

(984.0)
3.762

(5781.0)
3.204

(1599.5)
3.389
(2449.1)
3.730

(5370.3)

3.327

(2123.2)
3.314

(2060.6)
3.280

(1905.4)
3.357

(2275.1)
3.990

(9772.3)

3.280

(1905.5)
3.409

(2564.5)
3.082

(1207.8)
3.422

(2642.4)
3.531

(3396.2)

3.623

(4197.6)
4.266

(18450.1)
3.635

(4315.2)
3.500

(3162.3)
3.944

(8790.2)

<0.01

0.1231

0.3518

<0.01

0.0796

0.2275

<0.01

0.1354

0.3870

N.S.

0.1181
<0.01

0.1083
• 0.3095

Retransforaed values given in parentheses

Teosinte

15 30

2.324

(210.9)
2.187

(153.8)
1.900

(79.4)
2.251

(178.2)
2.904

(801.7)

2.708

(510.5)
2.545

(350.7)
2.693

(493.2)
2.927

(845.3)
3.619

(4159.1)

<0.01

0.1099
0.3141

<0.01

0.1541

0.4404

00
<y>
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^ after application. At 30 days after application hybrid

napier in the tree-less plots and in association with

casuarina registered significantly higher values compared to

the remaining forage combinations tree forage

combinations. Teosinte in the tree-less control was

significantly higher count rates at both sampling intervals'

{Table 15 and Appendix XIII) . Furthermore, compared to

other combinations involving forage species except

^ casuarina, teosinte under leucaena had markedly lower
count rates at 15 days after application.

4-7 Litter fall

Average annual litter production in the five-year-

old stand was highest for acacia (6.22 Mg ha~^ yr"^; Table

16; Fig. 12 and Appendix XIV), followed by casuarina (2.48 Mg
ha ^ yr"^), leucaena (2.3 Mg ha~^ yr"^ ) and ailanthus (1.92

^ -1 -1^ Mg ha yr ). Moreover, acacia consistently recorded the

highest amount of litterfall throughout the year. The

observed differences were highly significant (p<0.01) with

respect to monthly litterfall rates for different

species. Furthermore, in all the experimental plots,
the bulk of the detritus collected in the traps were of

the target species, the contribution from the neighborhood

^ tree species (adjoining plots) were of the order of 1.8 %for
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Table 16. Mean weights (g m ) of target species litter, neigbourhood tree litter and the total litterfall
stands of four multipurpose fast growing tree species in

Months

Feb 92

Mar

Apr
May
Jun

Jul

Aug
Sep
Oct

Nov

Dec

Jan 93

Total

-2,Total dry weight (g m
(Target species)

Aca

85.5

76.7

66.6

59.3

32.2

32.4

31.4

34.2

38.4
45.1

61.0
51.2

(13.9)
(12.6)
(10.9)
(09.6)
(05.2)
(05.3)
(05.1)
(05.7)
(06.2)
(07.3)
(09.9)
(08.3)

582.8

Cas Leu Ail

38.0 (18 .7) 28.3 (15 .3) 21 .9 (13 .3)
19.7 (09 .7) 23.5 (12 .7) 21..2 (13 .3)
14.8 (.0 7 .3) 8.8 (04 .7) 23..9 (15 .1 )
13.1 (06 .4) 14.1 (07 .6) 9,.6 (06 .0)
11.8 (05 .8) 6.4 (03 .5) 3..7 (02 .3)
16.0 (07,.9) 14.0 (07..6) 6..4 (04..0)
12.5 (06..2) 10.4 (05,.6) 4..1 (02 .6)
10.9 (05..3) 11,1 (06..0) 7. 0 (04..4)

9.3 (04..6) 8.8 (04..7) 11. 8 (07,.4)
15.8 (07, 8) 16,5 (08..9) 16. 7 (10..5)
12.7 (06. 3) 19.3 (10..5) 13. 4 (08..4)
28.4 (14. 0) 23.5 (12. 7) 19. 8 (12. 4)

203.0 184.7 159 .5

Total dry weight (g m Grand total of target
of neighbourhood species^ and neigbourhood

Aca Cas Leu Ail Aca Cas Leu Ail

- 2.3 4.3 _ 85.5 40.3 32,6 21.2
2.8 2.6 7.6 7.3 79.5 22.3 31.1 28,5
1.4 2.9 3.4 1.0 70.1 17.7 12.2 24.9

- - 1.7 1.4 59.3 13.1 15.8 11.0
- 1.8 1.8 2.1 32.2 13.6 8.2 5.8

- 3.1 - 5,1 32.4 19.1 14.0 11.6
- 3.1 - 1.8 31.4 15.6 10.4 5.9

- 2.9 ,1.7 1.4 34.2 13.8 12.8 8.4
1.4 •- 3.4 1.5 39.2 9.3 12.2 13.3
2.8 1.1 7.7 4.8 47.9 16.9 24.2 21.5
2.8 1.1 7.7 6.8 63.8 13.8 27.0 20.2

— 6.7 6.4 - 51.2 35,1 29.9 19.8

11.2 27.6 45.7 33.2 627.3 230.6 230.4 192.1

Figures in parantheses indicate percentage of annual litterfall
Aca-Acacia/ Leu-Leucaena, Cas-Casuarina and Ail-Ailanthus

Species
P <0.01
SEM (+) 1.0139
CD (0.05) 1.9872

Month

P <0.01
SEM (+) 1.7561
CD (0.05) 3.4419

SpTOies X Month
P <0.01
SEM (+) 3.5122
CD (0.05) 6.8839

<0.01

0.9988
1.9576

<0.01

1.7300

3.3908

<0.01

3.4601

6.7818

CO

CO
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acacia, 17,3 %for ailanthus, 12.0 %for casuarina and 19,8 %

for leucaena {Table 16; Fig, 12 and Appendix XIV ),

4.7.1 Seasonal variation in litterfall

Seasonal variation in litterfall were very
pronounced. In general it followed a monomodal distribution

pattern with a distinctive peak during December-February.
Furthermore, the December to May period accounted for bulk

^ (acacia-72.48 %, ailanthus-68.5 %
casuarina-62.4 %and leucaena-63.5 %). Litter production
remained markedly low during the South-West monsoon season
for all species.

4.7.2 Litter fractions

Table 16, 17; Fig 13 and Appendix XIV clearly
foliage biomass constituted the major chunk of the

litter in all four stands (acacia-70.8 %, ailanthus-99.6 %

casuarina-96.3.% and leucaena-83.4 %). Variations in foliage
component of litter, by and large, followed the pattern of
total litter fall (Fig 12). Twig fraction however, slightly
increased during the rains. Interestingly, ailanthus did
not record any twig component in its biomass. However,
acacia recorded twig fall throughout the year, with an

^ increase during the rainy season (7.6 % of the total
litterfall). Reproductive components were not recorded by the
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Fig. 13 Total litter production in stands of four
MPT stands and the contribution of different litter
fractions.
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Table 17. Mean weights in (g m c£ different fracticns of target and neigbouiivxd ^>ecies in the stands of four mjltipurpose fast growing species

l^rget species Neighbourhood species

iwig v^ght R^iroductive part Foliage weight IWig weight Reproductive partsFoliage weight

Msnths Aca Cas Leu Ail Aca Cas Leu Ail Aca Cas Leu Ail Aca Cas Leu Ail Aca Cas Leu Ail Aca Cas Leu Ail

Feb 92 69.7 38.9 28.3 21.2 2.1 -
- - 13.6 - - 1.9 4.3 - -

Mar 45.1 18.5 20.4 21.2 3.3 1.5 1.2 - 28.3 1.0 1.4 1.4 7.6 7.3 1.4

53.1 13.5 6.9 23.9 - - - - 13.7 1.8 0.7 2.9 3.4 1.0 0.7

May 53.4 12.9 12.1 9.6 5.5 - 0.5 - - 1.6 - - 1.7 1.4 —

Jun 9.6 11.6 6.4 3.7 4.6 - - - 17.8 - - 1.8 1.8 2.1 —

Jul 8.0 16.1 4.0 6.4 8.2 1.0 1.7 16.2 8.3 - 3.1 - 5.1 -

Aug 15.1 9.9 5.1 4.1 7.9 1.5 3.6 - 8.4 1.7 - 2.9 — 1.8 —

27.8 7.5 8.0 7.0 6.4 3.2 1.5 - - 1.6 - - 1.7 1.4

oct 37.1 8.9 7.0 11.8 - - - - 1.3 1.9 0.7 2.4 3.4 1.5 0.7

itov 41.8 15.2 14.1 16.7 3.3 2.3 1.8 - - 1.4 1.1 7.7 4.8 1.4

Dec • 28.4 10.0 18.2 13.4 4.3 1.5 1.2 - 28.3 - 1.4 1.1 7.7 6.8 1.4

Jan 93 45.9 32.6 23.5 19.8 1.1 - - - 4.2 - — 1.2 6.4 —
—

- 1.4 -

- 2.7 -

Ccnposite total of Acacia includes 1.9 g of residual nass foe the ironth of j^ril
Aca-Acacia, Leu-Leucaena# Cas-Casuarina and Ail-Ailanthus

Species
P
SEM (+)
CD (0.05)

Month

P
SEM (+)
CD (0.05)

<0.01

0.8254

1.6178

<0.01
1.4296

2.8020

Species x t43nth
p <0.01
SEM (+) 2.8592
CD (0.05) 5.6040

- 1.2 -

- 2.8 -

vo
o
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traps kept under the stands of ailanthus and casuarina. The

^ December to March period showed a spurt in the quantum

of reproductive components for acacia. But for leucaena an

increase in the reproductive components in the litter were

observed during August.

4.7.3 Seasonal variability in litter nutrient concentration

The concentration of macro elements in the

composite litter sample showed considerable variation

^ throughout the year (Table 18; Figs 14,15,16; and Appendix
XV). The nutrient content of foliage fraction of litter

was generally lower than that before abscission (ref.

Table 5). Species, month and the interaction effects

(month X species) were significant in this respect (Table
18 and Appendix XV). The peak values of N were recorded

during June in acacia and casuarina while it was during
September for leucaena and August for ailanthus. The

> lowest concentration of Nwas recorded during March and
November for acacia and casuarina respectively, while it was

during December for leucaena and February for ailanthus.

Peak P concentration was observed during May, July, August
and May-June in acacia, casuarina, leucaena and

ailanthus respectively " and lowest P concentration was

observed during December for acacia, leucaena and ailanthus

^ respectively and February for casuarina. Potassium



V

Fig. 14 Seasonal variations ot litter N
content of four MPT species
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Fig. 15 Seasonal variations in litter P
content of four MPT species
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Fig. 16 Seasonal variations of litter K
content in four MPT species
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Table 18. Seasonal variations in litter (composite) nutrient concentrations of four
tree species.

multipurpose

Months Aca

Feb
Mar

Apr
May
Jun

Jul

Aug
Sep

Oct

Nov

Dec

Jan 93

92 1.217
0.824

0.911
1.040

1.530
1.451

1.427
0.860

0.925
1.058

1.049
0.830

Nitrogen (%) phosphorus (%)

Cas Leu Ail Aca Cas Leu Ail Aca

1.295 2.294 0.328 0.028 0.049 0.108 0.091 0.242

1.216 2.657 0.436 0.025 0.066 0.092 0.083 0.251

1.311 2.537 0.609 0.022 0.057 0.122 0.083 0.231

1.500 2.798 0.733 0.'034 0.058 0.126 0.106 0.206

1.817 2.640- 1.401 0.054 0.080 0.187 0.124 0.094

1.807 2.827 1.384 0.060 0.080 0.204 0.124 0.083

1.358 3.055 1.531 0.034 0.108 0.205 0.098 0.079

1.441 3.525 1.295 0.053 0.105 0.142 0.063 0.105

1.417 3.049 0.748 0.017 0.071 0.086 0.079 0.160

1.100 2.549 0.547 0.024 0.074 0.083 0.067 0.210

1.264 2.040 0.425 0.013 -0.067 0.063 0.064 0.227

1.278 2.072 0.499 0.023 0.067 0.078 0.089 0.248

Potassium (%)

Cas Leu Ail

0.304

0.349
0.252
0.156

0.080

0.060

0.053
0.099
0.202
0.312

0.202

0.325

0.325
0.339

0.318

0.320
0.150

0.117
0.092
0.160

0.191
0.236

0.322
0.339

0.150

0.131

0.118
0.108

0.044
0.055

0.096
0.092

0.139
0.167

0.243
0.171

Overall

mean 1.093 1.400 2,670 0.824 0.044 0.074 0.132 0.089

Aca-Acacia, Leu-Leucaena, Cas-Casuarina and Ail-Ailanthus

0.133 0.200 0.253 0.126

Species
P
SEM (+)
CD (0.05)

Month

P
SEM (+)
CD (0.05)

Species x Month
P
SEM (+)
CD (0.05)

<0.01

0.0143
0.0284

<0.01

0.0248
0.0492

<0.01

0.0495
0.0982

<0.01

0.0054
0.0107

<0.01

0.0093
0.0184

<0.01

0.0187
0.0371

<0.01

0.0061
<0.0121

<0.01

0.0106
0.0210

<0.01

0.0212
0.0421

^£>
K3
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concentration of acacia, casuarina and leucaena litter

was highest during June while for ailanthus it was during
December, Potassium, however, had lowest values during
March, for acacia and casuarina and March and January
leucaena while for ailanthus it was during June. Nitrogen and
phosphorus concentration showed a gradual increase with the

advancement of rainy season followed by a decrease in
concentration during the dry season. Potassium concentration
showed a reverse trend.

4.8 Litter decomposition

The mean mass loss of the decomposing litter of
four multipurpose fast growing tree species are given in Table
19 and Fig. 17. of the four tree species litter studied only
casuarina and leucaena litter decomposed conpletely during the
experimental period (in a period of six and seven months

.X respectively) . At the end of the 12-month period acacia
retained about 0.38 . of the initial mass while ailanthus
retained, as much as, £.4% of the initial mass. The
decomposition rate coefficients show that casuarina has a k-
value of 0.66 5, leucaena: 0.510, acacia: 0.416 and

0.143 (Table 20) The -i-TTnei i j.\±auxe zu;. The time taken to reach half of

the initial quantity was 1.0, 1.3, I.7 and 4.8 months,
^ respectively for casuarina, leucaena, acacia and ailanthus.

Fig. 18 depicts the curve fitted using the Olson's equation



Fig. 17 Relative proportion of biomass
remaining in litter bags at various time

intervals for four MPT species
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Fig. 18 Litter decay models of four multipurpose
tree species
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Fig. 19 Litter nutrient contents and their relative
proportion in the residual mass of the decomposing
litter for four MPT species.

RCl) Wwwalatig <1 mIqImI H)
190

n tt tt

Montbi Monthi

rn>
au

r wfiatiiO C% ol f>
lao

MOttthI
Man

Monihi
n • B

t(l) K s»aalftlif (1 ol •rifiMl K)
MO

N • D

MOttltai MOnlbl

Acacia —I— Allanthus Casuarlna-a- Leucaena



4^ i-

Table 19 Biomass and nutrients remaining in litterbags of four multi-purpose fast growing tree species

Species Time Litter
mass

remaining
Litter nutrient
concentration

N (%) P (%) K (%)

Acacia O 19.258 1.365 0.039
auriculiformis 1 17.425 1.235 0.039

2 16.225 l.«368 0.041
3 11.050 1.452 0.047
4 • 8.150 1.623 0.050
5 7.085 2.035 0.068
6 4.589 2.352 0.070
7 1.287 2.435 0.065
8 0.770 2,503 0.071
9 0.327 2.532 0.073

10 0.350 2.653 0.063
11 0.062 2.602 0.070
12 0.075 2.653 0.063

0.542

0.521

0.520

0.498

0.462
0.462

0.430

0.276

0.264
0.232

0.228
0.221

0.210

Ailanthus
triphysa

0 19.100 1.670 0.098 0.326
1 17.988 1.720 0.095 0.283
2 16.498 1.680 0.102 0.264
3 13.579 1.680 0.103 0.224
4 13.806 1.700 0.119 0.209
5 12.819 1.720 0.122 0.128
6 12.761 1.875 0.130 0.09 9
7 10.272 1.855 0.132 0.062
8 7.590 2.012 0.136 0.053
9 6.567 2.021 0.132 0.051

10 3.964 2.123 0.130 0.043
11 2.973 2.240 0.120 0.041
12 1.800 2.350 0.110 0.03 6

Relative proportion of
nutrient remaining

Relative changes in the
nutrient concentration

of the litter

N (%) P ( %) K (%) N (%) P ( %) K (%)

100 .000 100 .000 100 .000 100.000 100 .000 100.000
81 .862 92 .124 86 .974 90.476 101 .818 96.125
84 .433 90 .156 80 .828 100.220 107 .013 95.941
61 .036 70 .047 52 .721 106.374 122 .078 91.882
50 .319 55 .181 36 .074 118.901 130 .390 85.240
54 .850 64 .981 31 .361 149.084 176 .623 85.240
41 .058 43 .324 18 .913 172.308 181 .818 79.373
11 .923 11 .285 3..404 178.388 168 .831 50.923

7 .335 7,.376 1 .948 183.370 184 .416 48.708
3,.154 3..224 0..728 185.495 189,.610 42.804
3,.531 2..973 0..764 194.359 163..636 42.066
0.,613 0. 586 0,,131 190.623 182.,338 40.830
0..757 0.,639 0.,151 194.359 164.,156 38.819

100 .000 •100 .000 100 .000 100 .000 10 0 .000 100 .000
96 .997 91 .295 81 .755 102 .994 96 .939 86 .810
86 .895 89 .904 69 .950 10 0 .599 104 .082 80 .982
71 .522 74 .723 48 .851 100 .599 105 .102 68 .712
73..581 87 .771 46 .34 0 101 .796 121 .429 64 .110
69-.,123 83 .550 26 .351 102 .994 124 .490 39 .264
75..014 88 .629 20 .290 112 .275 132 .653 30 .368
59. 735 72..435 10..244 111 .078 134 .694 19 .049
47.,873 55,.143 6..472 120,.479 138 .776 16 .288
41. 605 46..307 5.,378 121..018 134,.694 15..644
26. 385 27..532 2.,719 127..126 132,.653 13,.098
20. 877 19. 058 1,.943 134. 132 122..449 12..485
13. 259 10.,576 1.,041 140.,719 112..245 n.,043

Contd



Table 19 (Contd. )
Relative changes in the

species . Time Litter nutrient Relative proportion of nutrient concentration
remaining concentration -E.!!!!-!;-"!-

N (%) P (%) K (%) N^U) l_[ll

sBsss, ! !-!is s-ss s:s^r';;:i"';Ssr=i:srss
66 279 71.180 42.303 141.463 151.923 90.290
37J947 39.068 18.868 153.171 157.692 76.159

9 530 11.028 2.078 169.512 196.154 36.957
8 439 8.317 1.617 185.366 182.692 35.507
2!o6i 1.605 0.272 197.561 153.846 ^6^087

inn nnn ifin nnn T_00 000 100.00 0 100.00 0 100.000Leucaena ° "-"S i-ol? "74:9^ M.'ssa 103:509 104:545 90:i37^gSHHcephala 1 1^712 2.360 0.092 0.9J3 74.170 74.913
58 167 69.825 31.603 113.596 136.364 61.719
47.864 60.951 17.406 116.009 "7.727 42.188
40.713 54.349 3.639 120.877 161.364 1^.806
16 553 18.714 1.145 132.675 150.000
0.205 0.211 0.010 154.781 159.091 7.617

N (%) P (%) K (%)
— — ——

0 18.941 0.820 0.052 0.276

1 10i987 1.095 0.068 0.253

2 8.874 1.160 0.079 0.249

3 4.693 1.256 0.082 0.210

4 1.065 1.390 0.102 0.102

5 0.862 1.520 0.095 0.098

6 0.198 1.620 0.080 0.072

— — — — — " —

0 19.136 2.280 0.08 8 1.024

1 13.712 2.360 0.092 0.923

2 10.528 2.520 0.094 0.846

3 9.799 2.590 0.120 0.632

4 7.895 2.645 0.130 0.432

5 6.445 2.756 0.142 0.111

6 2.387 3.025 0.132 0.094

7 0.025 3.529 0.140 0.078

VD

cn
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Table 20. Decay rate coefficient and half life of decomposing
litter for four multipurpose fast growing tree
species.

Species

Acacia auriculiformis
Casuarina equisetifolia
Leucaena leucocephala
Ailanthus triphysa

k r2 S .E.E.

Half

life n

(mSfilL)'

0 .4159 0 .874 0 .7266 1.6 13
0 .6658 0 .908 0 .4758 1.0 7
0 .5099 0 .502 1 .5658 1.3 8
0 .1430 0 .806 0 .3253 4.8 13

Table 21. Initial lignin content, initial nitrogen
lignin : nitroaen ratio for four i

UI4 Aiixuiax lixuiuyexi Content and
nitrogen ratio for four multipurpose

fast growing tree species.

Species Initial
Lignin (%

Acacia auriculiformis 22.23
Casuarina equisetifolia 15.69
Leucaena leucocephala 15.70
Ailanthus triphysa 9.60

Initial
N (%)

1.36

0.82

2.28

1.67

Lignin ;
Nitrogen ratio

16.28

19.13
6.88

3.35
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for the four species relating time elapsed to the mass

> remaining.

The initial lignin concentration given in Table 21

show that ailanthus surprisingly, had the lowest

concentration of lignin (9.6 %). acacia had the highest
concentration of 22,2 %. Casuarina and leucaena were

comparable in this respect (15.7 %). The lignin to initial

nitrogen was highest for casuarina.

^ Nutrient dynamics of residual decomposing mass

4.8.1.1 Nitrogen

The nitrogen content of the decomposing
litter increased during the one-year decomposing period for
all the species (Table 19 and Fig. 19). The initial
concentration was highest for leucaena (2.280 %) and lowest
for casuarina (0.820%). The per cent increase over the
initial concentration was 94.3, 40.7, 97.6 and 54.8 for
acacia, ailanthus, casuarina and leucaena respectively.
The total amount of nutrient in the residual mass was
highest for ailanthus (13.2 %) and lowest for leucaena
(0.205 %) .

The cubic model gave a better fit than other models
in .describing the changes in relative nutrient
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Fig. 20 Changes in N content ol the
residual litter mass over time in

lour MPT species
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Fig. 21 Changes in P content oi the
residual litter mass over time for

four MPT species
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Fig. 22 Changes In K content of the
residual litter mass over time in

four MPT species
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Table 22. Relationships between time elapsed and relative nutrient concentration of
residual decomposing mass in four multi-purpose fast growing species.

Species Nutrient Equation

Acacia auriculiformis N 90.44+10.10465x 0.900

S.E.E

13.67

. n

13

79.52+16.06485x-0.49668x^ 0.924 12.50 13

93.52- 1.54971x+3.323343x^-0.21222x^ 0.969 8.40 13

P 108.33+ 7.23562X 0.678 20.28 13

83.45+20.80854x-1.13107x^ 0.860 14.02 13

93.47+ 8.20138X+1.60301x^-0 .15189x^ 0.894 12.87 13

K 105.79- 6.11907X 0.916 7.51 13

105.15- 5.77325x-0.02881x^ 0.917 7.81 13

96.78+ 4.76782X-2.31483x^+0 .12700x^ 0.961 5.65 13

Ailanthus triphysa N 93.32+ 3.36711X 0.883 4.99 13

100.73- 0.67291x+0.33667x^ 0.980 2.17 13

101.45- 1.58525X+0.53452x^-0,.01099x^ 0.981 2.23 13

P 105.21+2.466920X 0.460 11.65 13

89.04+11.28667x-0.73497x^ 0.842 6.41 13

97.42+ 0.74929X+1.55023x^-0.,12695x^ 0.969 2.96 13

K 90.79- 7.97781X 0.907 10.40 13

105.22-15.85600x+0.65652x^ 0.974 5.71 13

100.05- 9.35232X-0.75393x^+0. 078358x^ 0.984 4.72 13

Contd.

tx>

00



Table 22 (Contd.)

Species Nutrient Equation

Casuarina equisetifolia N 108.90+15.15 679x

R

0.972

0.979

S.E.E. n

6.02

5.95

5.46

105.46+19.28571x-0.68815x'

102.51+29.1095 6X-5.10888x^+0;491192x^ 0.986

p 120,12+11.05769x 0.564 23 .01

95.97+40.0 4120x-4.83058x^ 0.887 13 .10

103.02+16.53693X-5.74637x^-0 .67863 x^ 0.936 11 .38

K 106.77-13.8405x 0.913 10 .10

103.4'4- 9. 8447x-0.665970x^ 0.919 10 87 7

97.50+ 9.9620x-9.579020x^+ 0.9903 x^ 0.955 . 9 33 7

N 95.55+ 6.69956X 0. 864 7 03 8

102.94- 0.69261X+1.05602x^ 0.950 4. 67 8

98 .75+10.•27534X-3.13174x^+0 398834x^ 0.993 1. 92 8

P 99.24+ 9.71320X 0.864 10. 19 8

92.71+16 .24729x-0.93344x^ 0.896 9. 77 8

98.79+ 0.30663x-5.15299x^-0. 57966x^ 0.939 8 . 33 8

K 104.13-15.3146x 0.950 9.30

106.33-17.5161X+0.314505x^ 0.951 10.02

97.87+ 4.6630X-8.153900x^+0.806514^ 0.988 5.39

V
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y concentration of decomposing litter over time for all the

four species (Table 22 and Pig. 20). The r^ values were

0.969, 0.981, 0.986 and 0.993, respectively for acacia,
ailanthus, casuarina and leucaena.

4.8.1.2 Phosphorus

Phosphorus concentration of the residual litter

IMSS (Table 19 and Fig. 19) exhibited an initial increase

^ and after reaching a plateau it finally decreased. The
highest initial concentration was 0.098 %for ailanthus and
the lowest was for acacia (0.039 %). For acacia the

relative P content increased to 89.6 %after a period of 9-
months followed by decrease to 4.1 per cent at the end of the

12-inonth period. Ailanthus concentration peaked after seven

months which was followed by a decrease. Casuarina and

leucaena reached peak concentration after 4 and 5 months

respectively.

In the case of P too the cubic model gave the

best fitting equation linking relative P content with the time
elapsed (Table 22 and Fig. 21). The r^ ranged from 0.894 to
0.969.

4.8.1.3 Potassium

> Potassium concentration of the decomposing
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litter declined during the one-year period for all the

four species (Table 19 and Fig. 19). Acacia registered the

highest initial concentration (0.542 %) and leucaena the

lowest (0.088 %). The decline of K content was of the order

of 61.2 %and 88.9 % the nutrient concentration to the

initial concentration for acacia and ailanthus respectively
at the end of the 12-month period.

The cubic model gave better fitting

relationship between relative Kcontent and the time elapsed
(Table 22 and Fig. 22). The r^ ranged from 0.955 to 0.988.
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DISCUSSION

5.1 Understorey herbage yield

The productivity of forage crops grown in

association with fast growing multipurpose tree species were

generally lower than their respective monoculutral plots.

Furthermore, fodder productivity was strongly dependent on

the characteristics of the tree component growing in

as soc iation. For instance, five-year-old acacia and

leucaena trees generally tended to depress and growth
and yield of the understorey forage crops very

substantially (Table 8 and Fig. 6). Gasuarina and

ailanthus, however, did not exert any marked adverse

effect on the productivity of understorey species.

Moreover, all important growth and yield parameters in

respect of the forage crops such as plant height, number

of tillers per hill, number of leaves per tiller and dry
weight of tillers (Table 9) consistently recorded higher
values when grown in association with casuarina and

ailanthus albeit tree-less controls registered the highest
values in this respect.

Regarding productivity of individual forage
crops, hybrid napier recorded the highest forage
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y.'.eld levels under all combinations including the

monoculture. Forage yield declined in the order hybrid

napier > guniea grass > congo signal > teosinte, in the

open. Nevertheless, under the various tree-crop combinations

it generally follovred the order: hybrid napier > guniea

grass > teosinte > congo signal. Interspecific variations in

biomass yield can be explained based on genotype x

environment interaction (Leding, 1983).

5.1.1 Factors affecting understorey herabage yield

5.1.1.1 Understorey light availability

The life forms of silvopastoral ecosystem

are interdependent because they depend on the same resource

pool of light, water and nutrients. Hence competition for

light and nutrients may be a cardinal factor

responsible for the inferior performance of the herbaceous

components of the silvopastoral systems (Table 8).

During early stages of tree establishment however, the

perennial grasses have an advantage over the young tree

seedling (Byington and Child, 1981). At five years of age,

it appears that the trees and forage interact to compete

for factors essential for growth. In this connection

Mathew et (199 2) reported that the growth and yield of

fodder crops were influenced by the tree components only
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after tree canopy closure and that trees with dense,
•y spreading crowns, generally retarded understorey herbage

productition.

In the present study both acacia and leucaena

were characterised by larger canopy coverage (Table 1)
resulting in a greater interception of incoming light by
tree crowns. in silvopastoral systems the amount of light
available at ground level for forage crops depends upon the
species, the spacing and the age of the tree crop (Payne,

^ 1985, Mathew et , 1992). crown characteristics ^
are, however, far more important than the quantitative

spread, of the crown. Although, canopy spread of
acacia, leucaena and casuarina were not
significantly different (Table 1), the attenuation of
the incoming solar radiation presented an altogether
different picture. Acacia with a dense crown structure

^ intercepted more light than all other species (Fig. 7).
Ailanthus due to the combination of its small crown and
trunk intercepted the least (Fig. 9). Casuarina,
with its needle like cladophyls actually
facilitated greater light penetration into the understorey
at all levels (Pig. 8). Leucaena, a fast growing N-
fixer, however, exhibited relatively lower' fodder growth
and yield albeit light availability in the
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understorey was comparable to that of casuarina

* (Fig.10). In general, fodder production followed a declining
trend with increasing interception of the incoming solar

radiation by tree crowns except leucaena.

Biomass production in the understorey is
a function of the photosynthetically active radiation

(PAR) falling on the ground (Hazara and Tripathi,
1986). The present study highlights the fact that sub-

^ optimal PAR levels would substantially reduce
understorey fodder production and hence the understorey
and overstorey components should be carefully managed
to optimize production. Canopy manipulation such as

pruning the lateral branches pollarding etc. can improve
understorey light availability regardless of stand age of
trees, especially after canopy closure.

^ Although forage yield decreased as the
understorey light availability declined, a direct
relationship between the understorey PAR level and the
forage yield was lacking as for hybrid napier grown under
acacia had an yield reduction of 3.3 times compared to
the open but received 16.7 per cent of PAR (0.50 m above
ground level) while yield reduction of hybrid napier
under leucaena was 3.5 times when it received 30.2 per cent

> par under its canopy.
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It is often conceptualised that the available

solar energy is more efficiently used in silvopastoral
systems due to the vertical stratification of the

vegetative components. Besides they tend to mimic
the vertically stratified rainforest ecosystem (Payne,
1985) . The present study clearly indicates that
understorey light availability in a stand,, though a
function of the crown characteristics, is by and large
uniform beneath crowns at different heights above the
ground level. Presumably they simulate a two-tiered
system where the trees occupy the top strata and the forage
crops the bottom layer. Fundamental advantage of this system
IS the partitioning of incoming solar radiation between the
two strata and consequently higher efficiency of light
utilization in comparison to monocultural situations.

5.1.1.2 Tolerance

Monocultures of the forage crops invariably
resulted in • significantly higher biomass yields (Table
8). in general, the relative yield loss in association with
leucaena (lowest recorded yields) was highest for
hybrid napier followed by guniea grass, congo signal and
teosinte, indirectly suggesting that teosinte perhaps is

better choice for silvopastoral systems. Nonetheless,
overall productivity of teosinte was very low.
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especially with reference to hybrid napier and guniea

grass. The variations in the magnitude of yield loss in

the grass-tree combinations in comparison to grass

monocultures - can be attributed to the varying degrees of
shade tolerance these forage crops possess. Tolerance is

the ability of plants to subsist under reduced

light, nutrients and/or water (Daniel et ^^1979.Although

forage plants differ with respect to their ability to

tolerate shade (Eriksen and Whitney, 1977; Byington and

Child, 1981), the general effect of reduced light intensity

is reduction in yield levels (Table 8 and 10), The

preference of brachiaria genus, reportedly a shade bearer

(Bor, 1960; Coconut Research Institute, 1966) in association

with various tree species was surprisingly inferior

to all other forage crops tested. Hence proper testing

and selection of appropriate shade tolerant forage

species/cultivar are of utmost importance in the management

of silvopastoral systems which integrate trees and livestock

on the same management unit, especially after the tree

components attain canopy closure.

5•1•1•3 Below ground competition

A desirable feature of the silvopastoral system,

true for other agroforestry system also, is presumably

the vertical stratification of the root systems of
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different species (Payne> 1985), so that trees then

would compete less with the crops and that the tree roots

would act as a trap for nutrients leached out of the top soil

(Jonsson et al., 1988)

The data presented in Table 13A, however, clearly
32suggest that p recovery by the trees was markedly high when

applied at 15 cm depth than the 50 cm deep placement,.

regardless of the species. It appears that 65 to 80 per

cent of the fine roots responsible for water and nutrient

absorption are concentrated in the 0-15 cm "layer of

the soil profile (Table 13B). Regarding the lateral

spread of fine roots, only casuarina and leucaena

exhibited a consistent trend. There were perceptible
32variations in P recovery of casuarina between the 25

cm and 50 cm lateral'distance treatments, iirplying that

casuarina root activity was higher towards the base

of the tree trunk (25 cm radial distance). As regards
32to leucaena, P applied at the two lateral distances were

statistically at par suggesting that root spread and

activity would be more or less uniform in the entire 50

cm radial distance from the base of the stem. For

ailanthus and acacia the difference between the lateral

32distances of p soil injection significant at 15 or 30
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days after application. m both cases, however, ^2
recovery was higher when applied at closer distances.

The pronounced decline in root activity with

increasing soil depth and increasing lateral distance except
for leucaena, which had its roots evenly distributed
upto 50 cm radial distance observed in the present
study was corroborated by Johnsson ^ (igas) „ho
studied the fine root dynamics of five Tanzanian tree species,
root architecture analysis of 12 tree in North Indian species
by Toky and Bisht (1992) and 32p ^
(1989). However, there are interspecific variations in root
distribution patterns especially, with the below ground
biomass accumulation (Table 3). Furthermore, the
root architecture, depth of root penetration, their lateral
spread and area of greater concentration differed among
tree species (Eis, 1974; Savill, 1976 ; Sankar ^ , 1988 ;

^ Toky and Bist, 1992 and Dhyani et ^. , 1990). m addition,
Toky and Bisht (1992) observed variations between species
and also within the same species with regard to root
distribution.

The studies have also indicated that tree
less controls of forage crops were consistently more
efficient in terms of 32p absorption and were superior

> to all tree-grass combinations except casuarina-guniea
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grass at 15 days after application and casuarina-hybrid

^ napier at 30 days after application (Table 15). The
relatively low recovery in tree-grass combinations

indicates that the rootj zones of the trees and grass

components of the system overlap substantially.

Implicit in the surface concentration of feeder roots is

thus a high degree of competition, between the tree and

grass components. Nevertheless, the magnitude of this

interspecific competition would be relatively lower in

^ casuarina plots. Hence casuarina has distinct advantage
as a component of the silvopastoral system. The reduction in

understorey herbage production of tree-grass system can

therefore be partly explained by the below ground root

interaction.

The above contention, however, is not entirely

correct as the nutrient use efficiency (amount taken

vis a ^ present in the soil; both applied as well as

native;) increases as rooting density (number of roots per

unit volume of soil) increases (Barber, 1962),

Consequentially the nutrient loss from such a integrated

land-use system would be negligible. In this context, Nair

(1983) has described that most of the tropical land-use

systems exhibit varying degrees of 'leakiness' and in

that context inclusion of trees in these land management
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j<> f systems can to some extent plug these leaks. Increased
rooting density is a definite .possibility in species-

mixture of this sort (Nair, 1983). Besides there

may be also nutrient accretion due to various

biological process associated with trees. Hence below

ground competition for nutrients per se cannot explain

the yield reduction in tree grass combinations, except

possibly in the case of leucaena where despite a

relatively higher understorey PAR level, forage

productivity remained low.

The forage crops grown in association with the

four tree species actually did not exhibit any consistent

pattern with respect to recovery by trees (Table, 14).
• • 32Surprisingly, p recovery was least in the tree-monoculture

(for casuarina at 30 days after application, ailanthus and

leucaena at 15 days after application). The low recovery in
32the P probably suggests that presence of an associated

crop tend to stimulate nutrient absorption by the trees.

However, no such favorable effects were visible in the tree-

association involving acacia.

The obvious conclusion, therefore, would be that

trees and forage crops are corrplementary to each other,

albeit differences among species. Hence the general

apprehension that trees will compete strongly for nutrients



.4-

3!

113

diameter at breast height and mean crown diameter and is

probably one of the most promising multipurpose tree

species (Table 2). By and large, growth rates and the

magnitude of biomass productivity are dependent on

the amount of light captured in photosynthesis,

which in turn, is a function of the leaf area

development (Humpherey, 1978), Acacia recorded the highest

leaf area besides crown diameter compared to the other

three species (Table 2), constituting more green

surface for photosynthesis. Osman ^ (1992) also

reported high growth rates and volume production in acacia.

The above ground net primary productivity (NPP)

for all species except acacia did not exceed the baseline

figures for natural vegetation under the corresponding

climate of humid tropics with short dry spell (23,000 kg

ha ^ y ^ of dry matter; Leith, 1976), Lugo ^ (1988)
also found that above ground net primary productivity for

tropical species ranged between 16,000 to 29,800 kg ha ^

yr"^ of dry matter. In the present study, acacia had an

above ground NPP of 32, 784 by ha ^ yr ^ of dry matter
(inclusive of the below ground component it came to 36, 564

kg ha"^ dry matter). Other three species were below the

20,000 kg ha"^ ,yr"^ dry matter mark. If the forage component

of the silvopastural system (Table 8) also was added to
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is somewhat unfounded. The main limiting factor under such

V situations would then be light rather than water and

nutrients per se, although below ground competition may

be significant in some situations. Understorey herbage

productivity can be improved by proper selection of

trees and forage crops and also managing them in a careful

manner. As far as trees are concerned, light, compact

crowns which facilitate light penetration to the

understorey, having N-fixing potential, deep non-spreading

type of root-system, and in short, complementary resource

sharing habits would be desirable. Regarding forage crops,

they should be tolerant to shade.

5-2 Allometry of tree growth and biomass productivity

Allometric relationships developed in the present

study (Table 4) linking tree biomass with DBH and tree

height gave reasonably good predictions and would help in

estimating the biomass yield of a particular stand of trees

without the . expense of developing one. In the past, no

efforts were made in this direction, although for some of

the species equations developed elsewhere are available

(Dudley and Fownes, 1992).

The data on tree growth and yield revealed

that acacia had the highest biomass yield, height,
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the tree above ground NPP figures, then a combination like

acacia and hybrid napier gave a very impressive figure of

48, 784 by ha ^ yr ^ of dry matter. Nevertheless, for grass
monocultures, the NPP ranged from 13,000 to 52,000 kg ha~^

yr emphasising the dependence of total biomass

productivity of silvopastoral system on the nature of the

components. Therefore, selection of both the trees and grass

components are of paramount importance, because the

magnitude of competition between the trees and the

& associated crops depend on the nature of the trees included

in the system. Regarding the attributes of the forage crops,

shade tolerance is the primary aspect. Therefore, if the

tree and forage components are selected considering these

parameters such system will maintain high levels of

productivity for a long period of time,

5.1,2 Nutrient accumulation and efficiency of the tree

species in silvopastoral system

Nutrient concentrations were found to be

fairly variable among the species studied and did not

exhibit any consistent pattern (Table 5). Generally,
leucaena had the highest concentrations for most elements

and tissue types and leaves were the most 'costly' tissues

to build. Casuarina and/or ailanthus invariably registered

> the lowest nutrient concentrations with the exception of p,
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^ for which acacia recorded the lowest elemental concentration
in all-tissue types. Similar observations were recorded by
Wang et (19 91) for leucaena and casuarina in the Lajas

_ Valley of Peurto Rica. However, the observed nutrient

levels in the present study for both casuarina and leucaena
were generally higher than the values reported by Wang et al.

(19 91), which can be attributed to the relatively high site
nutrient levels (Table 12),

& biomass accumulation rates
(Table 3), concomitantly resulted in the high nutrient
accumulation rates of acacia (1427 kg N, 66 kg P and 719 kg
K per hectare; Table 6). The nutrient accumulation for all

other tree species studied were profoundly less than acacia.
The annual rate of removal of nitrogen in respect of
casuarina (36.5 kg Nha ^) and ailanthus (24.7 kg ha~^)
were also much lower than that of annual crop systems such
as maize (63 kg ha"^) and sorghum (135 kg N ha"^; Jorgensen
and Wells, ,1986). Wang ^ (1991) „ho analysed
nutrient removal by casuarina and two strains of leucaena

. in Peurto Rica found that casuarina recorded almost 3.5 times
higher nutrient export for N while the corresponding
values for Leucaena. leucocephala K8 were roughly 1/3 of the
nitrogen removal reported in the present study. The most
important reason for this pronounced variation in the above
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•y ground nutrient export through whole tree harvesting can be

the large differences in biomass accumulation rates between

the two sites.

Incidentally, the export of nutrients from the

site through processes associated with biomass harvest has

been great concern in recent years (Kimmin, 1977; Jorgensen

and Wells, 1986 and Hopman et , 1993) and such heavy

nutrient removal, has an important bearing on the long term

^ site quality and sustainable production (Wang ^ 1991).

Hence selection of the tree taxa and the parts to be removed

from the site would perhaps alter the rate of nutrient

export from the site. It highlights the fact that a fast

growing tree taxa such as Acacia auriculiformis can result

in tremendous loss of nutrients from the site * especially if

whole tree harvesting is resorted to in silvopastoral systems

and Other short rotation intensive cultural (SRIC) systems

too. The nutrient export from the site through whole tree

'harvesting was'substantially high for both acacia and leucaena

(1427.71 ' and 691,6 kg N ha Table 6). Differing

nutrient concentration among types of harvested tissues

(leaves, stem etc,) and the high variability in the • relative

abundance of tissue types in a species (Table 3 and 6)

resulted in correspondingly diverse nutrient removal rates

at harvest. However, due to the wide variation in
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nutrient concentration among species and among tissues

within species, accumulation of nutrients did not

correspond to a one-to-one pattern with overall

biomass accumulation. Wang ^ (1991) also reported

corroborative results. . He found that taxa with the

highest nutrient concentration did not have the greatest

nutrient accumulation, which is largely applicable to the

present study as well.

Implicit in the concept of silvopastoralism is

sustainable production without any long term site

degradation. Most of the SRIC systems are, however,

characterised by repeated harvests which in turn may result

in high nutrient drain that exceeds the natural rate of

nutrient inputs (Wang, ^ , 1991). The SRIC systems thus

can lead to high rates of nutrient export from the site

through repeated biomass harvests at frequent intervals.

^ Nutrient use efficiency is an important concept in this
context which enable us to evaluate the large differences in

nutrient cost* as a result of species selection and

harvest procedures in silvopastoral systems. Large

differences in whole-tree nutrient use efficiency were seen

among the four species studied (Table 7). The three N-

fixers are seen to use more N than the non-N fixing

^ species. According to Wang ^ al. (1991) such a comparison



118

among species for nitrogen nutrient use efficiency may
• not be completely meaningful as symbiotic nitrogen-

fixing may be involved in the growth of all species
except ailanthus. Hence to understand the true harvest
drain in case of nitrogen fixing species, he suggested
that net nitrogen loss (N-harvested minus N-fixed ) over
the course of a rotation should be estimated.

Furthermore, efficiency pattern (Table 7) also did
not extend from one nutrient to another. For instance
ailanthus was the most efficient for N{5.62 g Kg~^) and
leucaena the least efficient (8.44 g kg~^) for this
element, while acacia and ailanthus respectively were
the most efficient and least efficient in respect of P
and casuarina the most Kefficient and acacia the least K
efficient species. Ideally in a silvopastoral system the
tree components should not only be fast growing but should

^ remove less nutrients (more efficiency means less

nutrients per unit biomass), which in turn will perhaps
entail less competition with the herbaceous components for
nutrients. since the amount of symbiotically fixed nitrogen
and soil pool of nitrogen cannot be partitioned in this
analysis, it is difficult to screen the species based on
nutrient use efficiency alone. However, P and K use
efficiency, if used as the sole criteria, casuarina clearly
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IS a better option. Although nutrients are used more

efficiently in casuarina the biomass accumulation is
relatively low, which may be a constraint in the context
of overall productivity. Nevertheless, the potential for

/altering nutrient drain through biomass removals through
species selection is high,

•

Within a species nutrient export can be

further modulated by regulating the magnitude and type of
tissue removal. By resorting to whole-tree removal a

substantial amount of nutrient nutrients would be exported
from the site. However, by restricting the biomass removal
at harvest to only stemwood and main branches," the nutrient
costs can be substantially brought down.

5.3 Long term soil changes under silvopastoral system

Sustainability is the ultimate objective in the
design of all agroforestry types of land-use systems.
Apart from moderating the soil temperature in a limited

[manner (Table 11 Pio ii^ j. __g- 1) trees in managed land use

system could bring about several favourable changes in
I the soil physico-chemical properties (Table 12).
, Although rapidly growing trees in general tend to

export more nutrients at harvest, all wDody perennials, by
^ _ and large, tend to enrich the soil during the long years of
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occupancy through various processes of natural cycling,

^ nutrient pumping and so on (Nair, 1983). In the present

study, after five years of tree growth, marked variations

in several of the soil physico-chemical properties have

been noticed between the "tree-plots' and 'tree-less' plots

on the • one hand and among the tree species themselves on

the other. Acacia and leucaena have caused a significant

lowering of the soil pH compared to the tree-less

control, ailanthus and casuarina (Table 12). Perhaps

this reduction in soil pH can be linked to the litter

dynamics. The soil organic matter status was in the order

acacia > leucaena > ailanthus = tree-less control (Table

12). Enhanced carbon fixation in photosynthesis and

its transfer via the litter route and root decay are

plausible explanations for the increase in soil organic

matter status (Young, 1991). Inter-specific variations in

this context can be explained by changes in rates of

litterfall, residence time of litter and variations in

nutrient litter contents. Not only the tree aspects were

significant with respect to changes in soil organic matter

status, the forage plants also influenced these parameters

decisively. Regarding the forage species investigated, the

high yielding hybrid napier consistently retarded the soil

organic matter and the magnitude of the reduction could

be directly correlated to the yield level.

-4-
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Nevertheless, the organic matter status of the

tree-grass combinations were considerably greater than the

control plots. This in turn underscores the need for

evolving tree-crop combinations which can sustain soil

productivity. The higher N content seen below N-fixing trees

may probably be through release of nitrogen fixed by

these species into the rhizosphere (current nitrogen

transfer; LaRue and Patterson, 1981 and Huxley, 1985;

Mouilly and Margollis, 1992), The enhanced P and K may

be, to a lesser extent, by abstraction of these elements

released by rock weathering particularly from the B/C and C

soil horizons (Young, 1991).

5.4 Nutrient recycling in silvopastoral systems

Most of the tropical land-use systems exhibit

varying degrees of 'leakiness' according to Nair (1983),

Integration of trees and herbaceous crops on the same land

management unit has the potential of conserving mineral

nutrients on site, by reducing hydrological outputs

(Vitousek and Reiners, 1975), Nutrients absorbed by the

tree roots are returned to the soil surface through the

litter route. Furthermore, the decomposing litter release

the nutrients at a rather slow rate. Thus litterfall

and its subsequent decay are two fundamental

mechanisms involved in moderating the nutrient losses from
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the site and also ensuring sustainability of the land use

system by conserving nutrients on site. However, there are

only very few reports characterising the nutrient

cycling aspects of silvopastoral systems.

5-4.1 Litterfall

The amount of detritus produced ranged from 6.2

Mg ha"^ yr"^ (acacia) to 1.92 Mg ha'̂ yr~^ (ailanthus). The
annual litterfall rates for all the four species were

y less than that obtained for moist deciduous forests of

Thrissur, reported by Kumar and Deepu (1992 ; 12.18 to 14.43

Mg ha ^ yr and that of Acacia auriculiformis stand at
Pullazhi, Thrissur (12.93 Mg ha~^; Kunhamu, 1992). The
relatively lower values for litterfall can be explained
by the relatively smaller dimensions and age of trees

coupled with periodical pruning of lateral branches of

trees at the commencement of experiment. In general, the

magnitude of litterfall is expected to increase till canopy
closure and thereafter parallel net primary productivity
according to Waring and Schlesinger {1985). For the present
stand also the quantum of litter fall is expected to

increase as the trees expand their sizes.

The annual addition of detritus through litterfall
^ in the five-year-old stands of the four multipurpose trees
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also exhibited profound seasonality. Leaf shedding was heavy

during the dry period (November to April). May to August

was a lean period as far as litterfall was concerned.

Such seasonal variations in litterfall has been reported

by several workers (Kumar and Deepu, 1992; Sharma and

Pande, 1989; Stohlgren/ 1988a). Foliage constituted the

main component of litterfall in all species (Table 17 and

Fig 13), Corroboratory results were obtained by Kxamar and

Deepu (199 2) . Tree water stress is the cardinal aspect

y of the dry seasons, where the moisture availability
is limited and the temperature shoots up. Moore (1980)

reported that water stress triggers de novo synthesis of

abscissic acid in the foliage of plants, which in turn, can

stimulate senescence of leaves and other plant parts. Hence

changes in the endog^ous hormonal balance can be a

plausible explanation for the peak litterfall during

summer months.
4-

5.4.2 Seasonal variability in litter nutrient concentration

The lower nutrient content in the foliage

fraction of litter (Table 18 and Fig.14 and 15) in comparison

to the fresh foliage (Table 5), can be explained by the

retranslocation of mineral nutrients from aging foliage and

other tree tissues (Jorgensen and Wells , 1986; Miller

1979; Strachurski and Zimka, 1975 ; Helmissarl,
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1992). According to Helmissari (1990), there are two phases

in the retranslocation of nutrients and carbohydrates from

older leaves: first, retranslocation may occur during the

actively growing phase to the growing tissues and secondly,

from senescing leaves and other components. During the more

important second phase of translocation the cell

structure disintegrates and most of the mobile nutrients

are transported from the yellowing foliage. Macro-molecules

are broken down to smaller molecules, exan^le protein to

amino acid that are easily transported (Thomas and

Stoddart, 1990). Presumably a substantial'portion of the N,

P and K and the other minerals contained in the tree foliage

as well as other parts are translocated to the growing shoots

before the foliage and other organs are shed in litterfall

process. For reasons not clearly known, the retranslocation

efficiency per se was highest for ailanthus and the

^ least in casuarina. Several authors (Strachurski and

Zimka, 1975; Miller ^ , 1979) have suggested that

retranslocation efficiency is determined by soil nutrient

availability. However, Nambiar and Fife (1987) have

observed that growth rate of trees, rather than the

availability of nutrients in the soil (Miller ^ 1979) is

the main mechanism controlling retranslocation efficiency.

Nonetheless the observed interspecific variations in re-
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translocation efficiency could not be coir^Jletely explained

based on either of these hypotheses.

The data on seasonal variability in litter

nutrient contents (Table 18, Pig, 14-16) for all

nutrients indicate relatively lower contents of nitrogen

and phosphorus during the dry period (March-April). This

may be due to an efficient retranslocation mechanism

operating to re-capture nutrients from senescing organs

prior to fall during the summer season when the soil
y . .

moisture availability is generally low and as a

consequence the plant might be experiencing nutrient

stress. Favourable conditions such as soil moisture and

temperature, two cardinal factors found triggering litter

decomposition and subsequent nutrient release perhaps

might be responsible for reducing the pace of internal

nutrient cycling. So, when nutrient availability is low

^ translocation mechanism tends to be more efficient. Das and

Ramakrishnan (1985), Sharma and Pande (1989) also reported

that efficient retranslocation of nutrients are taking place

in the dry months.

In contrast nitrogen and phosphorus concentrations

of the detritus increased during the rainy season (Table

18 and Fig. 14, 15). Miller ^ (1979) concluded that

-i- retranslocation efficiency may be lower when soil
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nutrient availability increases. Comparatively good

rainfall and associated higher litter decay rates enable

the release of mineral nutrients tied up in the litter and

the efficient recycling of nutrients constitute the

principal reason for the reduced retranslocation efficiency

and the consequent higher nutrient contents during this

period. Contrary to the pattern of seasonal variations

shown by phosphorus and nitrogen, potassium contents of the

litter were generally low during the rainy season which may

^ be due to the increased leaching of this element as surface

wash from foliage and loss from the litter collected in

traps (Das and Ramakrishnan, 1985).

5.4.2 Litter decay

Decomposition of litter is the primary mechanism

of nutrient release in natural ecosystems. It can .play a

vital role to sustain soil fertility in land-use systems

which integrate woody perennials along with other

associated life forms on the same management unit.

Furthermore, in silvopastoral systems and other agrofbrestry
systems where intensive cultivation of the area in between

the tree components is performed, it results in heavy
removal of soil nutrients. A portion of this nutrient

removal can be compensated by the nutrient released through
the decomposing litter. The rate at which litter on
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the- soil surface decomposes is primarily dependent on the

biochemical quality of litter, prevailing temperature,

moisture availability and other biotic factors.

Chemical composition is an intrinsic property of

litter which determines the rate of turnover of

organically bound nutrients. Tropical species in general

are characterised by faster rate of decomposition (Kumar

and Deepu, 1992) and presumably the nutrient turnover

rates of the tropics including the managed land use systems

which integrate herbaceous crops with woody perennials

on the same land management unit are higher. Species

with higher initial N content generally has a faster rate of

decomposition (Singh and Gupta, 1977; Meentemeyer, 1978).

Slow rate of decomposition due to presence of polyphenols and

volatile terpenes in leaves (de Moral and Muller, 1969) which

are known to reduce decay rate by inhibiting microbial

enzyme action (Benoit ahd Starley, 1968) . However initial N,

lignin or initial lignin/nitrogen ratio (Melillo, 1982)

could not be directly related to decay rate constant in

the present study. Several workers failed to find strong

dependence on either lignin or lignin/nitrogen ratio on

decay rate coefficients (Schlesinger and Hasey, 1981;

Stohlgren, 1988b).
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The time-Gourse of the mass disappearance of litter

(12 months) indicates the loss in weight litter was

highest during the south-west monsoon season (Table 19 and

Fig. 17 and 18) vindicating the fact that high relative

humidity, and optimal temperature tend to stimulate activity
of soil microflora (William and Gray, 1974). Witkamp and Van

der Drift (1961) and Singh and Gupta (1977) also

suggested that among the climatic variables rainfall

and temperature are of paramount importance in the control

}r of litter decay. Madge (1965) also viewed soil moisture as

a limiting factor for the breakdown of angiosperm tree

litter in tropical forests. Additionally, nutrient

inputs through stem flow and through fall also influence the

decomposer communities directly.

5.4.3.1 Nutrient Release Pattern

the litter decomposition proceeds the

concentration of nitrogen in the residual mass increases

(Table 19 and Fig.20-22). As litter samples decay the
absolute mass decreased as of the rate of mass loss

was far greater than the concentration increase

(Coldwell and deLong, 1950). During decomposition

carbon is oxidised causing an apparent increase in N

concentration (Lousier and Parkinson, 1976). p also

•"1 showed an accumulation followed by a final-release



Table 23. Nutrient accretion (N, P and K) to the soil through litterfall

Species N ^1 -1(kg ha yr )
K

Acacia auriculiformis 68,0 2.7 8.3

Casuarina equisetifolia 34.7 1.8 5.0

Leucaena leucocephala 61.4 3.0 5.8

Ailanthus triphysa 15.8 1.7 2.4

ro
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phase. Phosphorus is seen to be readily immobilized as in

the case of N (Bockheim et al., 1991). Potassium is

not structurally bound in organic compounds like N or

P- Potassium being a monovalent ion is weakly bound to

adsorption sites and is highly water soluble (Bocock,

1963, Attwill, 1968 and Gosz et al•, 1973), The leaching

process is an important mechanism of K loss as retention of

this cation is governed by the nature of the exchange

con^)lex. This would probably explain the decline of K level

in residual litter mass as decomposition advances.

In summary, through the process associated with

litter dynamics of trees the amount of nutrients added (Table

23) may compensate to a great extent the nutrient removal

through tree harvesting.
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SUMMARY AND CONCLUSIONS

The term agroforestry includes a' wide range of
traditional land use systems which integrate woody
perennials, herbaceous crops and/or livestock on the same
land management unit. Silvopastoralism is an integral
component of agroforestry. Besides sustainable production,
buffering the natural forests from severe anthropogenic
pressures, by providing the felt needs of the society such as:
fuelwood, fodder and timber from outside the natural
forests, and long term site improvement are characteristic
features of agroforestry. Proper selection of the tree and
field crop components are, however, of paramount
significance for the success, of agrpforestry.
such system on productivity is only anecdotal. m this
context, a randomised block design experiment involving
factorial combinations of four fodder species: Pennisetum
purpureum (hybrid napier), Brachiaria ruziziensis (congo
signal), Panicum maximum (guniea grass) and ^ mexicana
(teosinte) and four tree species (Leucaena ieucocephala.

^q"isetifolia. Acacia auriculiformi^ and Ailanthus
triphysa {including their respective monocultures) was
conducted at the Livestock Research Station,' Thiruvazhamkunnu
with the objective of quantifying the productivity of fodder

Studies_ of
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crops grown in association with growing multipurpose
tree species, besides evaluating the medium and long-term
effects Of tree farming on soil properties and characterising
the partitioning of above and below ground site resources in
silvopastoral systems.

The salient results are summarised below;

1. Productivity of forage crops grown in association with
five-year-old fast growing multipurpose tree species was
generally low. Implicit in this lower productivity of
mixed-species cultural system is competition for the

. various above ground and below ground resources
Furthermore, fodder productivity was strongly dependent
on the characteristics of the tree components.

crown characteristics of the tree components were
strong determinants of the understorey light availability
(PAR). The attenuation of incoming solar radiation was
highest for acacia perhaps due to its dense crown
structure and least for ailanthus due to its
compact crown and/or small relative size. Needle-like
cladophyls Of casuarina facilitated greater ligbt
penetration into the understorey. Hence competition for
light was perhaps the most important reason for the low
understorey herbage yield associated with acacia.
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However, competition for light was negligible in the
casuarina plots which may possibly explain the high yield
levels recorded under that tree.

3. AS regards to the productivity of individual forage
crops, hybrid napier recorded the highest yield levels
under all combinations including monoculture. it
generally followed the order: hybrid napier > guinea
grass > teosinte > congo signal in association with

% results thus underscore the need for
selection of appropriate shade tolerant forage
speoies/c^^trivar for mixed tree-fodder production
systems. '

4. Understorey herbage yield declined ' with increased
interception of the incoming solar radiation by the tree
crowns although not in direct proportion. Though ability

^ of the mixed crop systems to use high light levels more
efficiently, is widely perceived as an advantage of
agroforestry, unless the herbaceous components are
properly selected for compatibility and for shade
tolerance, it may perhaps jeopardise the productivity of
the herbaceous components in species mixtures. Canopy
manipulation, to some extent, can decrease the inter-
specific competition for light.



5. The recovery pattern of isotope injected into the
soil indicate that 65 to 85 per cent of the fine roots

responsible for water and nutrient absorption are

concentrated in the 0-15 cms layer of the soil profile.

A •pronounced ' decline in the root activity with
increasing soil depth was discernible for all species,
indicating that the multipurpose tree species studied

are surface feeders. Implicit in the surface

concentration of feeder roots is thus a high degree of of

competition for the below ground resources such as water

and nutrients. All the species except leucaena had

recovery higher when the tracer was applied at closer

distances. For leucaena, however, the feeder roots
were more or less uniformly distributed upto 50 cm

distance from the tree. Confining the root to the base
of the trunk would be a desirable feature and such trees
would normally less competition with the associated field
crops.

134

6. The -P recovery pattern of the forage crops suggest
indicated that tree-less controls were consistently .more
efficient in terms of nutrient uptake (^^P) than the
tree-grass combinations. However, recovery of the
tree monocultures were generally -lower than the

^ respective species mixtures, indicating a stimulatory
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effect on the nutrient absorption of trees by the
associated field crops. Increased rooting density in
mixed species systems also would reduce the potential
nutrient outputs and may improve nutrient efficiency.

Allometric relationships linking tree biomass to tree

heights a^nd diameter at breast height were developed by
destructively sampling of the trees in one of the

experimental blocks.

8. Regarding biomass^.^oductivity of individual trees,
acacia topped the list with regard to yield and the

growth attributes such as height, DBH, crown diameter

and^ leaf area. Biomass of the remaining tree species
I decr^eased in the order: leucaena .> casuarina >,

ailanthus. Acacia had an above ground net primary
productivity of 32,784 kg ha'^ yr'^ of dry matter and

^ was clearly greater than most reported values.
Nevertheless, for grass monocultures, the net primary

productivity was even higher, and it ranged from 1300 0 to

52000 kg ha ^ yr ^ dry matter.

9. The relatively long occupancy of woody perennials (five
years in the present case) on the site improved the soil

physico-chemical properties through *enhanced nutrient
cycling, N-fixation, nutrient pumping and/or amelioration
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of the soil physical properties. Soil pH
significantly lower under are acacia and leucaena
stands compared to the tree-less controls, ailanthus and
casuarina. The organic matter status decreased in the
order: acacia ' > leucaena > casuarina > ailanthus =
tree - less control. Ahigher soil Ncontent was seen
below the N-fixing trees. Phosphorus and potassium
levels were also higher in plots with tree components.
The net effect of these improvements would be sustained
production with lesser amount of inputs, particularly
chemical nutrients.

t>

10. Although there were medium and/or long term improvements
in matters related to soil physico-chemical properties
timber extraction can be a potential disadvantage in this
respect as it can export large amounts of biomass and
nutrients from the site. The high degree of variability
in tissue nutrient levels observed among the
multipurpose tree species and their tissue types,
however, indicate the potential for altering the nutrient
export from the system and have implications on

sustainable production. Generally leucaena had the
highest concentration for most elements. Tissue
Nutrient concentration (N and P) followed the order
leaf > roots> branch > bole. A one to one

was
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correspondence was, however, lacking between the
X pattern of biomass accumulation and nutrient

accumulation. The harvest of woody biomass may represent
only a small percentage of the total site of nutrient
capital. The foliage and small branches if left behind,
containing a large proportion of the nutrient pool in
egetation due to higher nutrient concentration these

tissues than in the bole, would thus deter any potential
site depredation possibilities. The highest nutrient

> removal was observed in the case of acacia (1427 kg N
60 kg P ha-1 and 719 kg Kha'̂ ) when whole-tree

harvest was resorted to. Hence selection of trees and
tissue types halve an important bearing in maintaining
long term site productivity and sustainability.

11. Large differences in whole-tree nutrient
efficiency were seen among the four multipurpose tree

^ species. The N-fixing tree species namely: acacia,
leucaena and casuarina, used more Nthan the non-N fixer

ailanthus. Furthermore, nutrient use efficiency
pattern did not extend from one nutrient to another for
a species. if p and K are efficiency were the
sole criteria ' for species selection, casuarina
clearly is a better option.
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12. The rate of litterfall ranged from 1.92 Mg ha"^yr"^
(ailanthus) to 5.2 Mg ha^^ yr'^ (acacia). The
relatively lower magnitude of detritus production can be

attributed to the smaller size of trees and the

recurrent pruning of their lateral branches.

13

14

Lower nutrient content in the foliage fraction of

litter in comparison to the fresh foliage implied the
operation of an efficient retranslocation mechanism to

r capture nutrients from the senescing foliage and other
tree tissues during summer. Consequently, lower

contents of nitrogen and phosphorus in the litter were

recorded during the dry period (March-April).

Decay rate studies indicated that mass disappearance
rates of litter samples followed a negative exponential

relationship. Regarding the inter-specific variations
^ with regard to litter decomposition rates, casuarina and

leucaena litter decomposed at a faster rate than acacia
and leucaena.

15. Although widely accepted as valid, initial N, lignin or
initial 1ignin/nitrogen ratio could not be directly
related to decay rate coefficients in the present
study.
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16. Litter dynamics accounted for bulk of the nutrient inputs
to the . system. The nitrogen accretion to the soil
through litterfall ranged from 68.0 kg .ha"^ (acacia) to

(ailanthus); phosphorus values ranged
between 3.0 kg ha"^ (leucaena) to 1.7 kg ha'̂
(ailanthus) and potassium accretion ranged between 8.3
kg ha (acacia) to 2.4 kg ha'̂ (ailanthus)

17. With its moderately fast growth, N fixation ability,
needle-like cladophyls which intercept relatively lesser
amounts of incoming solar radiation, high nutrient
turnover rates and compact root system, casuarina appear
to be a very good'candidate for silvopastoral systems.





references

Aber, J.D and Melillo, J.M. 1982. Nitrogen immobilization in
decaying harwood leaf litter as a function of initial
nitrogen and ligin content. Can, J, Bot. 60: 2263-2269.

Alpizar, L.,^ Fassbender, H.W., Heuveldop, j., Folster, H. and
Modelling agroforestry systems ofcacao (Theobroma cacao) with laurel (Cordia alliodor;, 1

and poro (Erythrina poeppigiana) in Costa Rica. Part
III. Agrofor. Systems. 4: 175-190,

Altieri, M.A. , Trujillo, F.J. and Farrell, j. 1987. Plant-insG:±
interactions and soil fertility relations in
agroforestry systems; implications for the design of

4- agroecosystems. Agroforestry: Realities.Possibilities and Potentials. GholZ/ H.K*^ TedT
Ni^hoff and ICRAP, Dordrecht, Netherlands, pp. 89-108. '

* Andersson, F 1970. Research in Scandanavian: site
Productivity Research. lEA/FE Project CPC-10, Rep. 2:
•• A ^ A ^ •

♦Arias, H.A. 1988. Tasa de decomposition y liberacion de
nutritos en el follaje de ocno especies de interes
agrofores tal en la franja premontae de Colombia.

Rica:' CATIe!' C°=ta Rica, Turrialba, Costa
Attiwill, P. M. 1967. The loss of elements from decomposing

^ litter. Ecology. 49:142-145.

Attiwill, P.M., Guthrie, H.B. and Leuning, R. 1978. Nutrient
cycling in Eucalyptus obliqua L'Herit forest. I. Litter
production and nutrient return. Aust. J. Bot. 26: 79-91.

Barber, S. A_. 1962. A diffusion and mass-flow concept of soil
nutrient availability. Soil. Sci. 93: 39-49.

* Barker,_R. and Nyberg, A.J. 1968. Coconut/cattle enterprises
in the Philippines. Philip. Agric. 52: 49-60.

Bazil, J.A.E. 1987. Evaluation of tropical forage legumes under
caribaea var. hounderensis in Turrialba, Costa

Rica. Agrofor. Systems, 5(2): 97-108.



11

Benoit, R.E. and^ Starkey, r.l. 1968. Inhibition of
decomposition of cellulose and some other carbohydrates
by tannin. Soil Sci. 105:291-296.

* Bernhard-Reverat, F. 1982, Biogeochemical cycles of nitrogen in
a semi-arid savanna. Oikos, 38: 321-3 32.

Bockeim, J. G., Jepsen, E. A, and Heisey, D. M. 1991. Nutrient
dynamics in decomposing leaf litter of four tree species
on a sandy soil in north western Wisconsin. Can. J. For
Res. 21; 803-812.

Bocock, K. L. 1963. Changes in the amount of nitrogen in
decomposing leaf litter of sessile oaks (Quercus
petraea). J. Ecol. 51:555-566.

* Bohm, ,1979-. Methods of Studyincr Root Systems:
Ecological Studies 33, Springer - Verlag, Berlin.

* Bor, N.L. 1960, Grasses of Burma, Ceylon, India and
Pakistan, Pergamon Press, London.

Bormann, F.H. and Likens, G.E, 1967. Nutrient cyclinq
Science, 155: 424-429,

* Brasseur, F. and Sloover, J.R.De, 1973. Interception of
total solar radiation and visible light in two forest
communities in the Belgian. Haute. Ardenne. Bulletin

if? • ^19-236^^^^ ^ Botanique ^ Beligue. 106
Bray, J-R- and Gorham, E, 1964. Litter production in forests of

the world. Adv. Ecol. Res. 2: 101-157.

Buck, M. G. 1986. Concepts of resource sharing in agroforestry
systems. Agrofor. Systems 4: 191-2 03.

Budowski, G, 1981. Applicability of agroforestry systems.
Proceedings of Workshop on Agroforestry in African Humid
Tropics, Ibadan, Nigeria. April 26- May 1, 1981. Int
Inst. Trop. Agric. * '

Byington, E, K, and Child, R, D. 1981. Forages from from the
worlds^ forested lands for ruminant animal production.
Potential of tge World's Forages for Ruminant Animal
Production (2^° Ed.), Winrock Inter., Petit Jean
Mountain, Morriliton, AR 72110.



Ill

* C I A T. 1977. Annual Report of 1976. Centro Internacional de
^ Agricultura Tropical, Call, Columbia, pp. 35-39,

* Charley, • J.R, and Richards, B.N. 1983, Nutrient allocation
in plant communities, mineral cycling in
terrestrial ecosystems. Physiological Plant Ecology

Lang, O.L., Nobel, P.S. Osmond, C.B, and
Ziegler, M. (eds.). Springer, Berlin, pp. 5-45,

*Chazdon, RL. and Fetcher, N. 1984. Photosynthetic
Ecol 72^t2°""553 564^ tropical rain forest. J,

* Coconut Research Institute. 1966. Pasture under coconuts.
Advanced leaflet No. 45, Luniwila, Sri Lanka."

Coldwell, B. B.^ and Delong, w. A. 1950. Studies of the
composition of deciduous forest tree leaves before and

^ atter partial decomposition. Sci. Agric. 30:456-466.

cole, D.W. and Rapp, M. 1981. Element cycling in forest
ecosystems. Dynamic Properties of Forest Ecosystems,

London '̂ Cambridge University Press,
* Combe, J. 1979, AO^ms acuminata with grazing and moving

w" Coronado, Costa Rica, Proceedingsof _ Workshop on Agroforestry Systems in Latin
America, March 1979,, CATIE Turialba, pp, 199-201.

^ * Cromack, K. Jr, and" Monk, C.D. 1975, Litter production,
nutrient cycling in a mixed hardwood

i * ^ watershed. Mineral Cycling inSouth Eastern Ecosystems. Howell . p. r: . ^ —and H.^ [eds.). U.S. 'snerg '̂ R^sea^^h '̂ and
Development Administration, Oak Ridge, TN., pp. 609-624,

Daniel, T. W., Helms, T. A. and Baker, F. S. 1979. Principles of
Silviculture (II ed,). MaGraw-Hill, New York. pp. 500,—

Das, A,k. and R^akrishnah, P.S. 1985. Litter dynamics in khasi
153 ^orth East India. For. Ecol. Manage. 10: 13 5-

Daynard, T B. 1969.^ The quality of shortwave radiation within
plant canopies. Can. J. Bot. 47 (12): 1984-1994,



«fb

Deccarett, M. and Blydenstein, J, 1986. Le influencia de arboles
leguminosos, sobre el forrage que crece bajo ellas,
Turrialba, Costa Rica. 18:405-408.

De Moral, R. and Muller, C. H. 1969. Fog drip: A mechanism of
toxin transport from Eucalyptus qlobulus. Bull. Torrey.
Hot. Club. 9:179-185,

Dhyani, S. K., Narain, P. and Singh, R. K. 1990. Studies on the
root distribution of five multipurpose tree species in
Doon valley, India. Agrofor. Systems. 12:149-161.

* Draskovits, R.M. 1975. Light intensity studies in
beechwoods of different ages. Acta Botanica Academiae
Scientiarum Hungaricae 21 (1/2): 9-23.

Dudley, N. S. and Fownes, J, W, 1992. Preliminary biomass'
equations for eight species of fast-growing tropical
trees. J. Trop. For. 5(1): 68-73.

Eis, S. 1974. Root system morphology of western red cedar and
douglas fir. Can. J. For. Res. 4: 28-38.

* Eriksen, F. and Whitney, A.S. 1977. Performance of
tropical forage grasses and legumes under
different light intensities. Reg. Semn. Pasture Res.
Dev. Solomon Isl. and Pacific Reg. Proc. Honiara,
Solomon Isl., 29 August - 6 September 1977. pp. 180-190.

Ewel, J., Benedict, F., Berich, C., Gliesmann, S., Amander, M.
Bermudfz, R., Martinus, A., Maranda, R, and Prince, N.
1982. Leaf transmission area, roots and leaf damage in
nine tropical communities. Agroecosystems, 7:305-326.

* F A 0. 1983. Fuelwood Supplies in Developing Countries. Food
and Agricultural Organization of the United Nations,
Rome. pp. 185.

* Felker, P. 1978. State of the Art: Acacia albida as a
complementary permanent intercrop with Annual Crops,
Report to USAID, University of California, Riverside;
California, USA, pp 133.

Floyd, B.M., Burley, T.W. and Noble, R.D. 1978. Foliar
developmental effects on forest floor light quality.
For, Sci. 24 (4): 445-451.

Franken, M., Irinler, U. and Klinge, M. 1979;- Litter -fall in
inundated, riverine and terra-firma forests of Central
Amazonia. Trop. Ecol. 20: 225-235,



-V

* Fujimoto, K. 1973. On growth of regeneration trees
and environmental factors in selection forests (1)
Solar radiation measurements in the group
stand of sugi. Bulletin of the Ethime University Fm-ps-h.
(10): 19-31 ^

Gadgil, M. and Solbrig, O.T. 1972. The concept of r- and k-
selection: evidence from wildflowers and some
theoretical considerations. Nat. 106:14-31.

Gardner# T.J. and Sydnor, T.D. 1984. Interception of summer
and winter insolation by five shade tree species. J. Am.
Soc.Soil. Sci: 109 (4); 448-450. " —

Gholz, H.L., Fisher, R.F. and Pritchett, W.L. 1985. Nutrient
dynamics in slash pine plantation ecosystems. Ecoloav
66: 647-659.

Gill, M.S., Abrol, I.P, and Samra, J.S. 1987. Nutrient recycling
through litter production in young plantations of Acacia
nilotica and Eucalyptus tereticornis in a highly
alkaline soil. For. Ecol. Manage. 22: 57-69.

Gill, A.S. and Patil, B.D. 1985. Subabul for forage production
under intercropping: A new approach. Indian Farminq 35
(6) : 37-40. ^

Gosh, R.C^, Kaul, O.N. and Subha Rao, B.K. 1982. Environmental
Effects of, Forests in India. Indian For. Bull. No. 215
Controller of Publications, New Delhi, pp. 20.

Gosz, J.R., Likens, G.E_. and Hermann, F.H. 1973. Nutrient release
from decomposing leaf and branch litter in the Hubbard
Brook, New Hampshire. Ecol. Mbnogr. 43: 173-191.

* Grizzard, T., Henderson, G.S., Clebsch, E.E.C. and Reichle,
D.E. .1976.- Seasonal nutrient dynamics of foliage and
litterfall on Walker Branch Watershed, a deciduous
forest ecosystem. Oak Ridge National Laboratory, Oak
Ridge TN. ORNL/TM - 5254.

Gurumurti, K., Raturi, D.P. and Bhandari, H.C.S. 1984. Biomass
production in energy plantations of Prosopis iulifora.
Indian For. 110: 879-894.

Gurumurti, Ky Bhandari, H.C.S. and Meera Dhawan. 1986. Studies
of yield, nutrient and energy conservation efficiency in
energy plantation of Acacia nilotica. J. Tr^R Sri .
36-42. *



-¥

VI

Haines/ S.C. and DeBell, D.S. 1979. Use of N-fixing plants to
improve and maintain productivity of forest soils. Proc.
Impact of Intensive Harvesting and Forest Nutrient
Cycling. School of Forestry, Syracus, New York. pp. 279-
303.

Harmon, M.E., Baker, G.A., Spycher, G. and Green, S.E. 1990.
Leaf litter decomposition in Picea/Tsuga forests of
Olympic National Park, Washington, USA. For. Ecol.
Manage. 31; 55-66.

Hart, J.W. 1988. Light and Plant Growth• Topics in Plant
Physiology; I Series. M. Black and J. Cuapman (edsTTT
Unwin Hyman Ltd., London, p. 41.

* Hazara, C.R. 1985. Forage and seed yield of crops
under agroforestry production system: radiation and
temperature relationship. Zeitschrift fur Acker, und
Dflanzenbau 155(3): 186-1992.

Hazara, C.R, and Tripathi, S.B. 1986. Soil properties, micro-
metereological parameters, forage yield and phosphorus
uptake of berseem as influenced by phosphorus
application under agroforestry system of production. J.
Aqron. Crop. Sci. 156;145-152. ~

Helmisaari, M. S. 1990. Temporal variation in nutrient
concentration of Pinus sylvestris needles. Scand. .t
For. Res. 5:177-193.

Helmisaari, H. S. 1992. Nutrient retranslocation with foliage
Pinus sylvestris. Tree Pysiol. 10:45-58.

* Hill, G.D. 1969. Grazing under coconuts in the
District Papua New Guniea Agric. J- 21: 10-12.

Hinesley, L.E., .Nelson, L.E,. and Switzer, G.L. 1991. Weight and
nutrient content of litter during secondary succession
on well-drained uplands of East Gulf Coastal Plain in
Mississippi. C^. J. For. R^. 21: 848-857.

Hocking, D. and Rao, D.G. 1990. Canopy management possibilities
for arboreal leucaena in mixed sorghum and riverstock
small farm production systems in semi-arid India.
Aqrofor. Systems. 10 (2): 135-152.

Hoffer, R.M. 1963. Regime of incoming and net radiation in
relation to certain parameters of density in lodge pole
pine stand. Dissert. Abstr. 23 (10): 3578,

in

Morobe



•-i-

>r

VI1

* Holmes, M.G. 1984. Light sources. Techniaues in
photomorphoqenesis. H. Smith and M.G. Holmes (eds.TT
43-80. London; Academic Press,

Hopmans, P., Stewart, H.T.L. and Flinn, D.W. 1993. Impacts of
as nutrients in a eucalpt ecosystem in south eastern
Australia. For. Ecol. Manage. 59; 29-51.

Hughes, J.W., Fahey, T.J. and Browne, B. 1987. A better seed and
litter trap. Can. J. For. Res. 17: 1623-1624.

Humpherys, L.R. 1978. Tropical pastures and fodder crops.
Intermediate Tropical Agriculture Series, Longman qroup,
.London, pp. 197.

Huxley, P.A. 1985. The prediction of biological productivity and
sust©.inability of tree-crop mixtures. Trop. Acrric
(Trinidad). 63 (1): 68-70.

* Izotov, V.F. 1966. Reduction of solar radiation by
forest canopy in relation to weather. Fiziol. Rast.
13 (1);168-170.

Jackson^ M.L, 1958, Soil Chemical Analysis, Asia Publishinq
House, New Delhi, pp. 498.

Jenny, H., Gessel, S.P, and Bingham, F.T, 1949'.- Comparative rates
of decomposition of organic matter in temperate and
tropical regions. Soil Sci. 68: 419-432.

Johnson, M.K. and Davis, L.G. 1983. Potentials for forest grazing
in south eastern U.S. Int. Tree Crop J. 2(2): 121-131,

* Johnson, D. 1983. The Effect of Variety Intensity on
Nutrient Depletion in Forest. Ballard, R, and
Gessel, S.P. (eds.) I.U.F.R.O. Symposium on Forest Site
and Continuous Productivity. U.S. Dept. Agric. For.
Serv, Portland. OR, pp. 157-166.

Jonsson, K., Fidjeland, L., Maghembe, T, A. and Hogbert, P. 1988.
The vertical distribution of fine roots of five tree
species and maize Morogoro, Tanzania. Aqrofor. Systems
6: 63-69.

Jorgensen, J.R. and Wells, C.G. 1986. The nutrition and fast
growing plantation in developing countries. Int. Tree
Crop J. 3:225-244.



Vlll

Jorgensen, J.R., Wells, C.G, and Metz, L.J, 1975. The nutrient
cycle; Key to continuous forest production. J, For 73*
400-403. ~

K A U. 19 92. Package of Practices Recommendations, Crops 1989.
Directorate of Extention, Kerala Agricultural
University, Thrissur, pp. 253.

Kang, B.T., Grimme, H. and Lawson, T.L. 1985. Alley cropping
sequentially cropped maize and cowpea with Leucaena on a
sandy soil in Southern Nigeria. Soil 85; 267-277.

Kellman,, M. 1980. Soil enrichment by neotropical savanna trees.
J. Ecol. 67: 565-577.

Kendrick, W.B. 1959. The time factor in decomposition of
coniferous leaf litter. Can. J. Bot. 37: 907-912.

Kikuzawa, K., Asai, T. and Fukuchi, M. 1984. Leaf litter
^ plantation of Alnus inokumae. J. Ecol.

Kimmins, J.P- Evaluation of consequences for future tree
. productivity of the loss of nutrients in whole-tree

harvesting. For. Ecol. Manage. 1: 169-183.

Klinge, H. 1977. Fine litter production and nutrient return to
the soil in three natural forest stands of eastern
Amazonia. Geol. Ecol. Trop. 1: 159-167.

Klintsov,. A.P. • 1976.^ The radiation regime' under forest
canopy on Sakhalin Lesovedenie (3): 31-36.

Kumar, B.M. and Deepu, J.K. 1992. Litter production and
decomposition dynamics in moist deciduous forests of the

Peninsular India. Ecol. Manage.

Kunhamu, T.K^ 1991. Litter dynamics in Acacia auriculifomis

v4l?anikklray^KeraS!a. Agricultural University.
Kushalapa, K.V. 1987. Comparative biomass of Acacia auriculiforis

^g^^^£as|̂ _egsj^tefol^ under different spacing. ^
Lamb, R.J. 1985. Litterfall and nutrient turnover in two eucalvpt

woodlands. Aust. J. Bot. 33: 1-14. eucaiypt



IX

LaRue, T.A. and Patterson, T.G. 1981. How much nitrogen do
legumes fix? Adv. Agron. 34: 15-38.

* Laudelout, M. and Mayer, J. 1954, Les cycles d'elements
minerales et de matiere organique en foret equatoriale
Congplaise. Proceedings of Fifth International Congress
Soil Science, pp. 267-272.

Leding, F. T. 1983, The influence of genotype and plants
environment on dry matter distribution in plants. Plant
Research and Agroforestry. Huxley, P. A. (ed,),
Proceedings of a Consultative Meeting held in Nairobii 8
to 15 April, 1981, ICRAF. pp. 427-454.

Lewis, C.E., Burton, G.W., Monson, W.G. and McCormick, W,C. 1984.
Integration of pines, pastures and cattle in south
Georgia, U.S.A. Aqrofor. Systems. 2 (1): 31-41.

^ Lieth, M. 1976. Biological productivity of tropical lands
Unasylva. 28; 24-31.

Lonsdale, W.M. 1988, Predicting the amount of litterfall in
forests of the world. A^. Bot. 61(3): 319-324.

Lousier, J.D. and Parkinson, D, 1976, Litter decomposition in a
cool temerate deciduous forest. Can. J. Bot. 54:419-436.

Lugo, A.E.^ and Murphy, P,G, 1986. Nutrient dynamics of a Puerto
Rican Subtropical dry forest. J, Trop, Ecol, 2: 55-72,

Lugo, A. E.r Brown, S, and Chapman, J, 1988. An analytical review
of production rates and stemwood biomass of troical
forest plantations. For. Ecol. Manage. 23:179-200.

* Luizao, F.J. and Schubart, H.O.R. 1987. Litter production
and decomposition in a terra-firme forest of Central
Amazonia. Experimentia. 43: 259-265.

Madge, J. M. _ 1965. Litterfall and litter disappearance in
tropical rainforests. Pedobiologia. 5:273-288.

Maghembe, J.A., Kaoneka, A.R.S., Lulandala, L.L.L. 1986. Inter
cropping, weeding^ and spacing effects on growth and
nutrient content in Leucaena leucocephala at Mombara,
Tanzania Aqrofor. Systems. 16: 269-279.



Mailly, D and Margolis, H. A. 1992. Forest floor and mineral
soil development in Casuarina equisetifolia plantations

55:259-278. Senegal. For. Ecol. Manage.
* Makarenko, A.A. and Atkin, A.S. 1976. [Formation and

accumulation of litter in dry pine forLts o^ Kazakh
Hill country] Soviet J. Ecol. 1976: 391-394.

Mathew, T., Kumar, B.M., Babu, K.V.S. and Umamaheswaran, K 1992
comparative performance of four multi-purpose trees
orsouthern^T^^species in the humid regionsSouthern India. Agrofor, Systems, 17: 205-218.

*Medwccka-Kornas, A. 1970. Litter production. Methods of ^
UNESCO/IBP Ge^i^. pp.139-143. J- (Ed)

Meentemeyer, v. 1978. Macroclimate and lignin control of
^ decomposition rates. Ecology. 59: 465-47 2 litter

Melillo, j. M., Aber, j. d. and Muratore, j p ioro ^,-4-
and lignin control of hardwood leaf ^ " Nitrogen
dynamics. Ecology. 63:621-626. decomposition

Miller, H. G., Cooper, J, M., Miller J n n i*

r" -SEE

" ICRA?: agroforestry.
Nambier, E. K. S. and Fife D N iQfi7 /-• w-u

retranslocation in ;eedles of ""Orientto nitrogen supply. Bot. 6ofl47-156"^ relation



XI

N A S, 1980. Firewood Crops: Shrub and Tree Species for enerqy
^ Production. National Academy of Sciences, Washington DC.

p. 34-38.

Nirmal, R,, Yadav, Y.P, and Vasisth, 1986. Litter production from
protected and unprotected watershed under Cryptomeria
japonica plantations. Van Vigyan. 24 (3-4): 56-60.

Norman, J.M. and Jarvis/ P.G. 1974. Photosynthesis in Sitka
spruce (Picea sitchensis) III, Measurement of canopy
structure and interception of radiation. J appl. Ecol.
11 (1): 375-398. ^

* Nye, P.H. and Tinker, P.B. 1977. Solute Movement is the Soil
System, Blackwell Scientific Publication, Oxford.

Obot, E.A. 1988. Estimating the optimum tree density for
. • maximum herbaceous production in the Guinea Savanna of
>- Nigeria. J. Arid. Envir. 14 (3): 267-273.

Ola-Adams, B.A. 1993. Effects of spacings on biomass distribution
and nutrient content of Tectona grandis Linn. F (Teak)
and Terminalia superba (Engl.) Diels. in south western
Nigeria, For. Ecol. and Manage. 58: 299-320.

Olson, J. S, 1963, Energy storege and balance of production and
decomposers in eclogocal systems. Ecology, 44: 322-331,

Osmans, / Haque, S.M.S. and Forkan Mia. 1992. Above ground
biomass^ and nutrient . distribution in A.
auriculiformis,Dipterocarpus turbinatus and Pinus
caribaea plantations at Chittagong University hills.
Indian J. Forestry. 6:45-52.

* Ovington, 1968, Some Factors Affecting Nutrients
Distribution Within Ecosystems. Functioning of the
Terrestrial Ecosystem at the Primary ProductTfw
Level, UNESCO, Paris.

Palled, Y.B, Hosmani, M.M., Kalaghatagi, S,B. 1989. Yield and
nitrogen uptake in leucaena ~ shorghum intercropping as
influenced by leucaena stubble height and leucaena
sorghum row proportions. Curr. Res. 18 (7)-. 1r-
16. '



XI1

Pande, R.K. and Sharma s c. 1986. Sea^^ pattern in
i? 4, and litter accretion on the forest floor inplantations of demonstration area, Forest Research

328-34?!® Indiaf For 11°.
Pastor, W.M. 1986. Influence of climate, soil

TOisture, and succession on forest carbon and
nitrogen cycles. Biochemistry 2: 3-27,

Pawar, H.K. and Naik, D.B. 1984. Radiation studies in
intercropping of gram in sorghum with planting pattern.
J. Maharashtra Univ. 9 (2); 226-227,

Payne, "• J- A. 1985 Areview of the possibities of integrating
cattle and tree crop production systems in the tropics
For. Ecol. Manage. 12: 101-157. • i^ropics.

Pokhriyal, T.C., Pant, S.P and Joshi, s.R. 1989. Leaf emergence
S- iif (i"! 48-5?!^°"'' £2EUlSs deltoiodes. iLian

* vegetation.
Poore, M.E.D. and Fries, C. 1985. The Ecoloaical ^^3

Eucalyptus. FAO Forestry PaplF~59, Rome. p. -°£
Prakash, S and Hocking, p. 1986. Some Favorite Trees for Fuel

iifhif Society for promotion of wastelands, ~Ni^
Raizada, A. and Srivastava, M.M. 1986. Litter production in a

Marsh, plantations. For. Ecol. Manage.

Ralhan, P-K- Singh, A. and Dhanda, R.s. 1992. Performance of
^ popular (Populus deltoides

217-222. Punjab. Agrofor. Systiii: I9T
Rana, B.S., Singh, S.P and Singh, R.P. 1989. Biomass and net

an Himalayan forests alSng
218 gradient. For. Ecol. Manage. 27: 199-

Raut, M.S. and Gill, A.S. 1987. I. Intercropping studies in green
panic with forage shrubs. II. Forage production in a
leucaena-grass intercrop. Leucaena Res. Rep. 8: 34- 35.



-A

xiii

* Rolfe, G.L. 1975. Nutrient fluxes in litter fall in a
Central Illinois woodland. 111. Agric. Exp. stn. Dep
For. Res. Rep. No. 75-6.

Russo, R.O. and Budowski, G. 1986. Effect of pollarding frequency
as biomass of Erythrina poeppiqiana as a coffee shade
tree. Agrofor. Systems. 4: 145-162.

Sankar, C.R. and Muthuswaniy, S. 1986. Drymatter production
and recovery of dry ginger in relation to light
intensity. Indian Cocoa Arecanut Spices J. 10 (1); 4-6.

Sankar, S. J., Wahid, P. A. and Kamalam, N. V. 1988. Absorption
of soil applied radiophosphorus by balck pepper vine and
support tree in relation to their root activity. J.
Plant. Crop. 16(2):73-87.

Savill, P. S. 1976. The effect of drainage and ploughing of
surface water gleys on rooting and wind throw of sitka
spruce in northern Ireland. Forestry. 49:133-141.

Schlesinger, W. H. and Hasey, M. M. 1981, Decomposition of
chaprral shrub foliage: losses of organic and inorganic
constituents from deciduous and evergreen leaves.
Ecology. 62:762-774.

Shankaran, K.V. 1993. Decomposition of leaf litter of albizia
(Paraseriantes falcataria), eucalpt (Eucalyptus tereti
cornis) and teak (Tectona grandis) in Kerala, India.
For. Ecol. Manage. 56: 225-245.

Sharma, S.C. and Pande, P.K. 1989. Patterns of litter nutrient
concentration in some plantation ecosystems. For. Ecol
Manage. 29: 151-163.

Sinclair, T.R. and Knoerr, K.R. 1982. Distribution of
photosynthetically active radiation in the canopy of a
lobblly pine plantation. J. appl. Ecol. 19 (1): 182-191,

* Singh, K.P. 1968. Litter production and nutrient turnover
in deciduous forests of Varanasi. Proc. Symp. Recent
Adv. Trop. Ecol, 655-665.

Singh, J.S. and Gupta, S.R. 1977, Plant decomposition and
respiration in terrestrial ecosystem. Bot, Rev. 43
449-528:

soil

(4) :



XIV

Skerman, P.J, and Riveros, F. 1990. Tropical Grasses: FAO Plant
.. Production and Protection Series. Scientific Publishers
^ Jodhpur, p. 832.

* Staaf, H. 1980- Release of plant nutrients from decomposing
leaf litter in a south Swedish beech forest. Holarct
Ecol. 3: 129-136. *

* Stachurski, A. and Zimka, J.R. 1975. Methods of studyinq
ecosystems: leaf area, leaf production and

withdrawal of nutrients from leaves of trees. Ekol
Polska. 23: 637-648. '

Stohlgren, T.J. 1988a. Litter dynamics in two sierran mixed
conifer forests. I. Litter fall arid decomposition rates
Can. J. For, Res. 18: 1127-1135.

Stohlgren, T.J. 1988b. Litter dynamics in two Sierran mixed
^ coniferous forest. II Nutrient release in decomposingleaf litter. C^. j. For. 18: 1136-1144.

Stoner, W.A., Miller, P.C. and Miller, p.m. 1978. A test of a
model of irradiance with in vegetation canopies at
Northern latitude. Artie Alpine Research 10 (4): 761-

/ o / »

* stoutjesdijk, P. 1972. Spectral transmission curves of
some^ types of leaf canopies with a note on seed

191^^^^ Batanica Neerlandica 21 (3): 185-

swift, M.J., Heal, o.W. and Anderson, J.M. 1979. Decomposition in
ii- Terrestrial Ecosystems. Blackwell, Oxford, pp. 37 2.

Taylor, B.R., Parkinson, D. and Parson, W.F.J. 1989. Nitrogen and
ligin -content as predictors of litter decay rates- A
microcosm test. Ecology. 70 (1): 97-104.

* Terjeing, W.H. and Louise, S.S.F. 1972. Potential solar

16 U)'r25-4r shapes. j. Biometereol.
Toky, O.P. and Bisht, R.P. 1992. Observations on the rooting

patterns of some agroforestry trees in an arid region of
north-western India, flgrofor. Systems. 18:245-263.

Thonas, H^nd ^toddart,^ 1980 . Leaf senescence.



XV

Torres, J. 1982. Integration of sheep on pastures. Aqrofor. Sys,
1: 25-45.

* Usmansyah, M. 1980, Decomposition of Albizia falcataria
leaves under various vegetarian types in the Jatiluhur
basin. Ph.d, dissertation, Dept. of Biology,
Padjadjaran University, Bandung, Indonesia.

Van Cleve, K. and Noonan, L.L. 1975. Litterfall and nutrient
cycling in the .forest floor of birch and aspen stands in
interior Alaska. Can. J. For. Res. 5: 626-39.

Van Soest, P.J. 1963. Use of detergents in the analysis of
fibrous feeds: 1. Preparation of fibre residues of low
nitrogen content. J. AOAC 46: 825-834.

Venkataraman, C., Haldorai, B., Samraj, P., Nalatwadmath, S.K,
and Henry, C. 1983. Return of nutrients by the leaf

> litter of Blue green and Black wattle plantations of
Nilgiri. Indian For. 109 (6): 370-378,

Verinumbe, I. 1987. Crop production on soil under some forest
plantations in the sahael. Agrofor. Systems.5: 185-188.

* Vezina, P.E. 1965. Solar radiation available below
thinned and unthinned balsam fir canopies. Publ. Dept
Cor. Can. (1105): 15.

Virendra Singh, Bhagat, H.S. and Arya, S.R. 1987. Litter fall and
natural regeneration of spruce and silver fir. Indian
For. 113 (9): 612-621.

Viro, P. 1955. Prescribed burning in forestry. Comm. Inst. For.
^ Fenn. 67 (7): 4 9.

Vitousek, P.M. 1984. Litter fall, nutrient cycling and nutrient
limitation in tropical forests. Ecology 65 (1); 285-298.

Vitousek, P.M. and Reiners, W.A. 1975. Ecosystem succession and
nutrient retention; A hypothesis. Bioscience. 25:376-
381.

Vogt, K.A., Grier, C.C. and Vogt, D.J. 1986. Production, turnover
and nutrient dynamics of above ground and below ground
detritus of world forests. Adv. Ecol. Res. 15: 139-157.

Vose, D.B. 1980. Introduction to Nuclear techniques in Agronomv
and Plant Biology, Pergamon Press, Oxford.



XVI

Wahid, P,A., ^^malam, N.V. and Sankar, S.J, 1985. Determination
^ of P in wet digested plant leaves by Cerenkov

counting, Ii^, J, appl, Rad, Isotopes, 36: 323-324,

Wahid, P,A., Kamalam, N.V. an^2Sankar, S.J. 1988, A device for
soil injection of p solution in root activity
studies of tree crops. J. Plant, Crop 16: 62-64,

Wahid, P.A., Kamalam, N.V., Ashokan, P,K, and Vidyadharan, K.K,
1989, Root activity patterns of cashew (Anacardium
occidentale) in laterite soil. J. Plant. Crop. 17(2):85-
89. ~ ^

Wang, D., Bormann, F.H,, Lugo, A,E, and Bowden, R.D. 1991.
Comparison of nutrient use efficiency and biomass
production in five tropical tree taxa. For. Ecol.
Manage. 46:1-21. *

>' Waring, R.H. and Schlesinger, W,H. 1985. Forest Ecosystem:
Concepts and Management, Academic Press, New York, dd
181- 211.

Wells C. G. and Jorgensen, J, R, 1975, Nutrient cycling in
loblolly pine plantations. Forest Soils and Forest Land
Management. Bernier, B. and Vinget, C. . ). La^^
University Press, Quebec, pp. 137-158.

Whitmore, T,C, and Wong, V,K. 1959, Patterns of sunflecks and
shade in tropical rain forest. Malay. Forester 22 (1)'
50-62. ^

Wilson, G.F., Kang, B,T, and Mulongoy, K, 1986. Alley cropping:
trees as sources of green-manure and mulch in the
tropics. Biol. Agric. Hort. 3:251-267.

S,T. and Gray, T.R.G. 1974. Decomposition of litter on
ths soil surface. Biology of Plant Litter Decomposition.
Dickinson, C.M. and Pugh, D.G.F. (Eds.) Academic Press,
London, pp. 181-121.

Witkamp, M. and Van der Drift, J. 1961, Breakdown of forest
litter in relation to environmental factors. PI. Soil
15: 295-311. . —

Yamoah, C.F., Agboola, A,A. and Wilson, G.G. 1986. Nutrient
competition and maize performance in alley cropping
systems. Agrofor. Systems 4: 247-254.



XVI1

* Yoda, K,, Nishioka, M. and Dhanmanonda, P. 1983. Vertical
tut distribution of relative illuminance inthe dry^ and wet seasons in a tropical dry-everqreen
97-100 Sakaert, NE Thailand. J^. j, ecoI. 33 (1) :

Young, A.^1991, Agroforestry for Soil Conservation.
International and ICRISAT, Nigeria.

Originals not seen.

CAB



1

•I



Appendix I

Weather parameters for the experimental

DhfnlTarm recorded at nearby

Months !!!::?!!!!!!! Rainfall (mm)
Maximum (°C) Minimum (°c)

Peb 1992 31.0 " H'o 28~0

6.0
Mar 33.0 21.0

Apr 38.0 25.5

May 32.5 25.8

Jun 30.0 23.2

Jul 30.1 23.5

30.0 24.1 332.0

Sep 36.2 24.5

Oct 28.4 21.7

30.,4 25.9 140.3

30.0 21.0 0.0

• 0.0

31.8 ""23y3 214
Total rainfall (mm) 2568.8

14.5

120.2

848.4

640.3

219.1

220.0



Appendix II

materials from the four multipurpose tree
system! association with forage crops in silvopastoral

Tree grass combinations ^Pruning residue categories (kg ha"^)

Foliage Branch Logs

Acacia auriculiformis
Pennisetum purpureum
Panicum maximum
Brachiaria ruzTziensis
Zea mexicana
Overall mean

Casuariha equisetifolia
Pennisetum purpureum
Panicum maximum
^achiaria ruzTziensis
Zea mexicana
Overall mean

Leucaena leucocephala
Pennisetum purpureum
Panicum maximum
Brachiaria ruziziensis
Zea mexicana
Overall mean

Ailanthus triphysa
Pennisetum purpureum
Panicum maximum
Brachiaria ruziziensis
Zea mexicana '
Overall mean

1953.6
1694.0
2085.2
2148.0
1970.3

180.5

217.5

263.9

286.9
237.2

518.6
472.2
722.2

481.4
548.6

1018.6
1120.3

990.8

1370.3
1125.0

^All branches above 2 cm diameter was

1288.6

2115.8
1288.6

1611.4
1587.2

759.2

685.3

986.4
1013.9

861.1

1518.6

1351.9
1259.2

1675.8
1451.4

509.2

324.2
463.6

847.2
536.3

2648.0

2319.4
2648.0

3935.3
2843.6

750.0
1036.9
2157.0
1638.9
1395.8

230.5

277.8
777.0

1018.1
576.2

considered as logs



Appendix III

Abstracts of ANOVA tables for growth characteristics of the
five-year-old multipurpose fast growing trees grown in
silvopastoral system during March, 1992 to March, 1993.

Source df

Mean tree

height
(m)

Sep 92 Mar 93

Mean Square

Mean tree

D.B.H.

(cm)

Mean crown

diameter
(m)

Sep 92 Mar 93 Mar 93

Tree 3 7.
**

.071 60,.
**

,635 31,
**

.688 110,
**

.722 7,
**

,071

Fodder 3 0..412 0..268 1,.273 0,.348 0..412

Interaction 9 0,.83 6 0,.260 0,.525 0,.512 0,.836

Error 32 1,.074 0,.228 0,.454 0,.951 1,.074

* - Significant at 5 % level

**- Significant at 1 % level
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Appendix IV

-1Abstracts of ANOVA tables for dry matter yield (kg tree ) of four
multipurpose tree species in silvopastoral system at five years of age.

Source d.f. Mean Square

Biomass components

Foliage Branch Bole Root Total

Between species 3
Within species 71

** *ie

55.051 164.436 5772.582 18.570 19654.696

3.179

* - Significant at 5 % level
**- Significant at 1 % level

8.534

Appendix V

361.150 9.79.0 495.475

Abstracts of ANOVA tables for allometric data of five-year-old,
destructively sanpled multipurpose tree species in a silvopastoral
system.

Source d.f

Height
(m)

Between species 3 552.117
Within species 71 420.865

* - Significant at 5 % level

**- Significant at 1 % level

Mean Square

DBH

(cm)
Crown

diameter

(cm)

Leaf area,

(m tree )

189.368** 77.480* 27101.456**
467.469 679.895 1142.984



Appendix VI

1.Nitrogen

dTf^ ^ Mean Square
Biomass components

Foliage Branch Bole Root

Between species 3 2.658** 0.215**~~0~io8*~r5R9**
Wxthin species 8 1.118 0.002 o'.o^ O.lig

2.Phosphorus

Source d f '—rrr r—
Mean Square

Biomass components

^Foliage Branch Bole Root
Between species 3 0.014** 0.005** 0~OOT"~n~nnft**
Wxthin species 8 0.001 o.ool 0 001 oioo'

3.Potassium

Source dTTT Mean Square

Biomass components

Foliage Branch Bole Root
Between species 3 ~~n89?""o:048~"o:02?"i:o"95~*
Within species 8 0.107 0.011 0.002 0

* - Significant at 5 % level
**- Significant at 1 % level
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Appendix VII

Abstracts of ^OVA tables^fpr nutrient .ac_c.unaaa.tion.,in-different--tree organs-of
species planted in silvopas'toral system at 5-years of age.

1.Nitrogen

Source d.f. Mean Square^ '

Biomass components

Foliage Branch Bole Root Total

Between species 3
Within species 8

4536.837
47.218

2526.465 26038.825 2516.920** 115039.780**
3.889 669.647 111.107 748.114

2.phosphorus

Source d.f. Mean Square

Biomass components

Foliage Branch Bole Root Total

Between species 3 3.983 4.258
Within species 8 0.075 0.122

64.474* 3.873** 175.055**
11.327 0.418 15.928

3.Potassium

Source d.f. Mean Squ^e

Biomass components

Foliage Br^ch Bole Root ' Total
** * **- ~ **"

* - Significant at 5 % level
Significant .at 1 % level

Between species 3 1253.588" 432.807" 8347.433" 1970.230** 36131 323**
Within secies 8 9.536 30.716 377.258 15.268 401*755
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Appendix VIII

1.Nitrogen

Source d.f.

Between species 3
Within species 8

2.Phosphorus

Between species 3
Within species 8

3.Potassium

Between species 3
Within species fi

Mean Square " "

Biomass components

Bole Root TotalFoliage Branch

!66.396
14.059 0.154

266.396** 21.512** 778r58?*"4r60?*"r65?*

**

0.460
0.015

Foliage

* *

189.982
10.567

8.880

Mean Square

Biomass components

Foliage Branch Bole

0.476

0.017

**

0.147
0.040

Mean Square

Biomass components

Branch Bole Root

4.943 3.277
1.090 0.196

2.796 0.331

Root Total

36.202 0.154
0.389 0.027

Total

36.202

3.113
5.378
0.910

- significant at 5 %level
**- Significant at % level
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Appendix IX

fo?agl^feld°of f°rage, yield and oven dry
multipurpose tree species. crops grown in association with

Source

Tree

Fodder

Interaction
Error

d.f

4

•3
12

40

Mean Square

Green fodder
yield,

(Mg ha"^ )

7319.130
8125.623

675.098
64.947

**

**

* *

Dry matter
yield,

(Mg ha"-^)

1216.317^
1457.394^^

123.006
10.333

Appendix X

of^^forage ^cr^^^rowi^L^aLoc^^^ attributes
species. y wn in association with multipurpose tree

Source
Mean Square

Tree

Fodder

Interaction
Error

4

. 3

12

40

Mean

plant
height

(cm)

18930,964**
96817.275*

2146.929
861.632

' ~ Signiricant at 5 % level
Significant at 1 % level

Mean Mean
number of number of
tillers tillers
per hill per leaves

**

1072.573^^ 7.446
23151.077^ 64.018

811.022 2.913
10.752 0.066

* *

**

* *

Mean

dry weight
per tiller

(g)

11.111
77.293

4.550

0.064

* ★

* *

* *



Appendix XI

Abstracts of ANOVA tables for soil chemical properties (0 to 15 cms)
of soil level under different tree grass plots.

Source d.f Mean Square

pH 0C% N p K

Tree 4 0.099 0.801 0.019** 140.058** 1770.840**

Fodder 3 0.037 0.421 0.004 7.129 96.221

Interaction 12 0.051 0.412 0.002 9.640 58.181

Ei^ror 40 0.009 0.110 " 0.002 9.582 44.404

* - Significant at 5 % level ~

**- significant at 1 % level



Appendix XII

Abstrarts of ANOVA tables for radioactivity recovered in the leaves of four-imiltipurpose tree species
grown in association with four fodder crpps following soil-application of p (log cpm g" ) at 15 and
30 days after application.

Source

Tree-Grass corabinationsRj
Lateral distance

Tree-Grass combination

X Lateral distance
Depth
Tree-Grass combinations
X Depth
Lateral distance x Depth
Tree-Grass combinations
X Lateral distance x Depth
Error

d.f.

Acacia Casuarina

Mean Square

Leucaena Ailanthus

32Days after P application

15 30 15 30 15 30 15 30

4

1

0.095

0.029

0.060^
0.247

0.393,^
1.420

0.943**
1.854

0.063

0.020

0.418 0.261**
0.004 2.754

0.412

0.005

4

1

0.174,^
1.597

0.028^^,
2.272

0.483*^
11.985

0.115**
2.254

0.020**
4.714

0.399** 0.106**
2.157 11.775

0.033

6.808

4

1

0.169^^
1.554

0.110

0.109

0.150^^
1.996

0.428*
0.550

0.058

0.030

0.242* 0.251
0.013 0.132

0.038
0.191

4
40

0.171
0.074

0.013

0.044
0.458*
0.139

0.050

0.124
0.049

•C.133

0.107 0.331

0.140 0.148
0.122

0.203

* - Significant at 5 % level
**- Significant at 1 % level
b - Tree-grass combinations imply
respective monoculture.

combinations of all four forage crops with a particular tree and the



Appendix XIII

Abstracts of ANOVA tables for radioactivity recovered in the leaves of four-raultipurpose tree species
grovm in association with four fodder crops following soil-application of (loq cpm o"^) at 15 and
30 days after application. ^ e- v

Source

Grass-Tree combinationsSs
Lateral distance
Grass-Tree combinations
X Lateral distance

Depth
Grass-Tree combinations
X Depth
Lateral distance x Depth

Grass x Tree combinations
X Lateral distance x Depth
Error

d.f.

Congo signal Guniea grass

Mean Square

Hybrid napier Teosinte

Days after p application

15 30 15 30 15 30 15 30

4

1

1.472^^
1.-277

2.785 1.329

0.008 0.257
1.089^^
3.015

0.354^
0.846

1.158 1.620^^
0.053 3.087

2.168

0.105

4

1

1.074^^
16.292

0.365^^ 0.068^*
15.126 24.524

0-894"
21.008

0-491^
7.247

0.37Q*
4.013

0.405„
17.754

0.044,
9.409

4

1

**

3.619

0.359
0.365 3.958
0.280 0.645

0.745*
1.072

0.080^
0.002

0.489*
0.299

0.230
0.325

0.406
0.051

4

40
0.336
3.519

0.241

0.182
2.535

3.043
0.582
0.220

0.125

0.167
0.260

0.141
0.304
0.145

0.109

0.285

* - Significant at 5 % level
**- Significant at 1 % level

b - Grass-Tree combinations imply combinations of all four MPT species with a particular foraqe soecies
and the respective tree-less control.



Appendix XIV

multipurpose tree speciel! neighborhood species) of four

Source

Species
Month

Interaction
Error

d.f

3

11

33

180

Target
species
foliage
litter

Mean Square

Total

target
species
litter

**

7510.933^^ 15817.763
1889.423

26.491

40,875

** 2682.905
334.283

61,676

Total

composite
species
litter

** **
19597.051^.

** 1689.281/
298.848
59.860

srof"s: JLS'S'O.-'SS!- from the

Appendix XV

species. multipurpose tree

★

**

Source

Species 3
Month 11

Interaction33
Error 96

d.f.

N(%)

_ ^ * *
24.019^^

0.892^„
0.197
0.007

Significant at 5% level
Significant at 1% level

Mean Square

P(%)

0.048

0.009
0.003
0.001

* ★

**

★ *

K(%)

0.129
0.058
0.010
0.001

* *

★ ★

* ★
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ABSTRACT

A randomised block design experiment involving
factorial combinations of four fodder species: . Pennisetum

purpuireum (hybrid napier), Brachiaria ruziziensis (congo signal),

(guniea grass) and ^ mexicana (Teosinte) and
four tree species (Leucaena leucocephala. ' Casuarina

equisetifolia, Acacia auriculiformis and Ailanthus triphvsa.
initiated in June 1988 was used for the present investigations.
The study was pursued with the objective of quantifing the
biomass production potential of, selected forage species grown in
association with tree components after canopy closure; comparing
the productivity of different tree components grown in
silvopastoral systems; characterising the micro-site enrichment
and nutrient cycling aspects of silvopastoral systems; analyse
the partitioning of solar radiation among the different
components of the system and elucidate influences regarding the
nature of root interactions in silvopastoral systems.

The tree attributes such as biomass, height, DBH and
crown diameter were in the order acacia > leucaena > casuarina >

ailanthus and the fodder biomasses were in the order hybrid
napier > guniea grass > congo signal > teosinte. The
concentration of N,P and K in the above ground portion decreased
in the order: leaves > branches > bole. The N-fixing trees, in



general, had lower nutrient-use effeciencies. Amount of

photosynthetically active radiation interception by the tree
canopy was a cardinal factor effecting the herbage yield a direct

correspondence was lacking. All the three N-fixing species had

markedly higher soil nitrogen status. Soil organic matter, K and

P were also higher under the tree canopy. Recovery pattern of

isotope injected in the soil revealed that 65 to 85 per cent

of the fine roots responsible for water and nutrient
absorption were concentrated in the 0-15 cms layer of the
soil profile. However, recovery from the tree monocultures

was generally low suggesting stimulatory effect of nutrient

absorption by trees in presence of an associated' field crop.
The rate of litterfall amount of detritus produced ranged from
1.92 Mg ha V~^( ailanthus) to 6.2 Mg ha'̂ yr"^ (acacia).
Relatively lower contents of nitrogen and phosphorus in the
litter recorded during the dry period (March-April). Regarding

inter-specific variations with regards 'to litter
decomposition rates, casuarina and leucaena litter decomposed
at a faster rate than acacia and leucaena. The nitrogen and
phosphorus contents of the decomposing litter increased
during the one-year decay period for all the species. Although
widely accepted and valid initial N, lignin or initial

lignin/nitrogen could not be directly related to decay rate
coefficients in the present study.
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